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FOREWORD
On July 28, 1976, a magnitude 7.8 earthquake devastated the city of Tangshan, China and surrounding
regions. Of the 1.5 million people living in the affected area, it was reported that about 242,000 died and
164,000 were severely injured and most of the surviving inhabitants lost their homes because of collapse. This
earthquake caused one of the greatest natural disasters in human history.
The great structural, economic, and social impacts of this earthquake made it obligatory to record the
seismic effects and also the geological and seismological setting of the earthquake. An effort of six years was
made to prepare a report on the Tangshan Earthquake under the leadership of Professor Huixian Liu, the former
director of the Institute of Engineering Mechanics (IEM), China Seismological Bureau. The report titled
“Damage in the Great Tangshan Earthquake” in Chinese language was published in four volumes including
fifteen chapters. VolumeⅠpresents the basic information on seismological and geological features relevant to
the earthquake; Volume Ⅱ records real and vivid damage to civil structures and facilities; Volume Ⅲ
describes damage to the lifeline systems, disaster relief and rebuilding of the Tangshan city and Volume Ⅳ
contains about seven hundred photographs of various typical damages. A unique feature of this report is that all
damages collected in the book are described in detail with little subjective explanation so as to insure that the
information provided is as objective as possible. This report reflects the whole picture of damages to the
various buildings, structures, lifeline systems, etc. distributed in a vast region, ranging from completely
destroyed in the near-field to more distant regions where structures suffered only slightly damage. The report
provides also basic information on seismic damage for further earthquake engineering research.
The years 1990-2000 have been designated by the United Nations as the International Decade for Natural
Disaster reduction (IDNDR). The Decade would be a potent first step in reducing the impacts of natural hazards
through coordinated research, data gathering and information sharing. In 1986, four years earlier than the
beginning of the Decade, Professor George W. Housner proposed a program to translate the book “Damage in
the Great Tangshan Earthquake” into English language after he received and examined a copy of this book. In
his letter to Professor Liu Huixian he highlighted “This appears to be an excellent report that contains much
information that would be valuable to all earthquake-prone countries in the world. Earthquake engineers and
seismologists everywhere could learn from this report how to improve the safety of their cities”. This initiation
received an active response from Liu Huixian who mentioned in his reply letter that he decided to arrange an
English language edition of the Tangshan Earthquake Report. Since then under the sponsorship of the Ministry
of Construction and the State Seismological Bureau of China and U.S. National Science Foundation a joint
project was finally established and executed in 1991 between the Institute of Engineering Mechanics in Harbin,
China and the California Institute of Technology in USA with Professors Liu and Housner as Principal
Investigators for the project.
The translation from Chinese to English was done at the Institute of Engineering Mechanics. Many
authors who had written the original Chinese report translated many of the chapters. The editing and the
publication were done in the United States under the direction of Professor Housner.
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Unfortunately, Professor Liu Huixian became ill in 1991 and died on June 24, 1992. Thus, he did not live
to see the completion of the report. As his successor, Professor Xie Li-li, who was the director of IEM, has
undertaken the responsibility of carrying on the unfulfilled work left by Professor Liu. Through the joint effort
since then, the English language version of the report is now completed and published. Undoubtedly, it will be a
significant contribution to world earthquake disaster reduction.

On the occasion of the Twenty-fifth Anniversary of the Tangshan Earthquake, we would like to
publish and distribute this report in memory of the
Tangshan Earthquake and as an expression of sympathy
we dedicate it to the victims of this great disaster.

Xie Lili
June 30, 2001
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PREFACE
At 03:42 (Beijing Time) in the early morning, of Wednesday, July 28, 1976, a strong
earthquake of magnitude 7.8 on the Richter Scale hit Tangshan, an industrial city with population
of more than one million. The epicenter was located in the southeast part of the city with
hypocentral depth of 11 kilometers. After the earthquake a fault rupture running through the city
was found. Tangshan was almost entirely devastated to the degree of damage designated as
Intensity XI (in the Chinese Intensity Scale, similar to the Modified Mercalli Intensity (MMI)
Scale). In the city the building structures were extensively collapsed and only a few survived.
The seismic damage was also widely distributed over more than ten countries and Tangshan City,
even over some metropolitan regions and big cities such as Beijing, Tianjin, and Qinghuangdao
etc., located more than hundred kilometers from Tangshan City. All the infrastructure’s such as
roads, bridges and public utilities were severely damaged, and therefore, the traffic,
communications, supplies etc. to and from other regions outside Tangshan City were all cut off.
At 18:45 the same day a strong earthquake of M 7.1 occurred at Shangjialin Town in the Luanxian
County about 45 kilometers northeast of Tangshan City, and at 21:53 on November 15 in the same
year another strong earthquake of M 6.9 occurred again at Ninghe County in the Tianjin
Metropolitan Region. These two strong quakes aggravated in some local areas the seismic
damage caused during the main shock. As shown from the statistical data the Tangshan
Earthquake claimed the death toll of 242 thousands and heavily injured of 164 thousands. The
seismic disaster of the Tangshan Earthquake was so great that it rarely happened in other parts of
the world.
With the profound concerns of the Central Committee of the Communist Party and the State
Council of China and together with the full support of the people of the whole country, the heroic
Tangshan people who have experienced the rigorous trials and faced various crucial difficulties,
soon after the rescue and relief works, swept the ruins, recovered daily life and production and
started planning and reconstruction of a new Tangshan City. About ten years later, a new
Tangshan City is rising from the ruins with increase of population and exciting growth of all kinds
of enterprises and has become more prosperous than ever before. Therefore, the lessons learned
from the Tangshan Earthquake provided us with earthquake engineering experiences obtained at
the price of blood shedding on the one hand, and with experiences of striving against natural
disasters for a new, more prosperous Tangshan City on the other hand. These lessons will be
always graven on the hearts of the Chinese people and also will stimulate scientists and engineers
to develop earthquake sciences and explore new countermeasures for preventing seismic disasters.
Understanding comes from experience. All the existing knowledge of seismic disaster
mitigation were learned to a great extent form destructive earthquakes. Recently, there were a
series of devastating earthquakes in China. Since two major earthquakes of M 6.8 and 7.2
occurred in 1966 in Xingtai, in succession, an earthquake of M 7.7 hit Tonghai in 1970 and in 1975
the City of Haicheng was also hit by an earthquake of M 7.3. The seismic disasters became more
and more severe and reached its extreme during the 1976 Tangshan earthquake. Chinese scientists
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and engineers always went to the quake stricken area for reconnaissance and field investigation.
Since the Tangshan occurred, there have been many scientists and engineers entering the stricken
area for field investigations as well as for relief works. Some of them came to the field on the say
of the earthquake and the others followed in quick succession. Even after the normal order in the
stricken area was fully recovered, there still were many scientists and engineers, who several times
entered the disaster area, continued their studies or checked the data gathered already. They
collected therefore a large amount of original data and information which accurately described the
features and degree of damage to the various types of civil engineering structures on different
categories of sites in areas of various intensity ratings. These could then serve as valuable data for
future engineering practice as well as further research towards earthquake disaster mitigation.
However, all these valuable data and information were kept by many different individuals with
some of them printed and distributed in informal publications. It really was a matter of regret that
so much accumulated data could not be systematically complied or analyzed further. As a
remedy, the former State Capital Construction Commission and the State Seismological Bureau
jointly granted a project to the Institute of Engineering Mechanics of the State Seismological
Bureau (former Institute of Engineering Mechanics, the Chinese Academy of Sciences) as a
responsible unit to organize the other relevant institutions for compiling this huge book. In March
of 1980, the Editorial Committee and the Board of Editors for this book were formally organized
and started to invite scientists and engineers to prepare their reports and received excellent
responses from the relevant experts. With efforts from the experts, an outline of this book was
finalized soon and then the preliminary reports were prepared, reviewed, revised and amended.
Finally it took several years for this book to be finally prepared for publication. It was indeed a
gratifying and significant event in the Chinese earthquake engineering community.
Like other great earthquakes in history, the Tangshan Earthquake had its own features which
provided us with knowledge and inspiration: (1) Tangshan was a city with no defense against
earthquake disaster. It should be pointed out that the main reason why the Tangshan Earthquake
caused so much destruction was that almost all buildings in the city, although they were
constructed in the recently years, were designed with no construction of earthquake resistance.
This mistake originated from an underestimation of the seismic hazard in the Tangshan area. This
reminded us that by existing knowledge we still could not make an accurate assessment of future
seismic hazards and, therefore, any civil engineering design should provide structures with a
necessary and adequate margin for safety. In this respect the Tangshan earthquake is an excellent
example for engineers for in-depth studies. (2) A startling feature of seismic damage during the
Tangshan Earthquake was that all structures (including the ancient and modern ones) were widely
collapsed in the meizoseismal area, resulting in a large number of casualties and destruction of
facilities. If further indicated that it was necessary to take some measures in design to prevent
collapse of the buildings against an earthquake of unexpectedly high seismic intensity. The
lessons learned from the Tangshan earthquake were likely to provide some clues in the light of
which buildings could be designed as collapse-prevent structures with only some simple measures.
(3) Since the Tangshan area is located along the sea coast with lands of coast alluvium, liquefaction
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was widely distributed and constituted one of the prominent factors contributing to the damage
from this earthquake, such as fallen bridges, cracked earthdams, sunk or inclined buildings,
inundated farmland with sand, silted irrigation system and so on. All those phenomena, although
they have long been studied, provided once again a natural laboratory to engineers for further
studies. (4) In the Tangshan area there were also many underground coal mines on a grand scale
and this earthquake was really a natural test of seismic behavior of underground structures. It
showed that, in comparison with the severe damage to the mining facilities on the ground surface,
the underground mine structures were damaged not very heavily, however they were drowned by
underground water after the quake for a long time, which caused coal production to be interrupted.
The data and information on the performance of underground structures during the strong
earthquake were very valuable to engineers since little could be learned from past quakes. (5)
Break down of the public facilities was largely caused by the collapse of buildings that in down of
the public facilities was largely caused by the collapse of buildings that in turn caused working
staffs to be injured and other installations damaged. It again showed that investment in buildings
for earthquake resistance is essential to the safety of staffs and facilities and should not be grudged
and neglected. (6) The Tangshan Earthquake also featured an abnormal distribution of intensity,
for examples, the higher intensities assigned to the area around the Dacheng hill and Fenghuang
hill located inside the Tangshan city proper, as well as the lower intensity assigned to the Yutian
County. In addition, the Tianjin Region belonged to a high abnormal intensity zone. One
explanation of the abnormal intensity distribution referred to the local site conditions, and further
studies are needed. (7) The relief work after the quake was also a very tough task. Such a large
industrial city with population of more than one million was destroyed to a field of debris in an
instant. It could not be imagined how hard it would be to cope with rescue, medical treatment,
water and food supplies, sheltering, sanitation, and epidemic prevention, and also the follow up
work of recovery and reconstruction would be huge and difficult. Fortunately, all these problems
have been completely solved. No other earthquakes in history could provide such valuable
experiences in this aspect. In summary, the Tangshan earthquake provided us with a wealth of
significant experiences, which should be explored and summed up at a wide angle.
Based on the backgrounds and features of the Tangshan Earthquake, this book was divided into
four volumes. Volume 1 includes five chapters presenting mainly the background information
about the earthquake and sites, such as seismicity and tectonic background, distribution of intensity
and ground failures, engineering geology conditions, strong motion instrumentation and soil and
foundation; volume 2 describes the seismic damage to buildings and structures and is composed of
four chapters: residential and public buildings, ancient buildings, mills and factories, and industrial
equipments and structures; volume 3, consists of six chapters presenting seismic damage to the
lifeline systems including railway, highway, water reservation, irrigation and water transportation,
public utilities, etc.. A brief description about the rescue, relief as well as reconstruction of the
city of Tangshan is also included in volume 1. Volume 3 is an album of photographs. It is
intended to give the readers a clear picture of the real damage. It should be noted that this book is
a documentary report. The objectives of this book are to reflect systematically as may raw
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materials of real damage as possible, to serve as a basis for further detailed research and to remain
as historical records. Explanations of seismic damage, including theoretical analyses as well as
experimental researches are not within the scope of this book. However, with respect to some
specific topics (for example, geological background) different authors usually had different point
of views and derived different judgments or conclusions. According to the Principle of
“Contention of A Hundred Schools of Thought,” all the points from different experts were in
parallel presented in this book. Additionally, in order to assure the accuracy of all data included in
this book the authors adopted the units originally used in tests or measurements and all these units
had been converted into universal unit system in footnotes, where they appeared at the first time in
the book.
During the process of preparing and editing this book the Capital Construction Commission of
Hebei Province, the Capital Construction Commission of Tianjin Municipality, the Earthquake
Resistance Office of Beijing Municipality, the Earthquake Resistance Headquarters of Tangshan
City had provided with their strong supports; the Ministry of Railways, the Ministry of Coal
Industry, the Ministry of Metallurgical Industry, the Ministry of Water Resources and Electricity,
the Ministry of Communications, the Ministry of Chemical Industry, Ministry of Machine-building
Industry and other organizations had offered valuable assistances; the authors of each contribution,
the reviewers and the editors and the staff of the publishers as well as those who had generously
provided the data, photos, materials etc. contributed much to this book. The Editorial Committee
would like to express its sincere thanks to all of them.
Editing of this book was a very serious task. However it was inevitable that there were some
mistakes or shortcomings and any comments and suggestions from readers will be highly
appreciated and they will be significant and valuable to improve this book for reissue.
Liu Huixian

Chairman, Editorial Committee
Feb. 1985
(Translator: Xie Li-Li)
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CHAPTER 1: CIVIL BUILDINGS
A SURVEY OF DAMAGE TO CIVIL BUILDINGS
Xia Jingqian1, Tong Enchong2 and Zhou Bingzhang3

The Beijing-Tianjin-Tangshan region is situated in the northeastern part of the North China
plain and is one of the densely populated and developed regions. During the Tangshan earthquake civil buildings in this region suffered very severe damage; the damage to and collapse of
many residential buildings resulted in great loss of life and property.
I. Building Structures Before the Earthquake
The Tangshan region includes Tangshan city, Qinhuangdao city and twelve counties, i.e.
Fengrun, Fengnan, Luanxian, Luannan, Leting, Changli, Funing, Lulong, Qian-an, Qian-xi,
Zunhua and Yutian, and the Baigezhuang Farming Reclamation area. The area of the Tangshan
region is 16.5 thousand square kilometers. In Tangshan the area of civil buildings including selfconstructed residences was 11.692 million square meters, being 73.7% of the total area of the
buildings. The civil buildings included residential buildings of 8.941 million square meters,
office buildings of 0.807 million square meters, school buildings of 0.463 million square meters,
hospital buildings of 0.225 million square meters and other buildings (store and public buildings,
etc.) of 1.256 million square meters. The civil buildings in Tangshan were mainly located in the
city and east mining area. Besides, there were 5.483 million square meters of rural civil buildings in the suburbs of Tangshan city. In other cities, counties and farming reclamation area in
the Tangshan area there were 4.969 million units of rural civil building and the total area was
about 8.076 million square meters of civil buildings in cities and towns (Table 1).
The total area of Tianjin is 11.3 thousand square kilometers. In the urban area there are six
districts, i.e. Heping, Hexi, Hedong, Hebei, Hongqiao and Nankai. The suburbs of the city
include four suburb districts and three coastal districts, i.e. Tanggu, Hangu and Dagang. Moreover, Tianjin city has jurisdiction over five counties, i.e. Jinghai, Ninghe, Wuqing, Baodi and
Jixian. According to the statistics of civil buildings in six districts under the Building Administration Bureau of Tianjin city the total building area was 17.505 million square meters. Also,
there were a considerable number of civil buildings under other offices.
Beijing city includes eight districts, i.e. Dongcheng, Xicheng. Xuanwu, Chongwen, Fengtai,
Haidian, Chaoyang and Shijingshan, and has jurisdiction over nine counties, i.e. Shunyi,
Huairou, Miyun, Pinggu, Fangshan, Tongxian, Daxing, Changping and Yanqing. In the urban
districts the building area of residential buildings was 36 million square meters and the area of
1
2
3

Institute of Engineering Mechanics, SSB
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other civil buildings was nearly equal. Moreover, in the suburbs and counties there were many
urban and rural publicly owned civil buildings and rural residential buildings.
II. Structural Types of Civil Buildings
Among the civil buildings in the Beijing, Tianjin and Tangshan regions there were many old
buildings constructed before 1949 and buildings of various structural types built after 1949.
Therefore, buildings differed considerably in types of structure, building standards and quality of
construction.
In the Tangshan urban area civil buildings constructed before 1949 mostly were located in
the old district south and north of Shengli Road south of the railway. They were mainly singlestory houses with lime-slag roofs and stone walls (a few were brick masonry walls) or frame
structures with four beams and eight columns, and a few were brick masonry-wood buildings
with two or three stories. Buildings in the eastern and western new residential districts for
workers located at the northeastern corner and southwestern part of the city and built in the early
1950’s were also single-story houses with lime-slag roofs and bearing stone walls. In the 1960's
there began, on a large scale, the construction of multi-story brick-R.C. buildings, in general, two
or three stories and a few with four stories. These buildings were mostly located on Xinhua
Road, Wenhua Road and Jianshe Road north of the railway (called the new urban area before the
earthquake). The higher civil buildings of 5 to 8 stories were distributed along Xinhua Road.
There were some inner-framed buildings (without exterior columns) for stores, hotels,
restaurants and other service professions. Also, in spacious civil buildings there were some that
were constructed with shell or folded plate roofs.
In the Tangshan area 85% of the rural buildings were single-story houses with four beams
and eight-columns, the others were single-story houses with gable walls supporting purlins. In
counties south of the area most bearing walls were brick masonry and a few were adobe or excitation walls of brick and inner walls of adobe. In the north and central part of the area, rubble
walls were mostly used and in a few cases brick walls, adobe walls or cobblestone walls were
adopted. Coal-slag roofing was often used and sometimes tile or straw roofing was adopted in
counties along the coast. Civil buildings in cities and towns were single-story houses with bearing brick walls; bearing brick columns were mostly used for residential houses while brick-R.C.
construction of single, two or three stories were used for office and commercial buildings and
some were inner-framed buildings (without exterior columns).
In the Tianjin urban area the civil buildings constructed before 1949 were mostly brick-wood
with two or three stories, a few were brick-R.C. buildings. Many residential houses were of a
single-story brick-timber construction or Chinese timber frame construction. R.C. frame structures were used only for a few high commercial buildings and were concentrated in the downtown Heping District. After 1949 civil buildings of various structural types were built, such as
brick-wood and brick-R.C. construction, inner-framed structures (without exterior columns),
R.C. framed and frame-shear wall structures. However, the great majority were multistory brickR.C. buildings. Also, there were a few buildings of pre-fabricated large panels, masonry block
and lift slab structures. Civil buildings in cities, towns and rural areas in Tianjin were similar to
those in the Tangshan area.
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In Beijing buildings built before 1949 were mostly single-story houses of wood construction.
Also, there were some multistory buildings of brick-wood, brick-R.C., and R.C. constructions.
Many of the old single-story houses were Chinese timber frame houses, and quadrangle (a compound with houses around) with composition tile roofs. The quality of the timber frame with
exterior walls differed significantly. A lot of defects existed in the old houses although uninterrupted maintenance had been conducted. Most of the existing buildings were constructed after
1949 and the great majority were multistory brick-R.C. buildings. They were mainly two or
three stories in the early period and four or five stories later. The others were R.C. framed
structures and frame-shear wall structures, cast-in-situ concrete shear wall, pre-cast large panel
structures and block masonry buildings, etc. In the 1960's some residential houses of low standard such as houses with brick hollow walls, brick walls 18 cm in thickness, and silicate blocks
had been built. The civil buildings in cities, towns and villages in Beijing were similar to those
in the Tangshan area.
Before the earthquake the basic seismic design intensity in Tangshan was specified to be VI,
so all buildings were designed without consideration of earthquake resistance. Since 1974 the
civil buildings in Tianjin were designed with consideration of seismic resistance for intensity
VII. Since 1966 the basic intensity in Beijing was specified to be VIII. However, the general
civil buildings were designed for an intensity of VII, i.e. decreased by one degree, and only few
important buildings were designed for an intensity of VIII or IX.
After the 1975 Haicheng earthquake, in the Beijing-Tianjiin region (mainly in the urban
area), strengthening of existing buildings had begun but the number of strengthened building was
small and the standard of strengthening was relatively low.
III. Outline of Earthquake Damage
Shortly after the Tangshan earthquake of magnitude 7.8 aftershocks with magnitude 7.1 and
6.9 occurred but at large distances from Tangshan, near the ends of the slipped fault of the M 7.8
shake. Therefore, the damage to civil buildings described in the following represents combined
effects of multiple shocks.
In the urban area of Tangshan, buildings seriously damaged or collapsed amounted to
11.1695 million square meters accounting for 95.53% of the total building area. A description of
damage to various categories of buildings is listed in Table 2. In the suburbs of Tangshan city,
buildings seriously damaged or collapsed amounted to 5.08 million square meters in area
accounting for 92.7% of the total houses. The damage to civil buildings is summarized in
Table 3. About 52.5 million square meters of rural houses were damaged accounting for
approximately 60% of total rural houses.
Damage to publicly owned civil buildings in the urban area and under the production brigade
and the higher units in suburbs and counties of Tianjin are listed in Table 4. Damage to civil
buildings under the Building Administration Bureau of the six districts of Tianjin is listed in
Table 5.
The residential houses with a building area of about 36 million square meters in the urban
area of Beijing city suffered moderate and heavy damage that amounted to about 4 million
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square meters of building area and the damage ratio was 11%. In the suburbs and counties a
total of 530,000 rural houses were damaged in which 120,000 houses collapsed. It is noteworthy
that 50 production brigades suffered heavier damage mainly distributed in Tongxian, Pinggu,
Daxing and Shunyi counties, etc.
IV. Features of Damage
The distribution of damage to civil buildings during the Tangshan earthquake was closely
related to the distance from the epicenter, geological and site conditions, types of building structures, quality of construction, designed earthquake resistance, and earthquake strengthening, etc.
1. The nearer the epicenter and the higher the earthquake intensity the heavier the
damage
According to the investigation of civil buildings of various types including 2,250 single-story
brick houses, 2,280 multistory brick buildings, 104 inner-framed buildings (without exterior
columns), 101 spacious buildings (without interior columns and walls) and many rural houses,
the distribution of damage to houses according to different intensities is shown in Table 6.
2. Distribution of damage to civil buildings
In zones of the Dachengshan, Fenghuangshan and Jiajiashan mountains to the north of
Tangshan city the foundation was of Ordovician calcareous rock with thin over-burden. The
damage to single-story houses was not serious, even some multistory buildings suffered only
slight damage or remained basically intact such as some buildings at the Qixin Cement Factory
and the Tangshan Steel Plant and Building Ceramics Factory.
To the east of the urban area civil buildings built on the first terrace of the Douhe River and
on the alluvial soil over the Paleo river channel only cracked but did not collapse except for a
few houses that collapsed due to failure of foundation. Even in the extreme seismic region of
intensity XI the damage to buildings was lighter, such as the office building of the Light
Machinery Factory and the dormitory building of the Gear Wheel Factory.
In Tianjin there were three abnormal zones in which the damage to the civil buildings was
heavier.
(1) The zone from the No. 2 Bridge in Hedong District to Liulin and from Zhongbanchang to
Zhangdazhuang had a recent soil deposit where a curved segment of the Haihe River
straightened 80 years ago. After the earthquake sandboils and waterspouts, ground cracking, and
settlement were observed and the damage to buildings was heavier than that in the neighboring
locations.
(2) The zone including Shengli Road, Xikang Road and Machangdao Street in Heping
District and the Dayingmen Gate of Hexi District was filled with mud from the Haihe River. It
had been filled two times and the layer was about 5 m thick. The buildings were mainly old
brick-wood structures of 2 or 3 stories and the quality of construction was poor and they suffered
severe damage and many of them collapsed.
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(3) The zone in the neighborhood of Dingzigu north of Jin-Ba Highway in Hongqiao District
was a flooded area between the Ziya River and Daqing River and was a residential area newly
constructed after 1949. Most of the buildings were brick-R.C. structures of 3 or 4 stories. After
the earthquake the brick walls cracked and eaves and gable walls of the top story fell off. The
damage to the buildings was heavier than similar buildings nearby.
In Beijing city in the zone of Sanlihe, Erligou and the Exhibition Hall and in the zone of
Deshengmen Gate, Liupukang and Hepingli the damage was obviously heavier than that in other
zones. The damage in various districts differed. The damage in Dongcheng District and
Xicheng District was heavier and that in Xuanwu District and Chongwen District had lighter
damage. More single-story houses collapsed in Dongcheng District than in Xicheng District,
nevertheless, damage to multistory buildings was the opposite.
3. Lighter damage to civil buildings constructed after 1949
Table 7 shows the statistics of damage to civil buildings of various types newly constructed
in five districts in Tianjin city. The damage ratio was only 4.4% which was far lower than the
total damage ratio listed in Table 5. In Beijing the collapsed and seriously damaged civil buildings were mostly old buildings constructed before 1949.
4. Remarkable effect of good seismic design or retrofit
The 1974 standard charts for general residential buildings in Tianjin city were designed for
intensity VII according to the Earthquake Resistant Design Specification for Industrial and Civil
Buildings (TJ11-74). After the earthquake 37 of these residential buildings were investigated.
The moderately and slightly damaged buildings accounted for 9% and 20.5% of the investigated
buildings respectively and the others were basically intact indicating the seismic capacity was
much better than those without seismic design.
Before the earthquake a total of 63,000 square meters of civil buildings had been strengthened by the Tianjin Building Administration Bureau. These buildings also exhibited better
earthquake resistance during the earthquake. For instance, more than 770 strengthened houses
(13,000 square meters of building area) under the Donglou Building Administration Department
of Hexi District and some individual houses suffered slight damage during the quake. A similar
situation occurred to strengthened buildings in Beijing city.
(Translator: Xia Jingqian)
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Table 1. Number of civil buildings in cities and towns
in the Tangshan area (excluding Tangshan city).
Building
Category

Office
Building

Commercial
Buildings

Schools and
Hospitals

Public
Buildings

Miscellaneou
s

Total

Area
(104m2)

197.29

181.34

321.06

72.90

35.10

807.69

Percentage
(%)

24.5

22.5

39.7

9.0

4.3

100

Table 2. Damage to civil buildings of various categories in Tangshan city.

Building Category
Residential building

Seriously Damaged
and Collapsed
(104m2)

Damage Ratio
(%)

869.46

97.25

Office building

71.57

88.69

Schools

42.72

92.25

Hospitals

19.24

85.54

113.97

90.73

1116.95

95.53

Miscellaneous
Total

Table 3. Damage to civil buildings of various categories in cities and towns
in the Tangshan area.
Seriously Damaged
and Collapsed
(104m2)

Damage Ratio
(%)

Office building

157.67

79.92

Commercial buildings

141.50

78.03

Schools and hospitals

261.40

81.42

Public buildings

67.00

91.91

Miscellaneous

25.60

72.93

Total

653.17

81.08

Building Category
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Table 4. Damage to the publicly owned civil buildings in the urban area and under the
production brigade and higher units in suburbs and counties of Tianjin city.
Slightly and More
Heavily Damaged
(104m2)

Damage Ratio
(%)

2208.2

70.6

Stores (Store house
included)

344.1

11.0

Cultural, educational and
medical

437.8

14.0

Public houses

137.7

4.4

3127.8

54.0

Building Category
Residential buildings

Total

Table 5. Damage to civil buildings in the urban area of Tianjin city.
Seriously Damaged
and Collapsed
Damage
Total
Area
(104m2)

Heping District

Damaged

Area
(104m2)

Damage
Ratio
(%)

Area
(104m2)

Damage
Ratio
(%)

550.87

104.55

18.98

342.89

62.25

Hebei District

249.79

13.40

5.36

127.87

51.19

Hedong District

198.63

16.28

8.20

93.28

46.96

Hexi District

221.91

39.42

17.76

124.13

55.94

Nankai District

278.53

41.03

14.73

121.21

43.52

Hongqiao District

250.51

44.25

17.64

143.25

57.12

Total

1750.51

258.93

14.79

952.63

54.42

Name of District
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Table 6. Damage degree of civil buildings in areas of different intensities.
Intensity

XI

Type of
Buildings

Collapse
Ratio
(%)

Singlestory brick
building

99.5

Multistory
brick
building

81.8

Innerframed
Building

100

Spacious
Building

7.0

X

IX

Collapse
Ratio
(%)

Damage
Ratio
(%)

Collapse
Ratio
(%)

Damage
Ratio
(%)

87.2

97.7

43.0

53.3

70.0

99.4

18.7

90.1

100

79.4

94.3

43.0

85.8

100

39.0

91.0

12.0

Damage
Ratio
(%)
100

98.2

Rural
houses

84.0

Average

89.8

VIII

99.9

71.3

95.2

29.2

Collapse
Ratio
(%)

VII

Damage
Ratio
(%)

Collapse
Ratio
(%)

Damage
Ratio
(%)

52.9

40.0

88.0

10.0

40.0

89.0

73.0

49.0

81.2

62.0

43.0

Note: The empty space indicates no investigation and statistics data.

Table 7. Damage to civil buildings constructed after 1949 in the Tiajin city area.
Area of damaged buildings (m2)

Total
Area of
Buildings
(m2)

Collapsed

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Basically
Intact

Hedong
(Zhongshanmen)

132,049

51

272

5,448

11,390

114,888

Hexi (Jianshan)

290,545

26

8,619

8,450

92,800

180,650

Nankai (outside of
Xiyingmen)

493,972

1,651

4,784

8,675

192,562

286,300

Hebei (No.5
highway,
Wangchuanchang)

344,679

1,034

6,101

28,325

52,477

256,742

Hongqiao
(Dingzigu Xinlin)

261,911

3,145

42,489

18,500

43,283

154,494

Total

1,523,156

5,907

62,265

69,398

392,512

993,074

Percentage (%)

100

0.4

4.0

4.6

26.0

65.0

Name of District
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STATISTICS OF DAMAGE TO MULTISTORY BRICK BUILDINGS
Wu Tianzhu1 and Yang Yucheng2

1. Introduction
Multistory brick buildings were the main type in cities and towns in the Tangshan seismic
area. These buildings were used as apartments, offices, schools, and hospitals, etc. In the
Tangshan earthquake the damage to multistory brick buildings was extremely severe. In the area
of Tangshan many multistory brick buildings collapsed causing thousands and thousands of
casualties. In the outlying areas multistory brick buildings suffered different degrees of damage
impeding the rapid restoration of production and making it difficult to reassure the public after
the quake.
Most of the multistory brick buildings in the seismic area were built after 1950. The number
of stories in buildings in medium or small towns was 2 to 3, and for few buildings 4 or more. In
Beijing and Tianjin more buildings were 5-6 stories. The thickness of the exterior walls was
generally 37 cm, and that of interior walls 24 cm; walls were laid with mixed mortar. In
Tangshan City the exterior wall of some buildings was veneered with building bricks (brick
strength above 150 kg/cm2, 6.5 cm in width (upright brick layer)) while the inner part was laid
with common bricks and bond bricks every five layers of bricks. The walls of a few buildings
were laid with rubble or undressed stones. Cast-in-situ or pre-cast R.C. slabs and beams were
mostly used in the floor or roof system, but in buildings constructed before the mid-fifties wood
floor slabs and roofs were mostly used. Buildings often consisted of units and a corridor was
often arranged between the rooms, loads were often borne by the transverse walls or both the
transverse wall and longitudinal wall and a few buildings had load bearing longitudinal walls
only. Earthquake resistance was not generally considered in the design of these buildings except
for those recently built in Beijing and Tianjin which were designed aseismically for intensity VII
and those in Luan County for intensity VIII.
In the field survey of multistory brick buildings in the Tangshan seismic area, the damage
degrees of buildings were divided into six categories based on damage to the whole building as
follows:
Completely collapsed — Whole buildings collapsed and fell to the ground, or several upper
stories of the building collapsed, or most of the building collapsed with a small part remaining.
Collapsed — All exterior walls nearly collapsed, or the top story of buildings with a timber
roof mostly collapsed, or the load-bearing structure partly collapsed.
Seriously damaged — The main part of the building structure seriously damaged; walls
cracked and shifted, were offset or loosened, parts of the corner fell down, part of the exterior
wall fell or individual walls or panels collapsed. This type of building could only be used after
major repairs or was not worth repairing.
1
2

Capital Construction Committee, Hebei Province
Institute of Engineering Mechanics, State Seismological Bureau
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Moderately damaged — Apparent cracks occurred on the main part of the building structure
or at several connections; filled walls and attached buildings were seriously damaged or even
collapsed. This type of building could still be used after local repairs or strengthening.
Slightly damaged — Non-main part of the building structure obviously damaged; small
cracks and constructional cracks occurred on a few walls and panels, obvious cracks
occasionally occurred on individual walls but most of the walls were not damaged. The
buildings that suffered slight damage could be used continuously and only minor repair was
required.
Basically intact — A few non-main parts of the building structure were slightly damaged,
individual doors or window openings, wall corners, brick arches and extruding parts of the
building had occasional small cracks on otherwise intact buildings.
In the statistical analyses, the ratio of the sum of completely collapsed buildings and
collapsed buildings to the total number of buildings is called the collapse ratio; the ratio of the
sum of moderately damaged buildings and buildings that suffered damage above the moderate
level to the total number of buildings considered is called the damage ratio. In a small area, the
average damage degree of multistory buildings is expressed in terms of "damage index", i.e.
I=

∑ ini / N

in which "i" is the damage degree index which equals 1.0, 0.8, 0.6, 0.4, 0.2 and 0 respectively,
corresponding to the above six categories of damage degree successively; "n" is the total number
of buildings that suffered damage of "i" degree in the small area; N is the total number of buildings in a small area.
2. Statistics of Damage to Multistory Brick Buildings in Tangshan City
Before the quake there were a total of 1,187 multistory brick buildings in the city of
Tangshan of which 771 buildings collapsed completely, 162 buildings partly collapsed with a
collapse ratio of 78.6%; 158 buildings seriously damaged and 63 were moderately damaged and
the damage ratio was 97.2% (the sum of buildings which were completely collapsed, partly
collapsed, seriously and moderately damaged to the total number of buildings in the area); those
which were only slightly damaged and basically intact were under 3%.
Based on the city blocks, the site soil conditions, and the locations where multistory brick
buildings were situated were divided into 26 small areas numbered A-Z as in Fig. 1. The number
of buildings in each small area and the damage degree, collapse ratio and damage index are listed
in Table 1. The damage index of different small areas is also shown in Fig. 1 and Fig. 2 shows
distribution of the collapse ratios.
Around Dacheng Hill, Fenghuang Hill and Jiajia Hill the damage to multistory brick buildings built on base rock or a relatively thin and dense overlying soil layer was apparently lighter
forming low intensity abnormal areas inside the high intensity area. In the small area R around
Dacheng and S on the south slope of this hill the collapse ratios were 28% and 23% respectively.
In these two small areas the 14 collapsed buildings were mostly built on a filled layer on a steep
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slope or valley of the hill. The damage index of these two small areas was 0.54 and 0.50 respectively.
The foreland of the first terrace of the Douhe River was a new alluvial layer of recent period
intercalated with a layer of silty soil or silty sandy soil. Damage to the multistory brick buildings
around the foreland was greatly reduced, except that buildings in the small area V where the
causative fault passed through almost collapsed. In small areas T, U and W the buildings generally cracked but no collapse occurred. However, some buildings with ground fissures passing
through their foundation or those located where a landslide occurred or those with poor earthquake resistance collapsed. It is seen from Fig. 1 and Fig. 2 that for multistory brick buildings a
low intensity abnormal area occurred along most part of the banks of the Douhe River in
Tangshan.
Generally speaking, over the city area of Tangshan the damage to multistory brick buildings
gradually reduced to the north, the collapse ratio and damage index of area Y in the north suburb
decreased compared with the areas located on the Type II soil layer. In the west suburb the
damage was also lighter than in the city. Although area Z was adjacent to area H, lying at the
west end of Xinhua Road, the damage index in area Z was smaller.
3. Statistics of Damage to Multistory Brick Buildings in the Tangshan Area and the
Relationship Between Damage and Intensity
In Tangshan a total of 2,285 multistory masonry buildings were investigated. The locations
investigated are shown in Fig. 3 and the statistics on damage degree in different locations are
listed in Table 2. The statistical results in Table 1 and Table 2 are based on the investigations
made by both the Construction Committee of Hebei Province and the Institute of Engineering
Mechanics, checking door to door.
Based on the distribution map of intensities in the Tangshan earthquake the area of intensity
XI included both sides of the railway in the city area of Tangshan where 952 multistory brick
buildings existed, corresponding to 17 small areas A to 0, V and W, and the south part of 3 small
areas Q, R and U in Fig. 1. In the area of intensity XI (including the low intensity abnormal area
in it), 779 buildings collapsed and the collapse ratio was 81.8%.
The area of intensity X (Table 2) includes the north part of the Tangshan city area, the towns
in Fengnan County, Xugezhuang, and Kaipingzhen, Majiagou and Guye, etc; 337 multistory
masonry buildings were investigated and the collapse ratio was 68%.
Multistory brick buildings in the East Mining District of Tangshan were mostly located in the
area of intensity IX, including Linxi, Lujiatuo, Fangezhuang, Zhaogezhuang, Tangjiazhuang,
Beijiadian and Jinggezhuang and a total of 382 buildings were investigated. The buried depth of
base rock in Majiagou, Zhaogezhuang, Tangjiazhuang, Beijiadian and Linxi was shallow, within
10 meters and more generally. In the vicinity of Lujiatuo and Fangezhuang most of the ground
surface was of a silty fine sand layer and the underground water level was relatively high. The
damage index of multistory brick buildings at these locations was in the range of 0.5 to 0.7,
except for Lujiatuo where damage ratios were generally above 90%. The collapse ratio of these
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buildings varied in the range of 0-50% and the difference was comparatively great. There are
two points noted:
(1) No multistory brick buildings collapsed in Lujiatuo and the damage ratio and damage
index were apparently lower. The damage degree in Lujiatuo was lower than that in Luan
County of intensity VIII, and it was the low intensity abnormal area within the area of intensity
IX. Although this mining district was situated on a fault zone in an east-west direction the
damage to buildings was not enhanced. However, based on the soil conditions at the site this
mining district was a sand liquefaction area with a lot of sand and water spouting in the vicinity
during the earthquake, thus, the effect of ground motion on structures was reduced so that
damage to brick buildings of greater rigidity was lessened. Moreover, damage to village dwellings in Lujiatuo and its vicinity was also somewhat less.
(2) Jinggezhuang was a newly built mining area and mining had begun only a few months
before the quake, all brick (stone)-R.C frame brick buildings were of relatively good workmanship. Therefore, damage to these buildings was lighter, only the exterior longitudinal walls of
three apartments, partly built in the winter, collapsed bringing about the falling of a few hollow
core slabs.
The damage to multistory brick buildings listed in Table 2 was generally due to the cumulative effect of the two earthquakes of M=7.8 and M=7.1. The town of Luan County was situated
in the area of intensity VIII during the earthquake of M=7.8. In the earthquake of M=7.1 the
earthquake damage in the north part of the town was obviously enhanced, being an area of intensity IX. Therefore, in Table 2, Luan County belongs to an area of intensity VIII and area of
intensity VIII to IX respectively.
In the town of Changli County of intensity VII, damage to multistory masonry buildings was
less; even the high school building built during the end of the Qing Dynasty suffered serious
damage but did not collapse.
In Qinhuangdao city a total number of 574 multistory masonry buildings were investigated in
Beach District (Beidaihe), Harbour District (city area) and Shanhaiguan. All the foundation soil
in the city area was of a coastal deposit layer but the distribution was not uniform. With Wenhua
Road as a boundary, moderate coarse sand and clayey soil existed in the east, belonging to Type
II soil; man-filled land, silt or silty soil existed in the west, belonging to Type III soil; along the
coast was an intercalation of Type II and Type III soil with Type III soil as the major part. On
the banks of the Tanghe River was Type III soil. In order to compare the effect of site soil to
damage to multistory brick buildings in the area of low intensity the city area was divided into 4
grids and a field survey of the damage to multistory brick-R.C. buildings and brick-R.C.-wood
buildings (not including multistory brick-wood buildings and stonewall buildings) was performed. The results of the survey are shown in Table 3. The damage index of the grid in the
southwest was the highest, 0.21, and the grid in the northwest was 0.17. Based on the above
damage indexes it is seen that in the case of a soft layer taken, as the bearing layer the damage to
multistory brick buildings will be enhanced due to differential settlement of the foundation. The
city area of Qinhuangdao was evaluated as an abnormal area of intensity VII within the area of
intensity VI, and the Beach District and Shanhaiguan District being areas of intensity VI by the
Provincial Seismology Bureau of Hebei, but based on the statistical results the damage index was
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not the highest in these three districts and the damage was gradually reduced with the increase of
epicentral distance.
In the Tangshan earthquake the relationship between damage to multistory brick buildings
and seismic intensity is shown in Table 4 and Figs. 5-7 respectively. The damage distribution
ratio in areas of different intensities is listed in Table 4; the collapse ratio and damage ratio in
these areas are shown in Fig. 5. From Table 4 and Fig. 5 it can be found that even in the areas of
intensity X and XI a very small number of multistory buildings still suffered no damage in the
quake. In the area of intensity IX most of the buildings suffered damage of different degrees but
only a few collapsed. In the area of intensity VIII or below VIII no collapsed buildings were
seen and the damage ratio obviously decreased with the attenuation of intensity.
Index values showing the average damage degree in different areas are listed in Table 2. The
relationship between the damage index of the investigated location and the epicentral distance is
shown in Fig. 6. The damage indexes of multistory brick buildings in areas of different intensities are drawn in Fig. 7. From Fig. 7 it is seen that the damage indexes of multistory brick
buildings in different areas were mostly in the range of the proposed damage index in the 1980
revised version of the “Chinese Intensity Scale”. In Figs. 6 and 7 the maximum deviation point
is that of Lujiatuo, the points in turn are those of Guye and Fengnan in the area of intensity X.
The damage index in Guye is on the low side because it is near the area of intensity IX, and that
in Fengnan is on the high side because buildings in the Fengnan area were generally poor in
earthquake resistance.
4. Statistics of Damage to Multistory Brick Buildings in Tianjin City
Investigation results made by different organizations of the damage to multistory brick
buildings in Tianjin city are listed in Table 5. The damaged buildings were mostly old. These
old buildings were mostly laid by mud-and-lime mortar with mud taken from the bed of the
Haihe River. These buildings had been damaged by floods and had long been out of repair. The
collapse ratio of these buildings was 15.2% and the damage ratio was 51.7%. In the six districts
of the city 3/4 of the old buildings were situated in Heping District therefore damage to buildings
in Heping District was apparently heavier than in other districts. However, based on the
statistics of damage to old buildings only, the maximum collapse ratio in Hexi District was 29%
while the damage ratio in Nankai District was 80%. Most of the multistory brick buildings built
after 1949 were basically intact or slightly damaged in the quake. Based on the statistical results
of buildings made by the Tianjin Design Institute in the sampling survey for different types of
buildings, the damage to high school and primary school buildings was heavier than to apartment
buildings. A survey made by the Institute of Engineering Mechanics (IEM) in Table 5 was
limited to buildings in the neighborhood of the Tianjin Hospital where several accelerographs
were installed. From Table 5 the average damage index of multistory brick buildings built after
1949 is 0.11 while that before 1949 is 0.35, with a difference of more than one grade of intensity.
The Ninghe earthquake of M=6.9, one of the aftershocks of the Tangshan earthquake,
widened the cracks on damaged brick buildings but did not significantly increase the damage.
The statistics of damage to multistory buildings in Tianjin city include the cumulative damage
induced by a series of aftershocks.
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5. Statistical Results of Damage to Multistory Brick Buildings in Beijing City
Multistory brick buildings in Beijing generally suffered damage corresponding to that of
intensity VI and most of them were not damaged. The accelerograph in Beijing registered 5% g
peak acceleration. Damage occurred mostly to the projecting parts of tall buildings and to the
upper part of expansion joints. Cracks on the walls were usually at construction joints; slight
damage to walls was induced by the settlement of the foundation. Shear cracks only occurred in
some buildings. In the abnormal intensity zone from Deshengmen to Lianhuachi, damage to
multistory brick buildings was generally widespread. Based on the statistical data of the Beijing
Bureau of Administration of Buildings, Table 6 shows the statistics of damage to 3,564 buildings. More than 95% of these buildings were multistory brick buildings. In these statistics the
criterion for evaluating the damage degree is slightly different, making the damage ratio and
damage index somewhat higher.
6. Comparison of Damage to Multistory Buildings
Table 7 shows the statistical results of damage to 2,285 multistory brick buildings in the
Tangshan area. Of these 1,575 were residential buildings, or 69% of the total, which included
dwellings (apartments), dormitories, entertaining houses and hotels, usually with single-span
layouts and load-bearing transverse walls; 154 school buildings including laboratories, libraries,
nurseries, cultural houses and clubs generally with three-span layouts and load-bearing longitudinal and transverse walls; 77 medical buildings included clinics, inpatient departments, epidemic prevention stations and sanatoriums and 289 office buildings. The latter two types of
buildings were mostly one-span or two-span but a few were of a multi-span layout. Multistory
brick buildings for other uses such as stores, cook shops and garages were 190 in number and
their layouts were different; some were spacious.
From Table 7 it can be seen that the damage ratio and damage index of school buildings in
Qinhuangdao and Changli in the lower intensity areas were smaller than to residential buildings.
In Tables 5 and 6 the statistics for Tianjin and Beijing are similar. While in Tangshan city in the
area of high intensity similar statistical results were obtained, i.e. the collapse ratio and damage
index of school buildings were lower than those of residential buildings. A total of 21 buildings
at 11 high schools and primary schools in Tangshan around Wenhua Road and Jianshe Road had
been investigated by the Building Engineering Department of Qinghua University; the collapse
ratio of these buildings was much lower than those of other buildings (mainly residential buildings) as shown in Table 8. The number of stories of school buildings were smaller than those of
the residential buildings and the type of structure of these school buildings was relatively
regular. The type of damage that was frequently found in residential buildings such as collapse
or tilting of exterior longitudinal walls was seldom seen in school buildings.
In the Tangshan city area and east mining area the collapse ratios of medical multistory brick
buildings were all higher than those of residential buildings and school buildings. In
Qinhuangdao in an area of low intensity the damage ratio of medical buildings was between that
of residential buildings and school buildings.
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7. Comparison of Damage to Multistory Brick Buildings of Different Structural Types
Statistical results of damage to different structural types of multistory brick buildings in the
Tangshan area are listed in Table 9. The structures were divided into five types based on the
wall material used and types of roofs and floors. There were 1,547 brick and R.C. structures in
the damage survey (68% of the total) the floors and roofs of which, included a few made of
hollow brick slabs with closely spaced ribs and un-reinforced brick arch slabs. Brick and wood
structures having floors and roofs made of wood members were 261 in total. There were 166
brick-R.C.-wood structures, with wood floor, or roofs but generally R.C. floor slabs and wood
roofs were used. There were 267 buildings with stonewalls, the exterior and interior walls of
some were made of rubble or coarsely dressed stones but in other buildings the exterior walls
were made of stone while the interior walls were made of bricks. Buildings with stonewall in the
first story and brick walls in the upper stories are brick and stone wall type in the table, with 44
in total. The sum of stonewall buildings and brick stonewall buildings was 311, 14% of the total
of multistory masonry buildings.
Compared with buildings having brick-R.C. structures the damage to buildings with brickwood structures was much heavier, whether these buildings were in the meizo-seismal area or in
the area of strong shaking. In Tangshan the brick-wood structures almost all collapsed; the
collapse ratio was 97% but approximately 25% of the brick-R.C. structures cracked without
collapsing. In the east mining area two-thirds of the brick-wood structures collapsed and less
than one-third of the brick-R.C. structures collapsed. In the cities of Tianjin and Qinghuangdao
the collapse ratio of brick-wood structures was up to 50%, but that of brick-R.C. structures was
only 15% approximately. Most of the brick-wood structures were built many years ago, the
strength of the mortar was low. The wood members were simply placed on the walls without
anchorage, and nor R.C. hoop reinforcing was not installed so the integrity of the structure was
poor. From Table 9 the damage index of brick-R.C.-wood structures is similar to brick-R.C.
structures. In general, damage to the top story of buildings with timber roofs was somewhat
worse.
In the Tangshan area the walls were usually made of rubble masonry. These walls were not
only used extensively in single-story buildings but were also used in multistory buildings with
stone-R.C. structures. From Table 9, in the city area of Tangshan, the collapsed ratio of buildings with stonewalls was higher than that of brick-R.C. structures; however, in the east mining
area the collapse ratio of these two types of buildings were close. From the statistics carried out
in the city area of Tangshan and different mining locations in the east mining area the collapse
ratio of brick wall buildings were sometimes, higher or lower than that of stone wall buildings.
In the east mining area there were four sub-areas in which most buildings had stonewalls. Such
buildings in two of the sub-areas were damaged severely but those in the other two sub-areas
were not. There were 21 stone wall buildings in Majiagou and 22 in Tangjiazhuang, and buildings in Majiagou all collapsed but none collapsed in Tadjiazhuang. In Zhaojiazhuang there were
37 stone wall buildings, and the collapse ratio was 27 % and the damage index was 0.68. But the
collapse ratio of buildings with brick-R.C. structures was only 5% and the damage index was
0.52. There were 19 stone wall buildings in Linxi and the collapse ratio was 16% and the
damage index was 0.54; for brick buildings the collapse ratio was as high as 43% and the
damage index was 0.70. Based on the damage survey it can be seen that the damage degree of
stone wall buildings depended more on the workmanship of the wall and strength of the mortar.
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The statistical results also show that the scatter in the results for stone wall buildings was greater
than brick wall buildings.
8. Comparison of Damage to Multistory Brick Buildings with Cast-in-Situ and Pre-cast
R.C. Slabs and Roofs
Many multistory brick buildings with pre-cast R.C. hollow core floor and roof slabs
collapsed in the Tangshan earthquake so there was much doubt about the earthquake resistance
of pre-cast R.C. floors and roofs. Damage to multistory brick buildings with pre-cast and castin-situ R.C. floors and roofs in the area of high intensity is shown in Table 10 and a comparison
is made between these two types of buildings. Table 10 shows that in the city area of Tangshan
the damage to buildings with pre-cast floors and roofs and those with cast-in-situ floors and
roofs were similar, the collapse ratio was 76% and 72% respectively, and the damage index was
0.84 and 0.83 respectively. The collapse ratio and damage index of buildings with pre-cast slabs
were slightly higher. In the east mining area the collapse ratio of these two types of buildings
was equal, being 30%, and the damage indexes were 0.63 and 0.61 respectively. Although
buildings with cast-in-situ R.C. floor and roof is prepared better than those with pre-cast R.C.
floor and roof, this is not the main factor affecting the damage to these buildings.
9. Comparison of Damage to Buildings with Brick-R.C. Structures of Different Number of
Stories
Damage to brick-R.C. structures of different number stories in Tangshan and the east mining
area is shown in Table 11. The buildings in this table were mostly 2 or 3 stories with a few that
were 4 stories or more. Therefore, in Table 11 the buildings that were 4 stories or more were
combined as one type of building. From the table it can be seen that the collapse ratio and
damage index of 2-story buildings are lower than those of 3-stories while those buildings with 4
or more stories are also lower than those of 3-stories. This is because the strength of the mortar
used in the walls on the first and second stories of 4-story buildings was generally higher and the
thickness of the walls on the first story was sometimes also greater. The damage to 4-story
brick-R.C buildings in the east mining area was particularly light because most of these
buildings were located in Lujiatuo in the abnormal area of low intensity.
(Translator: Lu Rongjian)
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Table 1. Statistics of damage to multistory brick buildings in Tangshan.
Area
Site Location
South of railway
(Type II soil)

North of railway
(Type II soil)

Base rock and
piedmont along
banks of Douhe
River
Donggang-yiao
North suburb
West suburb
Whole city

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
O
R
S
T
U
V
W
X
Y
Z

Total
No.
25
56
26
49
20
28
26
43
61
44
91
88
90
47
118
80
31
25
30
47
41
18
19

CC
22
43
23
43
20
26
24
36
38
36
79
67
80
36
61
41
4
4
2
21
10
13
7

0
1
4
16
6
8
2
6
4
23
16
11
3
5
2
7
4
1

2
1
3
7
2
4
11
3
6
31
19
12
3
6
13
11
1
3

44
31
9
1,187

21
9
5
771

17
7
3
162

5
6
1
158

C
2
8
2
4

Damage Degree
SD
MD
1
4
1
1
2

SLD

5
1
1
3
4
4
12
10
5
5

3

7

1

1
4

5

63

28

3
7
5
4

BI

1
4

5

Note: CC - completely collapsed; C - collapsed; SD - seriously damaged;
MD - moderately damaged; SLD - slightly damaged; BI - basically intact;
CR - collapse ratio (%); DI - damage index

CR
(%)
96
91
96
96
100
93
96
93
89
95
96
78
96
85
71
71
48
28
23
49
41
94
42

DI
0.97
0.93
0.97
0.97
1.0
0.97
0.98
0.95
0.90
0.95
0.96
0.88
0.96
0.92
0.84
0.83
0.70
0.54
0.50
0.71
0.61
0.93
0.66

86
52
89
79

0.86
0.67
0.89
0.87

Tangshan
Fengnan
Kaiping
Majiagou.
Guye
Linxi
Jinggezhuang
Lujiatuo
Fangezhuang
Zhaogezhuang
Tangjiazhuang
Beijiadian

X

Changli
2)
Qinhuangdao
Seaside

VII
VI+

1)

84
110
126
142

(km)
Epicenter
<5
<7
8
9
10
23
24
15
19
22
25
27
(26)
29
Ep. of M7.1
50
23
28
508
38
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No. of Bd.
204
748
235
23
22
43
14
98
18
35
44
81
67
39

0
0
0
0

0
0

CC
166
498
107
22
10
24
2
28
0
0
3
9
15
3

0
0
0
0

2
0

C
17
98
47
0
5
9
3
15
3
0
2
3
9
6

3
1
5
2

4
4

SD
12
99
47
1
6
9
4
31
7
2
19
46
6
13

5
5
64
1

5
5

1
0
3
21
5
13
18
21
37
16

MD
8
37
18

Damage Degree

5
10
206
15

4
6

1

1
2
3
3
19
0
0

SLD
1
13
14

10
12
233
20

2
2

1
2
2

3
2

BI.

0
0
0
0

11.8
0

CR
%
89.7
79.7
65.5
95.7
68.2
76.7
35.7
43.9
16.7
0
11.4
14.8
35.8
23.0

34.8
21.4
13.6
7.9

64.7
52.9

DR
%
99.5
97.9
93.2
100
100
97.7
85.7
96.9
83.3
42.9
97.7
97.5
100
97.4

Remarks: 1) Epicentral distance was counted from the center of the area of intensity XI
2) In the map of intensity distribution it was an abnormal area of intensity VII within the area of intensity VI.

Note: CC - completely collapsed; C - collapsed; SD - seriously damaged; MD - moderately damaged;
SLD - slightly damaged; BI - basically intact; CR - collapse ratio (%); DR - damage ratio (%); DI - damage index

Shanhaiguan

Luan Xian

IX-VIII
VIII

IX

Location
Tangshan
South North

Intensity
XI

Epicentral
Distance

Table 2. Statistics of damage to multistory brick buildings in the Tangshan area.

0.21
0.16
0.14
0.14

0.40
0.33

DI
0.93
0.87
0.78
0.98
0.82
0.86
0.60
0.69
0.51
0.29
0.53
0.59
0.61
0.57
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Table 3. Statistics of damage to multistory brick buildings in the city area of Qinhuangdao.
Damage Degree
Grid

No. of
Buildings

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Basically
Intact

Damage
Ratio
(%)

Damage
Index

South-East

114

0

3

34

77

2.6

0.07

North-East

143

1

13

51

78

9.8

0.11

North-West

165

2

24

87

52

15.8

0.17

South-West

48

0

12

27

9

25.0

0.21

Total

470

3

52

199

216

11.7

0.13

Table 4. Per cent of damage to multistory brick buildings in areas
of different intensities in the Tangshan area.
Damage
Degree

Intensity
XI

X

IX

VIII

VII

VI+

completely
collapsed

69.7

49.0

15.2

0

0

0

collapsed

12.1

19.0

9.9

0

0

0

seriously
damaged

11.7

19.9

32.5

23.5

13.1

1.4

moderately
damaged

4.7

6.5

34.3

29.4

21.7

12.2

slightly
damaged

1.5

5.0

6.8

35.3

21.7

40.2

basically
intact

0.3

0.6

1.3

11.8

43.5

46.2

0.2

Total

High school and primary school
buildings officiated to the Bureau

1.2

High school and
primary school
buildings

Tianjin Education
Bureau

0

Apartments with
the 1st floor used
as store

0

0

Apartments of
pier type

Buildings built after 1949

0

Ordinary
apartments built
in 1974

Institute of
Engineering
Mechanics

0

15.2

Collapsed

Apartments built
in 1953-1974

Buildings
built after
1949

Old buildings built before 1949

Type of Building

Tianjin Design
Institute of
Buildings

Tianjin Bureau of
Administration of
Buildings

Investigation
Organization

15.3

8

3.9

19.6

0

0

0

0

14.8

Seriously
Damaged

12.8

8

9.7

19.7

11.8

5

9.8

2

21.7

Moderately
Damaged

Damage Degree

20.9

17

23.7

21.4

23.5

16

19.5

38

24.2

Slightly
Damaged

51

67

62.5

38.1

64.7

79

70.7

60

24.1

Basically
Intact

0.114

0.111

0.249

0.094

0.052

0.078

0.084

0.346

Damage Index

Table 5. Per cent of damage to multistory brick buildings in Tianjin City.

Total area 40.7x104m2, most not
designed for earthquake
resistance

In the neighborhood of Tianjin
Hospital

Average value of the 5 types

A number of 168 buildings, most
of which were not designed for
earthquake resistance

Designed based on intensity VII

Designed based on intensity VII

Designed based on intensity VII

Not designed for earthquake
resistance

Not designed for earthquake
resistance

Remarks

20

21

Table 6. Statistics of damage to multistory brick buildings in Beijing.
Damage Degree
Category of
Building

No. of
Buildings

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Basically
Intact

2,961

109

305

1,199

1,348

High and
primary school
building

442

34

77

105

Office building

161

23

41

3,564

166

423

Apartment

Total

Damage
Ratio (%)

Damage
Index

14

0.14

226

25.1

0.16

50

47

39.8

0.25

1,354

1,621

16.5

0.15

Table 7. Statistics of multistory brick buildings of different uses.
Location
Tangshan city
area

Fengnan

East mining
area

Luan County

Changli

Qinhuangdao

Category of
Building
RB
SB
MB
OB
Others
RB
SB
MB
OB
Others
RB
SB
MB
OB
Others
RB
MB
OB
Others
RB
SB
MB
OB
Others
RB
SB
MB
OB
Others

No. of
Buildings
773
100
34
168
112
9
1
1
7
5
360
27
12
32
30
6
2
5
4
9
4
1
7
2
418
22
27
70
37

Damage Degree
CC
515
57
27
97
75
9
1
1
6
5
66
2
3
7
16

C
98
17
3
30
14

SD
102
19
4
21
12

0

1

40
1
1
7
6

116
7
4
12
4
2-1

MD
35
6

SLD
19
1

15
7

5
3

110
15
3
5
2
3-4

24
2
0
1
2
1-1
1-2
1-1
1-2
4
0

1-0
1-0

2-2
0-1
1
2
4
1
2
1

2-1
1
1
1
1
1
38
8
6
12
6

1
161
8
9
40
13

CR
%
79
74
88
76
80

DR
%
97
99
100
97
96

DI
0.87
0.85
0.94
0.84
0.86

29
11
33
44
73

92
93
92
97
93

0.60
0.50
0.62
0.69
0.81

4
2

11
50

0.13
0.25

3
1
215
5
12
16
17

43

0.26

10
41
22
20
19

0.12
0.25
0.16
0.20
0.15

BI
4

1

4
1

2-2

Note: CC - completely collapsed; C - collapsed; SD - seriously damaged;
MD - moderately damaged; SLD - slightly damaged; BI - basically intact;
CR - collapse ratio; DR - damage ratio: DI - damage index; RB - residential buildings;
SB - school buildings; MB - medical buildings; OB - office buildings; others
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Table 8. Comparison of collapse ratio of school buildings and
residential buildings in Tangshan City.

Category of
Buildings

No.
Investigated

Cracked But Did
Not Collapse

A Little Part
Collapsed

A Large Part
Collapsed

No.

%

No.

%

No.

%

Completely
Collapsed
No.

%

School of
2-3 stories

21

10

47.6

5

23.8

1

4.8

5

23.8

Residential,
etc.

241

24

9.9

46

19.1

37

15.4

134

55.6

Table 9. Statistics of damage to multistory brick buildings of different structural types.
Location
TangshanCity

Fengnan
East mining
area

Luan County

Changli

Qinhuangdao

Type of
Structure
BRC
BW
BRCW
SW
BSW
BRC
BW
BRCW
BRC
BW
BRCW
SW
BSW
BRC
BW
BRCW
SW
BSW
BRC
BW
BRCW
SW
BRC
BW
BRCW
SW
BSW

No.
799
147
104
124
13
10
12
1
256
35
28
116
26
10
1
1
4
1
12
2
2
7
460
34
60
16
4

CC
468
137
58
103
5
9
12
1
44
14
2
30
4

CR
(%)
74
97
75

DR
(%)
97
100
98

DI
0.84
0.98
0.85

2

86
90
100

94
90
100

0.90
0.96
1.0

18

3

29
69
39

92
100
100

0.60
0.77
0.61

3
8
1-3

2
2-2

29
20-0

91
70-50

0.60
0.44~ 0.34

Damage Degree
C
SD
MD
SLD
126
125
57
21
6
2
2
20
23
1
1
9
7
3
2
1
1
0
4
0
1
29
10
9
5
2
2-0

95
3
5
33
7
3-4

1-0
2
1
4
4

67
8
12
45
3
2-1
1-1
1-1
1-1
0-1
2
1
2
0
50
12
6
2

BI
2
1

0.32 ~ 0.28
3-3

40-40

3
1

5

33

0.17

1
174
14
39
0
4

5
232
4
15
14

14
12
47
10

0.11
0.12
0.29
0.17

10

0.08

Note: CC - completely collapsed; C - collapsed; SD - seriously damaged;
MD - moderately damaged; SLD - slightly damaged; BI - basically intact;
CR - collapsed ratio; DR - damage ratio; DI - damage index; BRC - brick-R.C.;
BW - brick-wood; BRCW - brick-R.C.-wood; SW - stone wall; BSW - brick-stone wall
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Table 10. Comparison of damage to multistory brick buildings
with cast-in-situ and pre-cast R.C. floors and roofs.

Location
Tangshan
City
East
mining
area

Damage Degree

Type of
Floor and
Roof

No.

CC

C

SD

MD

SLD

BI

CR
(%)

DR
(%)

DI.

cast-in-situ

164

97

21

23

20

3

0

72

98

0.83

pre-cast

599

354

99

90

37

17

2

76

97

0.84

cast-in-situ
pre-cast

53
168

11
29

5
22

16
69

17
43

4
4

0
1

30
30

92
97

0.61
0.63

Note: CC - completely collapsed; C - collapsed; SD - seriously damaged;
MD - moderately damaged; SLD - slightly damaged; BI - basically intact;
CR - collapsed ratio; DR - damage ratio; DI - damage index
Table 11. Comparison of damage to buildings with brick-R.C. structures.
Location
Tangshan
city

East
mining
area

No. of
Stories
2
3
4 and
above 4
2
3
4

No.
332
374
93

CC
191
233
44

C
43
62
21

140
106
10

22
22
0

16
12
1

Damage Degree
SD
MD
51
34
48
21
26
2
52
42
1

38
28
1

SLD
11
10
0

BI
2
0
0

CR
(%)
70
79
70

DR
(%)
96
97
100

DI
0.82
0.86
0.83

9
2
7

3
0
0

27
32
10

91
98
30

0.59
0.65
0.32

Note: CC - completely collapsed; C - collapsed; SD - seriously damaged;
MD - moderately damaged; SLD - slightly damaged; BI - basically intact;
CR - collapsed ratio; DR - damage ratio; DI - damage index
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Figure 1. Distribution of damage indexes in the city of
Tangshan for multistory brick buildings.

Figure 2. Distribution of collapse ratios in the city of
Tangshan for multistory brick buildings.

Figure 3. Distribution of locations for the investigation of damage to multistory brick
buildings in Tangshan.
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Figure 4. Distribution of locations for the investigation of damage to
multistory brick buildings in Tangshan.

Figure 5. Collapse ratio and damage ratio of multistory brick buildings in
areas of different intensities in Tangshan.
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Figure 6. Relationship between the damage index of multistory brick buildings
and epicentral distance in Tangshan.

Figure 7. Damage index of multistory brick buildings in areas of different intensities
in Tangshan.
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DAMAGE TO MULTISTORY BRICK BUILDINGS
AND THEIR CHARACTERISTICS
Yang Yucheng, Yang Liu and Gao Yunxue*

In the Tangshan earthquake multistory brick buildings were seriously damaged and the
extent of collapse of these buildings was unprecedented. Damage to multistory brick buildings
and their characteristics in various intensity areas are reported in this paper with emphasis on
damage in the high intensity areas.
The effect of the quality of mortar on the earthquake resistance of multistory brick buildings
is significant. In the field survey the grade (compressive strength) of mortar in collapsed or
damaged buildings was generally determined by the rebound gauge or by comparison with the
mortar of given strength, except for those which had been recorded in the original design.
1. Damage to Multistory Brick Buildings in Areas of Intensity X-XI
Damage in the Tangshan City area and its suburbs of Kaiping, Majiagou, and Guye is
described in this section, including the damage in Fengnan.
(1) Damage to multistory brick buildings in Tangshan City area
Fourteen sub-areas were chosen for the damage field survey. The intensity in the Nos. 1-6
and No. 14 sub-areas was the same and that of the No. 7 sub-area was different. The No. 8-13
sub-areas were individual sites. In the eleven sub-areas enclosed by block lines in Fig. 1, all
multistory brick buildings were investigated; in the remaining three sub-areas enclosed by dots
in the figure and in the No. 14 sub-area situated south of the Beijing-Shanhaiguan Railway,
mainly the damaged multistory brick buildings that had not yet collapsed were investigated; 17
2-story brick buildings that collapsed completely or had been demolished and for which there
was no design data were not included. In the survey of the No. 10 sub-area in the extreme north
and in the No. 3 sub-area only the main buildings along Xinhua Road were investigated. A total
number of 335 buildings in these 14 sub-areas were investigated amounting to 28.3% of the total
multistory brick buildings in the Tangshan area. The damage to 197 buildings of those investigated and their structural details are listed in Table 1 (building Nos. 1-110), which basically
reflects the outline of damage to multistory brick buildings in Tangshan. The damage patterns
are describing for sub-areas as follows.
No. 1 sub-area, the area south of the west end of Xinhua Road
The No. 1 sub-area was the section in Tangshan north of the Beijing-Shanhaiguan Railway
where multistory brick buildings were most seriously damaged. This sub-area was flat and had
homogeneous surface soil in the range of 2-4 m thick. The subsoil was clayey and below it was
*
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a fine sand layer and there were sandy clay layers that occurred repeatedly. The subsoil was
Type II with a bearing capacity of 18 ton-force/m2 generally. The depth to bedrock in this area
becomes suddenly deeper and the depth of the over burden of soil is about 100 m.
There were 32 multistory brick buildings in this area, the damage degree and distribution of
which can be seen in Fig. 2. Twenty-five 3-story buildings and those more than 3 stories all
collapsed, and most all collapsed completely. Of the seven 2-story buildings, half of them
collapsed and the others suffered serious damage. Damage to 21 buildings in this area and their
structural details are listed in Table 1 (No. 1-10).
No. 2 sub-area, the area north of the west end of Xinhua Road
This sub-area was flat and the homogeneous surface soil was 3-4 m deep, the subsoil was
clayey and a fine sand layer was below. There were 27 multistory brick buildings and the
damage degree and distribution are shown in Fig. 3. The damage pattern of 20 buildings and
their structural outline are listed in Table 1 (No. 11-18).
In 9 multistory brick apartment buildings at the Institute of Coal Mining there were 6 with
transverse bearing walls. Two of them cracked in the quake but did not collapse, 2 partly
collapsed and 2 collapsed completely. Of the remaining 3 apartments with a brick-R.C.-wood
structure and longitudinal bearing walls only the top floor collapsed. Damage to 5 different
portions of the main building of the Institute of Coal Mining varied.
Furthermore, there were 4 multistory brick buildings at the Institute not listed in Table 1.
Two were 2-stories, the top floor of one collapsed (nursery) and the other one cracked (water
sampling office building); 2 were 3-stories (lab and office building) and they all collapsed.
Ten 3-story apartment buildings in the residential region of the Prefecture Party Committee
and situated in the northeast corner of the area (Nos. 17, 18) collapsed. The 4-story apartment
building of real estate in the north and the 3-story apartment building of the dormitory of the
local coal mine in the west were all brick-R.C. structures with transverse bearing walls and they
also collapsed. The west section of the Fire Brigade building in the northwest corner of this area
was a 2-story garage and the east section was a 3-story dormitory without expansion joints
between the two sections. This building collapsed in the quake.
No. 3 sub-area along Xinhua Zhong Road
Along both sides of Xinhua Zhong Road 6 buildings were investigated, e.g. the office building of the No. 2 Municipal Light Industry Bureau (No. 19), the local district hotel (No. 20), the
office building of the Municipal Electron Bureau (No. 21), the local Postal Office (No. 22), the
New Xinhua Hotel (No. 23, a detailed description will be given later), and the office building of
6 municipal organizations (No. 24); their locations are shown in Fig. 1. These buildings were
mostly divided by expansion joints into several sections, for a total of 17 sections, 5 of which
were inner framed or not fully framed, and 12 were brick-concrete structures. Only the brickconcrete structure in the west section of the No. 19 building (3 stories) was damaged but
remained standing, all the remaining 11 sections (3-6 stories) collapsed. The damage patterns
and structural details can be seen in Table 1.
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No. 4 sub-area in the east section of Xiuhua Road and at the exit of Xishan Road
This area was located in an area affected by mining. The relief was high in the north and low
in the south. The filled land on the surface was 0.8-2.1 m thick containing a lot of gangues.
Below the filled land was a clayey soil layer with intercalations of fine sand layers of different
depths. There were a total of 46 multistory brick buildings and their damage degrees and locations are shown in Fig. 4. In this area all of the brick buildings with 3 stories or more partly or
completely collapsed including 2 of the higher multistory brick buildings in Tangshan, i.e. the
main building of the Kailuan Hospital (No. 26) and the No. 3 Guest House (No. 28). All buildings that were heightened later also collapsed, including 4 apartment buildings of the Mining
Hospital and the office building in the quadrangle of the Tangshan Coal Mine, which were
heightened from 1-story to 2-stories; and the Hebei Coal Mining Design Institute building (No.
29), which was raised from 3-stories to 5-stories. Of the 2 or 3-story brick buildings, those
having wood trusses and tile roofs were seriously damaged or suffered collapse of the top story,
however, the lower stories suffered only slight damage. Damage to 13 buildings (Nos. 25-36) in
this area and their structural details are listed in Table 1.
No. 5 sub-area, the area west of Wenhua Road
The relief in this area was high in the northwest and low in the southeast with a slope of
about 5-10%. Within 1.7 m below the surface there was clayey soil and 10 m further below was
a fine sand layer. No sandboils or ground damage was seen after the quake.
There were 20 multistory brick buildings in this area and their damage degree and locations
are shown in Fig. 5. The damage patterns of 19 of these buildings (Nos. 37-43) and their structural details are listed in Table 1. The top story of three 2-story brick-concrete-wood buildings
and two 3-story brick-concrete buildings with longitudinal bearing walls were severely damaged.
Three 3-story culture buildings that had been evaluated as superior in workmanship collapsed,
but on the contrary, one that had been evaluated as poor in workmanship only cracked but did
not collapse.
No. 6 sub-area in the middle section of Jianshe Road
Along both sides of the middle section of Jianshe Road there were 45 multistory brick buildings including convalescence houses for cadres, worker-farmer-soldier buildings and transportation buildings east of the road; and construction buildings, railway workers' houses, coal miners'
apartments, apartments for the Gear Plant, apartments of the Vegetable Corporation, apartments
and office building of the Metallurgy and Mining Headquarters, etc. west of the road. Their
damage degree and structural details are listed in Table 1 (Nos. 44-48).
The subsoil was Type II soil with considerable intercalations. Clayey soil extended to 2.5 m
below the surface with fine sand intercalated with silty sand from 2.5-7.2 m; clay intercalated
with thin layers of clayey soil from 7.2-11.2 m; further, below fine sand existed again. The
porosity and compaction factor of the clay layer were greater than those of the other layers,
being 53% and 0.031 respectively and those of the clayey soil were 37.3% and 0.009
respectively. The bearing capacity of the foundation soil was usually taken as 15 ton-force/m2
[2] in the design. In the northwest corner of the area there was a pond and in the south end a
ditch. No ground damage was observed after the quake.
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None of the 2-story brick buildings in this area completely collapsed, and only slight damage
to 4 apartment building (T-plan) with a brick-concrete-wood structure in the Convalescence
House (No. 44) was observed. However, all of the 3 or 4-story apartments collapsed completely
or in part. As for the highest building in this area, i.e. the office building of the Metallurgy and
Mining Headquarters, the east 5-story wing building and the south 4-story wing building only
partly collapsed but the 6-story corner building collapsed completely. Although built on a poor
site, there was a basement in the building connecting the east wing and the corner building.
Furthermore, during the construction of the building, quality control was required to be rigorously followed. The construction was carried out during the winter, therefore, the grade
(strength) of the mortar used for masonry had been increased by one grade.
No. 7 sub-area, an area between the north exit of Wenhua Road and Airport Road
This sub-area was located in an area, which began from the north exit of Culture Road in the
east and extended along Airport Road for a half kilometer to the west. The site soil was generally Type II and some buildings were located on partially poor foundation soil. There were 40
multistory brick buildings in this area, which were all 3, or 4-story buildings with a brick-concrete structure built in the sixties or seventies except for one 2-story building. Compared to the
previously mentioned 6 areas, the damage to buildings in this area was relatively slight; 40% of
the 3 or 4-story brick buildings cracked but did not collapse. The damage degree of the
buildings and their locations are shown in Fig. 7. The damage patterns of 24 buildings (Nos. 4958) are listed in Table 1 in which the Yuejin apartment buildings will be described in detail later
in this paper.
For the apartment buildings built in an early period a poor grade of mortar was used, only
Grade 10 (i.e. 10 kg/cm in strength), and these buildings all collapsed. There were two 4 or 5story apartment buildings with two wings whose 1st story was a store: One (angle between two
wings was 77°) in the east (No. 50) was damaged but did not collapse; for the other building
(angle between two wings was 103°) in the west (No. 51) collapsed the upper stories but the
lower stories survived. Damage to the 4-story office building of the Foreign Trade Bureau of the
district was a typical shear failure. The design of this building was the same as the office building of the Municipal Party Committee in the No. 4 sub-area and that of the Building Ceramics
Plant in the No. 11 sub-area.
No. 8 sub-area at the south slope of Dacheng Hill
This area was located at the south slope and foot of Dacheng Hill with Xiaoyao Road as its
south boundary. There were 22 multistory brick buildings in this area and only 3 collapsed. The
damage degree and the locations of these buildings are shown in Fig. 8 and the damage patterns
of 14 buildings and their structural details are listed in Table 1 (Nos. 59-67).
The foundations of most of the buildings in this area were bearing directly on the bedrock,
such as 2 gray apartment buildings (No. 63) of the Qixin Cement Plant and 3 guest houses of the
Municipal No. 2 Guest House (Nos. 59, 60, 62); but some were built on the very thin overlaying
soil, such as the south school building of the Kailuan No. 3 High School (No. 65). The more
heavily damaged buildings were all located on partially poor site soil such as the Renmin apartments (No. 67) and three 3-story red apartments (No. 64) of the Qixin Cement Plant.
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No. 9 sub-area, the court of the No. 1 Guest House, Fenghuang Hill
The Tangshan Municipal No. 1 Guest House was located at the foot of the southeast slope of
Fenghuang Hill and the majority of the site soil was weathered rock. There were 5 buildings of
the Guest House and their damage degree and locations can be seen in Fig. 9. The No. 1 and
No. 3 buildings were brick-wood structures with iron sheet roofs constructed in the beginning of
this century. The top story of these buildings collapsed. The No. 2 and No. 4 buildings were
3-story brick-concrete-wood buildings constructed in the fifties. The top story of the No. 2
building collapsed and the first and second stories were seriously damaged; the second and third
stories of the middle section and two wings of the No. 4 building all collapsed but the first story
remained. The back section of the building was an inner-framed structure and was seriously
damaged. The damage pattern of the No. 5 building (No. 68 in Table 1) and its structure is
stated in detail in the following.
No. 10 sub-area (Diao Yu Tai), north of Dacheng Hill
This area was located at the foot of the north slope of Dacheng Hill. The relief was high in
the southwest and low in the northeast with a difference in elevation of about 10 m. The sub-soil
varied greatly; southwest of this area was the weathered residue rock of the north slope of
Dacheng Hill with gangue accumulated on it, along the banks of the Douhe River was soft soil.
Northeast of this area the surface layer was sandy loam with a porosity of 45.5 %, compacting
factor 0.032, plastic index 7.8 and liquidity index 0.91 based on the drilling hole data. In the
range of 3-7 m under the surface there was moderate sand intercalated with muddy clayey soil.
Twenty-three multistory brick buildings in this area had been investigated and their damage
degree and locations are shown in Fig. 10 and the damage patterns of 18 of these buildings
(Nos. 69-76) and their structural details are listed in Table 1. Of the remaining 5 buildings three
3-story apartments with a brick-concrete structure of the Metallurgy Plant were located at the
northwest corner of this area in which 2 apartments built with Grade 25 mortar were seriously
damaged and one single-story house made with sand-lime mortar collapsed. The other two
apartment-office buildings of the Municipal Construction Corporation were built on inhomogeneous subsoil in the southwest corner and the third story was seriously damaged and the fourth
story collapsed.
No. 11 sub-area east of the Douhe River including Jiajia Hill
This area was a narrow strip of the first terrace along the east bank of the Douhe River north
of Hedong Road with a width of about 0.5 km and a length of about 2 km (Fig. 11). Under the
bearing layer of the surface in most parts of this area existed intercalations of muddy clayey soil.
Based on the data of the No. 85 drilling hole in Fig. 11 the water content and porosity ratio of the
intercalation are very large (εo>1.1) but the unit volume weight was relatively small and compressibility large (compressibility factor 0.069). Jiajia Hill north of this area was a residue lime
stone hill.
Thirty-four multistory brick buildings were investigated in this area, 9 of which collapsed, 12
were seriously damaged, 7 were moderately damaged, 3 were slightly damaged and 3 were basically intact. The damage pattern of 24 of these buildings (Nos. 77-93) and their structural details
are listed in Table 1. Compared to buildings in other areas of the same intensity the damage to
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multistory brick buildings was lighter in the southeast corner of the area. A ground crack up to
17 cm in width passed between the central hall and the east section of the design office building
of the Tangshan Steel Plant causing the west section of the longitudinal wall to settle and the east
section to collapse. From the ground crack to the east almost all the buildings collapsed. In the
middle of this area another ground crack passed through the south building of the 3-story apartment buildings (No. 87) and the office building of the No. 2 Steel Refinery Plant making the two
end bays of the apartments and most of the office building collapse. A lot of sandboils also
occurred in this area. In the No. 79 building the spouted sand was piled up to the indoor
windowsill and the building settled unevenly.
No. 12 sub-area, the area west of the Douhe River and north of the railway
This area was located at the first terrace on the west bank of the Douhe River. There were
intercalations of muddy clayey soil under the surface bearing layer. The thickness of the intercalation near the Douhe River was approximately 3 m and the intercalation became thinner from
the east to the west. There were 9 multistory brick buildings, most of which were moderately
damaged and only the north longitudinal wall of one small two-story building collapsed. The
damage patterns of 4 buildings (Nos. 94-97), arranged from the riverbank to the west and their
structural details are listed in Table 1.
No. 13 sub-area, the area south of the railway with the Douhe River as its east boundary
Muddy intercalations also existed in the subsoil of this area. After the quake the surface was
damaged in a number of locations. Multistory brick buildings on the ground section where the
causative fault passed totally collapsed. There were 19 multistory brick buildings (Fig. 11)
belonging to the Light Industry Machinery Plant, Gear Plant, Chemical Dyeing Plant and Traffic
Bureau of the Prefecture respectively, south of this section; 8 of which collapsed; 3 were
seriously damaged; 7 were moderately damaged; and 1 was slightly damaged. The damage
patterns of 8 of these buildings (Nos. 98-105) and their structural details are listed in Table 1.
No. 14 sub-area, the area in the main fracture zone south of the railway
This area was situated on Type II subsoil south of the Beijing-Shanhaiguan Railway and to
the west of the Douhe River. There were 135 multistory masonry buildings. Due to the fact that
this area was located in the main fracture zone of the causative fault of the M=7.8 earthquake,
these buildings almost collapsed completely with only a few that survived. The damage patterns
of 7 of these buildings (Nos. 106-110) and their structural details are listed in Table 1 and their
locations are shown in Fig. 1. Buildings that had not yet collapsed such as the apartment of the
Railway Carriage Plant (No. 106), the classroom building of Daxiezhuang Primary School
(No. 108), the classroom building of the Arts School (No. 107) and one of the multistory
workers' apartment buildings in the residential area of the South Railway Carriage Plant
(No. 110) were damaged; large parts of walls fell or partly collapsed. In the above mentioned
area two stone houses survived.
(2) Collapse patterns of multistory brick buildings
The collapse patterns of multistory brick buildings in the Tangshan earthquake can be
divided into the following four categories:
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a) Whole building collapsed completely
Walls on each story of the building were crushed and fell to the ground around the building.
Floor slabs fell with a slight drift. For example, five 4-story student dormitories at the Institute
of Mining Metallurgy (Bldg. Nos. 2 and 3 in Table 1), six 3-story ward buildings at the No. 255
Hospital (Bldg. No. 5), and the 5-story main building of Kailuan Hospital (Bldg. No. 26) all
collapsed completely (Photo 1). The stories of some of the buildings that collapsed also
collapsed at the same time, such as the west wing of the 5-story main building of the Kailuan
Institute of Coal Mining (Bldg. 15). In some buildings the 1st story collapsed first and then the
upper stories fell upon it, either collapsing completely or remaining in the original shape. For
example, for the No. 1 and No. 2 apartments of the cultural buildings (Bldg. No. 40) the upper
two stories fell down together (Photo 2); for the 2-story apartments of the Kailuan Mine on
Fenghuang Road the upper story collapsed after falling onto the 1st story in the M=7.1 aftershock. In some completely collapsed buildings the upper stories collapsed and then penetrated
the hollow core slabs of the lower stories making the whole building collapse or leaving only
part of the walls remaining, such as the seven 3-story apartments of the worker-farmer-soldiers'
building (Bldg. No. 47).
The 1st story of some apartments collapsed such as the two above-mentioned apartments
(Bldg. No. 40) and the 2-story staircase classroom west of the Hebei Institute of Mining and
Metallurgy (Bldg. No. 1, Photo 3). In the completely collapsed buildings individual panels or
even fraction of walls survived, such as the building west of the Tangshan Prefecture Hotel
(Bldg. No. 20). This 5-story hotel building mostly collapsed, the upper 3 stories fell first crushing the 1st and 2nd stories but the toilet of the four panels remained standing (Photo 4).
b) Upper stories collapsed completely but the lower stories remained standing
It was a common damage pattern that the top story or upper stories of a building collapsed
completely, but the 1st story or lower stories suffered serious or moderate damage. Only top
story of some buildings collapsed, such as the 3-story Lunan Power Supply Building. The postbuilt spacious top story of the building collapsed on to the floor slab of the 2nd story. Only 1st
story of some buildings survived, such as the 5-story physics and chemistry building of the
Hebei Institute of Mining and Metallurgy (Bldg. No. 1); The upper 4 stories collapsed falling on
to the floor of the 1st story (Photo 5). At the No. 64 3-story apartment of the Kailuan Mine the
upper 2 stories collapsed (Photo 6). In some buildings the upper stories collapsed but the lower
stories survived, such as the east 6-story building of the Xinhua Hotel (Bldg. 23), whose upper 3
stories collapsed, and part of the 3rd story was also crushed by the upper stories but the 1st and
2nd stories survived. The 5-story office building of the Hebei Design Institute of Coal Mining
was originally a 3-story building; 2 stories were added afterwards. After the quake the upper 2
stories of the west section and the upper 3 stories of the east section collapsed completely.
For buildings with timber roofs and R.C. floor slabs the damage to the lower stories was not
always serious after the collapse of the roof and the walls of the top story. For example, at the El
apartment and Wl apartment (Bldg. No 11) as well as the dormitory building (Bldg. No. 16) with
a timber roof, the walls on the top story bulged outward and the roof fell down but damage to the
lower stories was only moderate or serious; at the No. 2 building of the Tangshan No. 1 Guest
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House and the 3-story dormitory building of the Tangshan Mine the top story with a timber roof
collapsed but the lower stories remained standing (Photo 7).
c) Partly collapsed
There were various patterns of partly collapsed building. Some buildings collapsed in most
parts but a few parts survived; the central section of some buildings collapsed but the end sections survived; one end section or both end sections of some buildings collapsed but the central
section survived; one side of some buildings collapsed but the other side survived with the
central corridor as a boundary. For example, the entrance hall of both the Kailuan No. 1 and No.
2 Guest House (Bldg. Nos. 27 and 28) collapsed and the 7-story central section of the No. 3
Guest House (including the entrance hall) collapsed completely. The upper 4 stories of the 6story wings on both sides partly collapsed leaving the collapsed building with a V-shaped elevation; the central 4 story section of the No. 1 Guest House collapsed completely, the exterior
longitudinal walls of the wings with 3 stories on both sides also collapsed. The office building
of the Paper Flower Plant in Donggangyiao was a 3-story brick-concrete structure with an Lshaped plan. The corner section and east wing of the building collapsed (Photo 8). The north
and south end of the Type B apartment of Yuejin buildings (Bldg. No. 53) were built by two
groups of workers respectively. The south end nearly collapsed completely and only the exterior
walls of the north end mostly collapsed. At the apartments of the Kailuan Institute of Coal
Mining (Bldg. 14) the walls, which had been partly reconstructed due to poor workmanship,
collapsed. Three red apartments of the Qixin Cement Plant (Bldg. No. 64) were built near the
step slope; the northeast corner section and the north longitudinal wall in two of these buildings
fell down. Four types of apartments of the Yuejin Buildings (Bldg. No. 55) partly collapsed due
to the poor foundation.
d) Exterior longitudinal walls collapsed but transverse walls and interior longitudinal
walls survived
There were four types of this collapse pattern that were frequently observed: 1) The longitudinal wall was not connected firmly to the transverse wall, even no tie bricks in the connection.
In such cases the whole exterior longitudinal wall fell down in the quake. 2) The exterior longitudinal wall collapsed with a part of the transverse wall, such as the apartment of the Tangshan
Institute of Railways (No. 3 Branch). Another example is the 3-story Guest House of the
Refractory Material Plant at Majiagou Mine in Tangshan where the exterior longitudinal walls as
well as the edges of transverse walls of the lower two stories collapsed but the top story
remained standing. 3) Only part of the walls between windows on the 1st story collapsed, such
as the 1st story of the apartments in Xishankou, Kailuan Mine (Photo 9). 4) In buildings, singlepanel rooms were mainly arranged but there were also a few double-panel or three-panel rooms;
only the bearing longitudinal wall piers collapsed but the beams and slabs were still supported,
such as the office building of the Prefectural Traffic Bureau (Bldg. No. 103). In this building
only the two wall piers of the south longitudinal wall collapsed.
In addition, corners of the wall or individual wall panels in some seriously damaged buildings collapsed, such as the nursery of the Tangshan Mine (Bldg. No. 35), the Municipal Arts
School (Bldg. No. 107), and the El building of the Municipal No. 2 Guest House (Bldg. No. 85).
The wall corners of these buildings fell down (Photo 10); in the 4-story office building of the
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Prefectural Foreign Trade Bureau (Bldg. No. 49) not only did the wall corners and part of the
crushed spandrel wall collapse but the hollow core slabs in the double-panel room on the 3rd and
4th floors fell down also.
(3) Multistory brick buildings which were cracked but not yet collapsed
There were 255 buildings that were cracked but had not yet collapsed in the Tangshan area.
There was 1 such building in Fengnan County town, 7 buildings in Kaiping, 10 buildings in
Majiagou and 9 buildings in Guye, totaling 282 buildings. These buildings can be classified in 8
categories.
a) Buildings built on bedrock or a relatively thin overlying soil layer
In the vicinity of Dacheng Hill, Fenghuang Hill and Jiajia Hill in Tangshan the damage to
multistory buildings built on bedrock or a relatively thin overlying soil layer was obviously less
than buildings built on Type II soil in the neighborhood, especially those on Dacheng Hill and its
south slope. In that area no buildings collapsed except for those built on locally unfavorable
sites. The intensity in this area was two grades lower than the neighboring areas.
b) Buildings built on foundations having a soft intercalation under the bearing layer
In a range of 300-400 m from both banks of the Douhe River there was a layer of dark gray
plastic silty clayey soil, 1.5-3.0 m thick and 3-5 m under the surface. Multistory brick buildings
built on this kind of foundation were only slightly damaged so that the area became an abnormal
zone in a high intensity region. The Trade Union Building (Bldg. No. 82), the dormitory of the
Tangshan Steel Plant in the north, the dormitory building (Bldg. No. 90) of the Architectural
Ceramics Plant and change room building of the Iron Refinery Plant at the Tangshan Steel Plant
were 2-story buildings and they were basically intact after the quake. Multistory brick buildings
along the banks of the Douhe River were only cracked, but no collapse occurred except for those
in the vicinity of the causative fault fracture zone or in the location where a large ground crack
passed, or in the serious ground failure region such as sliding of the bank, differential settlement,
etc., or those having poor performance against earthquakes. Damage to multi-brick buildings
along the banks of the Douhe River was less than to those on the Type II soil in the neighborhood and the intensity was 1-2 grades lower.
In the Tangshan area 117 buildings in the above-mentioned two categories of buildings were
only cracked and did not collapse, and 25 were slightly damaged or basically intact.
c) Buildings with walls of higher strength against earthquakes
The earthquake resistance of multistory brick buildings mainly depends on the strength of the
brick walls, which is related to the number of stories, wall cross-section and grade of mortar.
From the above examples the mortar for the 2-story buildings along Xinhua Road, Jianshe Road
and Wenhua Road was not lower than Grade 25 (i.e. 25 kg/cm). For example, the mortar used in
the No. 225 Hospital for Infectious Diseases (Bldg. No. 6), the Nursery of the Tangshan Coal
Mine (Bldg. No. 35) and apartments at the Convalescence House (Bldg. No. 45) were all Grade
25; the mortar used in the D-type apartment of the Convalescence House (Bldg. No. 44) and the
emergency building at the Tangshan Coal Mine (Bldg. No. 36) were all Grade 50. North of
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Tangshan city the mortar for 3-story buildings was not lower than Grade 25, and mortar in the
1st and 2nd stories of 4-story buildings was not lower than Grade 50. For example, in 4
apartments of the Yuejin buildings (Bldg. No. 57) the mortar used for 3 of them was Grade 25
and the damage to these buildings was serious; the mortar used for the remaining one was Grade
50 and damage to this building was moderate. But other apartments of Yuejin buildings with
Grade 10 mortar all collapsed. In another example the 4-story office building of the District
Foreign Trade Bureau with Grade 50 mortar (Bldg. No. 49) only cracked but did not collapse. In
buildings south of the railway in Tangshan, which only cracked but did not collapse, the grade of
mortar used in the 3-story classroom building of Daxiezhuang Primary School (Bldg. No. 108)
was the highest: the mortar used in the 1st story was Grade 100 and in the upper stories Grade
50. The mortar used in the 2-story Arts School (Bldg. No. 107) was also Grade 50. In Fengnan
County town the only building that did not collapse was the 2-story office building of the Armed
Forces Department; the design strength of mortar used was 25 kg/cm but the actual strength in
construction was 50 kg/cm. In Kaiping, Majiagou and Guye the mortar used in brick apartments
or office buildings that only cracked but did not collapse was not lower than Grade 25, such as
the 3-story office building of Majiagou Mine which was a building with an interior corridor and
single panel rooms and south of the 2nd and 3rd stories there was a spacious meeting room in the
center.
d) Buildings with R.C. structural columns in the wall
In Tangshan city all the multistory brick buildings in which a closed frame was formed by
use of structural columns and beams, did not collapse. Cracks on walls enclosed by structural
columns and beams were oblique shear cracks and the width of cracks was not great when the
columns did not fail. When the column failed, cracks generally occurred at the top of the
column; more seriously, the concrete at the top crushed and cracked and the reinforcement
buckled. When the top of a column was crushed obvious displacement of the wall could be
observed and then horizontal cracks appeared in the central part of the column (Photo 11).
In the staircase of the No. 5 building of the Tangshan Municipal No. 1 Guest House (Bldg.
68), R.C. constructional columns were installed in four corners connected with girths in the
stories. After the quake oblique cracks occurred on most of the walls in the guest rooms on each
story and slipping, as well as dislocation, of walls was obvious. The longitudinal walls on the
4th and 5th stories in the back collapsed. Although oblique cracks occurred on the transverse
walls of the staircase which had structural columns, the slipping and dislocation of the walls
were smaller than those of ordinary transverse walls; the longitudinal walls did not collapse, only
cracks occurred on the 3rd story. Two structural columns near the corridor were all damaged;
the damage to the column tops on the 2nd story was most serious (Photo 11). Damage to
columns near the exterior longitudinal wall was slight. Damage to brick walls, and columns in
the staircase in each story and the adjacent two transverse walls in the west are listed in Table 2.
It can be seen from Table 2 that the cracks on the transverse walls of the staircase were much
smaller than those on the W1 and W2 transverse walls, while there seemed to be no difference
between cracks on the W1 and W2 walls. Moreover, based on the collapse of the exterior longitudinal wall, only the staircase with columns and beams forming a closed frame did not collapse.
This shows that the function of columns in preventing further damage and collapse of walls is
obvious, but the effect of the columns on the adjacent walls with no columns is not obvious.
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In the office building of six organizations (Bldg. No. 24) R.C. columns were installed in the
four corners of the hall and two interior corners of the staircase on the 1st to 3rd stories (no
columns were installed in the exterior wall of the staircase) with a cross section of 37×37 cm,
vertical reinforcement of 4Φ16 and stirrups, Φ6-25, and beams were placed in each story. The
building collapsed during the quake and most of the walls on the 1st story, part of the walls on
the 2nd story, and walls with columns on both sides on the 3rd story remained standing. In the
1st story the top of the column in the entrance hall was basically intact, the walls cracked but no
obvious displacement was observed; in the 2nd story the damage to column tops was also not
obvious and walls cracked with a slight displacement; on the 3rd story part of the top of columns
were crushed and fell down, reinforcement was exposed and walls displaced significantly (Photo
12). In the staircase the exterior longitudinal wall and part of the transverse walls on the 3rd
story collapsed.
In the office building of the Tangshan No. 2 Light Industry Bureau (Bldg. No. 19) R.C.
columns were installed in the entrance hall, the front columns extended up to the top of the 5th
floor and the inner columns up to the 4th floor. A closed shear wall was formed by the columns
on the east wall and the beams but the column west of the hall was not connected to the lateral
beam. The concrete strength of the column was 150 kg/cm2; the cross section of the exterior
columns was 36×72 cm, vertical reinforcement was 4Φ20+2Φ16; the cross section of interior
columns was 40×40 cm, vertical reinforcement was 4Φ20 and stirrups for both was Φ 6-25.
During the quake the 4th and 5th stories in the middle of the building collapsed, and walls in the
lower stories were crushed by the part that fell down. The east walls on the 1st to 4th stories
with columns and beams cracked, and walls on the 5th story collapsed and the exterior columns
fractured. In the west walls without lateral beams, the columns did not fall down but the brick
walls almost collapsed completely except for those in the 1st story; for central columns without
connecting walls, horizontal cracks occurred at the connection of beams and columns in the 1st
and 2nd stories; a column top on the 3rd story was crushed with the reinforcement exposed.
It is clear from the experience of the Tangshan earthquake that the strengthening effect of
R.C. columns on brick walls in multistory buildings is significant. After cracking of the wall the
columns can prevent the offset of the wall or reduce the cracking; but the effect on the crack
initiation, i.e. the occurrence of the first oblique crack wall is not significant. Walls with only
columns but without beams, or those with a column on one side only also collapsed in the quake
as did walls without columns.
e) Buildings with walls having a through horizontal crack at the level of the windowsill
on the 1st story
Of the three 3-story apartments of the cultural building (Bldg. No. 40) located west of
Wenhua Road, the first and the second collapsed while the third was seriously damaged but did
not collapse. These three apartments were built by the same construction team and used the
same design drawings. When these apartments were completed it was considered that the workmanship of the third apartment was the worst, but to the contrary, it did not collapse in the
quake. It was found during the survey that the mortar used on the 1st story of these buildings
was quite different in strength. From inspection of the fallen walls of the second apartment, the
mortar used for the wall under the windowsill was Grade 50 and that used above the sill was
low; some bricks had not been adhered with the mortar. By judgment of the mortar of the
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second course under the floor slab the mortar was generally of Grade 25 or a little higher than
Grade 25. In the third apartment the mortar used in 10-16 courses from the ground surface was
about Grade 10; that used in the wall above the sill level was not lower than Grade 50. The
damage pattern of the third apartment was mainly the occurrence of through horizontal cracks
that generally existed on the longitudinal and transverse walls on the 1st story and the offset of
the walls was obvious. The locations of the cracks were at the bottom of the wall and at the level
of the windowsill. The lateral drift of the wall at the horizontal crack was up to 4-5 cm (Photo
13) which was greater in the east and smaller in the west; cross cracks occurred on an interior
longitudinal wall on the 1st story and the mortar used was not lower than Grade 50. It was
estimated that the wall was post-built. Figure 12 shows the cracks on every story of the middle
unit of the third apartment, the plan of which can be found in Table 1.
In order to obtain data on variation of damping for multistory brick buildings after the occurrence of horizontal cracks, a lot of dynamic tests were carried out on the 3rd apartment by using
micro-rocket, impact and sudden release as vibration excitation. Attenuation of vibration of each
measured location was very quick. Vibration became very weak after 3-4 cycles and the damping ratio measured was 0.081, about twice that of ordinary multistory apartments.
Moreover, in the residence region of the south workers' houses of the Tangshan Locomotive
and Carriage Plant there were more than 17 multistory brick buildings. Only one 2-story apartment (Bldg. 14) survived, the longitudinal and transverse walls were slightly damaged. A horizontal crack occurred at the level of the heated brick bed with an offset of 1 cm. The upper wall
was basically intact.
f) Buildings with longitudinal bearing walls
In the meizoseismal area of the Tangshan earthquake the cracking and collapse of some
brick-concrete buildings and brick-wood-concrete buildings with longitudinal bearing walls
mostly occurred on the top story.
Of the 14 sub-areas investigated there were twelve 3-story brick buildings with longitudinal
bearing walls. The structures of 11 buildings were basically similar, i.e. 2 No. 11 buildings,
building No. 16, 2 dormitories of the Tangshan Mine, 2 No. 39 buildings, building No. 85 and 3
No. 87 buildings. These buildings had 3 or 4 longitudinal bearings walls. Partition walls on the
1st story were 1/2B walls and those on the upper stories were plastered batten walls. The roofs
of these buildings were made of timber roof trusses and tiles except for 2 No. 39 buildings in
which cast-in-situ R.C. roof slabs were used. Such structural systems were not rigid enough and
damage to the systems was all found in the top story. Two No. 87 buildings were slightly
damaged with cracking only at the top corner. After several aftershocks the accumulated
damage to walls gradually increased: the exterior longitudinal wall was pushed by the timber
roof trusses; cracking occurred on the top story. Both longitudinal and transverse walls in the
top story were pulled apart; horizontal cracks occurred on the exterior gable wall along the floor
slab on the 3rd story; oblique cracks occurred on portions of exterior longitudinal walls on the
2nd story. The end panel of the remaining No. 87 building collapsed due to a ground crack that
passed through the foundation of the building. As for the other 6 buildings with timber roofs,
only the top story collapsed completely or mostly. For two buildings with an R.C. flat roof, the
top story inclined to the north, part of the walls fell down and the roof collapsed with only one
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end supported on the wall. No obvious offset of cracks on the longitudinal walls in the 1st and
2nd stories of these buildings was found. Such damage patterns belonged to moderate damage
or even slight damage. The 3-story building (No. 106) had 4 longitudinal bearing walls, slag
bricks. The loads of the staircase and gable wall were supported by transverse walls. Pre-cast
beams and slabs were used for the floor and roof. In the quake two staircases and two end panels
collapsed completely and other walls only cracked. The damage to transverse walls on the 1st
story was most serious, the brick walls were crushed and dislocated, and a portion of the
longitudinal walls bulged.
The structure of building No. 106 was similar to the collapsed wing building of the Haicheng
Guest House in the 1975 Haicheng earthquake, with the exception that the mortar strength was
higher and pre-cast slabs were used for the floor and roof; no torsion occurred in the building
and no chain reaction was set off after the collapse of some walls of an individual room.
g) High multistory brick buildings
On both sides of Xinhua Road there were 5 buildings with more than 6 stories and a roof
elevation exceeding 20 m as listed in Table 3.
The first four buildings were spacious entrance halls or a corner building. The corner building of the Kailuan Hospital (Bldg. 26) was a structure supported by brick walls. The part west of
the two independent R.C. support columns did not collapse; the front part of the entrance hall of
the main building of the Institute of Coal Mining (Bldg. No. 15) and the central hall of the
Prefectural Hotel (Bldg. No. 20) were supported by R.C. columns and continuous beam and the
back part (staircase) was supported by brick walls. The central hall of the Xinhua Hotel (Bldg.
No. 23) was originally designed as a framed structure without exterior columns (brick walls were
used instead) but R.C. columns were post-built in the walls afterward and it was not a complete
frame. The common features of these buildings were that their heights were all above 20 m and
their plan dimension was less than the height; they were separated from the adjacent segments by
expansion joints, and they had basements. The damage patterns of these four buildings were as
follows: for three 6-story buildings the top stories or penthouse all collapsed; for the 8-story
building the damage to the 5th story was most serious, i.e. the most serious damage occurred at a
level of about 20 m above the ground surface, while the 6-story building with a rigid structure
(Bldg. 28) and the east wing of the Xinhua Hotel (Bldg. No. 23) all collapsed in the quake.
There were two L-shaped buildings on Jianshe Road; the heights of the 6-story corner buildings were all above 20 m. The corner building of the Design Institute of the Cement Industry
located north of Jianshe Road was a frame structure separated from the north and west wing by
expansion joints; in the earthquake only the walls on the top story which were under construction
collapsed. The corner building of the Metallurgy and Mining Command Department in the
middle of Jianshe Road was connected to the 5-story north wing. The corner building collapsed
completely, and the top story as well as the exterior longitudinal wall of the north wing
collapsed.
h) Buildings of relatively good workmanship
There were three 3-story Type 74 apartments of the Metallurgy Plant located east of
Tangshan-Fengren (Tangfeng) Highway north of Tangshan City (see Fig. 10), two of which
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facing south cracked but did not collapse, the other one facing west collapsed. Based on the
investigation results, the mortar grade of the collapsed building was only 10 and that of the other
two was 25.
In the court of the Design Institute of the Cement Industry, located north of Jianshe Road
(Fig. 13), there were four 4-story apartments arranged north to south in order and one office
building with an L-shaped plan (the north and west wing buildings were 3-stories in the design
but only 2 stories were completed before the quake). In the quake the No. 1 and No. 3 building
in Fig. 13a collapsed completely. The 3rd and 4th story of the No. 2 building collapsed, the 1st
and 2nd story survived only in shape as the floor slab and interior walls on the 2nd story
collapsed nearly completely. All interior longitudinal walls, 12 cm thick (1/2 B), on the 1st story
also nearly collapsed; the west half of the No. 4 building collapsed completely, the east half
cracked but did not collapse. A panel in the northeast corner collapsed during the M=7.1 aftershock this panel collapsed first, on the 1st story and then the 2nd story followed. Most of the
interior longitudinal walls collapsed only few survived. These apartments were built starting in
autumn of 1975, the No. 1 and No. 2 buildings and the No. 3 and No. 4 buildings were built by
two different construction groups. The main part of the buildings had been completed before the
quake. The finishing work was completed for only 2-4 stories of the No. 4 apartment buildings.
The No. 2 and No. 4 buildings were constructed before the winter and the workmanship of the
brick walls was better than that of the No. 1 and No. 3 buildings. The No. 2 building had only
the upper two stories only collapse and was evaluated as one of good workmanship. The construction of the No. 4 building was done more quickly than the No. 2 which was the first completed. The design cement mortar strength was 50 kg/cm but the actual strength was not known.
In the office building located south of the apartments the collapsed east wing building had a onesided corridor with two large rooms (2-panel) on one side; the surviving south wing had a middle
corridor with rooms (mainly 1-panel) on both sides.
2. Damage to multistory brick buildings in outlying areas
A total of 399 multistory masonry buildings were investigated in Linxi, Jinggezhuang,
Lujiatuo, Fangezhuang, Zhaojiazhuang, Tangjiazhuang and Beijiadian and in Luan County, most
of which were moderately or seriously damaged; about 1/4 of them collapsed; only a few were
slightly damaged (30) or were basically intact (6). As in past earthquakes the damage to multistory brick buildings in this area occurred mostly to the walls. Damage to floors and roofs were
frequently found in wood structures.
(1) Fangezhuang and Beijiadian
The residential area of the Fangezhuang Coal Mine and the railway workers' house area in
Beijiadian were located 23 km and 26 km from the epicenter respectively. At a distance of 2 km
northwest from Fangezhuang, where the Shahe River existed, a building foundation settled
slightly in the quake. To the north of Beijiadian there was hill country where the soil was relatively dense, and there were 31 multistory brick buildings in Fangezhuang and 24 in Beijiadian.
Their damage degree and distribution can be seen in Fig. 14 and 15 respectively. In Table 4 the
damage to 13 buildings in Fangezhuang and 17 in Beijiadian and their structural details are listed
(Bldg. No. 111-124). The damage patterns of the seriously damaged buildings included oblique
shear cracks that occurred in longitudinal and transverse walls; dislocation and sliding of walls;
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oblique cracks that intersected at the exposed corners forming a V-shaped wedge and some
wedges that fell down such as at the meeting building in Fangezhuang (Bldg. No. 111, see Photo
14) and the Guye Railway Primary School in Beijiadian (Bldg. No. 121).
Among the 18 buildings in Fangezhuang not listed in Table 4, 12 buildings were 3-story
apartments with brick bearing walls; 6 buildings with cast-in-situ R.C. floors and roof slabs, and
6 buildings with pre-cast R.C. floor and roof slabs; all were seriously damaged and then
removed. The old meeting building at the west end of this area was similar to the new meeting
building (Bldg. No. 111) in plan. The mortar used for walls in the building was Grade 25 and
the R.C. floor and roof slabs and beams were cast-in-site. The foundation of the building settled
and the 4th story collapsed in the main shock; the whole building collapsed in the aftershock. In
the central part of the area there were two 3-story apartments with a long built out corridor and
one 2-story office building. The apartments with brick bearing walls and hollow core R.C. floor
and roof slabs were seriously damaged while the office building with stone walls in the 1st story,
brick walls in the 2nd story and hollow core R.C. floor and roof slabs all collapsed. The 4-story
apartment with brick bearing walls and hollow core R.C. floor and roof slabs and the 2-story
primary school building with stone walls on the 1st story and brick walls on the 2nd story and
cast-in-situ R.C. floor and roof slabs east of the area were all moderately damaged. There was
another 2-story warehouse for food, small in area, with exterior walls and interior brick columns
and cast-in-situ R.C. beams and slabs which also collapsed completely in the quake.
Among the 7 buildings in the Beijiadian railway workers' houses, not listed in Table 4, 2
buildings were 3-stories built by the workers themselves, the south exterior longitudinal wall fell
down completely. The other 5 were 2-story buildings 3 of which were individual unit buildings
with stone walls in the 1st story, brick walls in the 2nd story and cast-in-situ R.C. slabs. Two of
these buildings were seriously damaged and one collapsed. One apartment building belonging to
the locomotive division with hollow core floor and roof slabs was seriously damaged; another
one, belonging to the quarry, with stone walls on the 1st floor, brick walls on the 2nd floor,
hollow core floor and roof slabs, and a built-out corridor and staircase was moderately damaged
and a corner of the longitudinal wall fell down.
(2) Luan County
The town of Luan County suffered damage in the M=7.8 main shake. In the M=7.1 aftershock the damage to the multistory brick buildings was increased. For example, the office
building of the County Public Health Bureau (Bldg. No. 125, Photo 15) was only slightly
damaged in the main shock (M=7.8) but collapsed in the aftershock. The relief of the town was
flat and smooth and the Luanhe River passed east of the town 1 km or more away. The underground water level of the town was comparatively high, some buildings were seriously damaged
due to differential settlement, such as the office building of the County Water and Power Supply
Bureau (Bldg. No. 127); and in the neighborhood there were sandboils. The damage degree and
locations of more than 17 multistory brick buildings in the town are shown in Fig. 16. Damage
to 10 of these buildings and their structural details are listed in Table 5 (Bldg. Nos. 125-134).
Before the quake Luan County was located in a higher seismic zone, therefore the earthquake
resistance of most of the multistory brick buildings recently built was relatively good, however, a
few were poorly designed.
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There are 7 buildings in Fig. 16 that are not listed in Table 5. The service building west of
the road to the north was seriously damaged in the main shock, and during the aftershock the
west section collapsed; the Post Office building east of the road was only slightly damaged in the
main shock but the damage was intensified in the aftershock, to the category of "moderately
damaged"; the new hotel building to the west (No. 133) with stone bearing walls, and hollow
core floor and roof slabs was moderately damaged with designed shear cracks on the
longitudinal and transverse walls. The Xinhua Book Store was a wood-brick composite structure
situated west of the road out of the North Gate and it was moderately damaged and damage to
the top story was more serious than to the 1st story. The east building of the Guest House of the
County Party Committee (No. 134) settled causing the east gable wall and the end panel to
collapse. The 2-story apartment store opposite the Guest House was a building with stone walls.
Only fine cracks occurred on the longitudinal walls of the building. To the south of the Guest
House there was a 2-story hotel building which was originally a single-story building; the upper
story of the hotel was post-built. This building was seriously damaged.
(3) Collapsed multistory brick buildings in the areas of intensity VIII-IX
In the areas of intensity VIII-IX there were 98 multistory brick buildings that collapsed
during the quake, and approximately 2/3 of them were situated in Linxi (43) and Tangjiazhuang
(24). The multistory buildings in other places, designed according to the code but without consideration of earthquake resistance generally did not collapse. In the areas of intensity VIII-IX,
collapse of most of buildings was influenced by the following factors not favorable to earthquake
resistance.
i) Built on filled land foundation
There were many such buildings. For example, three 2-story dormitory buildings with a
brick-concrete structure in the southwest corner of the Linxi mining area settled 15 cm after the
quake and all collapsed completely. A 3-story dormitory building with a built-in corridor at the
Tangshan Diesel Engine Plant in Beijiadian had stone walls on the 1st story and high-strength
brick walls on the 2nd and 3rd stories and beams on both the 1st and 2nd stories collapsed. The
collapsed Renmin Apartment (No. 67) located at the foothills of the south slope of Dacheng Hill
in the anomalous area of low intensity in Tangshan City was also built on the filled land.
ii) Old buildings with a timber-brick structure
Most of the old buildings with a timber-brick structure collapsed in the area of intensity IX.
For example, at Linxi Mine the roofs of 6 small 2-story buildings all collapsed; the office building of the Party Committee, the No. 2 Guest House and three 2-story buildings for nurses (with a
complicated configuration) at Tangjiazhuang Mine all collapsed. However, of the 6 small old
buildings at the mine, only one built at the base of the hills, collapsed and the other 5 built on the
slope of the hill survived.
iii) Buildings with additional post-built stories
Single-story or multistory buildings with additional post-built stories mostly collapsed in the
area of intensity IX. For example, the laboratory building of the Tangjiazhuang Mine, the clinic
building of the Linxi Mine Hospital and the living room of the Forging Shop were originally
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single-story buildings with a post-built 2nd story and the Women’s Welfare Building of Linxi
Mine was originally a 2-story building with an additional post-built 3rd story. All these buildings collapsed.
iv) Poor workmanship or building materials
It was usually found in buildings in which the exterior longitudinal walls collapsed that there
was no connection between the longitudinal wall and transverse walls, such as the two 3-story
apartments of the railway workers' house in Beijiadian. Some buildings collapsed because their
walls were made of poor bricks of low strength, such as the 3-story dormitory building with a
built-in corridor at the No. 7007 Plant in Beijiadian.
v) With rubble bearing walls laid with low-strength mortar
In most of the collapsed buildings with rubble bearing walls the walls were often laid with
lime-mud mortar or lime-sand mortar (strength of the mortar was =10 kg/cm2), such as the walls
in the two 2-story buildings at Linxi Mine built in the early period of the fifties and the 8 apartments in Zhaogezhuang built in 1974. However, three 2-story buildings with rubble masonry
walls at the Kailuan Mine Machinery Plant in Linxi only suffered slight damage.
vi) Spacious buildings with irregular plans
Business or warehouse buildings were generally spacious. Most of those facing the street
had disadvantages such as decoration and an irregular plan not favorable to earthquake resistance. For example, there were six 2-story buildings facing the street: the subdistrict office
building of Xinli Street, the barber shop, the Xinhua Book Store at the south gate, the cafeteria
on Front Street meet at the south gate, the office building of the Epidemic Prevention Station,
and the apartment store in the South Market at Linxi Mine, all collapsed.
vii) Top story of brick-wood-concrete structure buildings
In the area of intensity X most of the top stories of brick-wood-concrete structures collapsed
wholly or partly. For example, the top stories of six 2-story Nanshan apartments (brick-arch
floor and timber roof with tiles), the old 2-story office building and ward building of the hospital
at Tangjiazhuang Mine, all collapsed. Another example, in the old 3-story office building in
Zhaogezhuang two ends of the roof partly collapsed. At the 2-story lounge building for the staff
at Linxi Mine the gable wall partly collapsed; at the 2-story nursery building with purlins supported on bearing gable walls and cement tile roof two gable walls collapsed. On the top story
of the above-mentioned buildings no R.C. bond beams were installed.
viii) Local drawbacks in the structural arrangement of buildings
In the collapsed buildings there were some obvious defects in the structural arrangement.
For example, at the service building before the Railway Station in Luan County the middle
section was separated from the west section by a single-wall expansion joint and the west section
was a 2-story spacious building with longitudinal bearing walls but no gable wall at one end. In
the quake the west section fell down to the south, the front longitudinal wall inclined backward,
the back longitudinal wall collapsed. In Shaheyi, located in the epicentral area of the M=7.1
aftershock, the middle section of a PLA hospital, a 2-story brick-concrete building, collapsed due
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to failure of brick columns supporting the floor in the entrance hall. In two classroom buildings
of the Tangshan No. 42 High School (No. 124) in Beijiadian, brick columns in the entrance hall
were used for bearing loads. The hall collapsed in the quake (Photo 16). Two 2-story buildings
with a cantilevered built-out corridor at Linxi Mine were used for a warehouse and miner's lamp
house. The former collapsed in the main shock, the latter inclined due to the crushing of
buttresses of the bearing wall, and then it collapsed in the aftershock. The collapse of the library
building (No. 80) with a built-out corridor at the Tangshan Steel and Iron Corporation located in
the anomalous area of low intensity was also due to the failure of bearing buttresses (Photo 17).
Another example, in the office building of the Public Health Bureau of Luan County (No. 129)
flues were installed at the connection of the exterior longitudinal wall and transverse wall, thus
weakening the connection. The exterior longitudinal wall collapsed in the aftershock and then
the transverse walls overturned with falling of the roof.
ix) Insufficient aseismic strength of brick walls
Of the rigid multistory brick buildings in the areas of intensity VIII-IX, some also collapsed
due to insufficient aseismic strength of walls. In four 3-story apartments (Nos. 7-10) in
Jinggezhuang the exterior longitudinal walls of 3 apartments partially collapsed after shear
failure of the walls. The south longitudinal walls on the 1st and 2nd stories of the No. 10
apartment collapsed, only three narrow piers between windows in the kitchens survived, but a
few piers between windows on the 3rd story also collapsed; most of the piers between windows
on the north longitudinal wall on the 1st story also collapsed after shear failure. Both of the new
and old office buildings of the Fangezhuang Coal Mine were brick-concrete structures with the
middle section being 4-stories and the two wings being 3-stories. The old building had a cast-insitu R.C. roof while the new building had pre-cast R.C. hollow core slabs except for the roof in
the middle section. During the quake the new building was damaged due to shear and the corner
of the wall on the 4th story fell down. The 4th story of the old building collapsed in the M=7.8
main shock and the building collapsed completely in the M=7.1 aftershock presumably because
the strength of the mortar in the walls of the old building was lower than that of the new building.
3. Damage to multistory brick buildings in areas of intensity VI-VII
Information on the damage to multistory brick buildings in the areas of intensity VI-VII in
the Tangshan earthquake includes those in Changli, Qinhuangdao, Beijing and also in the urban
area of Tianjin.
(1) Changli
The town of Changli County, about 84 km away from the epicenter, suffered damage.
Twenty-three multistory brick buildings were investigated, the damage to 9 of which and their
structural details are listed in Table 6 (Nos. 135-143). Of the 23 buildings investigated: the
following damaged occurred.
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a) Three were seriously damaged
The first was the office building of the Institute of Fruit Trees (No. 139); the second was the
PLA Clinic (No. 137). These two buildings were both located north of the county town. They
were seriously damaged. The third was the 2-story office building of the county town high
school with exterior stone walls laid by lime-sand mortar, a wood floor and roof with tiles, and
light-weight interior walls. All the exterior walls were loosened and cracked.
b) Five were moderately damaged
The first was the PLA office building that was slightly to moderately damaged (No. 135); the
second was the 2-story classroom building of the county town high school with a one-sided
corridor, brick walls laid by lime-sand mortar, a wood roof truss with tiles on it, and a cast-insitu R.C. floor slab (originally wood floor); the third was the 2-story old office building of the
PLA with a brick-wood structure, the top of the gable in the east fell down with part of the roof.
The fourth was the 2-story Victory Hotel with brick walls laid by lime-sand mortar, a cast-in-situ
R.C. floor slab, and wood purlins supporting a flat roof on which a slag thermal isolation layer
was laid. Parapet walls of the building fell down with the upper part of the wall and piers
between windows loosened and cracked. The fifth was a 2-story bathing building with brick
walls laid with lime-sand mortar, pre-cast floor and roof slabs and inner columns. The piers
between the windows on the 2nd story of the building cracked.
c) Five were slightly damaged
The first was the PLA Guest House (No. 136); the second was the individual unit apartment
of the Real Estate Bureau (No. 138); the third was the apartment of the North China Agriculture
University (Tangshan Branch, No. 142); the fourth was the 3-story dormitory of the Chemical
Fertilizer Plant with 40 cm thick exterior stone walls, interior brick walls laid by mortar of 25
kg/cm2 and hollow core floor and roof slabs; the fifth was the 2-story Xinhua Book Store with
stone walls laid by 25 kg/cm2 mortar, cast-in-situ R.C. beams, slabs and columns. The piers
between the windows at the back of the building cracked.
d) Ten were basically intact
The first was the laboratory of the North China Agriculture University, Tangshan Branch
(No. 140); the second was the dormitory of the North China Agriculture University, Tangshan
Branch (No. 141); the third was the apartment of the Changli Communication Bureau (No. 143);
the fourth was the 3-story classroom building of the Agricultural School with brick walls laid by
25 kg/cm2 mortar and hollow core floor and roof slabs; the fifth was the 3-story front building of
the County Entertaining House with 1B brick walls laid with 25 kg/cm2 mortar (total thickness of
the walls was 40 cm including the stone veneer), hollow RC core floor and roof slabs; the sixth
was the 2-story business building of the Hardware Company with brick walls laid by 25 kg/cm
mortar and interior columns and hollow core floor and roof slabs; the seventh was the 3-story
office building of the Communication Bureau; the eighth was the 2-story office building of the
General Merchandise Wholesale Station; the ninth was the 2-story office building of the sugar
plant; and the tenth was the 2-story office building of the Chemical Fertilizer Plant. The latter
four buildings were those with 40 cm thick exterior stone walls, interior brick walls laid by 25
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kg/cm2 mortar and hollow core floor and roof slabs. At the connections between the exterior
wall and interior wall cracks occurred individually.
(2) Qinhuangdao
The urban area of Qinhuangdao was 126 km away from the epicenter. Damage to 14 buildings and their structural details are listed in Table 7. Only a few multistory brick buildings with
design based on the brick building code were obviously damaged. Of the damaged brick-concrete buildings the following drawbacks generally existed:
a) Poor foundation soil
The upper structure of the office building of the Institute of Glass was damaged due to nonuniform settlement of the foundation and obvious cracks appeared on walls in several locations.
The west end of a 3-story apartment was near a filled pit but no measures were taken to avoid
settlements and cracking of the end wall. The laboratory building of the Merchandise Inspection
Department of the Prefecture Foreign Trade Bureau (No. 146) was moderately damaged. It was
built on the soft soil near the coast. In the foundation of the transverse wall where a pipe canal
passed, a R. C. beam was installed. One end of the beam near the exterior wall was supported by
two blue bricks with strength lower than 50 kg/cm2. After the quake the foundation of the
building slightly settled damaging the upper structure. The blue bricks used to support the beam
were mostly crushed making the transverse walls on the 1st story crack.
b) Longitudinal wall and transverse wall not tightly connected
A prominent example was the 2-story dormitory of the Asphalt Felt Plant. Most parts of the
exterior longitudinal wall north of the dormitory collapsed (Photo 18). At the 2-story apartments
of the Glass Fiber Plant part of the longitudinal wall of one apartment also fell down. Flues of
these two buildings were all installed at the connection of the longitudinal and transverse wall
and both sides of the flue were laid by upright bricks not connected with the longitudinal wall.
c) Unfavorable configuration of the building
Generally, damage to the protruding story of a building built on soft soil was relatively
serious, such as the Sailors' Club (Photo 19). Another example, some stories of the office building of the Public Health Bureau were different for different sections (No. 157), and the elevation
of the building was stepwise. The upper two stories in the middle section were seriously
damaged and walls shifted to the 2-story section with the largest crack up to 10 cm wide.
Obvious torsional effect could be seen in the classroom building of the Shangyi Street Primary
School, intensifying the damage to the walls, floor and roof slabs.
d) Poor integrity of the floor and roof
Most of the pre-cast hollow core slabs had no mortar layer over their supports and the joints
between slabs were not fully grouted; even in the design of some buildings grouting of joints and
finishing of the surface were not required before putting an isolation layer on the slabs. After the
quake the joints of pre-cast slabs in a lot of buildings cracked and shifted on the wall causing
cracking of some brick walls, such as the classroom building of the No. 7 High School (No. 147)
and also that of the Shangyi Street Primary School (No. 152).
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(e) Insufficient aseismic strength of walls
Oblique and cross cracks often occurred on walls due to insufficient strength, such as the
transverse walls in the classrooms on the 1st story of the Jianshe Road. Primary School (No.
149) and Haiyang Road. Primary School (No. 151); the transverse walls on the 1st story and
longitudinal walls on the 1st and 2nd stories of the office building of the Municipal Design
Department (No. 144). The grading of sand in mortar in most buildings in Qinhuangdao was not
good. The sand in the mortar was almost course sand. The cube strength of the mortar reached
the design strength yet its workability was poor and was not convenient for laying. The contact
areas between mortar and brick were small so that shear strength of the wall was lower.
(3) Tianjin City
Tianjin City was located southwest of the epicenter, of the M=7.8 shock about 99 km away
but was closer to the M=6.9 after shock. The soil in Tianjin City was relatively soft accounting
for the obvious differences in the distribution of damage however, the difference of distribution
of damage to the rigid brick-concrete buildings built after the liberation was not obvious.
Damage in streets where non-rigid old brick buildings were densely located was rather serious;
damage to fourteen 3-5-story brick buildings scattered in the urban area of Tianjin and their
structural details are listed in Table 8.
Of the multistory brick-concrete buildings in Tianjin City the damage to apartments was less
than to classroom buildings. For the 74' standard apartments in Tianjin City the damage was
limited to oblique or cross cracks that occurred on the relatively wide interior longitudinal walls
and cracks at the corners of doors and windows. Damage to classroom buildings designed and
constructed according to the code was also comparatively slight, only fine oblique cracks were
found on the interior longitudinal walls and transverse walls in the classroom, such as the classroom building of Guiyang Road. High School (No. 159) that suffered only slight damage in the
quake. Several multistory brick buildings in the neighborhood of the above classroom building
collapsed, but they were old buildings all built in the thirties or forties with river mud as material
for the mortar and poor workmanship. For classroom buildings of high school or primary
schools built in the fifties or in the early period of the sixties the strength of mortar used was on
the low side and configuration of the building was complicated, thus, most of them suffered
damage. For example, the classroom building of the Tianmingxili Primary School (No. 168) was
seriously damaged as the strength of mortar used was only 4 kg/cm2; the classroom building of
the Tianming High School was moderately damaged and the strength of mortar used for walls on
each story determined by visual observation was low (see Table 9). Moreover, the configuration
of this building was complicated and damage to the walls was the heaviest on the 3rd story and
next on the 2nd story. Damage to transverse walls was far heavier than to longitudinal walls,
especially to gable walls on buildings with staggered stories.
Damage to rigid multistory brick buildings built on weak and soft soil in Tianjin City was not
so serious as damage to plant buildings, high flexible buildings and old buildings. For example,
the rigid multistory brick buildings used as apartments, office buildings and classroom buildings
in the vicinity of Tianjin Hospital, where a strong motion record had been obtained, were slightly
damaged or generally basically intact. One that suffered obvious damage due to seismic forces
was one of the 5-story apartments of the Culture Bureau (No. 171) on Dagu Road; while the
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apartment in Xicaiyuan, built on an ancient river channel was seriously damaged because a
ground crack passed through its foundation, and the Meiman No. 1 and No. 2 apartments were
also damaged due to foundation failure.
Through horizontal cracks that occurred at the level of the windowsill on exterior longitudinal walls on the 1st story of a few apartments was one of the characteristics of damage to
multistory brick buildings in Tianjin. However, such a damage pattern existed only in a few
damaged buildings, the most prevalent pattern was shear failure or foundation failure resulting in
supper-structure damage.
(4) Beijing
The rated intensity of the urban area of Beijing was less than that of Tianjin. Wall cracks in
multistory buildings were mostly on construction joints, e.g. cracks around door or window
openings, fine vertical cracks in the ventilation channel or flue in the classroom of high school or
primary schools which weakened the wall section. Apparent shear cracks only occurred on walls
in some buildings, or slight damage occurred due to unequal settlement of the foundation.
From Desheng Gate to Lianhuachi, an anomalous intensity area, the damage to multistory
brick buildings was intensified. Shear failure of buildings was also frequently seen. For
example, the Mashenmiao Primary School, a 5-story classroom building of the No. 183 High
School and Sanlihe High School all were more seriously damaged.
Among all types of multistory brick building in Beijing the damage to school (classroom)
buildings was most obvious. In the above anomalous intensity area the damage to classroom
buildings could be found more generally. Damage to classroom buildings designed by the
Beijing Building Design Institute, according to a “61-2 small 24-class” standard design drawing
was the heaviest and prominent. Earthquake resistance was not considered in this design. The
main section of the building was 4 stories with a story height of 4.2 m; the northwest section was
5 stories with a story height of 3.7 m for the 1st story and 3.4 m for the middle stories and 4.1 m
for the top story in both sections. Moreover, a boiler house and a janitor room, both singlestories were attached to the building and no expansion joint was installed. The plan of the
building can be seen in Fig. 17. Floor and roof slabs were pre-cast slabs generally supported by
longitudinal walls, only those in the east and west staircase and those in the room spanning 5 m
in the east were supported by transverse walls. The thickness of exterior walls was 37 cm (1
1/2B) and interior walls were 24 cm (1B). The grade of mortar (strength, in kg/cm) used in the
1st story for interior walls was 100; in the buttresses supporting the exterior wall a net of Φ4 bars
was placed every 5 courses of brick. The grade of mortar used in the upper stories was reduced
to 25 except that for the buttress. The standard design was adopted by the classroom building of
both Mashenmiao Primary School and Jingshan School (for Jingshan School the boiler house
was changed to be placed between axis 2 and 4). The characteristics of damage to these buildings were: (i) Damage in the axis (6) was most obvious, especially the gable wall between axes
(c) and (e), obvious shear cracks occurred only on this wall section at Jingshan School and
damage to this wall section was heaviest at Mashenmiao Primary School. Fig. 18 shows the distribution of cracks in this section on different stories. (ii) As for the oblique or cross cracks on
the transverse walls in the classroom, those in the upper stories were heavier than those on the
1st story; for cracks on the transverse wall in the staircase those on the 1st and 2nd stories were
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heavier. (iii) From the damage to Mashenmiao Primary School, it can be seen that the nonbearing gable wall inclined outward and the wall panels separated, especially those on axis 6
were most serious with a separated distance of 3-4 cm.
A few high-rise brick buildings (8-9 stories) with a total height above 20 m were not all
located in the anomalous intensity area. Damage to these buildings was comparatively slight and
lighter than the apartments of the same height with an “inner frame”. Only cracks occurred
above a few door openings and a slight shift between the roof slab and wall existed, fine cracks
could also be found between wall panels and slabs.
The low-standard 2-3-story apartments with hollow walls laid with upright bricks in Beijing
were only slightly damaged, and most of the damage resulted from the development of existing
damage before the quake. This type of damage occurred mainly on the top story; cracks on the
wall were enlarged due to the steel-wood roof truss pushing the eave wall outward. In this earthquake no cracks were found on the hollow-wall buildings.
4. Features of damage to multistory brick buildings
From the damage survey information it was found that the damage pattern and feature
between rigid and non-rigid multistory buildings were quite different. For multistory brick
buildings on soft soil the damage had its own features and their natural period of vibration after
the quake had certain variations.
(1) Damage features of rigid multistory brick buildings
For rigid multistory brick buildings there was a shear pattern and overturning pattern of
failure for the cracking of walls and collapse of buildings.
i) Shear pattern
Damage to multistory brick buildings in the Tangshan earthquake was mainly of a shear
failure pattern. There were three kinds of shear failure:
(a) Shear failure due to principal tension stress
Generally, oblique or cross cracks occurred on the wall first then sliding, offset, crushing and
falling of the wall happened, and last, the wall collapsed due to loss of its bearing capacity.
Bricks from the wall of a collapsed building were scattered around the building and the roof and
floors fell and pan caked, and lateral drift of the building was small. The failure can be divided
into three stages: cracking-sliding-crushing and falling-compressing and collapsing. Photo 20
shows damage to the battlement of a longitudinal wall (wall between windows) at the No. 5
building of the Tangshan No. 1 Guest House indicating the feature of this type of shear failure.
(b) Horizontal shear failure
Horizontal cracks in a brick joint passed through the wall section first and then sliding and
offset of the wall occurred. This type of failure generally occurred in the vicinity of the floor or
the roof beam or slab. Further development of this damage would cause collapse of part of the
pre-cast slabs.
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(c) Bending-shear failure
Cracks were also in the form of horizontal cracks occurring on the upper end and lower end
of piers always accompanied by crushing of the compression zone. This kind of failure
generally occurred on slender walls between windows or doors (Photo 21).
ii) Overturning failure
In the Tangshan earthquake a lot of rigid multistory brick buildings overturned after the
failure of integral connections. In the failure process cracking occurred between exterior longitudinal walls and transverse walls with a crack wide at the top and narrow at the end, then the
wall inclined outward and finally collapsed due to loss of stability. This kind of failure was
mostly caused by the falling of exterior longitudinal walls, however, there were cases where after
the falling of the exterior wall the transverse walls also toppled and floor slabs dropped on the
transverse walls. This failure can be divided into three stages: cracking, inclination outward and
overturned.
(2) Features of damage to non-rigid multistory brick buildings
The damage to non-rigid multistory brick buildings was mainly due to bending. The damage
feature was the lateral out-of-plane bending of the building. First, a horizontal bending-tensional
crack occurred on the wall not far from the floor slab or under the window. On the compression
face crushing may also occur. If seriously damaged the wall would incline outward causing
collapse of the building, falling to one side with the roof and floor slabs. Bending failure
happened frequently on the top story, also damage to the middle section of the building due to
bending was always heavier than to both ends with a rigid gable wall. This kind of failure was
often seen in buildings with a wood roof. Bending failure can also be roughly divided into three
stages: cracking due to bending, inclination outward, and fractured-overturned.
(3) Features of damage to multistory brick buildings on soft soil
In the Tangshan earthquake damage to the superstructure of some multistory brick buildings
was caused by the failure of the site foundation. For example, in Tangshan along the banks of
the Douhe River some ground cracks passed through the building foundation causing vertical or
oblique cracks on walls, thus the building partially collapsed if the cracks were large enough.
The apartment in Xicaiyuan, Tianjin, built on an old river channel, was split from up to bottom,
with a maximum crack 30-40 cm wide. This kind of crack was usually wide at the top story and
narrow on the 1st story. The damage patterns and damage feature of multistory buildings on soft
soil were as follows in addition to the above mentioned.
a. Inclination of building
In the New Harbour District, Tanggu, Tianjin, the seismic settlement of multistory brick
apartments was very obvious. For example, for the Wanhailou Departments built 2 years before
the quake the settlement of 3-story buildings were 15-20 cm, and that of 4-story apartments was
nearly 30 cm. The inclination of buildings increased from 1.2-3.4% before the quake to 2.46.9% after the quake. The office building of the Hangu District Government settled 30 cm and
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that of the Communication Bureau of Ninghe settled 6-7 cm. The slab of the porch in front of
these two buildings all inclined inward and the top of the columns on the porch cracked.
b. Regular oblique cracks occurred on the longitudinal wall
For example, at the office building of the Power and Water Supply Bureau in Luan County
(No. 127) the 3-story middle section settled a lot causing oblique cracks that occurred on the
exterior longitudinal wall in both wings (Fig. 19). Another example, in the apartments of the
Tangshan Steel and Iron Corporation in Diaoyutai (No. 76) both ends of the two buildings in the
south settled causing oblique cracks that occurred on the exterior longitudinal walls on both
ends. This kind of crack was generally wide on the 1st story and narrow on the upper story.
c. A whole building split vertically along the longitudinal axis with a crack wide in the top
story and narrow in the 1st story
For example, at the Guest House of the Tangshan Steel and Iron Corporation (No. 81) the
exterior longitudinal wall settled quite seriously and the settlement was increased day after day
after the quake causing the building to split along the longitudinal axis, and the width of the
crack was wider at the top. At an interval of 10 months after the quake the measured width of
the crack between the interior longitudinal wall and the edge of the ground floor surface in the
room was 1.5 cm and on the 2nd, 3rd and 4th stories the measured width of the crack between
the interior longitudinal wall and the edge of the floor surface in the room was 8, 11 and 15 cm
respectively. The diagonal cross cracks on the exterior wall on the first story were fine during
the quake but after 10 months the crack was enlarged and the wall between the windows was
loosened and nearly collapsed (Photo 22). For oblique cracks on the transverse wall, those on
the lower stories were larger than those on the upper stories and all cracks started in the upper
corner near the exterior longitudinal wall and inclined to the bottom of the wall. Two oblique
cracks on the gable wall on the 1st story passed from the sides of the wall to the center in a
reverse splay shape.
d. Horizontal cracks on exterior longitudinal walls
Of the multistory brick buildings in Tianjin City there were more than 10 buildings on whose
exterior 1st story longitudinal walls on which a through horizontal crack occurred at the level of
the windowsill. A typical example was the No. 2 Department of the Coal Building Corporation
on Taibei Road, a through horizontal crack occurred on the exterior longitudinal wall of the 1st
story at the level of the windowsill and extended at the same level to the transverse wall for a
distance and then turned to the ground surface obliquely. The apartment of the Local Product
Company in Tonglou also suffered this type of damage.
(4) Dynamic properties of buildings after the quake
Natural vibration properties of 18 multistory brick buildings that suffered earthquake damage
to different extents in Tangshan and Qinhuangdao were measured. The measurement was
carried out by means of a micro-tremor instrument 10 months after the quake. Activated
vibration sources were wind tremor and a micro-rocket.
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a) Natural period
The measured results are listed in Table 10. The measured values by means of micro-tremor
and micro-rocket do not differ much. The period of damaged buildings had increased remarkably. The more serious the damage the longer the period; the higher the building the greater the
relative increase of the period. After being seriously damaged the natural period of ordinary 2story brick buildings would increase approximately 40% and that of 6-story buildings up to 80%.
b) Damping
The damping ratios of damaged buildings were calculated based on the attenuation of free
vibration activated by a micro-rocket and their values, are listed in Table 10. Three typical
measurement records were plotted in Fig. 20. The actual measured results show that damping
ratio increases with the ratio of wall area to building area; for buildings that suffered principal
tension stress failure the effect of damage degree on damping ratio is not significant; the effect of
different damage patterns on damping ratio is relatively obvious, for example, the damping ratio
of the building with vertical cracks decreases, however that of a building with horizontal cracks
increases.
c) Fundamental mode shape
The fundamental modes of 11 multistory brick buildings damaged in the quake are plotted in
Fig. 21. The measured data shows that the fundamental mode of a multistory brick-concrete
building with shear deformation, even seriously damaged in the quake, was similar to that before
the quake when measured by a micro tremor method. For buildings with a timber roof, displacement of the top story was much greater than that of the building with a R.C. roof and the
mode shape of the building showed nearly the bending deformation.
(Translator: Lu Rongjian)

Name of
Building

Physics and
Chemistry
building,
Hebei
Institute of
Mining and
Metallurgy

Students’
dormitory,
Hebei
Mining and
Metallurgy
Institute

Bldg.
No.

1

2

Plan
(unit: cm)

4

5

No. of
Stories

1st:
2nd:
3rd:
4th:

1st:
2nd:
3rd:
4th:
5th:

2.90
5.80
8.70
11.65

3.75
7.35
10.95
14.55
17.90

Elevation of
Stories (m)
collapsed
completely

collapsed
completely

Built in 1959-1960, a total of 4 buildings. A 3:7 lime-clay
bearing layer 45 cm thick for the foundation; foundation laid
with slag-lime-cement mortar. Load borne by transverse
walls. Exterior walls: 37 cm; interior transverse walls: 24
cm. An opening 1 m wide existed in the partition wall every
2 bays as a bookshelf. Longitudinal filled walls in the
corridor 12 cm wide were place on the beam. No plaster on
the outer surface of the exterior wall, but with plaster on the
inner surface. A cast-in-situ hollow brick floor slab with
closely placed R.C. ribs; a sloping roof with R.C. floor slabs;
eaves 42 cm out of the roof; batten ceiling on the top floor
without thermal insulation. In 1964 the walls on the 1st and
2nd stories were strengthened due to cracking of walls. The
mortar in brick joints of 1B and 1 1/2B walls were removed
for 1 cm and plastered with 1.5 cm cement mortar. Openings
in the partition walls were blocked with bricks and cement
mortar. The hole for the fire in the wall pier was
strengthened by R.C.
wall: 10,
filled wall
in the
corridor:
50

Damage
Degree

Built in 1960-1963, L-shaped plan, main building: 5 stories,
wing buildings were 2-story step-wise classroom buildings;
elevation of stories: 4.65 m and 10.6 m respectively,
deformation joint 2 cm. Rubble foundation with an underlying lime-clay layer of 3:7. Thickness of exterior wall: 1st
story, 49 cm (2B); above 1st story, 37 cm (1 1/2B). Thickness of interior wall: 1st and 2nd stories and staircase, 37
cm; other: 24 cm (1B). No plaster on the outer surface of the
exterior wall and some walls in individual rooms were
plastered with cement mortar. Cast-in-situ R.C. floor slabs,
beams and roof; both longitudinal and transverse walls bore
load.

Building Structure

exterior
wall: 25,
interior
wall: 10

Grade of
Mortar

Table 1. Damage to multistory brick buildings in Tangshan City.

4 dormitory
buildings
collapsed
completely
falling to the
ground.

For the main
building the
1st story remained and
the upper 4
stories fell
upon the floor
slab of the 1st
story. The
wing building
collapsed
completely,
the floor slab
of the 1st
story fell with
the beam
bearing plates
on the wall at
a height up to
the
windowsill.

Outline of
Damage
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Name of
Building

New
Student’s
Dormitory,
Hebei
Mining and
Metallurgy
Institute

Ward
buildings,
No. 255
Hospital

Clinic
building,
No. 255
Hospital

Ward
building for
infectious
diseases,
No. 255
Hospital

Bldg.
No.

3

4

5

6

Plan
(unit: cm)

2

3

4

No. of
Stories
2.90
5.80
8.70
11.65

1st: 3.20
2nd: 6.80

1st: 3.40
2nd: 6.98
3rd: 10.20

1st: 3.40
2nd: 6.98
3rd: 10.20

1st:
2nd:
3rd:
4th:

Elevation of
Stories (m)

25

10

25

Grade of
Mortar

Table 1. Continued.

2 buildings altogether. The main part of the building
was completed before the quake but completion of the
walls, floor and roof slab and ground surface had not
begun yet. A rubble foundation with a lime-clay layer
under the foundation. Exterior wall: 1 ½B, interior
wall: 1B. Pre-cast R.C. hollow core floor and roof
slabs. Loads supported by transverse walls and corridor
walls. 2 cast-in-situ R.C. girths laid on the upper part
of the window opening. Eaves out of the roof for
70 cm. Staircases were installed at two ends of the
building, the west one was outside.

A total of 6 buildings, built in 1953. The structure of
the buildings was same as the clinic building but no
porch was installed at the door and there was no hall in
the middle section of the building. There was an
exterior stair at one end and an elevator shaft at the
other.

Built in 1953. Attached to a single-story building on
the west, south and east sides. Longitudinal and
transverse bearing walls. Thickness of exterior wall
and inner wall on the 1st story, 1 1/2B; other inner
walls, 1B. No plaster on the outer surface of the
exterior wall but had plaster on the inner surface. Local
finished. Cast-in-situ R.C. girders and hollow brick
roof slabs with closely spaced ribs.

The plan was same as building No. 2. Just completed
before the quake but not in use. Floor and roofs were
pre-cast hollow slabs. The corridor floor slabs were
supported by longitudinal walls. No openings were left
in the partition walls.

Building Structure

seriously
damaged

collapsed
completely

collapsed

collapsed
completely

Damage
Degree

Walls on the 1st and
2nd stories were
seriously damaged,
cross-cracks
appeared on the
transverse wall on
the 1st story; offset
of the walls was
serious. Some walls
between windows
were pushed out
about 20 cm under
the girth and some
bulged, fractured,
and partially
collapsed. Interior
longitudinal walls
deformed in a
wave-like shape.
The damage to
these 2 buildings
was similar.

All stories collapsed
completely but the
elevator shaft did
not get completely
crushed.

The 2nd and 3rd
stories fell toward
the north, the walls
on the 1st story
cracked diagonally
or inclined in
general.

Entire building fell
to the ground.

Outline of Damage
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Name of
Building

Apartment
building,
No. 255
Hospital

Classroom
building,
No. 26
High
School

3-story
apartments,
Hebei
Mining and
Metallurgy
Institute

Bldg.
No.

7

8

9

Plan of the unit, No. 9 building
Plan of the unit, No. 10 building

Plan
(unit: cm)

3

1st: 2.80
2nd: 5.60
3rd: 8.40

1st: 3.33
2nd: 6.44

2

3.00
6.00
9.00
12.00

1st:
2nd:
3rd:
4th:

Elevation of
Stories (m)

4

No. of
Stories

transverse
walls on 1st
story 25;
others 10

75

25

Grade of
Mortar
Building Structure

seriously
damaged

collapsed
completely

2 buildings each consisted of 4 units, built in
1959. Exterior wall: 1 1/2B; bearing transverse
wall: 1B; partition wall on 1st story: 1/2B;
partition wall on the upper story: batten wall
with plaster. Grade of mortar: 1/2B wall 25;
brick arch and small pier 50. Hollow brick floor
slabs with rib closely spaced. Tile roof
supported on gables.

collapsed
completely

Damage
Degree

Built in 1967. Rubble foundation with a
basement 2.3 m in depth. Exterior wall: 1 1/2B;
interior wall: 1B. There was an arch in the
transverse wall over the corridor. Mortar for the
walls was above Grade 50; well made. Pre-cast
hollow core floor and roof slabs, wood roof
truss with 4 supports. Tile roof, girths on 4
longitudinal walls and gable wall; on the 2nd
story they were tied. Exterior stairs were
installed out of both ends of the building with a
canopy supported by brick columns.

The building consisted of 4 units. A rubble
foundation laid with 1:3:9 (cement, lime, slag)
mortar and a layer of lime-clay 45 cm thick
under the foundation. All 1/2B walls were laid
on a rubble foundation with a bedding course
15 cm thick and the wall was laid with Grade 50
mortar. Exterior wall: 1 1/2B; interior bearing
longitudinal and transverse walls: 1B; partition
walls: 1 1/2B. Pre-cast hollow core floor and
roof slabs and cantilever staircase slabs.

Table 1. Continued.

South building totally
collapsed; only 1st story
of north building
remained, walls were
seriously damaged.

Longitudinal wall in the
corridor inclined toward
the central axis, the
inclination was more
serious in the central
section and also on the 1st
story. Cracking at the
junction of the
longitudinal wall and
transverse wall mostly
occurred at the chimney
shaft and at the junction
of the exterior
longitudinal wall and
transverse wall.
Horizontal cracks
occurred on the upper and
lower part of window
openings; shear cracks on
transverse walls. Sectorshaped cracks on the top
of the gable and offset of
walls about 5 cm. The
canopy at the east end
collapsed; the one on the
west end dislocated.

Entire building fell to
the ground.

Outline of Damage
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4-story
apartment
building,
Hebei
Mining and
Metallurgy
Institute

No. E1 and
No. W1
apartments,
Kailuan
Institute of
Coal Mining

No. W2, W3
and W4
apartments,
Kailuan
Institute of
Coal Mining

11

12

Name of
Building

10

Bldg.
No.

Plan
(unit: cm)

1st: 2.85
2nd: 5.70
3rd: 8.55

3

3.00
6.00
9.00
12.00

1st: 3.00
2nd: 6.00
3rd: 9.00

1st:
2nd:
3rd:
4th:

Elevation
of Stories
(m)

3

4

No. of
Stories

2 buildings of 4 units built in 1956.
A brick-concrete-wood structure
with 3 longitudinal bearing walls,
exterior wall and interior
longitudinal wall on the 1st story: 1
1/2B; interior longitudinal wall on
the 2nd and 3rd story were
transverse walls, walls in the
staircase 1B; partition walls on the
1st story: 1/2B; those on the 2nd and
3rd story: batten walls cast-in-situ
R.C. floor and roof slabs, wood roof
truss with cement tiles and a straw
ceiling. No girth installed.

3 buildings of 3 units with a rubble
foundation. No. W2 building was
built upon an original underground
tunnel. Part of the foundation was
deepened to 3 m. Exterior wall: 1
1/2B; others and spaded wall: 1B;
partition wall: 1/2B. Girths were
installed on the 1st and 3rd stories.
There were hollow core floor and
roof slabs. During construction
longitudinal and transverse walls
were laid at the same time for the
No. W2 building; but for the No. W3
and W4 buildings the interior walls
were first laid and the quality of
bricks were not the same.

25

2 buildings of 4 units built in 1972.
Exterior wall: 1 1/2B; interior
longitudinal and transverse bearing
walls: 1B; partition wall: 1/2B. Inner
surface of wall plastered with lime
mortar. Pre-cast hollow core floor
and roof slabs.

Building Structure

25

1st and 2nd
story: 50;
3rd and 4th
story: 25

Grade of
Mortar

Table 1. Continued.

The top floor of both buildings
collapsed and the 1st and 2nd
stories still existed. Transverse
walls cracked at the chimney tunnel
and ventilation tunnel and some
bricks fell in the No. E1 building;
walls on the 2nd story were
moderately to seriously damaged.
Cracking of walls on the 1st story
was slight: in the No. W1 building
the exterior walls were slightly
damaged, apparent cracks only
occurred on the transverse wall in
the southeast corner of the 2nd
story. There were considerable
shear cracks on the interior
longitudinal wall.
In the No. W2 building half of the
2nd and 3rd stories in the south
collapsed with the north half still
existing; the south longitudinal
walls on the 2nd and 3rd stories in
the middle unit fell down outwards;
a large part of the unit in the east
collapsed. The remaining walls
buckled. The No. W3 and W4
buildings collapsed completely.

collapsed
completely

The 3rd and 4th stories of both
buildings fell on the floor of the
2nd story. Walls on the remaining
1st and 2nd stories were seriously
damaged.

Outline of Damage

partly collapsed

collapsed
completely

Damage Degree
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Name of
Building

No. E2
apartment
building,
Kailuan
Institute of
Coal Mining

No. E4 and
E5 apartment
buildings,
Kailuan
Institute of
Coal Mining

Bldg.
No.

13

14

Plan
(unit: cm)
1st: 3.20
2nd: 6.40
3rd: 9.60

1st: 2.95
2nd: 5.90
3rd: 9.10

3

Elevation of
Stories (m)

3

No. of
Stories
Shear cracks generally
occurred on both exterior and
interior walls, slipping was
observed, part of the
longitudinal wall in the south
collapsed and fell outward.
Eave plates almost fell
completely. Brick piers on the
roof overturned with the
isolation plates falling on the
roof.

Longitudinal and transverse
walls on the 1st and 2nd stories
of the No. E4 building were
damaged in shear and
dislocated seriously. Walls
between windows fractured.
The east gable wall bulged on
the 2nd floor and dislocated
horizontally; middle part of the
south longitudinal wall bulged
during construction and was
removed and built again before
the quake. Exterior wall on the
3rd story collapsed for 3 bays
during the M7.8 quake, later
that night during the M7.1
quake the exterior wall on the
2nd story also collapsed. Walls
on the 3rd story offset on the
girth beam. In the staircase of
the east unit the north exterior
wall collapsed. Half of the No.
E5 building in the west
collapsed; the east half existed
but the walls ruptured.

seriously
damaged to
collapsed

2 buildings with 4 units; 7 bays in the east unit, 5
bays in the other units. A rubble foundation.
Bearing longitudinal and transverse bearing wall:
1B, tie bars placed at the intersection of the
exterior and interior walls. Exterior walls under
windowsills reduced to 1/2B. Mortar for the walls
was not evenly placed on bricks, strength 1050kg/cm2 by observation. No. E5 was built
during the winter. Bricks for the west transverse
walls on the 1st story were under Grade 50. There
was no plaster on the outer surface of the exterior
walls. Girths were placed on the top of window
openings on the 1st and 3rd stories. There were
pre-cast floor slabs with a layer of small gravel
concrete 3 m thick, and a layer of straw-mud 8-12
cm thick on the roof over which was a compacted
layer of lime-slag.

designed
25;
measured
1-25

Outline of Damage

seriously
damaged

Damage
Degree

Built in 1964, 4 units in one building. A rubble
foundation laid with slag-lime mortar with a limeclay bedding core. Exterior wall: 1 1/2B; interior
walls and longitudinal wall in the staircase: 1B;
filled wall: 1/2B. Workmanship of the walls was
relatively good, the mortar strength was Grade
50. Beams installed on the 1st and 3rd stories ran
through the unit transverse walls and extended
1.5 m to the general transverse walls. Pre-cast
hollow core floor slabs: 18 cm thick. On the roof
slab brick piers 1 m high were built on which
1.2mx1.2m R.C. plates were placed as isolation
plates. Pre-cast eave slabs were 80 cm out of the
wall.

Building Structure

50

Grade of
Mortar

Table 1. Continued.
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15

Bldg.
No.

Main
building,
Kailuan
Institute of
Coal Mining

Name of
Building

R.C. column

Plan
(unit: cm)
5 (6)

No. of
Stories
1st:
2nd:
3rd:
4th:
5th:
6th:

4.00
7.60
11.20
14.80
18.40
24.70

Elevation
of Stories
(m)
25

Grade
of
Mortar
Building Structure
Built in 1956, composed of 5 sections. There
were 6 stories with a basement in the middle
section and 5 stories in the adjacent section.
Deformation joints were installed between
sections with 6 and 5 stories. Floors of the
section with 5 stories were placed on the
bracket of the girth of the 6-story section. The
west wing was a hall, the story height was
twice that of the 5-story section. The east wing
was a library, partly 2 stories with R.C.
columns. Deformation joints were installed
between the wing section and the 5-story
section. A rubble foundation but a concrete
foundation for the basement. Wall thickness in
the 5-story section: interior walls 1 1/2B for
the 1st to 3rd stories and 1B for the upper
stories; exterior longitudinal walls (1st to 4th
stories) and gable walls (1st to 2nd stories) 2B
and 1 1/2B for the other stories. For 2 wings,
exterior longitudinal walls, 2 1/2B; gable
walls, 2B; interior walls, 1 1/2B; partition
wall, plastered batten wall. The lower 5 stories
of the 6-story section were an interior framed
structure with 2 rows of columns, 4 inner
columns were placed in the center of the
entrance hall and the corners of the staircase.
In the porch of the hall there were also 4
composite columns. Exterior and interior walls
on the 1st story and exterior walls on the 2nd
story of the middle section: 2B; interior walls
on the top floor: 1B; others 1 1/2B. The floor
and roof system on all stories were R.C. slabs
and beams with a 6 cm cement-slag over them
and a surface finishing of a waterproof asphalt
layer. Ceilings were installed on the 1st and
top story.

Table 1. Continued.

demolished
completely,
partly
collapsed

Damage
Degree

In the 6-story section the
top story collapsed; the
column on the 5th story
fractured. West side of the
5-story section collapsed
completely; the 2 stories on
top of the east side
collapsed falling on the 3rd
story. Gable walls on both
sides of the hall collapsed
completely with the
exterior longitudinal wall
on both sides supporting
the R.C. roof remaining.
The east wing collapsed
completely. The remaining
interior transverse walls
and walls between
windows had large shear
cracks and slipped. East of
the 5-story section a long
ground crack 1 cm wide
occurred along the
longitudinal direction.

Outline of Damage
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Dormitory,
Kailuan
Institute of
Coal Mining

Type A and
Type B
apartments,
Prefectural
Tangshan
Party
Committee

Type A and
Type B
apartments,
Prefectural
Tangshan
Party
Committee

17

18

Name of
Building

16

Bldg.
No.

1st story
Upper stories

Plan
(unit: cm)

1st: 3.20
2nd: 6.40
3rd: 9.60

1st: 3.20
2nd: 6.40
3rd: 9.60

3

1st: 3.30
2nd: 6.60
3rd: 9.90

Elevation
of Stories
(m)

3

3

No. of
Stories

1st
story
50; 2nd
and 3rd
stories
25

1st
story
50; 2nd
and 3rd
stories
25

25

Grade
of
Mortar

Table 1. Continued.

Built in the winter of 1972. There were
5 buildings both of Type A and Type B.
They were apartment buildings with 3
units. A rubble foundation with a limeclay bedding course. Exterior walls: 1
1/2B, brick strength less than 75kg/cm2;
interior walls: fly ash bricks 24, 18 or
12 cm thick. Pre-cast hollow core roof
and floor slabs with a finishing of
cement mortar but only plaster on the
bottom surface. On the roof slab there
was a finishing of cement mortar upon
which was a layer of straw and mud 5
cm thick and a layer of slag 10 cm
thick.

Built in the winter of 1972. There were
5 buildings both of Type A and Type B.
They were apartment buildings with 3
units. A rubble foundation with a limeclay bedding course. Exterior walls: 1
1/2B, brick strength less than 75kg/cm2;
interior walls: fly ash bricks 24, 18 or
12 cm thick. Pre-cast hollow core roof
and floor slabs with a finishing of
cement mortar but only plaster on the
bottom surface. On the roof slab there
was a finishing of cement mortar upon
which was a layer of straw and mud 5
cm thick and a layer of slag 10 cm
thick.

Built in 1956, rubble foundation, 4
longitudinal bearing walls. Exterior
walls: 1 1/2B; interior longitudinal
walls and part of transverse walls: 1B;
partition walls: 1/2B for 1st story,
batten walls for 2nd and 3rd stories.
Mortar was not uniform in strength. No
plaster on the outer surface of the
exterior wall. Cast-in-situ R.C. beams
and slabs, wood roof truss, tile roof, no
girth installed.

Building Structure

collapsed
completely

collapsed
completely

collapsed

Damage
Degree

All collapsed and fell to
the ground, the 1st story of
one apartment building
remained.

All collapsed and fell to
the ground, the 1st story of
one apartment building
remained.

3rd story collapsed; 2nd
story was seriously
damaged; partition wall on
1st story all collapsed;
interior transverse walls
failed in shear and were
crushed. Exterior and
interior longitudinal walls
were slightly damaged.
Horizontal cracks occurred
near the wall bottom on the
1st story.

Outline of Damage
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19

Bldg.
No.

Office
building of
the No. 2
Light
Industry
Bureau

Name of
Building

R.C. column

Plan
(unit: cm)
4
(5 in the
middle
section)

No. of
Stories
1st: 3.60
2nd: 6.90
3rd: 10.20
4th: 13.50
(13.70)
5th: 17.50

Elevation
of Stories
(m)
1st and
2nd
story and
3rd story
in the
middle
section
of the
east
wing 50;
others 25

Grade of
Mortar
Building Structure
Built in 1974, divided into 3 sections by
deformation joints. East section was a 4story brick-R.C. structure; middle section
was 5 stories with R.C. columns in the
hall, 4 of which were in form up to the
eave and 3 of which were in the interior up
to the 4th story; the west section was a 3story building with reinforced brick
columns in the hall of the 1st story. A
rubble foundation was laid with Grade 50
mortar. Exterior walls: 1 1/2B; in the east
section there were brick piers 24x24cm;
interior walls: 1st story in the east section,
1 1/2B; in the middle section, transverse
wall on the 1st and 2nd stories, mostly 2B.
Transverse walls in stories above the 3rd
story and interior longitudinal walls on the
1st story, 1 1/2B; others 1B. In the middle
section the front columns were 36x72cm;
central columns were 40x40cm. Grade of
concrete strength was 150. Columns in the
wall in axis 15 connected with the girth.
Pre-cast hollow core floor and roof slabs
that cantilevered out of the eave were
installed on each story above the windows.

Table 1. Continued.

collapsed,
completely
collapsed,
seriously
damaged

Damage
Degree
The east section nearly
collapsed completely, only
the 1st story existed. The 4th
and 5th stories of the middle
section collapsed, part of the
walls on the lower stories
fell. There was no damage to
beams and columns in axis
15, walls on the 1st-4th
stories cracked.
Constructional columns with
no transverse beams
survived but walls almost all
collapsed except for those
on the 1st story. Horizontal
cracks occurred at the
connection of beams and
central column on the 1st
and 2nd stories. On the 3rd
story a column head was
crushed and reinforcing bars
exposed. Columns in the
upper stories were fractured.
In the west section the walls
were seriously damaged.
The top of the wall at the
northwest corner fell down;
a bay in the south collapsed.

Outline of Damage
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20

Bldg.
No.

Prefectural
Hotel

Name of
Building

Combination plan of the 1st story in the
middle and west section
Plan of the upper stories in the east section
column

Plan
(unit: cm)
5 (6)

No. of
Stories
basement4.77
1st: 3.20
2nd: 6.40
3rd: 9.60
4th: 12.80
5th: 16.00
6th: 20.00

Elevation
of Stories
(m)

100
75
50
25

Grade of
Mortar
Building Structure
Built in 1975, divided into 3 sections by
deformation joints; the west section was a
5-story brick-R.C. structure, constructional
columns were installed in the interior
longitudinal walls. The middle section was
a 6-story structure with a basement, half of
the front part was a framed structure with
2 rows of columns, on the 1st and 2nd
stories the columns were 30x55cm with
2µ20+2µ 16+2µ22 reinforcement. The
upper columns were 30x45cm with 4µ20
reinforcement. On the 1st story in the east
and south there were porches. In the south
2 m of floor cantilevered out from the 3rd
story. The east section was a 4-story brickR.C. structure. On the east elevation 1.4 m
of slab cantilevered out from the 2nd
story. Foundation: exterior and interior
walls were built on R.C. strip foundation
and plain concrete foundation
respectively. Thickness of walls: exterior
walls 1 1/2B; interior walls 1B. Grade of
mortar: 1st story of the west section, 1st
story and 2nd story of the middle section
as well as the elevator shaft: 100; 1st story
of the east section, 75; 2nd story of the
west section and 3rd story of the middle
section 50; other stories 25. Finishing was
on the surface of the exterior walls, precast hollow core floor and roof slabs with
stairs, floor slabs in restrooms, beams,
columns and cantilever girders and those
in the basement were poured-in-situ.
Girths were installed in each story. One
was running through the transverse wall in
the west section and 3 were running
through the east section.

Table 1. Continued.

collapsed,
completely
collapsed

Damage
Degree
The west section collapsed
completely except for the
restrooms on all the stories.
The top story in the middle
section collapsed, walls on
other stories cracked and a
column head on the 3rd
story was crushed. The east
section fell down and the
east side collapsed
completely. The 1st story in
the west side remained, the
staircase in the northwest
corner and the west exterior
walls on the 1st, 2nd and 3rd
stories existed.

Outline of Damage
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Office
building of
the
Electronics
Bureau

Post Office,
Xinhuazhong
Road Branch

Xinhua
Hotel (stated
in detail in
the following
section)

22

23

Name of
Building

21

Bldg.
No.

Plan
(unit: cm)

1st: 4.50
2nd: 8.00
3rd: 12.44

3

3.60
7.05
10.50
13.95

1st:
2nd:
3rd:
4th:

Elevation
of Stories
(m)

4

No. of
Stories

1st and
2nd
stories
50; 3rd
story 25

50

Grade of
Mortar
Building Structure

Stone foundation laid with Grade 50
mortar with a lime-clay bedding course,
exterior walls in different stories and all
longitudinal and transverse walls in the
front hall: 1 1/2B; other interior walls: 1B,
2 R.C. columns with a cross-section of
30x50cm were installed in the exterior
longitudinal wall in the front hall.
Prestressed hollow core floor and roof
slabs. Girths installed above the window
in all stories.

L-shaped plan, divided into 3 sections by
deformation joints. The east section was a
3-story structure the front part of which
was an inner frame with 2 rows of
columns; the middle and west sections
were 4-story brick-R.C. structures. A
rubble foundation. Exterior walls: 1 1/2B
with 37x24cm buttresses, interior walls on
the 1st story of the middle and west
sections and walls in the staircase 1 1/2B;
others 1B; girths installed on the exterior
wall in each story. Pre-cast hollow core
floor and roof slabs, columns, beams and
floor slabs in the inner frame were cast-insitu.

Table 1. Continued.

collapsed
completely

collapsed
completely

Damage
Degree

Entire building collapsed
with 2 columns that
survived in the front hall.

1st story of the inner frame
structure collapsed and the
2nd and 3rd stories fell
down as a whole, the brickR.C. structured collapsed
completely.

Outline of Damage
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upper 3
stories
25;
others 50

27

No. 1 Guest
House,
Kailuan
Mining
Bureau

3 (4)

1st: 3.30
2nd: 6.60
3rd: 10.20
4th: (13.80)
10

Building Structure
Built on an excavated area the building
was divided into 3 sections by deformation
joints. R.C. constructional columns were
installed at the corners of the entrance hall
and the staircase in the 1st-3rd stories. 2
wings of the 4-story were basically
symmetric. A rubble foundation with a
lime-clay bedding course. Foundation
beams were installed under exterior walls,
2 transverse walls and one interior
longitudinal wall in each section of the
building, width of the deformation joint
was 3 cm, exterior wall: 1 1/2B; interior
walls on 1st and 2nd stories as well as 3rd
story in the middle section: 1 1/2B; others:
1B. µ4 reinforcing fabric was placed on
the buttress of the exterior longitudinal
wall every 3 brick courses on the 1st and
2nd stories of the middle section and on
the 1st story of 2 end sections. Pre-cast
hollow core floor and roof slabs. Girths
were installed above the window on each
story.

4 stories in the middle and 3 stories in 2
wings. No deformation joint; rubble
foundation. Exterior walls on each story
and transverse walls in the middle section:
1 1/2B; other interior walls 1B. Cast-insitu R.C. floor, brick arched roof in 2
wings and a timber roof truss with a tile
roof in the middle section; batten ceiling.

Main building of the Head Hospital, Kailuan Mining Bureau (to be stated in the following section in detail)

3.45
6.90
10.35
13.80
17.40

Grade of
Mortar

26

1st:
2nd:
3rd:
4th:
5th:

Elevation
of Stories
(m)

Office building of the Municipal Party Committee collapsed completely (plan and structure the same as No. 49)

(4) 5

No. of
Stories

25

Combination plan of 2nd story

Plan
(unit: cm)

Office
building of 6
organizations

Name of
Building

24

Bldg.
No.

Table 1. Continued.

collapsed

collapsed
completely

Damage
Degree

The middle section of the
building collapsed in the
M7.8 quake. Cross-cracks
generally occurred on walls.
During the aftershock the
exterior longitudinal walls
collapsed and the beams and
slabs in the large room in the
north fell down.

Collapsed in the M7.8
quake; part of the 1st story
existed.

A large part of the 1st story
and part of the 2nd story in
the entrance hall and 1st-3rd
stories of the staircase
remained. In the entrance
hall obvious inclined cracks
occurred on the transverse
walls on the 3rd story.
Through cracks occurred on
walls on the 2nd story with
small dislocation. Columns
in the hall on the 3rd story
cracked at both ends,
concrete on the top of
columns crushed.

Outline of Damage
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No. 3 Guest
House

Office
building of
the Hebei
Design
Institute of
Coal
Mining

Office
building,
Kailuan
Engineering
Department

Guest
house,
Kailuan
Engineering
Department

29

30

31

Name of
Building

28

Bldg.
No.

Plan
(unit: cm)

3.35
6.70

1st:
2nd:

2

3.60
7.20
10.80
14.40
18.00

1st: 3.85
2nd: 7.25
3rd: 10.65

1st:
2nd:
3rd:
4th:
5th:

(23.40)

(-4.00)
1st: 3.60
2nd: 6.90
3rd: 10.20
4th: 13.50
5th: 16.80
6th: 20.30

Elevation
of Stories
(m)

3

5

6 (7)

No. of
Stories

25

1st and
2nd story
25; 3rd
story 10

5

1st and
2nd
story 50;
others 25

Grade of
Mortar
Building Structure

Exterior and interior walls 1B. Cast-in-situ
R.C. floor slabs, timber roof truss, tile roof.

Rubble foundation with a concrete bedding
course, exterior walls, walls for partitioning
building into units and interior walls on 1st
story: 1 1/2B; other interior walls: 1B; batten
partition walls, cast-in-situ floor and roof slabs
and beams.

Built in 1957, originally a 3-story building,
2 stories were added in 1967. A 3-bayed
basement existed in the southeast corner. A
rubble foundation. Exterior walls, interior
walls on the 1st and 2nd stories and interior
longitudinal walls on the 3rd story 1 1/2B;
other interior walls 1B. Grade of mortar
used in the 2 stories built later was higher.
Floors were cast-in-situ beams and slabs.

Middle section of the building was 7
stories; wing buildings were 6 stories. No
deformation joints; a half buried basement;
raft foundation. Brick walls 1 1/2B; exterior
walls on the top story 1B; north longitudinal
wall in the middle section 2B. Interior
walls: 1st story, 2nd story in the middle
section, 3rd-6th stories (walls next to the
middle section), and staircase 1 1/2B; others
1B. Above the 2nd story in the middle
section thickness of walls: 18 cm; in the top
story: bearing longitudinal walls and batten
partition wall, cast-in-situ floor of half
buried basement and 3rd story and roof
slab. Girths installed in the 1st and top
story.

Table 1. Continued.

seriously
damaged

collapsed

collapsed

collapsed
completel
y

Damage
Degree

On the 1st story the exterior
longitudinal walls had small
cracks. Interior longitudinal
walls cracked at the corner of
the door; obvious inclined
cracks occurred only on the
transverse wall in the staircase.
2 corners on the top story fell
down.

East section of the building was
seriously damaged; west section
partly collapsed.

During the M7.8 quake only
the 2 stories in the west and
middle section of the building
built in 1967 collapsed and all
stories in the east section
collapsed. All walls cracked
seriously in the M7.1 quake,
the east staircase collapsed
completely. The 3-bayed
information room north of the
west section collapsed.

Middle section collapsed
completely; a major part of
the wings collapsed. 2 stories
north of the east wing existed
and the top story in the south
collapsed, 6 bays of stories
below the 5th story remained.
In the west wing the upper 2
stories in the south collapsed.
Only 5 bays up to the 4th
story remained; 3 bays at the
end in the north existed.
Walls all crushed. In the
basement the head of the R.C.
column was crushed and fell,
reinforcement bars bent.

Outline of Damage
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West
building of
the Coal
Mining
Hospital

Dormitory of
the Fire
Brigade

Office
building,
Long
Distance Bus
Station

33

34

Name of
Building

32

Bldg.
No.

Plan
(unit: cm)

1st: 3.10
2nd: 6.20
3rd: 9.30

1st: 3.10
2nd: 6.20

2

3

1st: 3.75
2nd: 7.00

Elevation
of Stories
(m)

2

No. of
Stories

25

25

25

Grade of
Mortar
Building Structure

Built on a workout area of the coal mine. 2
expansion joints were installed, 4 panels in
the 3rd story at the west end were without
partition walls. Rubble foundation with
R.C. beams, exterior walls and those in the
staircase: 1 1/2B; interior walls: 1B.
Hollow roof and floor slabs. 2 girths
installed.

3-story building but only completed up to
the 2nd story before the quake. Rubble
foundation with beams, a coal gangue
layer under the foundation. Exterior walls:
1 1/2B; interior walls: 1B. Pre-cast floor
slabs. Girth installed in each story.

Built before the liberation. Exterior walls:
1 1/2B; interior walls: 1B; filled walls: 1
1/2B. Cast-in-situ R.C. beams and slabs,
timber roof truss, corrugated iron sheet
roof.

Table 1. Continued.

collapsed

moderately
damaged
on the 1st
story

moderately
damaged

Damage
Degree

Partly collapsed.

The foundation in the south
settled slightly causing the
transverse wall to crack.
Vertical and oblique cracks
occurred on the interior
longitudinal walls. The
uncompleted walls on the
top story overturned.

One large crack occurred on
the indoor ground surface on
the 1st story in the south, the
south longitudinal wall
settled and bulged outward.
The connection between
longitudinal and transverse
walls cracked in tension,
transverse walls cracked
diagonally, the top story was
more heavily damaged than
the 1st story.

Outline of Damage
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35

Bldg.
No.

Nursery,
Tangshan
Coal Mining
Bureau

Name of
Building

Plan
(unit: cm)
2

No. of
Stories
1st: 3.40
2nd: 6.80

Elevation
of Stories
(m)
25

Grade of
Mortar
Building Structure
2 parts were composed of an L-shaped
building both with an outside corridor.
The north part was divided into 3 sections
by deformation joints. Rubble foundation,
R.C. foundation beams with a section
30x50cm were put below the surface.
Exterior walls, corridor walls and
sectioned walls: 1 1/2B; interior walls: 1B.
Corridor column: 24x37cm. Pre-cast R.C.
hollow core floor slabs, cast-in-situ R.C.
roof.

Table 1. Continued.

moderately
damaged to
seriously
damaged

Damage
Degree
On the 1st and 2nd story of
the east part through
horizontal cracks appeared
above the window and door
openings. Oblique cracks
occurred on transverse
walls, cross cracks occurred
on walls between the doors
or windows and transverse
walls on the 2nd story. Part
of the roof dislocated, walls
in the north staircase
loosened and nearly
collapsed. Corners of the
wall at the top and bottom
fell down. Horizontal
through cracks appeared on
the exterior wall under the
roof and floor slab in the
south staircase. In the east
section of the north part,
walls on the 1st and 2nd
story generally cracked,
walls on the 1st story
dislocated. Cracks in the
west section were relatively
small, especially on the 2nd
story.

Outline of Damage
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Emergency
building,
Tangshan
Coal
Mining
Bureau

Classroom
building,
No. 38
Middle
School

Laboratory
building,
No. 38
Middle
School

Apartment,
Design
Institute of
the Kailuan
Coal
Mining
Bureau

37

38

39

Name of
Building

36

Bldg.
No.

Plan
(unit: cm)

Grade
of
Mortar

1st: 3.60
2nd: 7.20
3rd: 10.80

1st: 3.00
2nd: 6.00
3rd: 9.00

3

1st: 3.75
2nd: 7.25

seriously
damaged

complete
ly
collapse
d

seriously
damaged

Built in 1955, central section 3 stories, 2
wings 2 stories. Exterior walls, sectioned
walls and staircase walls of 1st and 2nd
stories: 1 1/2B; others: 1B. On the 1st
story stone masonry was laid under the
window, cast-in-situ floor and roof slabs,
parapet wall 1 m in height.
Built in 1958, 2 buildings all-together. East
building was 2 units, the west was 4 units.
Loads supported by 3 longitudinal walls,
exterior walls, interior longitudinal wall on
the 1st story and walls of the staircase: 1
1/2B; walls in the unit and kitchen and
interior longitudinal wall and walls of the
staircase in the upper stories: 1B, width of
filled walls on 1st story was 12 cm; partition
walls on 2nd and 3rd stories, plastered batten
walls. Strength of mortar not uniform, R.C.
floor and roof slabs.

25

25

seriously
damaged

Damage
Degree

Built in 1955. Exterior walls: 1 1/2B;
interior walls: 1B, walls under the
window set back 12 cm, walls laid by
blue bricks and lime mortar. Stone
masonry was made under the window
of the 1st story. Cast-in-situ R.C. floor
slabs and a timber roof with a tile
ceiling, spandrel girths were installed
under the roof truss.

The west end of the 1st story was used
as a garage. Rubble foundation.
Exterior wall: 1 1/2B; interior walls:
1B. Stone veneer placed under
windowsills, cast-in-situ R.C. beams
and slabs, R.C. roof with ceiling.

Building Structure

10

1st: 3.50 1st
2nd: 6.60 story
50; 2nd
story
25

3

2

2

No. of
Stories

Elevatio
n of
Stories
(m)

Table 1. Continued.

Top story of the west building inclined to the
north. Longitudinal walls above the sill
cracked. Several parts of the walls fell down.
The roof inclined and collapsed about 1 m out
of the longitudinal wall. Northwest corner of
the top story of the east building partly
collapsed. Oblique cracks generally occurred
on the longitudinal and transverse walls on the
1st story of both buildings.

Entire building fell to the ground with all the
floor slabs folded together.

Oblique or cross cracks generally occurred on
longitudinal and transverse walls on the 1st
story. The corner of the walls of the staircase
and the gable wall dislocated. The connection
between the longitudinal wall and transverse
wall cracked in tension, the top of the east
gable wall fell and part of the roof collapsed.

Horizontal cracks occurred on the exterior
longitudinal walls on the 1st story above and
under window openings and below floor slab.
Horizontal and oblique cracks occurred on
interior longitudinal walls. Walls supporting
the door lintel loosened; cross cracks occurred,
irregular horizontal cracks and oblique cracks
occurred on longitudinal walls, horizontal
cracks also occurred under the windowsill.
Cross cracks appeared on a transverse wall
which dislocated. The corner of walls in the
staircase offset and bulged outward. At the
west end the walls between windows and in
the northwest corner collapsed.

Outline of Damage
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40

Bldg.
No.

3-story
apartment,
Culture
Buildings

Name of
Building

Plan
(unit: cm)
3

No. of
Stories

Grade
of
Mortar

1st: 3.15
50
2nd: 6.30 (10-25)
3rd: 9.45

Elevatio
n of
Stories
(m)
Built in 1964, 3 apartments with 3
units. Quality evaluation: No. 1 and 2
good workmanship, No. 3 not good.
The plan of the apartments was the
same except that the entrances of the
No. 1 and No. 2 apartments were
installed in the staircase instead of the
south side. A rubble foundation. Load
carried by both longitudinal and
transverse walls. Exterior walls: 1 1/2B;
interior bearing walls: 1B. Cast-in-situ
floor and roof slabs. Strength of mortar
by visual observation and measured by
rebounding apparatus: 50kg/cm2
generally, but difference in strength of
mortar existed on the 1st story. In the
No. 2 apartment the mortar strength in
the interior longitudinal and transverse
walls above the sill was relatively low,
no high than 25kg/cm2 for the
maximum. On the 1st story of the No. 3
apartment the strength of the mortar
was under 10, 16 courses of brick was
about 10kg/cm2; above 16th course not
lower than 50kg/cm2, mortar strength of
a single interior longitudinal wall was
the same through the wall.

Building Structure

Table 1. Continued.

No. 1
and No.
2
apartmen
ts
collapse
d
complete
ly; No. 3
apartmen
t was
seriously
damaged

Damage
Degree

The 1st story of the No. 1 and No. 2
apartments collapsed with the 2nd and 3rd
stories falling on the wall above the sill of the
1st story. Most of them did not collapse. The
No. 3 apartment cracked but did not collapse.
Horizontal cracks generally occurred on the
longitudinal and transverse walls of the 1st
story. Most of them did not collapse.
Horizontal cracks generally occurred on the
longitudinal and transverse walls on the 1st
story. Offset of the wall was obvious, with
large offset at the horizontal crack at the
bottom of the wall. Damage to the unit at the
east end was most serious with a displacement
up to 4-5 cm. Damage was reduced to the west.
Interior longitudinal walls had serious cracks
with crushed bricks. On the 2nd story fine
cracks extending to the oblique direction at
both ends occurred horizontally on most of the
walls, irregular horizontal cracks generally
existed on the wall from the top of window or
door openings to the floor slab on the top
story. Oblique cracks occurred in the corners
of one wall. The longitudinal wall of the
staircase bulged outward and vertical cracks
occurred on the transverse wall at the place it
protruded.

Outline of Damage
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2-story
apartment,
Culture
Building

Apartments
of the
Cultural
Revolution
Building

Separated
apartment,
Culture
Building

42

43

Name of
Building

41

Bldg.
No.

1st and 2nd story

Plan
(unit: cm)
1st: 3.00
2nd: 6.00

1st: 3.00
2nd: 6.00

1st: 3.00
2nd: 6.00

2

2

Elevation
of Stories
(m)

2

No. of
Stories

interior
wall
25;
exterior
wall 10

25 for
No. 3
and 4
apartments;
10 for
others

25

Grade
of
Mortar

Total of 16 bays, one lower bay and
one upper bay for each family. Gable
wall: 1 1/2B; transverse wall in
staircase: 1/2B through the height.
Interior longitudinal walls: lightweight
partition on the top story; 1B wall on
the 1st story. Pre-cast hollow core
floor slab, bearing gable wall with tile
roof.

Apartments with 2 units of the same
plan, 9 of such apartments were built
successively and completed in 1968.
Blue bricks were used for the No. 1
and No. 2 buildings (counting from
the north) and red bricks for others.
Construction site was high in the north
and lower in the south. Sites for the
No. 3 and 4 apartments were filled
land. Rubble foundation. Exterior
walls: 1 1/2B; interior transverse wall:
1B; interior longitudinal walls: 1/2B
but those in the staircase and those at
the end of a unit were 1B. Pre-cast
hollow core floor slab, channel-shaped
roof slabs with a layer of slag 10 cm
thick. Girth was installed on the top
story.

Built in 1967, 2 apartment buildings
with 2 units. Exterior walls: 1 1/2B;
interior bearing longitudinal and
transverse walls: 1B; partition wall:
1/2B. Cast-in-situ R.C. floor and roof
slab. Bearing gable walls with a
double sloping tile roof.

Building Structure

Table 1. Continued.

collapsed

moderatel
y
damaged,
collapsed

seriously
damaged

Damage
Degree

All exterior longitudinal walls collapsed and
transverse walls cracked.

Exterior longitudinal walls of the No. 1 and
No. 2 apartments fell down and west end wall
collapsed locally while others cracked
moderately. No. 3 and No. 4 apartments were
moderately damaged. Fine cracks occurred
generally on the 1st story, on the 2nd story
longitudinal walls bulged outward and the
connection between longitudinal and
transverse walls was pulled apart 4 cm. Fine
cracks existed on transverse walls and
horizontal cracks occurred under the roof
slab. In the No. 5 and No. 6 apartments the
exterior longitudinal walls fell down and the
others cracked moderately or seriously. Most
parts of the No. 7-9 apartments collapsed.

Cross cracks generally occurred on all walls
in both apartments. Tiles fell down, chimneys
collapsed. West corner of the north apartment
collapsed locally. Top story of the west unit
of the south apartment collapsed locally.

Outline of Damage

69

D-type
apartments,
Convalescence
Houses for
cadres

Apartments
with flat
roofs,
Convalescence
Houses for
cadres

2-story
apartments,
WorkerFarmerSoldiers
Building

45

46

Name of
Building

44

Bldg.
No.

Plan
(unit: cm)
1st: 3.20
2nd: 6.20

1st: 3.10
2nd: 6.20

1st: 2.90
2nd: 5.80

2

2

Elevation
of Stories
(m)

2

No. of
Stories

interior
longitu
-dinal
wall
25;
others
10

25

50

Grade
of
Mortar

2 apartments with 3 units, built in
1972. Rubble foundation laid by limeslag mortar with a lime-mud bedding
course. Exterior walls: 1 1/2B; interior
transverse walls: 1B; 2 interior
longitudinal walls 1/2B. Balcony
supported by brick columns. On the
2nd story 2µ4 reinforcing bars were
placed in the 4 corners and the
connection between the gable wall and
the interior longitudinal wall every 5
brick courses, extending in each wall
95 cm long. No plaster on the outer
surface of the exterior wall. Pre-cast
prestressed hollow core floor and roof
slabs.

2 apartments with 2 units. The west
one had an attached single-story
house. Exterior walls: 1 1/2B; interior
walls: 1B; partition wall: 1/2B. No
plaster on the outer surface of the
exterior wall. Pre-cast hollow core
floor and roof slabs.

4 apartments with 2 units built in
1965. Exterior walls: 1 1/2B; interior
bearing walls: 1B; filled walls: 1/2B.
No plaster on the exterior surface of
the exterior walls. Pre-cast hollow
core floor slabs. Timber truss with 4slope tile roof, batten ceiling.

Building Structure

Table 1. Continued.

Damage to these 2 apartments was similar.
Exterior longitudinal walls mostly collapsed
with part of the transverse walls and floor
slabs. The west end of the unit collapsed.
Part of the filled walls, 12 cm thick, fell
down.

Walls in the west apartment cracked.
Oblique and cross cracks occurred on both
longitudinal and transverse walls.
Dislocation of walls was apparent. The top
of the longitudinal wall displaced outward
up to 50-60 cm. The window arch at the
southeast corner of the 2nd story fell down.
The east apartment was damaged more
seriously. The panel at the west end of the
2nd story collapsed. The northeast corner of
the building fell down. Cracks on walls
were similar to the other apartment.

seriously
damaged

collapsed

Serious damage to 3 apartments, the others
(in the northwest) were moderately
damaged. Longitudinal and transverse walls
cracked generally. Oblique or cross cracks
occurred on transverse walls which
dislocated generally. Longitudinal wall
displaced outward under the support of the
roof truss. Longitudinal wall of the
southwest apartment bulged outward 8 cm,
those apartments in the northwest for 2 cm
and to the south and north 4 cm. No walls
fell, chimneys on the roof overturned
generally.

Outline of Damage

moderately
to seriously
damaged

Damage
Degree

70

3-story
apartments,
WorkerFarmerSoldiers
Building

Apartments
of the
Construction
Building

48

Name of
Building

47

Bldg.
No.

Plan
(unit: cm)

4 (3)

3

No. of
Stories

1st:
2nd:
3rd:
4th:

2.90
5.80
8.70
11.40

1st: 2.86
2nd: 5.72
3rd: 8.38

Elevation
of Stories
(m)

1st and
2nd
stories:
interior
walls
50,
exterior
walls
25; 3rd
and 4th
stories:
interior
walls
25,
exterior
walls
10

wall on
1st
story
and
1/2B
walls
25;
others
10

Grade
of
Mortar

Apartments with 2 units. The south
apartment was 3 stories, the others
were 4 stories. Plate stone foundation.
In the middle of the site there was a
pool which had been partly excavated
for treatment. Built in the winter,
therefore, workmanship was relatively
poor. Exterior walls: 1 1/2B; interior
transverse bearing walls and interior
longitudinal walls in the end panel:
1B; partition wall: 1/2B. From the 2nd
story, 2µ4 bars were placed in the wall
every 5 brick courses. Prestressed
hollow core floor and roof slabs.
Girths were placed above the window
opening on the top story and closed
girths were placed on the longitudinal
and transverse walls in the end panel
on the 3rd and 4th stories.

7 apartments with 5 units, built in
1972-1974. Plate stone foundation.
Exterior walls: 1 1/2B; interior
transverse walls: 1B; interior
longitudinal walls except for those in
the end panel (1B): 1/2B. 2µ4
reinforcing bars were placed in the 4
corners, connection between gable
wall and interior longitudinal walls
every 5 brick courses on 2nd and 3rd
stories. Prestressed hollow core floor
and roof slabs. Girths were installed
above the window opening on the top
story running through the longitudinal
and transverse walls in both end
panels. In the No. 4-7 apartments
closed girths were installed in the 2
end panels.

Building Structure

Table 1. Continued.

collapsed

collapsed,
demolished
completely

Damage
Degree

Damage to the 3 apartments was similar, all
the middle portions of which collapsed
completely. It is said that the upper 2 stories
collapsed first and fell on the 1st story.
Longitudinal walls on the ends fell down
leaving the interior longitudinal walls and
part of the transverse walls on the 1st to 4th
stories standing.

Damage to the 7 apartments was similar.
Generally, the 2nd and 3rd stories of the
apartments collapsed with the 1st story
remaining except for a few that fell down
completely. In 2 south apartments 2 panels
cracked but did not collapse.

Outline of Damage
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Office
building,
Foreign
Trade
Bureau,
Prefectural

Name of
Building

Plan
(unit: cm)

58

Classroom
building, No.
21 Middle
School

3

4

No. of
Stories

Building Nos. 50-57 on Yuejin Road (see the following for details)

49

Bldg.
No.
3.30
6.60
9.90
13.20

1st: 3.60
2nd: 7.20
3rd: 11.20

1st:
2nd:
3rd:
4th:

Elevation
of Stories
(m)

50
25
25

50

Grade
of
Mortar

T-shaped plan. The portion west of the
entrance hall was 2 stories. Expansion
joint was installed in the middle of the
east portion. Rubble foundation. West
portion: exterior walls 1 1/2B; interior
walls 1B. Other portions: partition
walls on the top story and longitudinal
walls in the corridor 1B; other interior
walls 1 1/2B. No plaster on the outer
surface of the exterior walls. Pre-cast
hollow core floor and roof slabs used.
Girths installed in every story and
those on the 1st and 2nd stories acted
as lintels.

Rubble foundation. Foundation beams
were installed under exterior walls,
staircase and transverse walls in the
entrance hall. Exterior and interior
walls on 1st story, exterior walls
above 2nd story, transverse walls in
the entrance hall and staircase: 1 1/2B;
other: 1B. The opening for the heating
ventilator under the window was set
back by 25 cm. Pre-cast hollow core
floor and roof slabs. Entrance hall,
staircase, toilets, eaves were made of
cast-in-situ concrete. Spandrel beams
were placed above the window
opening on each story running
through the interior longitudinal walls,
entrance hall and transverse walls in
the staircase.

Building Structure

Table 1. Continued.

seriously
damaged

seriously
damaged

Damage
Degree

Roof of the north wing building inclined to
the west and collapsed. The end of the west
portion settled; corners of the wall and roof
partly fell down. Walls seriously cracked
and slipped, the corner of the entrance hall
collapsed.

Walls failed in shear with those on the 2nd
story the most serious and those on the 1st
story even more serious. Cracks and offsets
on walls on the 3rd story were not obvious.
Horizontal cracks occurred on the
longitudinal and transverse walls under the
slab of the 4th story, exterior walls bulged.
The gable wall fractured at the floor slab.
Cross cracks occurred on the exterior
longitudinal wall between the upper and
lower windows. 2 corners on the 3rd and
4th stories fell down locally. Part of the
hollow slabs in large rooms fell down. Most
of the roof slab offset seriously. Slab joints
cracked, especially those on the 3rd story.

Outline of Damage
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E1 building,
Municipal
No. 2 Guest
House

E2 building,
Municipal
No. 2 Guest
House

Garage, No.
2 Municipal
Guest House

60

61

Name of
Building

59

Bldg.
No.

Bldg. No.
story wall

Plan
(unit: cm)
1st: 3.25
2nd: 6.60

1st: 3.25
2nd: 6.50

1st: 3.60
2nd: 6.80

2

2

Elevation
of Stories
(m)

2

No. of
Stories

25
(50)
25

4
10

4

Grade
of
Mortar

Exterior walls: 1 1/2B; interior walls:
1B. 4 R.C. columns (inner) up to the
roof. T-shaped brick columns installed
in front of the story. Piers were added
for the back wall. Beam-girder and
hollow slab floor system. The roof
was beam and hollow slab structure. 2
girths, outer staircase.

Rubble foundation and plinth, all blue
brick walls 1B. Poured-in-situ R.C.
floor and roof slabs, ceiling only on
the two story. In the southeast corner
of the 2nd story the original large
room was partitioned by two 1/2B
filled walls.

Built in the 1950’s. Rubble
foundation. Blue brick wall: exterior
walls 1 1/2B; interior walls 1B laid by
lime-sand mortar. Poured-in-situ R.C.
floor slab with a layer of slag and
cement finishing. Roof supported by
gables with wood sheathing and tiles
and batten ceiling.

Building Structure

Table 1. Continued.

seriously
damaged

seriously
damaged

seriously
damaged

Damage
Degree

Inclined cracks occurred on transverse walls
on the 1st story. Bottom of the brick
columns in 2 corners were fractured by
shear and seriously crushed connecting with
the shear cracks of the wall. Cross cracks
occurred on the back longitudinal wall,
which seriously dislocated. Tops of the R.C.
columns cracked. Fine splay cracks
occurred at the corner of the window on the
2nd story. Fine cracks existed on partition
walls.

Oblique or cross cracks occurred generally
on exterior and interior walls and those on
the 1st story were heavier than those on the
2nd story, corners of the staircase on the
2nd story fell down. The west gable wall
dislocated. Exterior longitudinal wall offset
and bulged outward at one brick course
under the roof slab. Moderate oblique
cracks occurred on interior longitudinal
walls; moderate or fine cracks occurred on
interior transverse walls. 2 partition walls
collapsed.

Cross cracks occurred on both exterior and
interior walls. Walls on the 1st story offset
seriously. Plaster on the interior wall
surface fell down in large amounts. The
southwest corner of the wall on the 2nd
story fell down.

Outline of Damage
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E3 building,
No. 2
Municipal
Guest House

Grey
apartments,
Qixin
Cement Plant

63

Name of
Building

62

Bldg.
No.

Plan
(unit: cm)
1st: 3.00
2nd: 6.00
3rd: 9.00

1st: 3.00
2nd: 6.00
3rd: 9.00

3

Elevation
of Stories
(m)

3

No. of
Stories

70

25

Grade
of
Mortar

2 apartments with 2 units. Not used
for living during the quake. Bedrock
and rubble foundation with beams.
Exterior walls: 1 1/2B; interior
bearing transverse walls: 1B; others:
1/2B. Fly ash bricks used. 25 bars
were placed every 5 courses in 4
corners above the 2nd story and at the
connection of the gable wall and
interior walls. Pre-stressed hollow
core floor and roof slabs. A layer of 7
cm of fly ash and 2 cm of cement
mortar plus 4 cm of fine aggregate
concrete were placed on the roof.
Girths were installed for each story.

Not completed during the quake.
Before the quake pre-cast slabs had
been installed on each story. Girths
had not been installed yet. Bedrock
and rubble foundation with R.C.
beams. Exterior walls: 1 1/2B; interior
walls: 1B; width of deformation joint:
3 cm; courses between longitudinal
and transverse walls did not overlap.
Three 2µ4 tie bars were placed on the
wall for each story. Hollow slabs were
used for floor and roof; solid slabs for
corridor. Girths were installed in each
story.

Building Structure

Table 1. Continued.

slightly
damaged

slight
damage to
1st and 2nd
stories,
serious
damage to
top story

Damage
Degree

Fine cracks occurred on walls between
windows, gable and transverse walls of the
staircase on the 1st and 2nd stories. The
amount of cracks on the 2nd story was less
than that on the 1st story. Roof slabs
displaced slightly. 21 small chimneys on the
roof were intact except one twisted.

The longitudinal walls on the 3rd story
bulged and separated with the transverse
wall. The tie bars on the wall were exposed
and some fractured. Cracks on transverse
walls mostly occurred near the upper corner
of the exterior wall and below 1.2 m
approximately. Cracks extended downward
vertically until half of the wall height and
then inclined to the ground. The pre-cast
slab on the east wall without anchorage on
the top story fell down. No obvious damage
to walls on the 1st and 2nd story was found.

Outline of Damage
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Red
apartments,
Qixin
Cement Plant

South
classroom
building,
Kailuan No.
3 Middle
School

North
classroom
building,
Kailuan No.
3 Middle
School

65

66

Name of
Building

64

Bldg.
No.

Plan
(unit: cm)
1st: 2.90
2nd: 5.80
3rd: 8.70

1st: 3.40
2nd: 6.80

1st: 3.40
2nd: 6.80

2

2

Elevation
of Stories
(m)

3

No. of
Stories

25-10

25

25

Grade
of
Mortar

Exposed bedrock occurred north of
the building. Plan was the same as the
north classroom building except the
staircase was placed on the end.

Rubble foundation. Exterior walls: 1
1/2B; interior walls: 1B. Mortar used:
cement-lime-slag mortar. No plaster
on the outer surface of the exterior
wall. Cast-in-situ beams and slabs for
floors and roofs. A through window
lintel in a longitudinal direction.

3 apartments with one unit. Weathered
limestone site with local layers of soil.
A steep slope existed about 10 m apart
from the apartment. Structure of the
building was basically similar to that
of the gray apartment except the
interior longitudinal walls were not in
the same axis and a window existed
on the gable wall. Girths were
installed in the top story. Courses
were overlapped every 5 courses at the
connection of longitudinal and
transverse walls on the 2nd and 3rd
story. No connection between walls
on the 1st story. No tie bars were
placed on walls.

Building Structure

Table 1. Continued.

moderately
damaged

seriously
damaged

seriously
damaged to
partly
collapsed

Damage
Degree

Oblique cracks occurred on the south
longitudinal wall and the upper part of the
west gable. Fine cross cracks occurred on
the north longitudinal wall under the beam.
Horizontal cracks on the wall between
windows. Horizontal crack and cross crack
occurred on the transverse wall of the
classroom above the blackboard. Cross
cracks occurred on the upper part of the east
gable. The north longitudinal wall bulged
outward 10 cm.

Cross cracks occurred on transverse walls
on the 1st story; oblique cracks on south
longitudinal wall. Horizontal cracks on the
north longitudinal wall along the
windowsill; oblique cracks at the bottom of
beams and horizontal cracks on top of
columns. Offset occurred at the oblique
crack on the transverse wall on the 2nd
story; horizontal cracks occurred between
the roof and walls. The north longitudinal
wall bulged outward. Offset occurred on the
wall under the girths with a maximum of
12 cm. Oblique cracks occurred on the
south longitudinal wall.

Shear cracks, offset, cracking occurred
generally on walls. Cracks on the interior
wall extended mostly toward the lower
corner of the wall. Connections between
longitudinal and transverse walls were
mostly separated. In 2 apartments the room
in the southeast corner and the north
longitudinal wall collapsed together with
part of the transverse walls and slabs.

Outline of Damage
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1st:
2nd:
3rd:
4th:

Old
classroom
building, No.
27 Middle
School

New class
building, No.
27 Middle
School

69

70

1st: 3.30
2nd: 6.60
(6.30)

1st: 3.45
2nd: 6.00
3rd: 10.35

2

3

3.00
6.00
9.00
12.00

Elevation
of Stories
(m)

No. 5 building, No. 1 Municipal Guest House (see the following detail)

4 930

No. of
Stories

68

Plan
(unit: cm)

Apartments
of Peoples’
Building

Name of
Building

67

Bldg.
No.

Built in 1970. Rubble foundation. All
brick walls: 1B. No plaster on the
outer surface of the exterior wall. Precast R.C. beams and hollow floor and
roof slabs. Girths were installed on the
top story. Parapet was 80 cm high.
Elevation of classrooms at both ends
and those in the central section
(entrance hall) were 30 cm lower than
the classrooms in the middle sections.
Bearing stratum: gangue. Rubble
foundation with a depth 1.6-2.8 m on
the 1st story, the wall under the sill
was laid by rubble. Other walls: brick
walls. Exterior walls: 1 1/2B; interior
walls: 1B. No plaster on the outer
surface of the exterior wall. Pre-cast
hollow core floor and roof slabs,
channel-shaped slabs were used in the
corridor on the 3rd story. R.C. beams:
pre-cast on 1st story, cast-in-situ on
2nd and 3rd stories. Girths were
installed in each story poured together
with the cantilever beam of the eave in
the top story.

50

3 apartments with 3 units 2 of which
were 4 stories and one was 3 stories
which changed from the original 4
stories because cracks were found on
the foundation beam during
construction. Built on filled land.
Rubble foundation. Exterior walls: 1
1/2B; interior transverse walls: 1B;
interior longitudinal walls except
those facing the staircase (1B): 1/2B.
Pre-cast hollow core roof and floor
slabs.

Building Structure

50

1st
story
50;
upper
stories
25

Grade
of
Mortar

Table 1. Continued.

The parapet collapsed. A vertical crack
occurred at the connection between
longitudinal and transverse walls. Damage
to 2nd story was heavier than to 1st story. A
through horizontal crack existed on the
transverse wall at the variation of elevations
of the building.

Oblique or cross cracks occurred on
longitudinal and transverse walls on each
story. Serious cross cracks occurred on
walls under the beam, walls in the staircase
were seriously cracked and dislocated. The
east gable wall under the roof slab fractured
completely and was crushed and dislocated.
Joints of slabs separated, some of the beams
and slabs in the top story offset.

seriously
damaged

Two 4-story apartments collapsed; the north
one completely collapsed during the main
shock; the middle one partly collapsed
during the main shock then completely
collapsed during the strong aftershock. The
3-story was seriously damaged and then
partly collapsed in the aftershock.

Outline of Damage

moderately
damaged

collapsed
completely
(seriously
damaged)

Damage
Degree

76

Apartments,
Ceramics
Plant

Apartments,
Coal Mining
Construction
Co.

Type A
apartments,
Mining
Machinery
Plant

Type B
apartment,
Mining
Machinery
Plant

Apartments
in Diaoyutai,
Municipal
Construction
Co.

72

73

74

75

Name of
Building

71

Bldg.
No.

Plan
(unit: cm)

1st:
2nd:
3rd:
4th:

4

2.90
5.90
8.85
11.80

1st: 3.20
2nd: 6.40

2

1st: 3.20
2nd: 6.40

1st: 3.10
2nd: 6.20

2

2

1st: 3.00
2nd: 6.00
3rd: 9.00

Elevation
of Stories
(m)

3

No. of
Stories

25

25

10

25

50

Grade
of
Mortar

basically
intact

seriously
damaged

4 apartments with 2 units facing the
Douhe River to the north. Soft site soil;
rubble foundation. Exterior walls: 1
1/2B; interior transverse walls and
longitudinal walls facing the staircase:
1B; other: 1/2B. No plaster on the outer
surface of the exterior wall. Pre-cast
hollow core floor and roof slabs. A girth
was installed in the top story. Built
during the winter. Plans were similar.

slightly
damaged

slightly
damaged

Damage
Degree

1 apartment with 3 units. Structure
same as Type A.

4 buildings with 3 units. Rubble
foundation. Exterior walls on 1st story
were made of rubble with lime-slag
mortar 40 cm thick; interior walls:
brick walls, 1B. On 2nd story all walls
were brick walls, 1B thick, and gable
walls, 1 1/2B. Pre-cast hollow core
floor and roof slabs.

2 buildings with one unit. Built in
1976, first built was the west one with
10 panels then the east one with 8
panels. Rubble foundation. Exterior
walls: 1 1/2B; interior walls: 1B;
interior longitudinal walls: 18 cm
wide. Exterior walls under the sill of
the 1st story were laid with rubble;
other walls were brick. No plaster on
the outer surface of the exterior walls.
Pre-cast hollow core floor and roof
slabs. 2 girths installed.

Plan was a combination of 2 units
before the quake but not in operation.
Rubble foundation. Exterior walls: 1
1/2B; interior walls: 1B; partition
walls: 1/2B. No plaster on the outer
surface of the exterior wall. Pre-cast
hollow core floor and roof slabs.

Building Structure

Table 1. Continued.

Damage to 4 apartments was similar.
Foundation settled differentially. Projecting
staircase cracked vertically and bulged.
Cracks on exterior longitudinal walls in the
lower stories were more serious than the
upper ones (mostly vertical cracks). Oblique
cracks occurred on a few walls between
windows.

Obvious damage not observed.

Small cracks occurred at the corner of doors
and windows.

Splay cracks occurred at the corner of
windows and doors. Fine cracks occurred
on longitudinal walls on 1st, 2nd, 3rd and
6th panel, counted from the west and east
end panel.

Longitudinal and transverse walls on 1st
story failed in shear, cross cracks occurred
on the exterior longitudinal wall in large
numbers. Interior transverse walls displaced
with unobvious offset. Damage to 2nd and
3rd stories not serious.

Outline of Damage

77

Apartment in
Diaoyutai,
Tangshan
Steel Plant

Classroom
building at
the Tangshan
Steel Plant
Middle
School

77

Name of
Building

76

Bldg.
No.

Plan
(unit: cm)

1st: 3.60
2nd: 7.20
3rd: 11.20

3

3.00
6.00
9.00
12.00

1st:
2nd:
3rd:
4th:

Elevation
of Stories
(m)

4

No. of
Stories
4 apartments with a combination of
units. No. 1 in the north was 4 units,
No. 2 in the north was 6 units; and
Nos. 3 and 4 in the south were 3 units.
A deformation joint was installed
between 2 walls for all apartments;
soft site soil. The west end of the 2
apartments in the south and the east
end of the 2 in the north were built on
a filled ditch. Walls were made of slag
bricks. Exterior walls and those in the
staircase: 1 1/2B; interior walls: 1B;
filled walls: 1/2B. Middle section of
the wall was cut for flue and the
thickness was increased for 22 cm.
Design strength of mortar: 50kg/cm2;
measured strength by rebound
apparatus and visual judgment,
50kg/cm2 mostly. Those in the 2nd
story of No. 1 in the south were
25kg/cm2. Pre-cast hollow core slabs
were used for floor and roof, except
those in the kitchen and toilet which
were cast-in-situ. A pre-cast
cantilever-type staircase was used.
Girths were placed above the window
on each story.
L-shaped plan; no expansion joint;
rubble foundation with a layer of lime
mud bedding course. Exterior walls
made of slag brick; interior walls, clay
bricks. Walls of 1 1/2B except the
longitudinal walls in the corridor and
transverse walls on the 3rd story were
1B. Part of the exterior walls were
plastered except for the entrance hall
and staircase which were made of precast beams and hollow core slabs.
Girths were installed on each story
and those on the 1st and 2nd stories
were placed above the window and on
the top story under the eave.

25

Building Structure

50
individ
ual, 1025

Grade
of
Mortar

Table 1. Continued.

Shear cracks occurred generally on the
longitudinal and transverse walls on the 1st
story of the 2 apartments in the north, with
obvious offset; oblique cracks occurred on
the 2nd story; on the 3rd story oblique
cracks occurred on longitudinal walls and
only occurred on transverse walls with no
flue; through horizontal cracks occurred
above windows on the 4th story; oblique
cracks occurred on individual longitudinal
and transverse walls. Although 2 ends of the
2 apartments in the south settled in the
quake the damage was slighter than to the
other 2 moderately damaged ones in the
north. Oblique cracks occurred on the two
ends of the longitudinal wall due to
settlement; oblique cracks occurred on part
of the transverse wall; central units were
basically intact. No obvious damage to the
cantilever stairs and walls at the fixed ends
was found.

The entrance hall and classroom next to the
hall collapsed. The gable wall in the north
wing collapsed but the classroom composed
of 4 panels and corridors on 1st-3rd stories
survived, most of the east wing collapsed.
The remaining 1st story was seriously
damaged. Walls cracked and offset was
found.

collapsed

Outline of Damage

seriously
damaged to
moderately
damaged

Damage
Degree

78

Design
building,
Tangshan
Steel Plant

Construction
building,
Tangshan
Steel Plant

Library of
the
Technical
Division,
Tangshan
Steel Plant

79

80

Name of
Building

78

Bldg.
No.

Plan
(unit: cm)

1st: 3.35
2nd: 6.70

2

3.25
6.50
9.75
13.00

1st:
2nd:
3rd:
4th:

4

3.60
7.20
10.80
14.40
18.00

1st:
2nd:
3rd:
4th:
5th:

Elevation
of Stories
(m)

4 (5)

No. of
Stories

25

25

25

Grade
of
Mortar

A cantilevered exterior corridor;
rubble foundation; exterior walls: 1
1/2B; interior walls: 1B. Blue brick
walls. No plaster on the outer surface
of the exterior wall. I-beams were
used for floor and roof slabs and the
cantilever beam in the corridor. Precast hollow core slabs. Exterior
staircases.

Located west of the design building
(No. 78), 16 m apart. An expansion
joint was installed between two walls
in the middle section. The structures
on both sides were similar. Rubble
foundation. Exterior walls, transverse
walls in the entrance hall and staircase
and interior walls on the 1st story: 1
1/2B; others: 1B. Hollow core floor
and roof slabs

The entrance hall section was 5
stories; both side sections were 4
stories. No expansion joint installed.
The building was originally designed
for 3 and 4 stories and one story was
added afterwards. Not in service
before the quake. Rubble foundation.
Exterior walls, transverse walls in the
middle section and transverse walls
with a door opening in the north on
the 1st story: 1 1/2B; other interior
walls: 1B. 5 stories in the middle
section were not partitioned. Pre-cast
R.C. hollow core floor and roof slabs.
Girths were installed in each story and
ran through the sectioned transverse
wall and girths were also installed in
the interior longitudinal walls of the
top story.

Building Structure

Table 1. Continued.

collapsed

seriously
damaged

collapsed
completely,
parts
seriously
damaged

Damage
Degree

10 panels in the west collapsed. 5 panels in
the east survived. Cross cracks occurred on
the corridor wall on the 1st story which
offset seriously and was crushed as well as
loosened. Window openings distorted, the
upper story inclined and fell down. Through
horizontal cracks occurred on transverse
walls.

Sand spouted from the indoor surface and
accumulated up to the windowsill. The
building settled differentially, more in the
east and less in the west. An exterior
longitudinal wall bulged and nearly fell
down. Cross-cracks occurred on walls
between windows, spandrel walls cracked.
Oblique and cross-cracks occurred on
interior walls.

1 transverse crack 17 cm wide occurred on
the ground between the entrance hall and
the east section. The east section partly
collapsed during the M7.8 quake and
collapsed completely in the M7.1
aftershock; the top story in the middle
section collapsed; in the west section the
exterior longitudinal wall settled; a
longitudinal crack occurred in the corridor;
oblique cracks occurred on longitudinal and
transverse walls; top story partly collapsed.

Outline of Damage

79

Guest House,
Tangshan
Steel Plant

Trade Union
building,
Tangshan
Steel Plant

Physical and
Chemical
Research
building,
Institute of
Steel and
Iron

82

83

Name of
Building

81

Bldg.
No.

no such wall on 2nd story

Plan
(unit: cm)

2

1st: 3.90
2nd: 7.80

1st: 3.60
2nd: 7.20

2

3.20
6.40
9.60
12.80

1st:
2nd:
3rd:
4th:

Elevation
of Stories
(m)

4

No. of
Stories

exterior
walls,
25;
interior
walls
on 2nd
story,
10

25

25

Grade
of
Mortar

Built in 1950. Rubble foundation.
Exterior walls: 1 1/2B; interior walls:
1B. No plaster on the outer surface of
the exterior wall. Plaster in the rooms
was relatively thick, generally greater
than 4 cm. Cast-in-situ floor and roof
slabs, wood roof truss with tiles.

Cantilevered built-out corridor. 28
panels total, 10 panels of which were
in the east section. Rubble foundation;
blue brick walls. Exterior walls: 1
1/2B; interior walls: 1B, girth in 2nd
story was used as lintels. Floor and
roof system: pre-cast hollow core
slabs placed on steel girders.

Located about 50 m from the bank of
the Douhe River to the west. An
expansion joint was installed between
the walls. There were 17 panels in the
north and 14 in the south. In the
northern half an air-raid prevention
tunnel approximately 1.5 m wide
passed through the foundation
laterally and then extended southnorthward parallel to the building at a
distance of about 5-6 m from the
exterior wall. Rubble foundation.
There were cast-in-situ R.C. slabs
over the air-raid prevention tunnel.
Exterior walls: 1 1/2B; interior walls:
1B. No plaster on the outer surface of
exterior walls. Blue brick walls. Precast R.C. floor and roof slabs, a girth
was installed in the top story.

Building Structure

Table 1. Continued.

slightly
damaged

basically
intact

seriously
damaged

Damage
Degree

Fine shear cracks appeared on the wall
between windows on the 1st story.

Fine cracks occurred on part of the exterior
walls of the 1st story. (It was reported by
the plant authorities that the club building
south of this building had a pile foundation
and an oil tank under the surface; a raft
foundation was used).

Damage to the building in the main shock
was not serious but became more serious
successively and nearly collapsed in a
period of 10 months after the quake;
longitudinal walls settled and bulged; cross
cracks occurred on walls between windows
on the 1st story. Cracks were widened with
the settlement of the wall foundation.
Vertical, oblique and cross cracks occurred
on walls between windows and spandrel
walls and were more serious in the east than
in the west. In the east section transverse
walls and slabs were separated from the
interior longitudinal wall forming a
longitudinal crack, the upper part of which
was greater than the lower part. Cracks on
the floor slab were 15 cm in width on the
top story. Oblique and cross cracks
occurred on interior longitudinal and
transverse walls; cross cracks on spandrel
wall. The ground cracked like a wave with a
height of approximately several tens of
centimeters. The air-raid tunnel partly
settled about 50 cm.

Outline of Damage

80

1st: 3.40
2nd: 6.80
3rd: 10.20

3

no such walls on 3rd story

Administration
building,
Tangshan
Steel Plant

86

1st: 3.30
2nd: 6.60
3rd: 9.90

3

Elevation
of Stories
(m)

Change room
building of
the No. 1
Steel
Refinery
Plant

No. of
Stories
1st: 3.30
2nd: 6.60
3rd: 9.90

85

Plan
(unit: cm)
3

New office
building of
the No. 1
Steel
Refinery
Plant,
Tangshan
Steel Plant

Name of
Building

84

Bldg.
No.

50

10

25

Grade
of
Mortar

Soft foundation soil, rubble
foundation. Exterior walls under the
sill were made of bricks, other slag
bricks; interior walls; adobe. Exterior
walls: 1 1/2B; interior walls: 1B. No
plaster on the outer surface of exterior
walls. Mortar used for laying walls,
80kg/cm2 but by judgment only
50kg/cm2. Floor and roof systems
were made of I-steel beams and precast hollow slabs. Built-out corridor
and canopy. Girth installed above the
window opening on top story.

Built in 1958. Rubble foundation and
unoxidized clay brick walls. Exterior
walls and interior longitudinal walls
on 1st story: 1 1/2B; others: 1B. No
plaster on outer surface of the exterior
walls. Load bearing longitudinal
walls. Cast-in-situ R.C. floor and roof
slabs. Timber roof truss with a ceiling
hung with inverted T-shaped R.C.
beams. No girth was installed. An
expansion joint was placed next to the
east staircase.

Rubble foundation; brick walls.
Exterior walls: 1 1/2B; interior walls:
1B. No plaster on the outer surface of
exterior wall. Strength of mortar for
the exterior longitudinal wall on 1st
story was higher above 50kg/cm2. Precast hollow core floor and roof slabs.
One foundation beam was installed in
each story.

Building Structure

Table 1. Continued.

seriously
damaged

top story
collapsed

moderately
damaged

Damage
Degree

Serious shear cracks occurred on transverse
walls on 1st story which displaced about
12 cm in an east direction as well as in a
west direction; more serious at the north end
than at the south end. It appeared that the
foundation partly settled; cracks on the
longitudinal walls were mostly due to offset
of the transverse walls on the 2nd story;
horizontal cracks occurred on the wall
under the girth on the 3rd story.

Top story collapsed. Fine cracks occurred
on walls on the 1st and 2nd stories. There
were shear cracks on the middle section of
the north exterior longitudinal wall of the
1st and 2nd stories.

Horizontal cracks occurred on the exterior
longitudinal walls above and under
windows on the 1st story and under
windows on the 2nd story. Fine oblique
cracks occurred on a wall between
windows. Fine oblique cracks or cross
cracks appeared on the gable wall on the 1st
story. Large cross cracks appeared on
spandrel walls on the 2nd and 3rd story.
Oblique cracks occurred on interior
longitudinal walls, especially on the 1st
story. Nearly through horizontal cracks
occurred under the floor slab about 0.5 m
apart from the slab.

Outline of Damage

81

3-story
apartments in
the north
Worker’s
House,
Tangshan
Steel Plant

2-story
apartments in
the north
Worker’s
House,
Tangshan
Steel Plant

Office
building,
Architectural
Ceramics
Plant

88

89

Name of
Building

87

Bldg.
No.

same as No. 49

Plan
(unit: cm)

1st:
2nd:
3rd:
4th:

3.40
6.80
10.20
13.60

1st: 3.00
2nd: 6.00

2

4

1st: 3.00
2nd: 6.00
3rd: 9.00

Elevation
of Stories
(m)

3

No. of
Stories

25

limemortar
10

25

Grade
of
Mortar

Built based on the design of the
Tangshan Municipal Party Committee
Building. Located southwest of Jiajia
Hill on the east bank of the Douhe
River. The foundation in the west was
deeper than in the east. The
foundation was excavated to the
original soil with a maximum depth of
approximately 4 m. Rubble
foundation.

6 apartments with 3 units.
Longitudinal and transverse walls
were used for load bearing. Cast-insitu R.C. floor and roof slabs. Exterior
walls: 1 1/2B; interior bearing walls:
1B; partition walls in the middle of a
unit: 1/2B. Parapet wall: 50 cm high,
north of the site was a filled pit.
Settlement was observed before the
quake. The 3 apartments in the north
had been strengthened before the
quake.

3 apartments with 3 units. Located on
the first-step platform, north of the
plant area and east of the Douhe
River. The 2 apartments in the north
had a basement 2.5 m deep, the rubble
concrete wall of which was in line
with the walls of the apartment
vertically. The 3 longitudinal walls
were used for bearing loads. Exterior
walls and interior longitudinal walls
on the 1st story: 1 1/2B; others: 1B.
Batten walls were used for
partitioning. Pre-cast hollow core
floor slabs. Timber roof truss with
tiles. R.C. beams; wood joints; batten
plastered ceiling; no girths installed.

Building Structure

Table 1. Continued.

seriously
damaged

slightly
damaged to
seriously
damaged

moderately
damaged to
collapsed

Damage
Degree

Cross cracks nearly occurred on all spandrel
walls on every story; cracks became more
serious on the 1st and 2nd stories and were
not as serious in the upper stories; shear
cracks existed on interior longitudinal walls
and were more serious on the 1st and 2nd
stories. Some walls had been crushed. In the
southeast corner of the wall, level with the
top of the window on the 2nd story, some
bricks fell down.

West gable wall of the 1st apartment in the
north collapsed. Walls on the top story
cracked; in the 2nd apartment in the north
corners of the wall on the top story seriously
cracked; in the 3rd apartment oblique cracks
occurred on most of the exterior longitudinal
walls on the 1st story, corners of walls on the
top story cracked and walls displaced. The
foundation settled differentially before the
quake. The middle section of the building had
a vertical crack. In the 4th apartment oblique
cracks occurred on the south longitudinal wall,
they were less serious than those in the 3rd
apartment. The 5th apartment was slightly
cracked.

A ground crack passed through the
apartment in the south, the 2nd and 3rd
stories of the west unit of which collapsed
and the corner of the east unit fell down. In
the central and north one a corner of the
building cracked and walls dislocated more
seriously in the aftershock. The north
longitudinal wall on the top story cracked
due to the thrust of the roof truss and the
longitudinal walls were separated from the
transverse walls. Horizontal cracks occurred
on the gable wall at the floor slab on the 3rd
story and oblique cracks occurred on part of
the exterior longitudinal walls on the 2nd
story.

Outline of Damage

82

Dormitory
building,
Architectural
Ceramics
Plant

Office
building of
the Beimen
Workshop,
Architectural
Ceramics
Plant

Office
building of
the Iron
Refining
Plant,
Tangshan
Steel Plant

Change room
building for
the blast
furnace
workers, Iron
Refining
Plant

91

92

93

Name of
Building

90

Bldg.
No.

Story 2

Plan
(unit: cm)
1st: 3.00
2nd: 5.90

1st: 3.25
2nd: 6.50

1st: 3.30
2nd: 6.60
3rd: 9.90

1st: 3.20
2nd: 6.40

2

3

2

Elevation
of Stories
(m)

2

No. of
Stories

25

exterior
walls,
50;
interior
walls,
25-50

25

50

Grade
of
Mortar

The foundation was installed on the
original layer; rubble foundation with
a depth above 2 m generally. Exterior
walls: 1 1/2B; interior walls: 1B. No
plaster on the outer surface of exterior
walls. Pre-cast hollow core floor and
roof slabs. No girths.

Rubble foundation. Exterior walls,
transverse walls in the hall and
staircase: 1 1/2B; other interior walls:
1B. No plaster on the outer surface of
exterior walls. Pre-cast hollow core
floor and roof slabs. Built based on
the design of the Tangshan Municipal
Party Committee Building, but with
some modifications.

Located east of Douhe River and west
of Jiajia Hill. The site soil to the north
was good but that to the south was
relatively poor. An R.C. foundation
was south of the staircase above
which rubble was laid. North of the
building was a rubble foundation.
Interior walls: 1B; exterior walls: 1
1/2B. Mortar was not uniformly laid,
about 25kg/cm2 in strength. No plaster
on the outer surface of exterior walls.
Pre-cast hollow core floor and roof
slabs. Girths were installed in the top
story.

Rubble foundation with a lime-mud
bedding course. Width of walls: 24 cm
(1B). Design strength of mortar:
10kg/cm2, but measured strength by
means of rebound apparatus was
50kg/cm2. Cast-in-situ R.C. slabs.
Timber roof truss with a ceiling and
cement tiles. No plaster on outer
surface of exterior walls. No girths.

Building Structure

Table 1. Continued.

basically
intact

seriously
damaged

seriously
damaged

basically
intact

Damage
Degree

No obvious damage was observed.

Damage to walls on the 1st story was most
serious; walls dislocated causing the interior
and exterior longitudinal walls to bulge and
crack. The corners of the exterior walls on
the 1st and 2nd stories fell down,
longitudinal and transverse walls on each
story cracked. Damage to interior walls was
more serious than to exterior walls.
Spandrel walls cracked but cracked less
than building No. 89.

Serious cross cracks generally occurred on
walls on the 1st story. Damage to walls on
the 2nd story was relatively slight. Cracks
existed under the girth, corners of walls
offset. The west longitudinal wall inclined
slightly. The foundation at the north end
partly settled. Longitudinal and transverse
ground cracks occurred. North panel walls
collapsed.

A vertical crack on the north longitudinal
wall occurred at the staircase due to slight
settlement of the foundation. Others were
intact. No damage to the tile roof was
observed.

Outline of Damage

83

Apartment
with 3 units,
Design
Institute of
the Cement
Industry

Apartment
with 2 units,
Design
Institute of
the Cement
Industry

Office and
dormitory
building,
Design
Institute of
the Cement
Industry

95

96

Name of
Building

94

Bldg.
No.

Plan
(unit: cm)

1st: 2.90
2nd: 5.80
3rd: 8.70

1st: 3.50
2nd: 7.00

2

1st: 3.10
2nd: 6.20
3rd: 9.30

Elevation
of Stories
(m)

3

3

No. of
Stories

25

25

25

Grade
of
Mortar

Shear cracks occurred on the transverse walls
on the 1st story; oblique cracks on the exterior
longitudinal walls. Vertical cracks occurred on
the walls between windows where a transverse
wall was connected and the walls bulged.
Oblique cracks occurred on interior
longitudinal walls and horizontal cracks
occurred under the slab. Damage to the 2nd
story was slight. The wall at the east end where
an attached building existed bulged outward.

moderately
damaged

Built in 1965. Rubble foundation.
Exterior walls: 1 1/2B; interior walls:
1B. Cast-in-situ R.C. floor and roof
slabs, parapet 0.5 m in height. An
attached small building at the east end.

Oblique or cross cracks occurred on walls
between windows on the 1st story. Oblique
cracks occurred on transverse walls, cross
cracks occurred on spandrel walls between
the 1st and 2nd stories. Damage to the 2nd
and 3rd stories were slight.

moderately
damaged

Facing the Douhe River to the east. The
foundation was originally a large pool.
Silt in the pool was removed during
construction. Rubble foundation with
beams with a cross section 50x40 cm
and 4µ22+4µ 25 reinforcement. Exterior
walls: 1 1/2B; interior walls: 1B;
spandrel walls 1/2B. Pre-cast hollow
core floor and roof slabs. Girths were
installed in the top story running through
the whole unit.

The east and west ends settled after the
quake. Oblique cracks in opposite directions
occurred on two sides of the longitudinal
wall on the 1st story and horizontal cracks
occurred on walls under the sill. On the
west gable wall irregular oblique cracks
occurred at two corners on the 1st story.
The gable wall displaced outward. Oblique
cracks occurred on the northeast corners on
each story.

Outline of Damage

moderately
damaged

Damage
Degree

Facing the Douhe River to the east.
Rubble foundation with beams. Part of
the foundation was an air-raid tunnel
before. Loads supported by 3
longitudinal walls. Exterior walls and
interior longitudinal walls: 1 1/2B.
Transverse walls in the middle section
of a unit, walls in a unit and walls in
staircase: 1B; filled walls: 1/2B. 1st
and 2nd stories were built in the
winter. Cast-in-situ R.C. floor and
roof slabs. Exterior wall were added in
thickness for 12 cm and used as a
girth.

Building Structure

Table 1. Continued.

84

Office
building,
Design
Institute of
the Cement
Industry

Office
building,
Light
Industry
Machinery
Plant

Office
building,
Chemical
Dye Works

98

99

Name of
Building

97

Bldg.
No.

Plan
(unit: cm)
1st: 3.60
2nd: 7.20

1st: 3.20
2nd: 6.40
3rd: 9.90

1st: 3.00
2nd: 6.00

3

2

Elevation
of Stories
(m)

2

No. of
Stories

75-50

25

50

Grade
of
Mortar

Located about 500 m from the Douhe
River. Plate stone foundation. Exterior
walls: 1 1/2B; interior walls: 1B. Tie
bars were placed in the corners of
walls. Workmanship of the building
was good. Pre-cast hollow core floor
and roof slabs. Girths were installed in
each story. Parapet wall: about 70 cm
in height.

The north wall was 210 m from the
embankment of the Douhe River.
Rubble foundation with a lime-mud
bedding course. Under the walls of the
corridor the foundation was deepened
for use as an air-raid shelter. Exterior
walls: 1 1/2B; interior walls: 1B. Precast hollow core floor and roof slabs.
On the 1st story there was a reinforced
brick girth, staircase, entrance hall and
toilets were cast-in-site.

Foundation and 1st story were built
during the winter of 1967; rubble
foundation. Exterior walls: 1 1/2B;
interior walls: 1B. Parapet wall 1 m in
height. Cast-in-situ R.C. floor and
roof slabs.

Building Structure

Table 1. Continued.

slightly
damaged

moderately
damaged

moderately
damaged

Damage
Degree

Part of the wall in the projecting portion of
the staircase cracked. On the east side of the
staircase of the 1st story oblique cracks
occurred on the longitudinal wall where the
transverse wall was connected. Vertical
cracks occurred on a wall under the
window. There was a horizontal crack on
the exterior longitudinal wall along the
windowsill in the large 3-panel room.

Transverse walls: fine cracks occurred on
1st story; 2nd and 3rd stories were intact.
Longitudinal walls: oblique cracks occurred
on most of the walls on the 1st story; in the
central section of the interior walls on the
2nd story oblique cracks occurred; in the
central projecting portion the corners on the
1st to 3rd stories cracked.

Shear cracks generally occurred on walls on
the 1st story, especially serious for those
walls between windows and the corners of
the building. Obvious dislocation was
observed in the corners. On the 2nd story
oblique cracks occurred on the gable wall;
fine cracks on other walls and horizontal
cracks under the sill. Corners of doors and
windows in the projecting hall cracked and
a long vertical crack existed at the
connection with the longitudinal wall. In the
vicinity of the building sand spouts
occurred and obvious ground cracks were
observed.

Outline of Damage

85

Dormitory,
Gear Plant

Electrical
Engineering
building,
Gear Plant

Dormitory
east of the
river,
Toothed
Wheel Plant

Office
building,
Traffic
Bureau of
the
Prefecture

101

102

103

Name of
Building

100

Bldg.
No.

Plan
(unit: cm)
1st: 3.00
2nd: 6.00

1st: 3.10
2nd: 6.20

1st: 3.00
2nd: 6.00

1st: 3.30
2nd: 6.60
3rd: 9.90

2

2

3

Elevation
of Stories
(m)

2

No. of
Stories

50

25

10

10

Grade
of
Mortar

moderately
damaged

seriously
damaged to
collapsed

Facing the Douhe River to the west. 1st and
2nd stories were built in 1973 and the 3rd
story was built 2 years later. Built based on
the design of Bldg. No. 25 with some
modifications. Ruble foundation with R.C.
beams. Exterior walls, interior walls on 1st
story, walls in the entrance hall, staircase
on each story: 1 1/2B; others: 1B. Two
panels at the east end of the 3rd story were
large meeting rooms. The outer surface of
exterior walls was plastered. Pre-cast
hollow core floor and roof slabs. Girths
were placed at the elevation above the
window on each story and were cast
together with the girders. An underground
tunnel passed through the entrance hall.

moderately
damaged

moderately
damaged

Damage
Degree

About 25 m west of the Douhe River.
Rubble foundation. Exterior walls: 1
1/2B; interior walls: 1B. No plaster on
outer surface of exterior walls. Precast hollow core floor and roof slabs.

Rubble foundation, walls under the
sill on the 1st story were made of
stones. Exterior walls: 1 1/2B; interior
walls: 1B. Two 12 cm filled walls
existed in the east section of the 2nd
story. Girth was installed only on the
top story. No plaster on outer surface
of exterior wall. Pre-cast girders and
hollow core slabs. Pre-cast R.C.
channel-shaped roof slabs. Built-out
staircase and corridor.

Built in 1968. Rubble foundation,
walls under the sill on the 1st story
were made of stones. Exterior walls: 1
1/2B; interior longitudinal walls and
transverse walls in the staircase,
toilets: 1B; others: 3/4B (18 cm). No
plaster on the outer surface of the
exterior wall. Pre-cast hollow core
floor slabs. Cast-in-situ R.C. roof.

Building Structure

Table 1. Continued.

The whole building settled and settlement
of the entrance hall was the largest. Several
cracks appeared on the cement ground
surface. During the main shock only the
north longitudinal wall partially collapsed
and walls cracked. At night, when the
strong aftershock occurred, the majority of
the north longitudinal wall collapsed with
part of the transverse walls and slabs. In the
two 2-panel rooms in the south, the 1st story
window piers collapsed. Beams and floor
slabs on the 2nd story fell down but those
on the 3rd story did not. Oblique or cross
cracks occurred on the remaining
longitudinal and transverse walls.

West of the building settled due to sliding
of the riverbank causing the longitudinal
walls in the west section to crack. In the
east section only cracks were observed on
the exterior longitudinal wall of the first
panel.

Oblique cracks occurred on most of the
walls between windows on the 1st story
with some cracks extending vertically down
from the beam and then propagating incline.
Oblique cracks also occurred on the 1st
story gable wall. The northwest corner of
the gable displaced 2.5 cm. Penetrating
oblique cracks occurred on interior walls on
the 1st story.

Walls in the hall cracked and horizontal
cracks occurred on top of the wall, obvious
dislocation was observed. Horizontal cracks
occurred on the exterior longitudinal wall
above the window. Oblique cracks occurred
on the wall between windows and spandrel
wall, but not generally. Oblique cracks also
appeared on the interior longitudinal wall
above the door.

Outline of Damage

86

Cast
Worker’s
Building,
Light
Industry
Machinery
Plant Casting
Workshop

Bathroom
building,
Gear Plant

East-gate
Dormitory,
Locomotive
Plant

105

106

Name of
Building

104

Bldg.
No.

Plan
(unit: cm)

1st: 3.20
2nd: 6.20

1st: 3.20
2nd: 6.40
3rd: 9.60

2

3

3.20
6.40
9.60
12.80

1st:
2nd:
3rd:
4th:

Elevation
of Stories
(m)

4

No. of
Stories

50

25

25

Grade
of
Mortar

seriously
damaged

seriously
damaged

The site was originally a large pit. The
foundation was excavated down to 3.8 m; a
rubble foundation was built above wood
piles with R.C. beams both in the top and
bottom of the foundation. Longitudinal
walls used for load-bearing. Interior
transverse walls were made of hollow slab
bricks 10 cm thick except for those in the
staircase and the wall facing the staircase
which were 1B walls. Exterior walls and
interior longitudinal walls on the 1st story:
1 1/2B; interior longitudinal walls on the
2nd and 3rd stories: 1B. Floor and roof
system: pre-cast girders and hollow core
slabs were used; corridor: solid slabs were
used, staircase was cast-in-situ. Built in the
winter.

seriously
damaged

Damage
Degree

The 1st story was used for bathrooms;
the 2nd story was used as a clinic.
Brick columns were installed at ends
with a cross-section of 49x49cm and a
length up to the top of the building.
Walls on the 1st story: 1 1/2B; walls
on the 2nd story: 1B, except for the
filled walls. A girth was installed on
the top story above the window. Builtout staircase. The floor system was
composed of cast-in-situ beams and
pre-cast slabs. Channel section slabs
were used for roof slabs.

Facing the Douhe River to the east.
Attached to the south portion of the
casting workshop with a span of 18 m
between which was an expansion
joint. Roof slab of the building was
higher than the ridge of the workshop.
Rubble foundation. Exterior and
interior walls on each story: 1B. Precast hollow core floor and roof slabs.
Girths were installed in 2nd and 4th
stories. Parapet wall 80 cm in height.

Building Structure

Table 1. Continued.

2 stairs fell down from the 3rd story. 2
gable walls collapsed with the end panels. 2
panels in the northwest corner collapsed.
Interior transverse walls cracked seriously.
Brick walls offset; slag brick walls crushed.
An exterior longitudinal wall was fractured
horizontally at a level above the window on
the 1st story. Oblique cracks occurred on a
few walls between windows. Oblique or
cross cracks occurred on most of the walls
between windows on the 2nd story. Walls
between windows on the east longitudinal
wall, connected with the 1B walls on the 1st
and 2nd stories, all bulged outward.

2 brick columns in the east settled slightly.
The south walls between windows on the
1st story cracked diagonally and dislocated.
Walls under the beam were crushed. Cross
cracks occurred on interior walls on the 2nd
story.

Walls in the northeast corner next to the
expansion joint on the 2nd and 3rd stories
fell down. Other walls cracked seriously
and became off set.

Outline of Damage
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Classroom
building of
the Arts
School

Classroom
building,
Daxiezhuang
Primary
School

Apartments
of the Light
Industry
Machinery
Plant (near
the subway)

108

109

Name of
Building

107

Bldg.
No.

Plan
(unit: cm)

1st:
2nd:
3rd:
4th:

3.00
6.00
9.00
12.00

1st: 3.60
2nd: 7.20
3rd: 11.20

3

3 (4)

1st: 3.45
2nd: 6.90

Elevation
of Stories
(m)

2

No. of
Stories

25

100,
50,
50

50-25

Grade
of
Mortar

Two 3-story apartments with 3 units
and 4 units respectively; one 4-story
apartment with an L-shaped plan with
3 units. Rubble foundation. Exterior
walls: 1 1/2B; interior bearing
transverse walls and interior
longitudinal walls facing the staircase:
1B; others: 1/2B. On the 2nd story a
reinforced brick spandrel girth with
4µ6 bars were installed. An R.C. girth
was installed on the 3rd story. Pre-cast
hollow core floor and roof slabs.

Rubble foundation. Exterior and
interior walls: 1 1/2B. Buttress
between windows on 1st story: 2B.
Mortar was fully laid and the strength
was high. Floor and roof systems were
composed of pre-cast beams and slabs
except for those in the central section
which were cast-in-situ continuous
R.C. beams which were used as lintels
for doors. The lintels on the 1st and
2nd stories were continuous and
closed acting as girths and eaves on
the 3rd story were cast-in-site.

Rubble foundation. Partition walls in
classroom: 1B; other walls: 1 1/2B.
No plaster on outer surface of exterior
wall. Floor system made of cast-insitu beams and pre-cast hollow core
slabs. Roof system: cast-in-situ beams,
slabs and eaves.

Building Structure

Table 1. Continued.

totally
collapsed

seriously
damaged

seriously
damaged

Damage
Degree

All apartments collapsed completely except
for one unit on the 1st story of the 4-story
apartment that survived.

Cross or oblique cracks occurred on all
exterior and interior walls on each story.
Walls in the corner and in the projecting
hall partly fell down. Cross-cracks occurred
on walls in the classroom on the 2nd and
3rd stories. The wall on one side collapsed
with the buttress in the aftershock making
the lintel brick on the 2nd story; one end of
the lintel on the 3rd story fell and
suspended.

Cracks generally occurred on longitudinal
and transverse walls. Damage to the top
story was more serious than to the 1st story.
All corners of exterior walls almost fell
down. A room in the northeast corner
collapsed. Interior transverse walls seriously
dislocated pushing the exterior longitudinal
wall and making the wall become snakeshaped. Cracks were mainly horizontal
cracks above and under the window and
vertical cracks between stories. Shear
cracks also occurred. Cracks on the interior
longitudinal walls were mainly of a shear
type but horizontal cracks were also found.

Outline of Damage
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110

Bldg.
No.

Workers’
House,
Locomotive
and Carriage
Plant (in the
south)

Name of
Building

Plan
(unit: cm)
2

No. of
Stories
1st: 2.90
2nd: 5.80

Elevation
of Stories
(m)
25

Grade of Mortar
Plan with a combination of 3
units. Exterior walls: 1 1/2B;
interior transverse walls and
longitudinal wall in the
south corridor: 1B; other
interior longitudinal walls:
1/2B. Pre-cast hollow core
floor and roof slabs. Heated
brick beds existed in the
room facing south on the 1st
story.

Building Structure

Table 1. Continued.

moderately
damaged to
collapsed
completely

Damage
Degree
The central and west units survived.
Horizontal cracks occurred on longitudinal
and gable walls along the height of the
heated brick bed. Offset of walls was 1 cm.
Oblique cracks occurred on interior
transverse walls extending from the
longitudinal wall and continued to the
indoor surface. Upper part of the wall was
basically intact. (In the same residential area
16 similar brick buildings collapsed
completely)

Outline of Damage

89

90

Table 2. Damage to the walls with constructional columns at the
No. 1 Guest Houses, No. 5 building in Tangshan City.
Staircase
No. of
Stories

Constructional Columns
in the Corridor

Transverse Walls on the West Side
West
Transverse
Wall

W1

W2

1st

No obvious damage was
observed.

Oblique crack
with a width of
0.5 cm.

The third hollow core slab from
the floor edge cracked, a vertical
crack 4 cm wide occurred on the
wall under the slab.

(Similar to
w1), vertical
cracks with a
width of
3.5 cm.

2nd

A column was pushed outward
by the wall, slightly inclined
concrete at the column top
crushed and fell down,
reinforcement buckled. 4-5
horizontal cracks occurred on
the column. No obvious
damage to the column bottom
was observed.

Many oblique
cracks, 3
cracks due to
offset, total
with 3 cm.

Many oblique and vertical
cracks, 6 cracks due to offset,
total width, 14.5 cm.

(Similar to
w1), total
width of
cracks, 15 cm.

3rd

Concrete at the column top
crushed with large pieces of
surface falling down.

Total width of
cracks, 1.5 cm.

Total width of cracks, 19.5 cm.

Total width of
cracks, 24 cm.

4th

Concrete at the column top
crushed and part of the surface
fell down.

Total width of
oblique cracks
was 1 cm,
exterior
longitudinal
wall survived.

A number of cracks occurred on
transverse walls, an edge of the
transverse wall collapsed with
the exterior longitudinal wall.

(Similar to w1)

5th

Basically intact.

Oblique crack
with a width of
0.3 cm.

(Similar to the 4th story)

(Similar to the
4th story)
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Table 3. High multistory brick buildings in Tangshan.

Name of Building

Roof
Elevation
(m)

Plan
Dimension
(m)

No. of
Stories

Basement

Expansion
Joint

Damage Pattern

Main building of
ICM

24.7

14.6×17.9

6

Entrance hall of
District Hotel

20.0
(21.7)

14.6×16

6 (7)

Top story collapsed with
the penthouse

central
hall

28.2
(31.7)

18×16.7

8 (9)

Wall columns in the 5th
story were damaged most
seriously

east wing

21.7

36.3×12.6

6

Corner building of
Kailuan Hospital

21.9
(25.8)

18×19

6 (7)

Kailuan No. 3
Guest House

23.4
[20.1]

72×15.4

7 [6]

Xinhua
Hotel
(new)

Top story collapsed

semiburied
basement

Collapsed

Penthouse collapsed;
large part of 3rd-6th
stories collapsed
semiburied
basement

No

Collapsed

Remarks: Values in bracket represent the number of stories and elevation including the
penthouse; values in square bracket represent the number of stories and elevation of
two wing buildings.

111

No.
of
Bldg
.

Meeting
building,
Fangezhuan
g Coal Mine

Name of
Building

Plan
(unit: cm)
3 (4)

No. of
Stories
1st:
3.
2nd: 7.
3rd: 11.
4th: 15.2

Story
Elev.
(m)
25-50

Mortar
Strength
(kg/cm2)
Divided into 2 sections by an
expansion joint. In the east section
the projecting part of the plan was
4 stories. Rubble foundation.
Exterior and interior walls on the
1st story and walls in the projecting
part of all stories: 1 1/2B; other
interior walls: 1B; spandrel walls:
1B. Rooms on the 1st story
consisted of 3 panels; those on the
2nd and 3rd stories were of single
panels. Lower part of partition
wall: 1/2B; upper part was seed
matting plastered with mud.
Partition walls not connected with
longitudinal wall. Spacious meeting
rooms were placed on the 4th story.
No plaster on the outer surface of
the exterior wall. Pre-cast floor and
roof slabs and beams.

Structural Details
seriously
damaged

Damage
Degree
Outline of Damage

On the 1st story 4 corners of the exterior wall fell
down; offset of the crack in the northeast corner
reached 18 cm. Cross cracks occurred on transverse
walls on the 1st and 2nd stories and dislocated
creating vertical cracks on the exterior longitudinal
wall and the surface of the interior longitudinal wall
became wave-like. Shear cracks occurred on
transverse walls on the 3rd story and cracks were
fewer in the east section than in the west section.
Horizontal cracks occurred under the floor slab on
part of the exterior longitudinal wall. 4 corners of the
4th story fell down. Walls in the staircase were
crushed and nearly fell down. The indoor ground
surface cracked due to liquefaction. The corridor
settled but the indoor surface bulged. In the west
section the interior longitudinal wall separated from
the south transverse wall and the floor slab from top
to bottom. On the 3rd story the slabs separated 8 cm
and 3 cm for the slabs on the 2nd story. The south
half of the building inclined slightly. Pounding
occurred between walls on the two sides of the
expansion joint on the 3rd story.

Table 4. Damage to multistory brick buildings in Fangezhuang and Beijiadian.

92

Foreign Guest
House,
Fangezhuang
Mine

Dormitory for
the single,
Fangezhuang
Mine

Building for
guest house
and hospital

113

114

Name of
Building

112

No.
of
Bldg.

Plan
(unit: cm)

1st: 2.9
2nd: 5.9
3rd: 8.8

1st:
3.
2nd: 6.
3rd: 10.

3

3

4.
8.

1st:
2nd:

Story
Elev.
(m)

2

No. of
Stories

50

25

25

Mortar
Strength
(kg/cm2)

Rubble foundation. Exterior walls:
1 1/2B. No plaster on the outer
surface of the exterior wall. Castin-site R.C. beams for floor and
roof.

A total of 2 buildings. Exterior
walls: 1 1/2B; interior walls: 1B.
No plaster on the outer surface of
the exterior wall. Mortar was not
fully laid and strength was not
uniform. Cast-in-site R.C. floor and
roof slabs.

Rubble foundation. Exterior and
interior walls on both sides of the
hall: 1 1/2B; other interior walls:
1B. The outer surface of the front
eave wall was finished with plaster.
The roof system was composed of
cast-in-site- R.C. beams and slabs;
floor system was composed of castin-site beams and pre-cast hollow
core slabs, parapet brick wall. A
staircase was installed at the west
end. An attached single-story
building existed at the northeast
corner.

Structural Details

Table 4. (continued).

moderately
damaged

moderately
damaged

seriously
damaged

Damage
Degree
Outline of Damage

The foundation at the west end settled slightly causing
exterior and interior longitudinal walls to crack
seriously. Transverse walls on the 1st story failed
moderately in shear; walls in the entrance hall were
slightly damaged; cracks on longitudinal walls were
relatively fine in most cases, categorized as moderately
damaged to slightly damaged; cracks on longitudinal
walls were relatively fine in most cases, categorized as
moderately damaged to slightly damaged. Walls on the
2nd story were basically intact except for the exterior
longitudinal wall at the west end where oblique cracks
occurred. On the 3rd story cracks occurred above the
door and window openings.

South building: oblique cross cracks occurred on
longitudinal and transverse walls on the 1st story;
cross cracks occurred on the gable wall on the 2nd
story; other walls were basically intact; on the 3rd
story the north interior longitudinal wall of the room
at the west end separated from the floor slab,
transverse wall and inclined. Vertical cracks
occurred on walls in the projecting staircase. North
building: damage to the building was lighter than
that of the south building. There were cross-cracks
on the exterior longitudinal wall and oblique or
cross cracks on the transverse wall on the 1st story;
walls were basically intact on the 2nd story; an
oblique crack occurred at the top corner of one
transverse wall on the 3rd story.

Serious shear cracks occurred on interior walls on
the 1st story with a maximum offset up to 15 cm. A
penetrating horizontal crack occurred on the north
exterior wall of the hall about 30 cm above the
indoor ground surface. Oblique cracks occurred on
most of the east and south walls of the building
between windows on the 1st story. Oblique cracks
also occurred on the wall in the southeast corner of
the 2nd story. Horizontal cracks occurred on the
north wall in the east end of the building at the
intersection of the 1st and 2nd stories. The staircase
in the west end collapsed with the north longitudinal
wall of one panel on the 2nd story.
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Nursery,
Fangezhuang
Coal Mine

Corner
building,
Fangezhuang
Coal Mine

116

Name of
Building

115

No.
of
Bldg.

Plan
(unit: cm)
1st: 3.15
2nd: 6.30

1st: 3.35
2nd: 6.70
3rd: 10.5

3

Story
Elev.
(m)

2

No. of
Stories
Originally a single-story building.
A story was added onto the
building except for the 3-panel
rooms at both ends. An expansion
joint was installed between walls.
Built-out corridor with brick
columns. Exterior walls on the 1st
story and north longitudinal wall on
the 2nd story: 1 1/2B; other walls:
1B. No plaster on the outer surface
of exterior walls. Pre-cast R.C.
hollow core floor and roof slabs.
Corridor was a cast-in-site R.C.
structure. Lintels in the top story
were connected continuously as a
girth.
L-shaped plan divided into 2
sections by an expansion joint
installed between two walls; width
of the joint was 3 cm. Exterior
walls: 1 1/2B; interior walls: 1B; no
plaster on the outer surface of
exterior walls; cast-in-site R.C.
floor and roof slabs. Brick parapet
wall was 70 cm high. Better
workmanship

50

Structural Details

25

Mort
ar
Stre
ngth
(kg/
cm2)

Table 4. (continued).

Two corners of the west gable wall on the 2nd story
fell down and the roof shifted southward. Oblique
cracks or cross-cracks occurred on transverse walls
and vertical cracks appeared on longitudinal walls
due to pushing of the transverse wall. Oblique
cracks occurred on walls between the windows on
the 1st story. A through horizontal crack occurred
above the window opening.

Front section: shear cracks occurred on all
transverse walls except for those in the northwest
corner. Cracks occurred generally on interior and
exterior longitudinal walls and were fine and small.
On the 2nd story obvious oblique cracks occurred
on only 2 transverse walls in the northeast corner.
On the 3rd story fine cracks occurred above the
window. Side section: damage was lighter than the
front section. Cracks occurred on longitudinal walls
at the upper corners of the door and window on the
1st story. Cracks on walls in the staircase were
relatively obvious. Damage to the transverse wall
was slight.

slightly
damaged to
moderately
damaged

Outline of Damage

seriously
damaged

Damage
Degree

94

117

No.
of
Bldg.

East
apartments,
Fangezhuang
Coal Mine

Name of
Building

Plan
(unit: cm)
3

No. of
Stories
1st:
2nd:
3rd:

3.0
6.0
9.0

Story
Elev.
(m)
50

Mortar
Strength
(kg/cm2)
Built in 1960. A total of 6
buildings; all had 2 units
except for one that was 3 units
in the northwest. Stone exterior
walls 40 cm thick on the 1st
story were laid with slagcement mortar. On the upper
stories, exterior brick walls:
1 1/2B; interior walls: 1B;
partition walls: 1/2B. No
plaster on the outer surface of
the exterior walls. Cast-in-site
R.C. floor and roof slabs.

Structural Details

Table 4. (continued).

seriously
damaged to
basically
intact

Damage
Degree
Outline of Damage
The southwest building was seriously damaged; the
top southwest corner partly collapsed.; walls on the
1st story were crushed; the wall separated from the
slab; slabs shifted south. The northwest building
was seriously damaged. On the 1st story the north
longitudinal wall was seriously crushed. Oblique or
cross cracks occurred on all interior walls, sliding
and offset of walls existed. Floor slabs shifted to the
south. On the 2nd and 3rd stories oblique cracks
occurred at the corner of the gable wall. During the
aftershock the top corner of the southeast wall partly
collapsed. The one in the west center was
moderately damaged. On the 1st story several cracks
occurred on the east gable wall. On the walls of the
2nd story irregular cracks and offset were seen. Fine
oblique cracks occurred on interior transverse walls.
Brick arches on the door opening were loosened; the
one in the east corner was basically intact. A fine
oblique crack was seen on the east gable of the 1st
story. Walls in the staircase and brick arches on the
door cracked slightly; the southeast one was
basically intact. A fine crack was found on the 1st
story east gable. The wall between windows at the
southeast end had oblique cracks.
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Classroom
building,
Guye Railway
High School

2-story
classroom
building,
Railway High
School

119

Name of
Building

118

No.
of
Bldg.

Plan
(unit: cm)
3.8
(3.4)
2nd: 7.6
(6.8)
3rd: 11.4
(10.2)

1st:
2nd:

2

3.8
7.6

1st:

Story
Elev.
(m)

3

No. of
Stories

25

50

Mortar
Strength
(kg/cm2)

Built in 1975. The main part of
the building had been
completed before the
earthquake. Rubble foundation.
Exterior walls: 1 1/2B; interior
walls: 1B, no plaster on the
outer surface of the exterior
walls. Pre-cast R.C. hollow
core floor and roof slabs.

Built in 1961 and completed in
1965. Stories in the east and
west sections were not on the
same level with those in the
middle section (a difference of
40 cm for each story).
Expansion joints were installed
between the sections. Rubble
foundation. Exterior walls:
1 1/2B; interior walls: 1B. No
plaster on the outer surface of
exterior walls. Pre-cast beams
and hollow core floor and roof
slabs.

Structural Details

Table 4. (continued).

1st story
was slightly
damaged

seriously
damaged

Damage
Degree
Outline of Damage

A few cracks occurred on the interior walls of the
1st story. The top story was damaged more serious
than the 1st story which was removed after the
quake.

All stories in the west section were seriously
damaged, especially the top story. On the 1st story
transverse walls failed in shear, oblique cracks
occurred on interior longitudinal walls; vertical
cracks occurred on the exterior wall between
windows where the transverse wall was connected.
On the 2nd story cross cracks, splay cracks, and
vertical cracks were found on interior transverse
walls; oblique cracks occurred on interior
longitudinal walls; oblique cracks were also found
on most of the walls between windows on the
exterior wall and on the spandrel walls between the
1st and 2nd stories; vertical cracks were found only
on the north longitudinal walls between windows on
the exterior wall and on the spandrel walls between
the 1st and 2nd stories; vertical cracks were found
only on the north longitudinal walls between
windows where the transverse wall was connected.
On the 3rd story cross cracks were generally found
on interior walls and offset of the wall was obvious.
Floor slabs on the 2nd and 3rd stories generally
cracked above the girder. Interior and exterior walls
at both ends of the west section were also seriously
damaged. The east section was slightly damaged.
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Guest house,
Guye Railway
Bureau
Branch

Classroom
building,
Railway
Primary
School

121

Name of
Building

120

No.
of
Bldg.

Plan
(unit: cm)

1st:

3

3.90
(3.35)
2nd: 7.8
(6.70)
3rd: 11.7
(10.50)

1st: 2.95
2nd: 5.90
3rd: 8.85

Story
Elev.
(m)

3

No. of
Stories
Built in 1963. Horizontal axes
of the east and west section
differed about 6 m. No
expansion joints installed.
Rubble foundation. Exterior
walls: 1 1/2B; interior
transverse walls: 1B; interior
longitudinal walls 1/2B, except
for the 2-panel room which
was 1B. No plaster on the outer
surface of exterior walls. Precast hollow core R.C. floor and
roof slabs.

After the main building was
completed, the east section was
built (3 panels) and the stories
in this section were not on the
same level as those in the main
building. Rubble foundation.
Exterior walls: 1 1/2B; interior
walls: 1B. Filled transverse
walls in the east section: 1/2B.
No plaster on the outer surface
of the exterior wall. Pre-cast
hollow core R.C. floor and roof
slabs; longitudinal slabs were
used for load-bearing were
seriously damaged.

25

Structural Details

50

Mortar
Strength
(kg/cm2)

Table 4. (continued).

moderately damaged

Damage
Degree
Outline of Damage

Serious cross cracks generally occurred on all
interior walls on each story; cracks on the
interior transverse walls were 4-5 cm in width.
Plaster on the interior longitudinal walls fell
down. The door arch was crushed, walls
between windows with a transverse wall in the
center of the south longitudinal wall cracked on
the 1st story (oblique and cross cracks). On the
2nd and 3rd stories most of the cracks were
vertical at the upper and lower corners of the
window. Shear cracks occurred on the north
longitudinal wall of the one-sided corridor (wall
between windows). The projecting corners of
the north exterior wall were crushed and
loosened. A large crack from the top slope to
the ground occurred on the west gable and
horizontal cracks occurred on the top with
obvious offset. Massive spandrel walls bulged
outward; walls of the additional section were
damaged more seriously. 2nd story filled walls
overturned

Through fine cracks and cross cracks
occurred on spandrel walls and walls
between windows of the south
longitudinal wall. A through horizontal
crack occurred on the wall under the
window of the 2nd story. Oblique cracks
occurred on a portion of the interior
longitudinal walls. Horizontal cracks
existed on the top of the 3rd story and the
wall slightly offset. Oblique cracks were
found on the west gable of the 1st and 2nd
stories and on the interior transverse walls
of the 2nd story. Many irregular
penetrating cracks occurred on the east
gable. At the connection of the east and
west section fine cracks occurred under
the window. The north longitudinal wall
of 7 panels on the 2nd and 3rd stories of
the west section collapsed.
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The new
apartment of
the Railway
Bureau

Railway
Hospital

123

Name of
Building

122

No.
of
Bldg.

Plan
(unit: cm)

1st:
2nd:

2

3.7
7.4

1st: 3.20
2nd: 6.40
3rd: 9.60

Story
Elev.
(m)

3

No. of
Stories

50

50

Mortar
Strength
(kg/cm2)

An expansion joint was
installed between 2 walls
dividing the building into one
L-shaped and one T-shaped
section. Rubble foundation.
Exterior walls: 1 1/2B; interior
walls: 1B, except for the north
walls of the corridor in the Lshaped section which were
1/2B. Spandrel walls were also
reduced to 1/2B. No plaster on
the outer surface of exterior
walls. Pre-cast hollow core
floor and roof slabs.

A 2 unit building with a total of
10 apartments. Rubble
foundation. Exterior walls:
1 1/2B; interior bearing walls
and longitudinal walls in the
staircase: 1B; other interior
walls: 1/2B for the 1st story,
hollow brick walls for the
upper stories; no plaster on the
outer surface of exterior walls.
Pre-cast hollow core floor
slabs; cast-in-site staircase and
balcony. Wood roof with tiles
supported on gables.

Structural Details

Table 4. (continued).

moderately damaged

moderately damaged

Damage
Degree

Small to medium sized shear cracks
occurred on most of the interior walls on
the 1st and 2nd stories; cracks also
occurred on spandrel walls on part of the
exterior longitudinal wall. Other walls
were basically intact. Oblique cracks
were found on the east and west gables
of the 1st story.

On the top story the exterior longitudinal
wall slightly inclined and separated from
the transverse wall; arch-shaped cracks
occurred on the gable tip; vertical cracks
were found on the projecting part of the
staircase. On the 2nd story the top corner
of the door and window cracked and
offset occurred at the end panel. The top
corner between the exterior longitudinal
and transverse wall separated due to
pulling. On the 1st story oblique cracks
were found on the gable; the door and
window corners of longitudinal and
transverse walls and the top corner of the
transverse wall near the exterior wall
cracked.

Outline of Damage
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124

No.
of
Bldg.

Classroom
building,
No. 42 High
School

Name of
Building

Plan
(unit: cm)
3

No. of
Stories
1st:
3.4
2nd: 6.8
3rd: 10.2

Story
Elev.
(m)
50

Mortar
Strength
(kg/cm2)
Two buildings; the main part of the
west building was completed before the
quake but the interior décor was undergoing. Roof slabs had been placed on
the east building. A girth was not installed on the top story. Exterior and
transverse walls of the staircase: 1/2B;
other walls: 1B. Pre-cast beams, hollow
core floor and roof slabs, and R.C.
girths were installed on each story.

Structural Details

Table 4. (continued).

seriously
damaged

Damage
Degree
The hall at the east end of both buildings
collapsed. The 2nd and 3rd stories of the
west building collapsed and floor slabs
fell to the ground. The 3rd story in the
east building collapsed with the staircase;
fine oblique cracks occurred on the wall
between windows on the 1st story;
oblique cracks were found on the interior
longitudinal wall on the 1st and 2nd
stories. In the east building the wall
between windows on the 3rd story ruptured and dislocated horizontally under
the window about 2-3 courses. Some
large pieces of brick in the corner fell
down. Oblique cracks generally occurred
on the transverse wall on each story.

Outline of Damage
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Office
building,
Cultural and
Educational
Bureau

Office
building,
Grain Bureau

Office
building,
Water and
Power Supply
Bureau

126

127

Name of
Building

125

No.
of
Bldg.

Plan
(unit: cm)

3.4
6.8

3.3
6.6
(7.5)

1st:
3.5
2nd: 7.9
3rd: 10.5

1st:
2nd:

2

3 (2)

1st:
2nd:

Story
Elev.
(m)

2

No. of
Stories

50

50

25

Mortar
Strength
(kg/cm2)

The central section was 3 stories; both
end sections (each included 2 panels)
were 2 stories. On the 3rd story of the
projecting plan there was a spacious 3panel meeting room. Rubble
foundation. Exterior walls: 1 1/2B;
interior walls: 1B. Floor and roof slabs
were pre-cast R.C. channel slabs.
Parapet wall was 60 cm high. The roof
of the projecting central section was
1 m higher than the other sections. R.C.
cantilever eaves were installed.

Built in 1973. Originally designed for a
3-story building. Depth of the rubble
foundation was 2 m. Exterior walls:
1 1/2B and the wall under the window
was laid by stones; interior walls: 1B.
There were 5 batten partition walls in
the northeast room of the 2nd story.
Pre-cast hollow core floor and roof
slabs and girders. Two R.C. girths were
installed.

Rubble foundation. Exterior walls:
1 1/2B; interior walls: 1B. No plaster
on the outer surface of exterior walls.
Pre-cast hollow core floor and roof
slabs. Two spandrel R.C. girths were
installed. Pre-cast cantilevered steps
fixed in the wall were used for the
staircase; a 2-panel meeting room was
at the east end of the 2nd story. The
middle of the 2nd story was 90 cm
higher than the two sides.

Structural Details

seriously
damaged

basically
intact

basically
intact

Damage
Degree

Table 5. Damage to multistory brick buildings in Luan County.

Sandboils occurred on the outdoor
ground. The foundation settled
differentially, inclined cracks occurred at
the two ends of the exterior longitudinal
wall from top to bottom of the gable. In
the M=7.1 earthquake the width of
cracks on the 1st story was up to 2 cm.
Oblique cracks occurred on the gable
wall of the 1st story, vertical cracks
occurred on the transverse wall in the
hall. Other interior walls were basically
intact. The 3rd story gable wall and
exterior longitudinal wall cracked
seriously. On the 2nd and 3rd stories the
south corridor wall separated from the
transverse walls at their intersections.
Longitudinal cracks approximately 5 cm
wide were found on floor and roof slabs.

The foundation at both ends settled
slightly creating an oblique crack on the
exterior longitudinal wall between
windows at the end of the 1st story and a
vertical crack under the window.
Horizontal cracks occurred under the
girder locally. Other walls were basically
intact.

No obvious damage was found.

Outline of Damage

100

Office
building,
Industrial
Bureau

Office
building,
Public Health
Bureau

Clinic
building,
County
Hospital

129

130

Name of
Building

128

No.
of
Bldg.

Plan
(unit: cm)

1st:
2nd:

2

3.6
7.2

1st: 3.45
2nd: 6.90

2

3.3
6.6

1st:
2nd:

Story
Elev.
(m)

2

No. of
Stories

25

25-50

25-50

Mortar
Strength
(kg/cm2)

Built in 1976. Rubble foundation with a
buried depth of 2 m. The foundation
soil was fine sand. Exterior and transverse walls in the entrance hall and
staircase: 1 1/2B; others: 1B. No plaster
on the outer surface of exterior walls,
strength of mortar not uniform. Pre-cast
hollow core floor and roof slabs. Girth
installed on the 2nd story.

Rubble foundation. Exterior walls and
walls in the staircase: 1 1/2B; other
walls: 1B. No plaster on the outer
surface of exterior walls. Only a few
connections between the exterior and
transverse wall. Flues buried in the
wall. No ties between walls. Pre-cast
hollow core floor and roof slabs. R.C.
spandrel girth was installed in the top
story. A waterproof and thermal
insulation layer was installed on the
roof (10 cm thick).

Built in 1975; not designed formally.
Rubble foundation with beams. Exterior
walls and interior bearing walls:
1 1/2B; interior transverse walls: 1B.
No plaster on the outer surface of
exterior walls. A one-sided corridor
wall was made of reed matting. Pre-cast
hollow core floor and roof slabs, castin-site beams. Two R.C. girths
installed.

Structural Details

Table 5. (continued).

On the 2nd story the corner of the
exterior wall fell down; the wall between
windows was crushed. Offset of walls
was up to 5 cm (max.). Oblique cracks
occurred on transverse walls. On the 1st
story oblique or cross cracks occurred on
walls between windows. Damage to the
building was serious in the M=7.8 quake
and intensified in the M=7.1 quake.
No obvious damage was found after the
M=7.8 quake in the category of “slightly
damaged.” During the M=7.1 aftershock
the 2nd story in the west half of the
building collapsed. The exterior
longitudinal walls and the end panel on
the 2nd story in the east half collapsed.
On the 1st story most parts of the exterior
longitudinal wall collapsed; serious shear
cracks occurred on transverse walls.
Exterior longitudinal walls fell outward,
transverse walls overturned on the floor
slab and the roof slabs fell on the
overturned walls.
Sandboils occurred in the vicinity.
Ground cracks were relatively small.
Cracks occurred on the water disposal
slope. Fine oblique cracks occurred on
the wall between windows at the corner
of the 1st story. Splay cracks occurred at
the corner of individual doors or windows. Fine horizontal cracks occurred on
the south longitudinal wall under the
floor slab.

slightly
damaged to
collapsed

slightly
damaged

Outline of Damage

seriously
damaged

Damage
Degree
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Office and
dormitory
building,
No. 2 Car
Team

Office
building,
Agricultural
Machinery
Building and
Repair Plant

Hotel
building

West
building,
County Guest
House

132

133

134

Name of
Building

131

No.
of
Bldg.

Plan
(unit: cm)

1st:
2nd:

1st:
2nd:

2

2

1st:
2nd:

2

3.3
6.6

3.6
7.2

3.4
6.8

1st:
3.2
2nd: 6.4
3rd:
9.6
4th: 12.8

Story
Elev.
(m)

4

No. of
Stories

10

10

25

50

Mortar
Strength
(kg/cm2)

slightly
damaged

moderately
to seriously
damaged

slightly
damaged

Built in 1958. Rubble foundation. Exterior
rubble wall on the 1st story: 40 cm thick;
interior and exterior walls on the 2nd
story: 1B. Lime mortar used for laying
walls. Cast-in-site R.C. floor slabs, wood
roof trusses and tiles.
Built in 1974. Rubble foundation. 1st
story: exterior rubble walls 40 cm thick;
2nd story exterior walls: 1B. Bricks were
all used bricks. Pre-cast hollow core floor
and roof slabs. Two R.C. girths installed,
cantilevered eaves and parapet wall
installed on the roof. A staircase was
installed in the east building. There was an
expansion joint between the east and west
buildings.

moderately
damaged

Damage
Degree

Built in 1975. Rubble foundation.
Exterior walls: 1 1/2B (veneered with
stone plates); interior walls: 1B. Blue
bricks; mortar grade was 25kg/cm2 for
interior walls; 10kg/cm2 for stone
veneers. Pre-cast R.C. hollow core floor
and roof slabs. Two R.C. girths ran
along the interior longitudinal walls and
2 central transverse walls. Height of
parapet wall was about 1 m.

Divided into 3 sections by 2 expansion
joints. Exterior wall surface had been
just finished before the quake. Interior
décor on the 4th story was just completed and the floor and plastering of
walls on the 1st to 3rd stories had not
yet been carried out. Rubble foundation. Exterior walls and interior walls
on the 1st story: 1 1/2B; interior walls
on upper stories: 1B. Mortar strength of
interior walls, measured visually, was
nearly 50kg/cm2. Pre-cast hollow core
floor and roof slabs. Spandrel girths
installed above the window on the 2nd
and 4th stories. Brick parapet wall.

Structural Details

Table 5. (continued).

Two small ground cracks passed through
the east end of the building. Two cracks at
the east end of the interior and exterior
longitudinal wall passed from top to bottom
and inclined toward the center where the
longitudinal wall separated from the
transverse wall. On the 2nd story, part of
the corners of door or window openings
cracked; others were basically intact.

In the M=7.8 quake transverse walls and a
part of the interior longitudinal wall on the
1st story cracked and damage to the 2nd
story was heavier than to the 1st story
locally. In the M=7.1 aftershock the damage
was intensified. Part of the upper story
collapsed.

Fine oblique cracks occurred on the
interior longitudinal wall of the north end
of the 1st story. Stone veneers on a wall
between windows were loosened.
Oblique cracks in opposite directions
occurred on individual doors or window
corners on the 2nd story.

Moderately damaged during the M=7.8
quake; damage to the building was
obviously intensified in the M=7.1
aftershock. Both parapet walls in the
central section collapsed, smashing the
canopy. Damage to the 3rd story was
most serious. Cross cracks occurred on
exterior longitudinal walls; interior
longitudinal walls cracked and part of
them had oblique cracks. Oblique cracks
also occurred on exterior longitudinal
walls and on a transverse wall on the 1st
and 2nd stories.

Outline of Damage
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Office
building of
the PLA

PLA guest
house

PLA Clinic
building

136

137

Name of
Building

135

No.
of
Bldg.

Plan
(unit: cm)
1st: 3.6
2nd: 6.9
3rd:10.2
4th:13.5

1st: 3.3
2nd: 6.6

1st: 3.6
2nd: 6.9
3rd:10.5

2

3

Story
Elev.
(m)

4

No. of
Stories

25

25

25
25
10
10

Mortar
Strength
(kg/cm2)

Located north of town. No
expansion joints were installed
between the 3 sections of the
building. The axis of the central
section differed 1.5 m from both
end sections. Rubble foundation.
Exterior walls: 1 1/2B; interior
walls: 1B; 4 transverse walls were
reduced on the 2nd and 3rd stories.
Mortar strength was less than
25kg/cm2 on the top story. Pre-cast
hollow core floor and roof slabs.
No girths were installed. There was
an acoustic isolation layer of slagcement on the floor slab and a
27 cm thick slag thermal insulation
layer on the roof.

Rubble foundation. Exterior walls:
1 1/2B; interior walls: 1/2B. No
plaster on the outer surface of
exterior walls. Mortar strength not
uniform. There were two spacious
2-panel rooms between axes 1-3 on
the 2nd story. Pre-cast hollow core
floor and roof slabs. No girth
installed.

Built in 1974. Rubble foundation
with R.C. beams. Exterior walls:
1 1/2B; interior walls: 1B. 2 and 6
transverse walls were reduced on
3rd and 4th stories respectively.
1/2B filled walls were installed on
the top story. No plaster on the
outer surface of exterior walls. Precast R.C. hollow core floor and
roof slabs. R.C. girths were placed
on the 2nd and 4th stories.

Structural Details

Outline of Damage

On the 1st story cross cracks occurred on the gable
walls and transverse walls in the room between axes
11-12. On the 2nd story splay cracks occurred at the
upper and lower corner of the window opening of
the large room and the roof slabs on the beam were
loosened. Oblique cracks appeared on the north
gable wall; cracks occurred between the roof slabs
in the east causing the transverse wall to crack at the
upper corner.
Through cracks occurred on interior and exterior
walls; offset of walls was obvious with some up to
2-3 cm. Damage to walls connected to the central
section and end sections, entrance hall and staircase,
and interior longitudinal walls were especially
serious.

seriously
damaged

Part of the walls failed in shear. Oblique cracks
occurred on transverse walls of the staircase on the
1st story and on interior walls on the 1st and 2nd
stories; cracks occurred on most of the walls
between windows on the east exterior longitudinal
wall on the 3rd story and a transverse wall cracked.
To the east of the 4th story a filled wall collapsed;
cross cracks occurred on the interior longitudinal
wall spanning 3 panels. Oblique cracks occurred on
the east wall of the central projecting section.

slightly
damaged

moderately
damaged

Damage
Degree

Table 6. Damage to multistory brick buildings in Changli County.
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Apartment of
the Real
Estate Bureau

Office
building,
Institute of
Fruit Trees

Laboratory of
the North
China
Agriculture
University
(Tangshan
Branch)

Dormitory of
the North
China
Agriculture
University
(Tangshan
Branch)

139

140

141

Name of
Building

138

No.
of
Bldg.

Combined plan.

Plan
(unit: cm)
1st: 2.9
2nd: 5.8

1st: 3.7
2nd: 7.4
3rd: 11.1

1st: 3.3
2nd: 6.6

1st: 3.1
2nd: 6.2
3rd: 9.5

3 (2)

2

3

Story
Elev.
(m)

2

No. of
Stories

50
50
25

25

10

10

Mortar
Strength
(kg/cm2)

basically
intact

basically
intact

Rubble foundation with R. C. beams
laid by Grade 50 mortar. Exterior walls:
1 1/2B; interior walls: 1B. No plaster on
the outer surface of exterior walls. Precast hollow core floor and roof slabs.
R.C. girths were installed on each story
and ran on every 3 transverse walls.
Eave plates cantilevered out for 55 cm.

seriously
damaged

slightly
damaged

Damage
Degree

Exterior and interior walls on the
1st story: 1 1/2B; other interior
walls: 1B. No plaster on the outer
surface of exterior walls. Pre-cast
R.C. floor slabs 12 cm thick. Wood
roof trusses with an interval of 80
cm. Four-slope roof with ceramic
tiles and suspended ceiling.

Located to the north of town and
about 30 m away from a river. Silty
foundation soil black in color.
Rubble foundation. Central section:
3 stories; two end sections: 2
stories. No expansion joints
installed. Exterior walls: 1 1/2B;
interior walls: 1B. Cast-in-site R.C.
beams and slabs. Batten ceiling
with plaster. 17 cm slag-cement
thermal insulation layer on the roof.
Parapet wall with hollow
decoration. R.C. eaves cantilevered
out 70 cm in the central section.

One building with 10 units total.
The entrance doors of every 2 units
were next to the end units. Rubble
foundation. Exterior walls: 1 1/2B;
interior longitudinal walls and
walls in the unit: 1B. No plaster on
the outer surface of exterior walls.
Cast-in-site R.C. floor and roof
slabs.

Structural Details

Table 6. (continued).

No obvious damage was found.

Cracks only appeared at the top corner of one wall.
No obvious damage was found elsewhere.

Cross cracks occurred on all exterior longitudinal
walls and transverse walls on the 1st story.
Displacement of the walls on both sides of two end
doors was the maximum, up to 4 cm. On side walls
in the entrance hall the width of cracks under the
beam was 2 cm; damage to the 2nd story was
slighter than to the 1st story; damage to the 3rd story
was the heaviest, walls crushed and the parapet wall
collapsed completely. The parapet wall at the end
section of the roof did not collapse.

Fine oblique cracks occurred on all exterior
longitudinal walls on the 1st story.

Outline of Damage
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Apartment of
the North
China
Agriculture
University
(Tangshan
Branch)

Apartments of
the Communication Bureau

143

Name of
Building

142

No.
of
Bldg.

Plan
(unit: cm)
1st: 3.0
2nd: 6.0
3rd: 9.0

1st: 2.85
2nd: 5.70

2

Story
Elev.
(m)

3

No. of
Stories

10

75
50
50

Mortar
Strength
(kg/cm2)

Individual unit building that
consisted of 3 A-units and 4 Bunits. Rubble foundation. Exterior
walls: 1 1/2B; walls in the unit: 1B;
partition walls: 1/2B. Pre-cast
hollow core floor and roof slabs, a
lime-slag waterproof and isolation
layer installed on the roof.

A building consisting of 5 units
divided into 2 sections by an
expansion joint. The east section
consisted of 3 units and was
constructed during the winter. The
foundation of the west section was
sand soil and there was black silt in
the middle. Rubble foundation was
laid by 50kg/cm2 mortar.
Originally, there was a ditch
located to the east of the building.
During construction the foundation
was excavated to a depth of 3 m.
Exterior walls: 1 1/2B; interior
walls: 1B; filled walls: 1/2B. No
plaster on the outer surface of
exterior walls. Pre-cast hollow core
floor and roof slabs; girths installed
on each story. Cantilevered eave,
plates were 50 cm out of the roof.

Structural Details

Table 6. (continued).

In the east section 5 oblique cracks occurred on part
of the interior transverse walls; the west section was
basically intact.

No obvious damage was found.

basically
intact

Outline of Damage

slightly
damaged

Damage
Degree
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Office
building,
Design
Department

No. 16
building,
Prefecture
Foreign Trade
Bureau

145

Name of
Building

144

No.
of
Bldg.

Plan
(unit: cm)

3

3

No. of
Stories

1st: 3.45
2nd:6.90
3rd:10.35

1st: 3.45
2nd:6.90
3rd:10.35

Story
Elev.
(m)

50

10

Mortar
Strength
(kg/cm2)

Built in 1974, according to the
design drawing of building No.
144. The buried depth of the
foundation was changed to 1.5 m
because there was a soft weak soil
layer 2 m below ground level and
also, foundation beams were
installed for all interior and exterior
walls. Floor and roof slabs were
changed to pre-cast R.C. slabs. No
plaster on the exterior walls and
corridor walls. Walls were laid by
coarse sand mortar.

Rubble foundation with R.C.
beams. Buried depth was 1.95 m.
Bearing capacity of foundation was
15 ton-force/m2. Exterior and
interior walls: 1B. Brick buttresses
were installed for the south
longitudinal wall, cross-section of
the buttress was 24x24 cm. Stucco
was made for the outer surface of
the exterior wall in front of the
building but no plastering in the
back of the building. Design
strength of mortar was 25kg/cm2
estimated visually and by means of
rebound test the actual strength was
only 10kg/cm2 and the grading of
sand in the mortar was poor. Castin-site R.C. girths were installed on
the 1st and 3rd stories, located
above the windows. Pre-cast
cantilevered eave slabs. A spacious
2-panel meeting room was placed
at the east end of the 3rd story.

Structural Details

basically
intact

slightly
damaged to
moderately
damaged

Damage
Degree
Outline of Damage

No obvious damage was found.

Fine oblique cracks or cross cracks occurred on
most of the transverse walls on the 1st story; fine
horizontal cracks occurred on the south longitudinal
wall at the sill level; cracks on buttresses were
obviously seen; fine oblique cracks occurred on a
few walls between windows on the north
longitudinal wall. Oblique or fine cross cracks
occurred at the center of the interior longitudinal
wall on the 1st and 2nd stories, not extending to the
corner; some plaster on the wall bulged. Fine cracks
occurred on transverse walls; fine cracks occurred at
the door and window corner under the roof slab of
the top story.

Table 7. Damage to multistory brick buildings in Qinhuangdao.
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146

No.
of
Bldg.

Laboratory
building,
Merchandise
Inspection
Department of
the
Prefectural
Foreign Trade
Bureau

Name of
Building

Plan
(unit: cm)
4

No. of
Stories
1st: 3.75
2nd: 7.50
3rd:11.25
4th:15.00

Story
Elev.
(m)
50

Mortar
Strength
(kg/cm2)
Main part of the building had been
completed just before the quake
and the interior décor was being
carried out. Rubble foundation
except for part of the wall and
column foundation which was a
R.C. foundation. Depth of the
foundation was 2.5 m. exterior
walls were placed on the
foundation beam; width of the
foundation was 1.5 m. For all
panels where transverse walls were
used for bearing, the foundation
width for the longitudinal wall was
reduced to 1.0 m. There was a ditch
around the indoor surface; it was
specified in the design that one end
of the lintel be put on the bracket of
the foundation beam where the
ditch passed the foundation.
However, no bracket was made in
the beam and the lintel was
supported on only 2 bricks.
Exterior longitudinal walls: 2B for
1st and 2nd stories; 1 1/2B for 3rd
and 4th stories. Transverse walls in
the entrance hall and the staircase:
1 1/2B; other walls: 1B. Walls were
made of blue bricks, not oxidized,
of poor quality and laid by coarse
sand cement mortar. Girths were
installed above the window on each
story. Pre-cast hollow core floor
and roof slabs. Parapet wall: 80 cm
high and 18 cm wide.

Structural Details

Table 7. (continued).

moderately
damaged

Damage
Degree

The foundation settled slightly. 1B transverse walls
on the 1st story cracked generally. Cracks began at
the end of the ditch lintel to the upper corner of the
exterior wall obliquely. Two vertical cracks
occurred at the connection of the interior
longitudinal wall and the transverse wall cutting the
bricks in the walls. The bricks supporting the lintel
in the ditch were mostly crushed. Fine vertical
cracks also occurred on walls on the 2nd story but
only a few oblique cracks occurred. Walls on the 3rd
and 4th stories were basically intact. Fine cracks
occurred on the surface of the corridor along the
longitudinal wall.

Outline of Damage
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Classroom
building,
No. 7 High
school

Office
building,
Municipal
Party
Committee

Classroom
building,
Railway
Primary
School

148

149

Name of
Building

147

No.
of
Bldg.

Plan
(unit: cm)
1st: 3.6
2nd: 7.2
3rd: 10.8

1st: 3.75
2nd: 7.20
3rd:10.05
4th:14.10

1st:3.45
2nd: 8.2
(7.6)

4

2

Story
Elev.
(m)

3

No. of
Stories

slightly
damaged to
moderately
damaged

The roof of the central section which
consisted of 3 classrooms was 60 cm
higher than the end sections. Exterior
walls: 1 1/2B; spandrel walls were
reduced to 1B; interior walls: 1B. No
plaster on the outer surface of exterior
walls. R.C. beams; pre-cast hollow core
floor and roof slabs.

10,
25 for
longitudinal
walls

basically
intact

Built in 1973. Two expansion joints
were arranged between the walls,
separating the central section of the
building from the two end sections;
width of the joint was 2.5 cm.
Exterior walls: 1 1/2B with a
buttress 12x49 cm at each panel.
Interior walls: 1B, except 2
transverse walls in the entrance hall
were 1 1/2B. R.C. columns were
installed at the four corners of the
hall. Floor slabs and the staircase in
the central section were cast-in-site.
Other floor and roof slabs were precast hollow core slabs. A
waterproof and thermal isolation
layer was placed on the roof slab.

50
50
25
25

moderately
damaged

Damage
Degree

A building with 2 unequal wings.
No expansion joint installed.
Interior and exterior walls were all
1B. At the front elevation there
were wall buttresses 50x24cm. The
design strength of mortar was
25kg/cm2 for the walls in the
staircase and 50kg/cm2 for the
bearing buttress. Judging from
observation, the strength of mortar
used for interior walls was
10kg/cm2 to 25kg/cm2. Cast-in-site
R.C. beams. Pre-cast hollow core
floor and roof slabs. R.C. girth
installed on the 1st story;
reinforced brick girth (3µ6) was
installed on the 2nd and 3rd stories,
located above windows.

Structural Details

10-25

Mortar
Strength
(kg/cm2)

Table 7. (continued).
Outline of Damage

Obvious oblique or cross cracks occurred on transverse walls on
the 1st story. Fine cracks occurred on the longitudinal wall of a
large span. On the 2nd story splay cracks appeared at the corner of
window or door openings. Part of the joints between pre-cast slabs
separated; vertical cracks occurred at most of the connections of the
chimney and transverse wall on the 1st and 2nd stories.

Fine and small cracks were found around individual
window or door openings only.

Hollow core slabs on the top story cracked at their joints
generally and some also dislocated causing cracking of the
wall which was more serious than to the 1st and 2nd
stories. Oblique cracks or cross cracks occurred on
transverse walls in the 3 or 4-panel room (classroom). Fine
cracks occurred at the corner of windows or doors on the
longitudinal wall. 3 horizontal cracks appeared on the part
of the chimney attached to the wall above the roof.
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Classroom
building,
Railway
Primary
School

Classroom
building,
Haiyang Road
Primary
School

Classroom
building,
Shangyi
Street Primary
School

151

152

Name of
Building

150

No.
of
Bldg.

Plan
(unit: cm)
1st: 3.45
2nd: 6.90

1st: 3.45
2nd: 6.90

1st: 3.75
2nd: 7.35

2

2

Story
Elev.
(m)

2

No. of
Stories

25

10

10
25

Mortar
Strength
(kg/cm2)

moderately
damaged

moderately
damaged

L-shaped building, corridor in the
main part of the building was an
interior one; the one in the wing
building was a one-sided corridor. No
expansion joints installed. The gable
wall in the main part was connected
to the enclosing wall. Rubble
foundation. Interior and exterior
walls: 1B. In the front elevation
24x24 cm brick buttresses were installed for each panel, plastering was
done on part of the exterior wall. R.C.
girders, pre-cast hollow core floor
and roof slabs, cast-in-site staircase,
eaves cantilevered out for 60 cm. No
mortar was put under the hollow core
slabs at the supports. On the roof a
layer of slag 10 cm thick was laid and
then a cement mortar layer and a
waterproof layer.

slightly
damaged

Damage
Degree

Built in 1965. Rubble foundation.
Interior walls and exterior
longitudinal wall in the corridor:
1B; other exterior walls: 1 1/2B.
Mortar strength was not uniform,
more weak at the east end. No
plaster on the outer surface of
exterior walls. Pre-cast R.C. beams
and inverted T-shaped slabs. A
mixed surface layer of Grade 50
lightweight concrete 5 m thick and
fine aggregate concrete 3 cm thick
was placed on a slag layer 8 m
thick. Cast-in-site R.C. cantilevered
eave slabs.

Built in 1974. A built-out corridor
was built on the 2nd story. Two
panels in the east end were 1-story.
Rubble foundation. Exterior and
interior walls: 1B. No plaster on the
outer surface of exterior walls. Precast hollow core floor and roof
slabs.

Structural Details

Table 7. (continued).

Oblique cracks occurred on the transverse walls in
the main building on the 1st story; fine oblique
cracks occurred on the transverse wall between the
classroom and the hall; the longitudinal wall
cracked slightly. In the wing building oblique
cracks occurred on the gable and transverse walls
at the end and the gable wall offset slightly; fine
cracks occurred on most of the longitudinal walls;
oblique cracks occurred on the wide wall in the
staircase. On the 2nd story fine cracks occurred on
most of the walls; corners of window and door
openings cracked. In the end panel the longitudinal
wall separated from the transverse wall. Oblique
cracks also occurred on the walls between the
classroom and the hall. Most of the roof slabs
became loose and dislocated. Most of the joints
cracked, especially at both ends and in the wing
building. Part of the floor slab-joints cracked.

On the 1st story oblique cracks occurred on the
gable and transverse walls. Cracks occurred at the
corner of window or door openings on the
longitudinal wall. On the 2nd story part of the
brick arches on the door cracked. At the south end
a horizontal crack occurred on the indoor ground
surface along the longitudinal axis of the building.
The foundation partly settled.

Fine oblique cracks occurred on the east gable wall
and east wall in the staircase on the 2nd story. Fine
and short cracks occurred at the corner of
individual window or door openings. No obvious
damage was found on the 1st story.

Outline of Damage
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No. 3 High
School
classroom
building,
Harbor
Bureau

74 standard
apartments

Apartment in
the Tange
residence
district, the
1st story used
for stores

154

155

Name of
Building

153

No.
of
Bldg.

“A” unit in standard story,
“B” unit central unit

Plan
(unit: cm)
1st: 3.6
2nd: 7.2
3rd: 10.8

1st: 3.0
2nd: 5.8
3rd: 8.8

1st: 3.5
2nd: 6.3
3rd: 9.1
4th: 12.1

3

4

Story
Elev.
(m)

3

No. of
Stories

A 4-story building with a singlestory in front of it. The 1st story
was used for stores. Cast-in-site
R.C. beams and columns. The
upper stories were used for
apartments. Built according to 1974
standard design. Buildings were
divided into 3 sections (units) by
expansion joints.

A combination of 74 standard
apartment units were used as
apartments for the Tangshan
Municipal Party Committee and for
those in the Tanghe residence
district. One unit consisting of a
staircase was for 2 families and
there was a heated brick bed for
each family. Gable walls and north
longitudinal walls: 1 1/2B; partition
wall for the kitchen: 1/2B; other
walls: 1B. Pre-cast hollow core
floor and roof slabs. It was
specified in the design that the joint
between the roof slabs should be
filled with 1:3 cement mortar and a
dry slag isolation layer should be
placed on the slabs only. No mortar
was required to fill the joints of the
floor slabs. An R.C. girth was
installed above the window
opening instead of the lintel on
each story.

25

50
50
25
25

Rubble foundation. Exterior walls
and transverse walls in the
staircase: 1 1/2B; other walls: 1B.
No plaster on the outer surface of
exterior walls. R.C. girders, precast hollow core floor and roof
slabs, cast-in-site staircase.

Structural Details

25

Mortar
Strength
(kg/cm2)

Table 7. (continued).

No obvious damage to the 1st story was found.
Fine cracks were observed on part of the walls on
the 3rd and 4th stories. Individual joints of roof
slabs cracked.

3 apartments of the Municipal Party Committee
were basically intact. 2 of 10 apartments in the
Tange residence district, the main part of which
had just been completed before the quake, were
slightly damaged, joints of the hollow core slabs
cracked and mostly occurred on the top story.
Corners of the window and door openings and
construction holes in the unit walls cracked. (Only
the 2nd and 3rd stories had been completed for the
other 8 apartments. Some of the slabs in the
corridor fell down.)

basically
intact

slightly
damaged

On the 1st story an oblique crack was observed on
the east gable wall of the staircase; no other
obvious damage was seen.

Outline of Damage

slightly
damaged

Damage
Degree

110

Apartment of
the Harbor
Bureau, the
1st story used
for stores

Office
building,
Municipal
Public Health
Bureau

157

Name of
Building

156

No.
of
Bldg.

Plan
(unit: cm)
1st: 3.0
2nd: 5.9
3rd: 8.8
4th: 11.7

1st: 3.6
2nd: 7.05
3rd: 10.5
4th:14.30

2 east
section;
4
central
section;
3 west
section

Story
Elev.
(m)

4

No. of
Stories

25

50
(1st
story)

Mortar
Strength
(kg/cm2)

Stories were staggered at the front
elevation (for different sections).
No expansion joints were installed
between sections. The east section
was 2 stories; the central section
was 4 stories and consisted of an
entrance hall and a staircase and on
the top story there was a spacious
room; the west section was 3
stories and consisted of 10 panels.
Exterior and interior walls as well
as walls in the hall: 1 1/2B; others:
1B. At the exterior wall there was a
24x24 cm buttress for each panel.
Plastering for the exterior wall.
Mortar was made of coarse
aggregates, cement and lime. Precast hollow core floor and roof
slabs.

The 1st story was used for stores;
the other stories were used for
apartments. On the 1st story R.C.
columns were alternated with
transverse walls. On the transverse
walls doorways and holes for
cables and the switchboard were
left. North longitudinal wall and
gable walls: 1 1/2B; south
longitudinal wall and interior walls:
1B. Mortar made of coarse
aggregates with large porosity.
Cast-in-site R.C. beams and
columns, pre-cast hollow core floor
and roof slabs.

Structural Details

Table 7. (continued).

moderately
damaged

moderately
damaged

Damage
Degree

Walls on the 3rd and 4th stories in the central
section cracked generally. The roof dislocated to
the east about 10 cm. The east gable wall bulged
outward. In the northwest corner the longitudinal
wall separated from the transverse wall about 5
cm; damage to walls on the 2nd story was slight.
The main part of the east and west sections was
basically intact. Short cracks occurred at the corner
of window or door openings on the 1st story. Fine
cracks were found on part of the walls on the 2nd
story of the east section but damage to the
connection of the central section was obvious.

The upper stories were basically intact. Oblique or
cross cracks occurred on almost all transverse
walls on the 1st story and most of the walls offset.
A V-shaped mass of the transverse wall near the
doorway fell down. Horizontal or vertical cracks
occurred at holes used to pass cables or for the
installation of the switchboard. Individual R.C.
columns settled slightly.

Outline of Damage
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Classroom
building,
Rongan St.
High School

Classroom
building,
Guiyang Road
High School

159

Name of
Building

158

No.
of
Bldg.

Plan
(unit: cm)
1st: 3.6
2nd: 7.2
3rd:12.8
4th:14.4
5th:18.0

1st:
3.
2nd: 7.
3rd: 10.
4th: 14.
5th: 18.

5

Story
Elev.
(m)

5 (4)

No. of
Stories

100
50
50
25
25

25
50

Mortar
Strength
(kg/cm2)

A 5-story building built in 1972.
The design was revised according
to the draft code 11-74 for intensity
VII. Above the entrance hall there
was a projecting small story. R.C.
stripe foundation. Exterior walls,
transverse walls in the hall and
staircase: 1 1/2B; other interior
walls: 1B. Buttresses 24x24 cm
were installed for each panel of the
exterior longitudinal wall. Sand
plaster was put on the exterior wall
of the 1st story and spandrel walls
on each story. Pre-cast beams and
hollow core floor and roof slabs. A
layer of fine aggregate concrete 3
cm thick was cast on the slab. An
R.C. girth was installed on each
story instead of lintels. The girth
extended to the transverse wall for
1 m. A parapet wall was installed
on the roof.

Main buildings (classrooms) were
4 stories and the west section was 5
stories. No expansion joints were
installed. R.C. stripe foundation.
Exterior longitudinal walls and
gable walls at both ends from the
1st to 4th stories: 1 1/2B; other
walls: 1B. Design mortar strength:
1st story, 100kg/cm2; 2nd and 3rd
stories, 50kg/cm2. Measured
strength: 1st story, 50kg/cm2; top
story, 25kg/cm2. No plaster on the
outer surface of exterior walls. Precast beams, hollow core floor and
roof slabs. Girths installed instead
of lintels on each story were
moderately damaged. R.C. eave
slabs.

Structural Details

basically
intact

moderately
damaged

Damage
Degree

Table 8. Damage to multistory brick buildings in Tianjin City.

Horizontal cracks occurred on the bottom of the
wall in the small projecting story. Joints of pre-cast
slabs cracked. Fine oblique cracks occurred on a
wall on the 1st story.

The septic tank northwest of the building partly
settled. The walls in the staircase near the septic
tank on the 1st-3rd stories cracked. The girder in
the hall moved, on the 4th and 5th stories
horizontal cracks occurred on the west gable wall
above the window. Oblique cracks occurred on
nearly all transverse walls on the 1st-2nd stories,
except for those in the single panel room.
Horizontal cracks on the wall between windows in
the classroom and vertical cracks on the spandrel
walls in the corridor were generally observed.
Oblique cracks occurred on a buttress of the
longitudinal wall.

Outline of Damage
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Classroom
building,
Limin Road
High School

New
classroom
building,
No. 59 High
School

Old classroom
building,
No. 59 High
School

Classroom
building of
Yuhong High
School

161

162

163

Name of
Building

160

No.
of
Bldg.

Plan
(unit: cm)

1st: 3.6
2nd: 7.2
3rd:10.8
4th:14.4

4

1st:3.6
2nd:7.2
3rd:10.8

1st: 3.65
2nd: 7.30
3rd:10.95
4th:14.60
5th:18.25

5

3

1st: 3.6
2nd: 7.2
3rd:10.8
4th:14.4

Story
Elev.
(m)

4

No. of
Stories

basically
intact

moderately
damaged

Built in 1959. Lime soil foundation.
Exterior and transverse walls in the
entrance hall: 1 1/2B; interior walls: 1B.
Walls were laid with slag-cement mortar.
No plaster on the outer surface of
exterior walls. Pre-cast R.C. floor slabs,
longitudinal walls in the classrooms
were used for load bearing. In the roof
system pre-cast girders supporting castin-site reinforced hollow brick slabs with
close-spaced ribs were used.

4

slightly
damaged

slightly
damaged

Damage
Degree

Built in 1963. Exterior walls,
transverse walls in the staircase and
interior longitudinal walls on the 1st
story: 1 1/2B; other interior walls: 1B.
No plaster on the outer surface of
exterior walls. Pre-cast R.C. beams
and hollow core floor and roof slabs.

Built in 1974. Exterior walls: 1 1/2B,
except for the longitudinal walls on
the 1st story which were 2B; interior
walls: 1B, except for the longitudinal
walls on the 1st story which were
1 1/2B. No plaster on the outer surface
of exterior walls. Pre-cast R.C. beams,
hollow core floor and roof slabs.

Built in 1957. Interior longitudinal
walls on the 4th story and interior
walls at both ends: 1B; other walls:
1 1/2B. Mortar strength estimated to
be 25kg/cm2 on the 1st story. The
strength of the upper stories were
mostly lower than 25kg/cm2. No
plaster on the outer surface of exterior
walls. Cast-in-site R.C. beams, slabs,
wood roof truss, transverse gable
walls for supporting purlins, tile roof.

Structural Details

50

100
100
100
50
50

25

Mortar
Strengt
h
(kg/cm2
)

Table 8. (continued).

East of the hall all transverse walls on the 1st story cracked
and intensified from west to east; large cross cracks
occurred on the gable wall and cracks only appeared on the
middle section of the east wall in the hall; horizontal
cracks occurred at about 2 courses of brick under the floor
slab in the 7 panel east section of; part of the slab joints
separated. Damage to the 2nd story was slighter than the
1st story but the damaged areas were similar. On the top
story moderate cracks occurred on the east gable. Fine
cracks occurred at the top corner of the door opening and
under the roof slab. The west section was basically intact.

No obvious damage was found.

Oblique cracks occurred on 4 transverse walls in
classrooms on the 1st story; fine cracks occurred at the
joint of hollow core slabs, especially those in the top
story. The top corner of the doorway of the top story
cracked.

Bricks fell from the arch in the corridor on the top
story. At the front elevation the top of the façade gable
wall fell down. The top of the south longitudinal wall
slightly tilted outward. Cracks occurred at the upper
corner of a doorway.

Outline of Damage
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164

No.
of
Bldg.

Classroom
building,
Tianming
High School

Name of
Building

Plan
(unit: cm)
5 (4)

No. of
Stories
1st: 3.0
(3.40)
2nd: 6.0
(6.8)
3rd: 9.0
(10.2)
4th: 12.0
(13.6)
5th:(17.0)

Story
Elev.
(m)

100

50

100

10

Mortar
Strengt
h
(kg/cm2
)
The main section was 5 stories with
a story height of 3.4 m; the west
section consisting of 3-4 panels
was 4 stories; the east section
consisting of 3-4 panels was a
single-story; the section
perpendicular to the main section
was 4 stories with a story height of
3 m and was used for offices. No
expansion joints at the staggering
of stories. Exterior walls: 1 1/2B,
only 1B at the staggering of stories.
Buttress of the exterior longitudinal
wall of the classroom on the 1st
story was 1/2B. Interior walls: 1B;
only corridor walls on the 1st story
were 1 1/2B. Mortar strength varied
by stories; longitudinal walls on the
1st story and transverse walls in the
staircase were 100kg/cm2, other
walls were 50kg/cm2. Mortar
strength for corresponding walls on
the 2nd and 3rd stories was reduced
by 1 grade successively. Mortar
strength for walls on the 4th and
5th stories was 10kg/cm2. The
strength, judged visually, was
basically in accordance with the
design strength. In the main section
the mortar strength for longitudinal
walls in lower stories was 25kg.cm2
while the 4th story was 25kg/cm2.
Pre-cast R.C. beams and hollow
core floor and roof slabs.

Structural Details

Table 8. (continued).

moderately
damaged

Damage
Degree

In the main section the 1st story was basically
intact; cross cracks occurred on 4 transverse walls
in the classroom on the 2nd story, fine oblique
cracks occurred on the corridor wall between the
door and the high window; oblique cracks occurred
on transverse walls in the west staircase. Damage
to the 3rd story was heaviest. The staggering of
stories was damaged due to pounding and walls
ruptured horizontally; a large cross crack occurred
on the west gable wall with obvious offset. The
corner of the wall was pushed out 10 cm; oblique
cracks were also found on most transverse walls.
There was damage on the 4th story where stories
were staggered due to pounding. On the 5th story a
cross crack appeared on the west gable wall. The
wall under the roof slab of the staircase dislocated
horizontally for 2 cm. A cross crack was found on
the exterior wall, 1B, above the staggering of
stories. In the section perpendicular to the main
section the walls were basically intact.

Outline of Damage
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165

No.
of
Bldg.

Classroom
building,
Liutan High
School

Name of
Building

Plan
(unit: cm)
4 (3)

No. of
Stories
1st: 3.6
(3.1)
2nd: 7.2
(6.2)
3rd:10.8
(9.3)
4th:14.5

Story
Elev.
(m)

50
(25)
25

100
(50)
50

Mortar
Strengt
h
(kg/cm2
)
The section used for classrooms
was 4 stories with a story height of
3.6 m; the other section used for
offices (perpendicular to the above
section) was 3 stories with a story
height of 3.1 m. A settlement joint
was installed between these
sections. Steps were placed at the
connection of these sections. R.C.
stripe foundation. Walls were all
1B except for the exterior
longitudinal wall in the end
classroom which was 1 1/2B. In the
classroom section 24x26 cm
buttresses were added to the
exterior walls. A visual estimate of
the mortar strength was basically in
accordance with the design
strength. Beams and slabs in the
entrance hall, staircase, toilets, castin-site eaves, all floors and roof
were made of pre-cast beams and
hollow slabs. Girths were installed
on each story instead of lintels.

Structural Details

Table 8. (continued).

moderately
damaged

Damage
Degree

Walls at the connection of the two sections were
damaged due to pounding. A horizontal crack
occurred on the wall of the staircase platform on
the 4th story. In the classroom section most of the
transverse walls were pulled from the longitudinal
wall with a crack which was wide at the top and
narrow at the bottom, the width was up to 6 cm;
roof slabs were loosened; oblique cracks occurred
on the transverse wall of the staircase in the corner.
Oblique cracks also appeared on a few door
corners. Vertical cracks were found on individual
walls. Horizontal cracks generally occurred under
the window on the exterior wall of the corridor in
the office section.

Outline of Damage
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Classroom
building,
Huidui High
School

Classroom
building,
Hongqi Road
Primary
School

Classroom
building,
Tianmingxli
Primary
School

167

168

Name of
Building

166

No.
of
Bldg.

Plan
(unit: cm)

1st: 3.6
2nd: 7.2
3rd: 10.8

1st: 3.6
2nd: 7.2
3rd: 10.8

3

3

1st: 3.6
2nd: 7.2
3rd: 10.8
4th: 14.4

Story
Elev.
(m)

4

No. of
Stories

4

10

50
25
25
25

Mortar
Strength
(kg/cm2)

The plan was similar to building
No. 167, only the entrance hall
was changed to the north and the
main staircase changed to the
south. Pre-cast R.C. channelshaped floor and roof slabs.
Bearing longitudinal walls,
shaving board ceiling.

Built in 1962. Exterior walls,
transverse walls in the entrance
hall and staircase: 1 1/2B; other
interior walls: 1B. Walls were laid
with lime-slag mortar. Pre-cast
girders, beams were used in floor
and roof systems. Cast-in-site
R.C. slabs 5 cm thick. Sawdust
plate ceiling. Parapet wall 1 m
high.

Built during the winter. Civil air
defense tunnels existed on both
sides and west end of the
building. R.C. stripe foundation,
exterior and interior walls: 1B.
Buttresses, 24x36 cm were added
to the exterior longitudinal wall.
No plaster on the outer surface of
the exterior walls. Mortar strength
was estimated visually, for
interior walls on the 1st story
10kg/cm2; for those on the 2nd
story 4kg/cm2; for the gable wall
on the 3rd story 25kg/cm2; for
interior walls on the 4th story
4kg/cm2; exterior walls were
basically in accordance with the
design strength. Pre-cast beams
and hollow core floor and roof
slabs. A 3.5 cm thick fine
aggregate concrete layer was cast
on the slabs. A girth was installed
on each story instead of lintels.

Structural Details

Table 8. (continued).

seriously
damaged

moderately
damaged

moderately
damaged

Damage
Degree

Oblique or cross cracks occurred on all exterior
walls and interior walls on nearly every story.
Large V-shaped cracks were found on the interior
walls and the outer corner of the wall on the 3rd
story.

Oblique or cross cracks occurred on the interior
longitudinal walls on the 1st story and transverse
walls in the hall and staircase on the 1st and 2nd
stories. Corners of window or door openings on the
3rd story cracked. Four sides of the suspended
ceiling separated from the walls.

On the 1st story oblique cracks occurred on the
interior longitudinal walls; a few vertical cracks
occurred on the exterior longitudinal wall under
the window; oblique or cross cracks generally occurred on transverse walls. On the 2nd story
oblique cracks occurred at the window or door
corner on the interior longitudinal walls; shear
cracks occurred on gable and transverse walls;
floor slabs offset. On the 3rd story oblique cracks
occurred on part of transverse walls and at the
corner of window or doorways. Slabs offset on the
top of the wall. On the 4th story splay cracks
occurred at the corners of the transverse wall;
horizontal cracks occurred under the window;
oblique cracks occurred along the flue
individually. On the west gable wall cross cracks
occurred on spandrel walls of different stories;
oblique cracks extended to the window opening.
Horizontal cracks occurred at the bottom of the
buttress on the sides of the west door.

Outline of Damage
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Classroom
building,
Beilou
Primary
School

Office
building,
Construction
Instrument
Plant

Apartment of
the Cultural
Bureau on
South Dagu
Road

170

171

Name of
Building

169

No.
of
Bldg.

Plan
(unit: cm)

1st: 3.3
2nd: 6.6
3rd: 9.9

1st: 3.0
2nd: 6.0
3rd: 9.0
4th: 12.0
5th: 15.0

5

1st: 3.5
2nd: 7.0
3rd: 10.7

Story
Elev.
(m)

3

3

No. of
Stories

25

10

50

Mortar
Strength
(kg/cm2)

Built during the winter of 1974.
Exterior and interior walls: 1B
generally; gable wall: 1 1/2B;
transverse walls in the restroom
and part of the interior
longitudinal walls: 1/2B. No
plaster on outer surface of exterior
walls. Pre-cast hollow core floor
and roof slabs.

Built in the 1950’s. Exterior walls
on the 1st and 2nd stories and
transverse walls on the 1st story:
1 1/2B; other exterior and interior
walls: 1B. No plaster on the outer
surface of exterior walls. Cast-insite R.C. floor slab. Sloping roof
with bearing gable walls. Tiles on
the roof, suspended ceiling, R.C.
girth was installed on the 2nd
story.

Built in 1963. It was said that the
site was originally a reed pond.
The underground water level was
high. Rubble foundation. Exterior
walls: 1 1/2B; interior walls: 1B.
No plaster on the outer surface of
exterior walls. Pre-cast hollow
core floor and roof slabs. R.C.
girth was installed on each story.

Structural Details

Table 8. (continued).

slightly
damaged

basically
intact

slightly
damaged

Damage
Degree

Obvious oblique cracks occurred on the interior
longitudinal walls, especially on the 2nd story.
Fine oblique cracks occurred on exterior
longitudinal walls on the 1st and 2nd stories.

Fine cracks occurred at the corner of individual
door and window openings.

Two sandboils were found in the vicinity, ground
cracks occurred on the outdoor surface. The indoor
surface cracked and the foundation settled. Fine
cracks appeared on part of the walls. On the 2nd
story pre-cast slabs in the west end were loosened
and their joints cracked; splay cracks occurred at
the upper corner of the doorway.

Outline of Damage
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Table 9. Designed strength (grade) of mortar for different stories of the
classroom building of Tianming High School (in kg/cm2).
Classroom Section

Walls in the
Staircase

Interior
Longitudinal
Walls in the
Corridor

Interior
Transverse Walls

Office
Section

100

100

100

50

50 (50)

2nd

50(25)

50(25)

50

25 (25)

25

3rd

25 (25)

25

25

10
(North 10
South 25)

10

4th

10 (25)

10

10

10

10

10

10

10
10

---

No. of
Stories

Exterior
Longitudinal
Walls

1st

5th

(10 ~ 25 uneven)

Remarks: Figures in bracket denote the actual (measured) strength.

Tangshan

Location

E2 apartment of the
Institute of Coal
Mining

Apartment in the
Culture Building
(No. 3)

Type D apartment of
the Convalescence
House (No. 2)

Type D apartment of
the Convalescence
House (No. 3)

Office building of the
Foreign Trade Bureau

Apartment of the
Yuejin building

Grey apartment of the
Qixin Cement Plant

South classroom
building of Kailuan
No. 3 High School

North classroom
building of Kailuan
No. 3 High School

New classroom
building of No. 27
High School

Apartment of the
Municipal
Construction
Company

40

44

44

49

57

63

65

66

70

75

Name of Building

13

Bldg.
No.

3.42

9.16

10.80

12.10

2.57

2.79

7.10

7.10

9.14
5.03

8.69

8.69

7.34

9.20

8.70

13.65

7.03

7.34

7.79

9.75

7.03

6.39

Wall
Area/
Bldg.
Area
(%)

9.90

Height
of
Bldg.
(m)

0.35

0.34

0.18

0.20

0.13
—

0.31

0.31

0.20

0.17

0.28

0.25

By
Mierotremor

0.38

0.35

0.18

0.20

0.13
0.17

0.31

0.31

¤—

0.17

0.24

0.25

By Impulse

Lateral

Period(s)

0.53

0.36

—

—

0.16

—

—

0.17

0.18

0.28

0.37

By
Microtremor

Long.

Damping Ratio
ε

0.122

0.144

0.137

0.152

0.321
0.236

0.279

0.279

—

0.260

0.510

0.274

0.019

0.023

0.022

0.024

0.051
0.038

0.044

0.044

—

0.057

0.081

0.044

FG λ = 1 1n A0 IJ FG ε = λ IJ
H n An K H 2Π K

Damping λ

Damping

Table 10. Measured period and damping of multistory buildings.

vertical cracks
occurred, seriously
damaged

seriously damaged

moderately
damaged

seriously damaged

slightly damaged

vertical cracks
occurred, seriously
damaged

seriously damaged

seriously damaged

moderately
damaged

horizontal cracks
occurred, seriously
damaged

seriously damaged

Damage
Description

119

Qinhuangdao

Tangshan

Location

Office building of the
Architectural
Ceramics Plant

Dormitory of the
Architectural
Ceramics Plant

Office building of the
Design Department

150 Primary School
of the Qinhuangdao
Railway

No. 3 High School of
the Navigation
Bureau

3-story apartment in
Tanghe

4-story apartment in
Tanghe

90

144

150

153

154

155

Name of Building

89

Bldg.
No.

3.43

7.20

12.70

9.40

11.25

5.07

6.37

Wall
Area/
Bldg.
Area
(%)

10.80

7.10

13.50

Height
of
Bldg.
(m)

0.31

0.22

0.24

0.17

0.31

0.19

0.42

By
Mierotremor

—

—

—

0.20

0.28

—

0.40

By Impulse

Lateral

Period(s)

0.32

0.23

0.24

0.17

0.257

0.29

0.45

By
Microtremor

Long.

Table 10. (continued).
Damping Ratio
ε

—

—

—

0.195

0.041

—

0.294

—

—

—

0.031

—

—

0.047

FG λ = 1 1n A0 IJ FG ε = λ IJ
H n An K H 2Π K

Damping λ

Damping

slightly damaged

slightly damaged

slightly damaged

slightly damaged

moderately
damaged

basically intact

seriously damaged

Damage
Description

120
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Photo 1. The 5-story main building of the Kailuan Hospital collapsed
completely (Photo by Jiang Yongqi).

Photo 2. The 1st story of the Cultural Building Apartment collapsed
with the upper two stories falling on it (Photo by Qiu Zhonglian).
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Photo 3. The roof and floor slabs of a 2-story staircase classroom building at the Hebei Institute of
Mining and Metallurgy fell down onto the wall at the windowsill level.

Photo 4. The restrooms in a 4-panel prefectural hotel remained
standing.
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Photo 5. The upper 4 stories of the 5-story physics and chemistry building at the Hebei Institute of
Mining and Metallurgy collapsed and fell onto the floor of the 1st story.
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Photo 6. The two upper stories of the No.64 3-story apartment building of the Kailuan Mine collapsed
(Photo by Zhao Tingjie).

Photo 7. The top story of the timber roofed apartment of the Kailuan Institute of
Coal Mining collapsed (Photo by Dong Jincheng).
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Photo 8. The corner section and east section of the L-shaped Paper Flower Plant office
building collapsed (Photo by Zhang Qihao).

Photo 9. Damage to walls between windows at an apartment of the Kailuan Coal Mine.
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Photo 10. At the E1 building of the Municipal No. 2 Guest House the wall corner
fell down and there was damage to the top of a column and cracks on the central
part of the column.

Photo 11. In the 2nd story staircase of the No. 5 building at the Tangshan
Municipal No. 1 Guest House the top of the constructional column was crushed,
reinforcement bulged, and several horizontal cracks appeared on the central part.
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Photo 12. The walls with constructional columns on the 1st to 3rd stories remained
standing (office building of six organizations).

Photo 13. A horizontal crack on the northeast corner of the wall in the 3rd
apartment of the Cultural Building.
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Photo 14. Damage to the meeting building in Fangezhuang.

Photo 15. The office building of the Public Health Bureau in Luan County
collapsed during the M7.1 aftershock.

Photo 16. The entryway hall of the classroom
building at the Tangshan No. 42 High School partly
collapsed due to failure of the brick columns in the
hall.

Photo 17. The buttress supporting the built-out corridor of
the library building at the Tangshan Steel and Iron
Corporation collapsed.
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Photo 18. The exterior longitudinal wall of the Asphalt Felt
Plant dormitory in Qinhuangdao fell down (Institute of
Seismology, SSB).

Photo 19. The protruding small story of the
Sailors’ Club in Qinhuangdao was seriously damaged
(Institute of Seismology, SSB).
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Photo 20. Damage to buttresses of the longitudinal wall
at the No.5 building of the Tangshan No. 1 Guest House.

Photo 21. Bending-shear failure of buttresses of the
longitudinal wall in the classroom building at the Tangshan
No. 42 High School in Beijiadian.

Photo 22. The exterior longitudinal wall of the Guest House of
the Tangshan Steel and Iron Corporation settled. The cracks on
the wall between windows were enlarged day after day after the
quake.
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Figure 1. Classification of sub-areas for the damage survey in Tangshan city.
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Figure 2. Damage to multistory brick buildings in the No. 1 sub-area.
(Building No. see Table 1; same as in the following figures)

Figure 3. Damage to multistory brick buildings in the No. 2 sub-area.
(Legends are the same as in Fig. 2; buildings with no indication for number of
stories were all 3-story buildings)
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Figure 4. Damage to multistory brick buildings in the No. 4 sub-area.
(Legends are the same as Fig. 2)

Figure 5. Damage to multistory brick buildings in the No. 5 subarea.
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Figure 6. Damage to multistory brick buildings in the No. 6 subarea.
(Legends are the same as Fig. 2)

Figure 7. Damage to multistory brick buildings in the No. 7 sub-area.
(Legends are the same as Fig. 2)
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Figure 8. Damage to multistory brick buildings in the No. 8 sub-area.

Figure 9. Damage to multistory brick buildings in the No. 9 subarea.
(Legends are the same as Fig. 2)
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Figure 10. Damage to multistory brick buildings in the No. 10 sub-area.
(Legends: see Fig. 8)
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Figure 11. Damage to multistory brick buildings in the No. 11-13 sub-area.
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Figure 12. Cracks in the third apartment of the Cultural Building in
Tangshan.

Figure 13. (a) General plan of the Tangshan Design Institute of the
Cement Industry and (b) plan of the apartment unit.
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Figure 14. Damage to multistory brick buildings at Fangezhuang Coal Mine.
(No. of buildings same as in Table 4, legend same as Fig. 8)

Figure 15. Damage to multistory brick buildings at the Railway Work’s
house area in Beijiadian.
(Legend same as Fig. 8)
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Figure 16. Diagram showing damage to multistory brick buildings in
Luan County.
(No. of buildings are same as in Table 5, legends same as in Fig. 8)

Figure 17. Plan of the 1st story of the standard 61-2 small 24 classroom building in Beijing.

141

Figure 18. Cracks on transverse walls at Mashenmiao Primary School in Beijing.

Figure 19. Cracks on the longitudinal wall in the office building of the Power and Water
Bureau in Luan County.

Figure 20. Attenuation of free vibration of multistory brick buildings by an impulse of a microrocket.
Note: (a) and (b) are the lateral and longitudinal vibration curve for an apartment at the Qixin
Cement Plant respectively; (c) is the lateral vibration curve for the classroom building at the
Kailuan No. 3 High School
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Figure 21. Measured fundamental mode shape of multistory brick buildings in Tangshan.
(a) Relative displacement in lateral direction
(b) Relative displacement in longitudinal direction
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EARTHQUAKE DAMAGE TO MULTISTORY BRICK BUILDINGS
AT THE YUEJIN RESIDENTIAL QUARTERS IN TANGSHAN CITY
Yang Wenzhong* and Zhang Shuquan**

1. General Situation
The Yuejin Residential Quarters was located at the northern end of Wenhua Road in
Tangshan. It consisted of 23, three, four and partly five-story residential buildings. The plan is
shown in Fig. 1 and the buildings were designed and constructed in 1972-1975. It was located in
an area of intensity X. During the Tangshan earthquake 10 buildings totally collapsed, 3
buildings partially collapsed and 10 buildings cracked but did not collapse.
The residential quarters were located on the second terrace on the right bank of the Douhe
River. The topography was higher on the southeast side and lower on the northwest side; the
difference in elevation was roughly 4 m; at the western part there was originally a drainage
channel in a north-south direction. After the earthquake there were several ground cracks in a
northeast direction that passed through (Building Nos. 13-15).
Building Nos. 1-6, 22, 23 and the eastern part of Building Nos. 7-9, at the southern part of
the residential quarter all had foundations on loam (15-20 t/m2 of allowable bearing force) There
was originally 2 m in depth of artificial fill under Building No. 3; this was excavated during the
course of construction and the foundations were laid deeper. There was clayey silt at the western
part of Building Nos. 7-9. The foundations of Building Nos. 13-19 and the western part of
Buildings Nos. 10-12 were on layers of fine sand with 8 t/m2 of allowable bearing force, and
under the western part of Building Nos. 13-15 was black silty sand. The ground at the eastern
part of Building Nos. 10-12 and Building Nos. 20 and 21 were clayey silt with 15-20 t/m2 of
allowable bearing force.
2. Building Structure
In the design of all the multistory brick buildings, earthquake protection was not considered;
only those buildings on soft ground were strengthened by adding foundation beams and bond
beams and by raising the mortar grade of brick walls, etc. According to the type of structure the
building design can be divided into six types as follows:
(1) Residences with Type A inner corridors with 3 stories and 5 units (Building Nos. 4 and
5) and Type C with 3 stories and 2 units (Building Nos. 1, 2, 7-12)
The layout of the building is shown in Figs. 2 and 3. Story height was 2.88 m. The southern
inner balcony and balconies at the ends and north end were supported by 37×37 cm brick
*

Urban Construction Bureau of Tangshan Municipality

** Design Institute of Tangshan Municipality
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columns. Northward windows were 1.2(wide)×1.4(high)m and the southward windows were
1.7×1.4 m. Doorframes and window frames were made of pre-stressed concrete.
Foundation: All walls had cement mortar of grade 50. Foundations were 3:7 (lime: clay),
45 cm thick, 85 cm wide, and originally 1.35 m deep. The terrain of Building Nos. 8-12 was
higher in the east and lower in the west. The foundation at the western part was 2-2.5 m deep
and at the western unit a foundation ring beam of reinforced concrete was used (Fig. 4). The
cross-section of the foundation ring beam under internal and external walls was 37×50 and
50×50 cm.
Walls: The external wall was 37 cm thick; the internal (bearing) wall was 24 cm thick, the
design required brick was 75#. The bottom of the internal and external walls was constructed
with mixed mortar 25#, and for the second and third floors with mortar 10#. The internal walls
which were 12 cm thick were constructed with mortar 25#. On the second and third floors at the
four corners of the building and at the joint between the gable wall and internal longitudinal
wall, 2φ4 reinforcing bars were placed for every five layers of brick. A reinforced concrete bond
beam was placed on the top of the end room walls. The cross-section was 24×12 cm with 4φ14
reinforcing bars.
Floors and roof: 14 cm thick pre-stressed hollow core slabs were used and fine stone
concrete, mark 200, was poured into the slab joints; 2φ5 reinforcing bars were laid in the end
slab joint. 3 cm thick cement mortar was trowled on the floor slab, and 2 cm thick cement
mortar was trowled on the roof slabs. A 1.5 cm thick waterproof cement mortar layer and an 8
cm thick 1:3 lime and cinder layer topped off the roof. Eaves were pre-stressed hollow core
slabs on pre-stressed reinforced concrete beams. The methods of doing floors and roofs in other
residential types were similar.
Stairs and balconies: Stairs were of pre-cast reinforced concrete with bearing brick walls.
Balconies were pre-cast beams and slabs with poured-in-place handrails.
(2) Type B residences with 4 stories and 3 units (Building No. 3) and Type D with 4 stories
and 2 units
The plan of the unit is shown in Fig. 2. The mortar for walls was as follows: mark 25 for the
first and second floors and mark 10 for the third and fourth floors. There were bond beams at the
end bay of the second floor and along external walls extending to the neighboring (second) bay.
On the top floor there were beams over the upper window frame and at the staircase they passed
through the transverse wall. Their cross-section was 12 cm in height and the width was the same
as the wall, reinforcing bars were 4φ14.
(3) Type E residences with 4 stories and 2 units (Building Nos. 13-15)
The layout is shown in Fig. 5. The staircase ran in a longitudinal direction, balconies were on
the southern side, and wall cabinets were in rooms.
Foundation: The soft deposit at the western part of the building was rather thick; the buried
depth of the foundation was 2.35 m and at the elevation of the ground there were foundation
beams along the external walls between axis (1) to (8) and the internal walls of axis (8) and (2).
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But the buried depth of the foundation at the eastern part was 1.35 m without a foundation beam.
At the bottom of the foundation a cushion coat of lime and soil was generally provided, the
foundation was mortar-laid rubble 0.55 m under the ground and 10Φ8 reinforcing bars were
added at the external wall of the foundation and 5Φ8 reinforcing bars at the internal wall of the
foundation of axis (2). A reinforced concrete raft foundation (Fig. 6) was under the bay of the
western end of Building No. 15 and wood piles were driven at its four corners; five piles each at
both ends of axis (1), three piles each at both ends of axis (2), 2-2.5 m long.
Walls: External walls were 37 cm thick and ordinarily 24 cm internal walls, both were laid
with mark 75 brick and mark 25-mixed mortar. At strengthening of the four corners of the
building used mortar mark 100, bond beams were located at the upper window frames of two
bays at the western end of the second floor and the top floor and at axes (2), (3), (5) and (13)
(location was symmetrical about axis (2)) passed through transverse walls.
(4) Qianjian residences with short external corridors (Building Nos. 16-19) with 3 stories
and 2 units
The layout is as shown in Fig. 7: Bays were mainly of 3.2 m spacing and 2.9 m in story
height with balconies on the southern side.
Foundation: The buried depth of the foundation at the eastern part of Building Nos. 16 and
17 was 3.l m with a 50 cm thick mortar-laid rubble concrete cushion; under the western part was
a cushion of lime and soil; 1.4 m of buried depth. Under the external walls there was a
foundation ring beam and under the elevation 0.00 m of the eastern part of buildings there was
another foundation ring beam.
Walls: Built with mark 75 brick and mark 25 mortar. At the top of the window frames on the
top floor there was a bond beam around the external wall and the partition walls.
(5) Wing room residences of Building Nos. 20 and 21 with 4 stories and 3 units
Plan layout is shown in Fig. 8: The staircase ran in the longitudinal direction; mainly with
3.3 m of bays and many small rooms.
Foundation: 1.2 m of buried depth built with rubble masonry and a cushion coat of lime-soil;
widths of the foundations under internal and external walls were 1.0 and 1.1 m respectively.
Walls: 37 cm thick external walls, and 24 cm thick internal walls with mark 75 brick built
with mark 25 mixed mortar. There was reinforcing at the wall corners, and a reinforced concrete
bond beam around the external wall at the level of the top of window frames on the top floor.
There were reinforcing brick bands at the elevations of the bottom of the floor slab at both
gables, six pieces of brick with mark 100 cement mortar.
Floors and roof: Pre-stressed hollow core slabs, a net of φ4 reinforcing bars with a spacing of
15 cm; 3 cm thick cinder concrete to level the surface of the hollow core roof slabs, and a layer
of 10 cm thick thermal insulation with fine coal ash. Then 2 cm thick mortar and 4 cm thick of
concrete waterproof layer.
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(6) Corner Building Nos. 22 and 23 (East, west)
Plan layout: All were 4 stories for both wings and 5 stories in the middle with a store on the
bottom floor and residences upstairs. The plan layout of Building No. 22 is shown in Fig. 9 and
Building No. 23 is shown in Fig. 10. Their bottom floor was a pre-cast reinforced concrete inner
frame structure with a single row of columns and the upper floors were brick masonry structures;
4.2 m high for the bottom floor and 2.8 m high for each upper floor.
Foundation: The wall foundation was built of rubble with mark 50 cement mortar and
column footings were cup-like bases of reinforced concrete.
Walls: External walls were 49 cm thick on the bottom floor and 37 cm thick on the upper
floors. There were 18 cm load bearing transverse walls on the second floor. The internal walls
and wall tops were widened to 24 cm. Two pieces of T-brick were laid under the floor slabs and
nonbearing internal longitudinal walls were 12 cm thick. The middle unit of the bottom, second
and third floors and two pieces of T-brick on wall tops were all built with mark 50 mortar. The
partial brick wall buttress under the beam used mark 100 cement mortar, and had a grid of
reinforcing bars (oblique line in plan figure). Remaining brick walls were built with mark 25
mixed mortar. Reinforced concrete ring beams were all laid on each floor (Figs. 11 and 12).
Inner frame and columns of the bottom floor: Pre-cast beams and columns were built with
mark 300 concrete and their cross-sections and reinforcement are shown in Fig. 13. Beams and
columns were poured concrete. The 50 cm long reinforcing bars were welded to the negative
reinforcing bars of φ25, which extended beyond the upper portion of the butt joints of two
beams.
Floors and roof: Hollow core slabs of pre-stressed reinforced concrete with 4 cm thick of fine
stone concrete smoothed on the surface of the floor, 5 cm thick under wall cabinets. The coal
pond, had a grid of reinforcing bars, and was plastered with 1:2.5 waterproof mortar; under the
floor slab of the coal pond a small pre-cast beam was also added. On the roof slab there was a
thermal insulation of fine coal ash 7 cm thick; cement mortar to make it level 2 cm thick; a
waterproof layer of little stone concrete 4 cm thick; on added net of reinforcing bars of φ3 at 15
cm spacing.
3. Earthquake Damage
(1) Type A, B, C, and D residences (Building Nos. 1-12)
These buildings totally collapsed except for building Nos. 3, 11, and 12, which partially
remained standing (Photos 1 and 2). No obvious damage was seen on the building foundations.
Building No. 3 was broken along a longitudinal line; the southern part totally collapsed; serious
diagonal cracks appeared on all transverse walls in the remaining northern part; at the junctures
of walls there were vertical V-shaped cracks; part of the gable wall dropped down along a
diagonal crack; a reinforced concrete bond beam was broken and hung from reinforcing bars;
and some broken hollow core slabs hung from the bearing walls (Photo 3). The eastern part of
Building No. 11 was demolished; two bays at the western end were not destroyed but inclined
westward a little bit, also, there were serious diagonal cracks on the remaining longitudinal and
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transverse walls; vertical cracks were also clearly seen; and corner bricks of the western gable
were broken and fell apart. The eastern part of Building No. 12 was demolished; but 5 bays of
the western end were not destroyed (Photo. 4); and the projecting wall body at the entrance of
the staircase fell down.
(2) Type E residences (Building Nos. 13-15)
All were seriously damaged and partially collapsed. The foundation of the western part of
Building No. 13 slightly subsided. The middle section of Building No. 14 collapsed where
ground fissures passed through; 24 cm of relative dislocation up and down between the eastern
and western part was seen; the foundation was obviously low in the west and high in the east.
The foundation of Building No. 15 had an S-shape, the foundation beam broke into several
sections, building corners broke and dropped down, and the eastern portion of the northern
external longitudinal walls partially collapsed. There were several vertical cracks and a few
diagonal cracks at the top and bottom of the window frames and on both sides of balconies of the
external walls of all the above-mentioned buildings (Photo 5). Vertical cracks in the western
part were more serious than in the eastern part, contrarily diagonal cracks were more serious in
the eastern part. On the northern side refuse courses were broken; cross and diagonal cracks
occurred on the internal transverse walls; cracks on internal longitudinal walls were more serious
than on transverse walls; also, there were diagonal cracks, dislocation, and partial collapse at
many places of the masonry external walls. There were different degrees of vertical cracks that
passed through all intersections of longitudinal and transverse walls; among them cracks at the
joints of external walls and internal transverse walls were V-shaped and the external walls were
slightly tilted outward.
(3) Qianjian residences (Building Nos. 16-19)
All cracked but did not collapse, damage was the slightest in the quarter (Photo 6). Different
settlement existed at all the eastern ends of the buildings; south to north was heavier by building
to building; the maximum settlement reached 17 cm; X-shaped cracks occurred on the interior
floors (the widest reached 5 cm) and connected with the diagonal cracks in longitudinal and
transverse walls. A great number of vertical cracks occurred on external longitudinal walls, most
of them appeared between the upper and lower window corners and at the corners of buildings.
The external walls of two to three bays of Building No. 17 collapsed. Refuse courses were
almost all broken from the upper portion to the bottom. There were many diagonal cracks on the
east and west gables, there were cross cracks on interior longitudinal and transverse walls, and
V-shaped cracks occurred at the juncture of external longitudinal walls and internal transverse
walls. Some sections of the external walls bowed outward. Horizontal cracks and dislocations
occurred between the bond beams at the roof level and the brick wall, and they were heavier
from south to north of each building. The thermal insulation of the building roof, eaves and
balcony were basically intact.
(4) Wing room buildings (Building Nod. 20, 21)
They were seriously damaged but did not collapse. Diagonal and cross cracks generally
occurred on wall piers of external walls of Building No. 20 and the damage degrees of each floor
were not very different. Diagonal cracks on southern and northern gables and on first and
second floors were more serious and on third and fourth floors were rather slight. There were
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diagonal and cross cracks on all internal longitudinal and transverse walls, the bottom story was
the most serious, it partially dislocated and collapsed but damage was less on stories 2-4. The
southern end staircase totally collapsed but the other two staircases still remained standing.
Refuse courses were broken along the floors and collapsed and balconies on the second floor at
the southeast corner and northeast corner collapsed. Widespread diagonal and cross cracks
occurred on window piers of external walls of Building No. 21. Besides diagonal cracks that
passed through the northern and southern gables, horizontal cracks occurred in the bottom story;
many diagonal cross cracks occurred on the interior longitudinal and transverse walls damage on
the first and second floors was heavier than on the third and fourth floors. The staircase in the
middle part remained, two staircases in the south and north dropped down and refuse courses
were all broken. Damage at four corners of the building was most serious, balconies on the
second floor all collapsed (Photo 7). Irregular cracks and breakage occurred at many places on
the roofs of Building Nos. 20 and 21 and reinforced concrete eaves fell with the walls only
where the staircase collapsed. No obvious damage was seen on building foundations.
(5) Corner buildings (Building Nos. 22 and 23)
Building No. 22 was seriously damaged (Photos 8 and 9), most of the cracks on the bottom
story walls were mainly concentrated at corners; they were mainly diagonal and vertical cracks.
Gables of two wings were seriously cracked. There were long diagonal cracks and horizontal
cracks on the gable of the north wing and the wall body of the northwest corner dropped down
along the diagonal cracks. Beams, slabs and columns were basically intact. Various degrees of
diagonal cracks occurred on the external walls of the second to fourth stories. At the north wing
cracks were concentrated on the window piers of the second and third floors; at the east wing
cracks were concentrated on the window piers of the southward second story and each northward
story. Diagonal and vertical cracks were heavier along the height of each story and some
portions of walls collapsed. Horizontal ring cracks occurred on external walls of the middle
portion of the floor layer of the fifth floor, and the brick wall at the corner collapsed.
Widespread diagonal cracks occurred on the internal longitudinal and transverse walls; the ones
in the northern wing were slighter. At the middle corner of stories 2-5 diagonal cracks were
heavier than at the northern wing, and portions of 12 cm thick non-bearing walls collapsed.
Damage to the east wing was the heaviest, part of the internal longitudinal walls dropped down
along diagonal cracks. There were X cracks on internal transverse walls; the central portion of
an individual wall dropped down, V-shaped vertical cracks occurred at the joints of internal and
external walls, parts of hollow core slabs were cracked and dislocated along the assembly joints,
damage was heavier upward and slighter downward. For the roof of the east corner building,
only the eastern part of the thermal insulation of the east wing was broken. Most of the concrete
parapet wall toppled down, only that on the east side of the north wing remained. No obvious
damage was seen on building foundations.
Beams, slabs and columns of the inner frame of the bottom story of Building No. 23 were not
seriously damaged. Minor cracks occurred at assembly joints of a few beam and column joints
and only a few minor cracks occurred on external brick walls. The second to fifth floors
collapsed, only a portion of the living room at the corner of the second story remained (Photo
10). Flashing on the bottom story broke and hung. No damage was seen on foundations.
Some characteristics of building damage to the Yuejin Residential Quarters is as follows:
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(A) The strength of masonry was low and walls mostly cracked along diagonal and vertical
directions, dislocated, slid and collapsed and caused the roof to drop down.
(B) The plan layout of the residence was complicated. Convex staircase entrances and
concave balconies, refuse courses and flues were built and damage to these portions were
relatively heavy and they caused heavier damage to the whole building.
(C) Those buildings in which the foundations were deeper had less damage to the above
ground structure.
(D) Damage to several residences on soft soil was obviously decreased.
(E) The effects of reinforced concrete ring beams and foundation beams in preventing
sliding, dislocating and collapsing were not evident, but the controlling of cracks due to
differential settlement was evident.
(Translators: Chen Dasheng and Zhong Nanping)
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Photo 1. Building Nos. 1-5 totally collapsed.

Photo 2. Building Nos. 7-10 totally collapsed and building Nos. 11-15 remained
standing.

Photo 3. The northern part of Building No. 3 after the earthquake.
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Photo 4. The eastern part of Building No. 12 collapsed
and the western part remained.

Photo 5. Wall cracks at the southeast corner of Building
No. 15.
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Photo 6. A general picture of Building Nos. 16-19 after the
earthquake.

Photo 7. Building with collapsed walls.

Photo 8. The façade of Building No. 22 after the earthquake.

153

Photo 9. The back of Building No. 22 after the earthquake.

Photo 10. The bottom floor and part of the second floor of Building No. 23 remained.
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Figure 1. Plan of multistory brick buildings in the Yuejin
Residential Quarters.

Figure 2. Unit plan of Type A, B and D.

Figure 3. Unit plan of Type C.
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Figure 4. Plan of foundation beam at the western end of Building Nos. 8-12
(a) West ends of Nos. 8,9
(b) West end of No. 10
(c) West ends of Nos. 11 and 12 (No. 11 to point A)

Figure 5. Plan of Type E unit.

Figure 6. Raft foundation of the west end bay of Buildings No. 15.
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Figure 7. Unit plan of second and third floors of Building Nos. 16-19.

Figure 8. Unit plan of Building Nos. 20 and 21.
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Figure 9a. Plan of the bottom floor of Building No. 22.
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Figure 9b. Plan of 2nd-4th floors of Building No. 22.

Figure 10a. Plan of the bottom floor of Building No. 23.
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Figure 10b. Plan of the 2nd-4th floors of Building No. 23.

Figure 11. Plan of ring beam for various floors in Building No. 22
(a) Elevation 2.72, 3.82m
(b) Elevation 6.56, 9.44, 12.32m

Figure 12. Plan of ring beam for various floors in Building No.23.
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Figure 13. Pre-cast inner-frame beams and columns in Building Nos. 22 and 23.
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DAMAGE TO THE XINHUA HOTEL IN TANGSHAN CITY
Liu Dongwen*

1. General Situation
The Xinhua Hotel was located on the northeast corner at the intersection of Xinhua Road and
Wenhua Road in Lubei District where the terrain was flat and the ground water was low. No
ground water was found during the excavation of the foundation trench. There was an empty
excavation of coal extraction 30-50 m wide that passed through underground about 200 m deep
(Fig. 1). The foundation soil consisted of silt 1-1.7 m thick, fine sand 1.5-3 m thick and clayey
soil. The corresponding bearing capacity was 24, 20 and 22 T/m2 respectively.
At the time of the Tangshan earthquake the site of the hotel was in to a region of intensity VI.
The interior frame of the central 8-story building cracked but did not collapse but the brickconcrete part of the structure collapsed (Photo 1).
The hotel was 11,067 m2 in the building area, 113.74 m in total length, and was divided into
three segments according to their function, which were separated by expansion joints. Segment
III was again divided into east and west parts by an expansion joint. The plan and section of the
building are shown in Fig. 2 and Fig. 3.
The building features of various segments are as follows. Segment I: Four stories with a
basement for civil air defense. Segment II: Eight stories (part nine stories) and a basement for
civil air defense. The original design for this segment was an interior frame structure and after
the 1975 Haicheng earthquake twelve reinforced concrete columns were added in the wall (Fig.
2). Segment III: The east part was six stories and the west part was seven stories and had a half
basement. The building of the hotel began at the end of 1974. The basement and foundation
were completed in February of the following year and the main structure was completed in
August 1975. The workmanship was good.
2. Structural Features
(1) Foundation
The plan of the foundation is shown in Fig. 4. A rubble foundation was used for the brick
wall in Segments I and II, and ground beams were provided for the exterior walls and part of the
interior walls. Stepped foundations were used for the reinforced concrete columns.
(2) Walls
In Segment I both the interior and exterior walls on the first story were 37 cm thick and laid
with mark 75 clay bricks and mark 50 mortar, except for the south exterior wall which was laid
with high strength bricks and mark 75 mortar. Above the first story the exterior and interior
* Tangshan Design Institute
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walls were 37 cm and 24 cm thick respectively and were all laid with 75 clay bricks and 25
mortar. At the buttress of the south exterior wall a thin reinforcing fabric was installed every
five courses of brick. The columns were cast-in-site with mark 200 concrete. This section of the
brick wall is shown in Fig. 5.
In Segment III the walls were laid with high strength bricks from the first to eighth stories
and mark 75 clay bricks on the ninth story. And the mortar used was mark 100 for the first to
third stories, 50 for the fourth and fifth stories and 25 for the sixth to ninth stories. The beams
and columns were cast-in-site with 200 concrete. The section of the wall is shown in Fig. 6.
In Segment II the walls were laid with high strength bricks on all stories and mortar of 100
on the first story, 50 on the second and third stories and 25 on the fourth to sixth stories. The
thickness of wall was 49 cm for exterior and interior walls on the first and second stories, 37 cm
for walls on the third story and exterior walls on the fourth to seventh stories, and 24 cm for
interior walls on the fourth to seventh stories. The beams and columns were cast-in-site with
200 concrete. The section of the wall is shown in Fig. 7.
(3) Beams, and slabs
The arrangement of beams and slabs is shown in Fig. 8. A bond beam was provided at every
story in all segments and was used for the lintels of windows. The levels of the south and north
windows were different and so the levels of the bond beams were different.
A non-prestressed hollow slab was used for the floors. The width of seams between slabs
was 15 cm. Two reinforcing bars of φ6 and φ8 were put in the seam then grouted with 200 fine
aggregate concrete. The beams and slabs in the toilet, washroom and staircase were cast-in-site.
The geometric dimension and reinforcement for the second floor slab in Segment I and the
interior frame beams and columns in Segment II are shown in Fig. 9. The floor of the second
and fifth stories and the top slab of the eighth story were cast-in-site. The floor of the third story
in Segment II was originally designed to be cast-in-site, but during construction it was changed
to a pre-cast slab. The seams between slabs were widened and 2-10 φ reinforcing bars were put
in each seam, then a reinforcing fabric was laid on the slabs and a 200 fine aggregate concrete
layer 4 cm thick was poured over them. The insulating roof layer was made of coke slag and the
waterproof layer consisted of five layers of asphalt felt. Beams, columns and bond beams were
all cast-in-site with 200 concrete.
3. Earthquake Damage
In Segment I most of the north side of the building to the corridor collapsed, except for three
rooms at the west end that survived. On the south side the first and second stories survived
(Fig. 11) but the third and fourth stories collapsed (Photo 1). It was seen from the place where
the exterior wall collapsed that at the intersection of the exterior and interior walls the bricks
were straightly laid (not interlaced). The damage to walls in the staircase and toilet were slight.
For the two stories that survived in the south, on the corridor side there were cracks on the piers
between windows on the second story; the walls on the first story were basically intact.
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In Segment II the guest rooms in the east part were high grade and there was only one
concrete column at the center of the entrance hall. After the earthquake the entrance hall
completely collapsed. In the west part the fourth to sixth stories completely collapsed; the
intermediate corridor on the third story collapsed locally; the first and second stories and the half
basement survived but there were many cracks on the exterior wall under and between the
windows and the interior walls cracked (Fig. 11). The wall of the two-paned room between axis
20-22 was not closed in plan; one end of the girder was supported on the side wall directly and
the expansion joint between Segments III and II was only 3 cm wide. The wall on axis 20
collapsed.
In Segment III all the joints of the structural columns with the cast-in-site beams and girths
did not meet the code requirements for frame joints. However, damage to the center columns
was heavier than to the structural columns later installed in the wall. The damage to walls on
four elevations of Segment III is shown in Fig. 12.
The walls in Segment III were, in general, damaged slightly and only the exterior wall was
locally damaged. Cross cracks occurred on the south and north walls between and under the
windows; cracks were heavier on the upper stories than on the lower stories. Vertical cracks
occurred at some intersections of the wall and columns. On the wall connected by reinforcing
bars to the column, a vertical crack occurred generally at the end of the reinforcing bars. Many
vertical cracks occurred on the wall under the beams, some of them cut the bond beams with
main reinforcing bars exposed. Horizontal cracks occurred at the interfaces between the wall
and bond beams. The most serious vertical and horizontal cracks were on walls on the fifth story
and near the floors of the fourth and fifth stories. The damage to the south wall, and the
southeast and southwest wall corners is shown in Fig. 13. The damage to the lintels of doors and
windows and the walls is shown in Fig. 14. The most serious damage was on the east wall under
the secondary beam on the fourth story where a great part of the wall was damaged from
collision with the wall of Segment II. The floor did not fall down after the wall under the beam
collapsed and the beam lost its support (Fig. 15).
The canopy of the entrance hall was simply supported on the outdoor columns and attached
columns of the exterior wall. After the earthquake the caps of the attached columns were
damaged and the canopy fell down (Fig. 16).
Most of the reinforced concrete constructional columns in the walls on all stories were
basically intact. The damage to interior frame columns were as follows: the columns on the first
7 story were intact; at the top of the intermediate columns in the second story the concrete
spalled and the reinforcements were exposed; in the third and fourth stories vertical cracks
occurred at the top of the intermediate columns, the main reinforcements of some columns were
exposed and at the lap joint of the main reinforcements above the column footing the concrete
spalled and the reinforcements were exposed, some of them were bent in a bow shape; the
damage to the columns on the fifth story were the most serious and as a result the sixth story
floor settled about 50 cm. Damage to the tops of east, central and west columns on the fifth story
is shown in Photos 2 to 5. The damage to tops of columns on the sixth story was also serious
with partly spalled concrete and some bars that buckled. Damage to the tops of columns on the
seventh and eighth stories were obviously lighter; only with some cracks.
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Damage to the back wall of the lift room and door piers between two lift shafts were heavier;
damage on the fifth story was the heaviest.
After the earthquake, using a theodolite, it was found that the eaves on the eighth story
shifted about 50 cm southeastwards.
(Translators: Liu Dongwen and Jiang Jinren)
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Photo 1. Damage to 3-story and 8-story building.

Photo 2. Damage to the west column of the 5th story

Photo 3. Damage to the central column
of the 5th story.

Photo 4. Damage to the east column of
the 5th story.

Photo 5. Damage to the stairs and its column
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Figure 1. Location of the Xinhua Hotel.
1. Dormitory of Labour Daily; 2. Old building of Xinhua Hotel; 3. Restaurant; 4. kindergarten

Figure 2. Plan.
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Figure 3. Section.

Figure 4. Figure of foundation.
(a) plan; (b) section of column foundation; (c) plan of column foundation

Figure 5. Section of the wall in segment I
(a) south exterior wall; (b) north exterior wall

Figure 6. Section of the wall in Segment II
(a) south exterior wall; (b) north exterior wall
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Figure 7. Section of the wall in Segment III.
(a) south wall; (b) north wall

Figure 8. Structural plan of a standard story.
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Figure 9a. Details of the frame beams in Segment II.

Figure 9b. Details of the main bearing frame column in Segment II
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Figure 10. A sketch of the part that survived in Segment I.
(a) 1st story plan; (b) 2nd story plan; dotted line shows the collapsed wall

Figure 11. Sketch of cracks on the transverse wall in the part that survived
in Segment II.
(a) general transverse wall; (b) staircase transverse wall

Figure 12. Sketch of damage to the exterior wall in Segment II.
(a) east elevation; (b) south elevation; (c) north elevation

172

Figure 13. Perspective sketch of the south wall in Segment II.
(a) 3rd story; (b) 4th story; (c) 5th story; (d) 7th story.

Figure 14. Damage to lintels of a door and window in Segment II.
(a) vertical crack above the window in the southeast corner of the 2nd story;
(b)cracks on the lintel of the east door in the 5th story.
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Figure 15. The brick wall under the secondary beam on
the east wall of the 4th story.

Figure 16. The canopy of the front entrance hall fell
down.
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DAMAGE TO THE NO. 5 BUILDING
OF THE FIRST GUEST HOUSE IN TANGSHAN CITY
Bai Yusheng*

1. General Situation
The First Guest House was situated at the south foot of Fenghuang Mountain. There were
five buildings belonging to the Guest House (Fig. 1).
The No. 1 and No. 3 buildings were 2-story villa type houses built before 1949 and the No. 2
and No. 4 buildings were 3-story brick-concrete-timber structures built in 1953 and 1957
respectively. The top story of all four buildings collapsed during the earthquake.
The No. 5 building was designed according to the standard of a high-grade guest house.
Construction began in the winter of 1974 and was completed in 1976 before the earthquake.
During the main shock the building cracked but did not collapse and more than forty foreign
guests staying in the guest rooms all escaped death by sheer luck.
The No. 5 building was located in a region of varied topography, the southwest part of which
was 3.5 m higher than the northeast part. The building was 4-stories as viewed from the south
and 5-stories as viewed from the north. Figure 2 shows the south elevation.
According to the data of five 19 m deep drill holes, the site soil was dense sand clay with a
high bearing capacity. However, the No. 5 building was located in the region affected by coal
mining in 1926 and also affected by the folk pottery clay excavation in past dynasties.
2. Building Structure
The No. 5 building included a guest room, dining hall, recreational room, reading room, etc.
because the site was not flat and the functional requirements of various rooms were different,
story heights and loads for various rooms differed. The building was divided into seven sections
with different buried depths of foundations and had settlement joints. The plan and elevation of
the building are shown in Figs. 3 and 4.
(1) Foundation
The plan of the foundation is shown in Fig. 5. The foundations of all sections were separated
by settlement joints. The cross-section dimension and reinforcement can be seen from the
section of foundations. The store foundation was laid with 50-cement mortar.

* Tangshan Designing Institute
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(2) Wall and column
(i) Central hall
It was a 4-story interior frame building with a basement. There were constructional RC
columns attached to the exterior wall. The exterior wall was 37 cm thick and laid with mark 75
clay bricks and 75 mortar for the first story and 50 mortar for the upper stories. The story height
was 4.3 m for first story, 3.4 m for the second and third stories, and 3.7 m for the fourth story.
(ii) Recreational room
It was a 2-story building with two rows of 9 reinforced concrete columns. The outer row of
columns consisted of circular columns 30 cm in diameter. The inner row of columns were cast
in site with the wall. Between the two rows of columns there were girders 8 m in span. The
design did not calculate according to code requirement. The walls were 37 cm thick and laid
with 50 mortar.
(iii) Server's room
This was a 4-story brick-concrete building. The width and length of the room was 3.3 m and
5.1 m respectively. The exterior wall was 37 cm thick laid with building bricks and the interior
wall was 24 cm thick laid with clay bricks. The mortar was 50 for the first story and 25 for the
second to fourth stories. The server's room was separated from the central hall by a settlement
joint 7 cm wide.
(iv) Guest room
This was a 5-story brick-concrete building with a story height of 3.7m for the first, second
and top stories and 3.4 m for the third and fourth stories. In the basement the longitudinal and
transverse walls were 37 cm thick and the staircase walls were 49 cm thick. They were all laid
with 50 mortar. The exterior and interior walls on the first and second stories and the north
exterior walls on all stories were laid with building bricks and the other walls with clay bricks.
The exterior walls and staircase wall were 37 cm thick, the interior transverse and longitudinal
walls on the first and second stories were 30 cm and 2.4 cm thick respectively. They all were
laid with 50 mortar. The interior longitudinal and transverse walls on the third to fifth stories
were 24 cm thick laid with 25 mortar. The face decoration of the south exterior wall was meshed
with the transverse walls. The north exterior wall without plaster was laid with building bricks
and meshed with the transverse walls every five courses of bricks. Reinforcing bars were
provided in the joints of the longitudinal and transverse walls every 60 cm along the height. The
thickness of the spandrels in all exterior longitudinal walls was reduced to 24 cm for installation
of heating radiators.
The top story of the east staircase was the tank room. The load was greater and four RC
columns of 37×30 cm in cross-section with 4 reinforcing bars were installed at the corners of the
staircase. A constructional column was also installed in the end wall of the guest room. In all
joints of the columns with the wall tie bars were set every 50 cm along the height.
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(v) Dining hall
It was a 3-story building with a cast-in-situ interior frame with two rows of columns on the
first story. The second and third stories were spacious. The girders were 14 m in span and
supported by buttress piers of the gable walls. The exterior wall was 36 cm thick laid with
building bricks and 50 mortar.
(vi) Kitchen
It was a 2-story brick-concrete building with two interior reinforced concrete columns. The
exterior and interior walls were 37 cm and 24 cm thick respectively laid with 25 mortar.
(3) Bond beams
These were provided above the window level on all stories and used for lintels, and were
arranged along the periphery in all sections. Moreover, the bond beams for two sections of the
guest room extended along the inner wall junctions.
(4) Floor
The floor consisted of cast-in-situ girders, pre-cast hollow slabs and a layer of 200 fine
aggregate concrete with 3mm reinforcing fabric 15 cm in spacing cast over the slabs. The
arrangement of the beams and slabs is shown in Fig. 6.
(5) Roof
The roof consisted of pre-cast hollow slabs with a thermal insulation layer of dry lime slag
25-30 cm thick and a waterproof layer of two felts and three asphalts.
3. Earthquake Damage
The damage to various sections of the No. 5 building was significantly different: the guest
room cracked but did not collapse, the dining hall survived, the recreational room and attendant
room completely collapsed and the others collapsed locally. The details of the damage are as
follows:
(1) Central hall
The column on the top story broke resulting in inclination of the story towards the southeast
(Photo 1). The walls on two sides of the settlement joint were damaged by pounding.
(2) Recreational hall
The column feet broke and two stories of the building all collapsed towards the west.
(3) Attendant room
The third and fourth stories, except for the toilets collapsed. Cross-cracks occurred on all
walls between windows in back that had not collapsed.
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(4) Guest room
The south exterior longitudinal wall on the third and fourth stories bulged outward. Crosscracks occurred on spandrels of all stories and there were a few cracks on the walls between
windows, which generally were on both sides of the balcony (Photo 2). The wall near the
balcony in the east corner was crushed with obvious vertical cracks (Photo 3). Most of the north
exterior longitudinal walls on the third to fifth stories collapsed outward (Photo 4).
The interior longitudinal walls on the third and the above stories were seriously loosened and
crushed, but damage to the first and second stories was slight. The crack distribution is shown in
Fig. 7. A long horizontal crack occurred on the interior longitudinal wall of the first story 20 cm
above the ground. The wall on both sides of the settlement joint between two sections of the
guest room were only slightly damaged (Photo 2).
There were dining rooms of 2 panels on all stories at the northeast corner of the guest room
building. The girders were supported on the buttresses of the interior and exterior longitudinal
walls. The buttresses of the exterior wall were seriously damaged (Photo 5). On the top story
the buttress collapsed, the bond beams broke and the roof slabs fell down with the girder. On the
fourth story the walls between windows shattered; the girder did not fall but the bond beams
broke. The wall between windows on the third story cracked in a double diagonal shape. On the
first and second stories the exterior walls were damaged slightly. The damage to the exterior
bearing buttresses was heavier on the upper stories than on the lower stories. The interior
longitudinal and transverse walls loosened and cracked seriously. Most of the cracks were
vertical and some were oblique.
In the staircase of the guest room with four constructional columns in the corners, the
exterior and interior walls did not collapse. But at the joint of the constructional column and
beam in the corner of the interior wall on the second story the protective concrete coating
spalled. At the column cap the concrete loosened and spalled, the reinforcing bars buckled and
on the column shaft four to five horizontal cracks occurred. The concrete at the column cap on
the third story loosened, cracked and spalled in large pieces; and that on the fourth story only
cracked locally and spalled. The constructional columns on the first and top stories were
basically intact. Many oblique cracks occurred on the transverse walls in the staircase, which
were the heaviest on the second story and less on the third and fourth stories. Some oblique
cracks occurred on the walls of the first and top stories.
(5) Dining hall
The south and north gable walls bulged outward. The two end panels on the second and third
stories collapsed. Four interior frames and the wall in the middle did not collapse and the inner
window sashes remained, but most of the ceiling fell down. The staircase at the west side
collapsed due to the collapse of the west side wall.
(6) Kitchen
The kitchen was smashed by the collapse of the north end span of the dining hall. The wall
at the northwest corner of the second story dislocated and inclined outward. A horizontal crack
occurred in the skylight.

178

The No. 5 building of the First Guest House in Tangshan was situated in a region of intensity
X. The brick-concrete structure cracked but did not collapse. This was because the building was
divided into sections by settlement joints, and constructional columns were installed in parts of
the walls. Bond beams were provided on all stories, a concrete layer with reinforcing fabric was
cast over the pre-cast slabs, part of the foundations were deep and there was a local basement.
The west end semicircle hall was seriously damaged due to the weak earthquake-resistance of
the open-outside corridor and the exterior wall laid with bricks of non-standard modules that was
not meshed enough.
(Translators: Su Hong and Jiang Jinren)
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Photo 1. A general picture of the central
hall after the earthquake.

Photo 2. Cracks on the wall of the Guest room.
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Photo 3. The east wall of Guest rooms
crushed with obvious vertical cracks.

Photo 4. The north exterior wall of the Guest rooms
inclined outward and collapsed.

Photo 5. The south wall with buttresses of the small dining room were seriously damaged.
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Figure 1. Overall plan.

Figure 2. South elevation.
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Figure 3. First story plan.
1. central hall; 2. recreational hall; 3. sever room; 4. guest room; 5. dining hall; 6. kitchen

Figure 4. Section.
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Figure 5a. Foundation. (9-9, foundation with settlement joint; 10-10, foundation with expansion joint)
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Figure 5b. Foundation. (9-9, foundation with settlement joint; 10-10, foundation with expansion joint)
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Figure 6. Layout of beams, slabs and columns.

Figure 7. Sketch of the cracks on the interior longitudinal wall of the guest room.
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DAMAGE TO THE OFFICE BUILDING OF THE
TRAFFIC BUREAU OF THE TANGSHAN PREFECTURE
Bai Yusheng1*

This building was situated on the east bank of the Douhe River in Lunan District (intensity
XI), apart from the bank 15 m. Construction began in 1973 and was completed in 1975. The
building was a 3-story brick-concrete structure 10.50 m in height and 45.56 m in length. The
total building area was about 1,833 square meters. The plan, elevation and sections are shown in
Fig. 1. Around the building were living quarters; most were single-story; during the earthquake
nearly all of them collapsed. Although the walls cracked generally and partly collapsed, most of
the office building survived.
1. Building Structure
(1) Foundation
According to the soil investigating data, the foundation soil consisted of a sand clay layer and
fine sand layer each 4 m thick and an underlying clay layer. The ground water level was 4 m
under the surface. The soil was soft with a lower bearing capacity.
The foundations were laid with rubble stones and 50-cement mortar. The foundation of the
peripheral exterior wall and two side transverse walls of the central staircase were provided with
reinforced concrete bond beams (Fig. 2).
(2) Walls
The bearing walls were laid with clay bricks. The walls on the first story were 37 cm thick
and laid with 50 cement mortar, and that in the second and third stories were 24 cm thick except
for two transverse walls of the staircase which were 37 cm thick. The mortar for all these walls
was not lower than 25. The bricks were bonded with full mortar. However, the exterior
longitudinal wall and interior transverse wall were not laid at the same time, a brick extended out
every five courses of bricks, then meshed later with the other wall.
(3) Floors and roof
The floors and roof consisted of pre-cast hollow slabs and cast-in-situ girders but the floors
and roof in the entrance hall and the stairway were cast-in-situ. The arrangement of the beams
and slabs is shown in Fig. 3. For the large panel at the east end of the third floor the girders were
longitudinal and the slabs were transverse, just perpendicular to those on the first and second
stories. The width and thickness of the slab elements was 60 cm and 15 cm respectively. The
beam depth was 45 m.

1

Tangshan Design Institute
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(4) Bond beams and eaves
Bond beams were installed in the exterior wall at the level of the top of windows on all
stories. The depth and width were 12 cm and 24 cm respectively and the main reinforcing bars
were 6Φ10. No bond beams were provided in the interior walls. The eave slab was tied with the
top story bond beam by reinforcing bars of Φ 6@15cm.
2. Earthquake Damage
During the earthquake of M=7.8 only the back exterior longitudinal wall of the staircase
collapsed and cross cracks occurred on the other exterior and interior wall. After several strong
aftershocks the collapse of the walls gradually increased and the cracks became wider and wider.
The details of damage are as follows:
(1) The main shock and the aftershocks caused the building to gradually settle. There was a
stair of four steps outside of the gate; after the earthquakes the indoor and outdoor ground was at
the same level. The settlement was estimated to be up to 60 cm. The east part of the building
settled more than the west part.
(2) The back exterior longitudinal wall collapsed with the exception of the two panels at the
west end (Photo 1).
(3) The exterior longitudinal walls of the two dual-panels at the front east and west sides
seriously cracked in a cross shape during the main shock and collapsed in the aftershock. The
exterior longitudinal wall of two panels at the west end seriously cracked (Photo 2).
(4) The gable, transverse and interior longitudinal walls were all bearing walls. After the
earthquake oblique and cross cracks generally occurred on these walls with a maximum crack
width up to 10-15 cm. The two side transverse walls of the staircase cracked obliquely but did
not collapse.
(5) The floors in the east and west two dual-panels fell down due to the collapse of the
exterior longitudinal wall but the girder on the west side top story was supported by the bond
beams and did not fall (Photo 3). The roof girder of the meeting room on the first story at the
east end was spanned longitudinally. Although the back exterior longitudinal wall collapsed and
the transverse wall cracked and dislocated the roof did not fall (Photo 4).
(Translators: Su Hong and Jiang Jinren)

188

Photo 1. Collapsed roof of building.

Photo 2. Damage to the west end.

Photo 3. Damage to the east end.

Photo 4. Southeast corner of the central part of the 3rd
story cracked vertically.
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Figure 1. A sketch of the office building of the Traffic Bureau in Tangshan Prefecture.
(a) Front elevation; (b) lateral elevation; (c) transverse elevation; (d) third story plan; (e) second story plan; (f) first story
plan
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Figure 2. Foundation.
(a) Plan; (b) Section

Figure 3. Layout of beams and slabs.

191

DAMAGE TO THE MAIN BUILDING OF THE
GENERAL HOSPITAL OF THE KAILUAN MINING BUREAU
Mi Enli*

I. General
The main building of the General Hospital of the Kailuan Mining Bureau was situated on
Xinghua East Road, northeast to the entrance of Xishan Road in Tangshan. Having a total
building area of 8,250 m2 the building consisted of two parts. The east part (the main part) was
five stories with a total height of 25.8 m and the west part was seven stories. The design of the
building was performed by the Kailuan Design Institute in June 1974 and the construction was
conducted by the Department of Civil Installation Engineering of the Kailuan Mining Bureau
from the beginning of 1975 and was completed in March 1976.
On the ground floor there was an outpatient department for internal medicine and surgery, a
clinical operation room, a registration room, a waiting room, injection and medical treatment
rooms, etc. On the second floor were the departments of pediatrics, gynecology and obstetrics,
physiotherapy, electrotherapy, optic therapy and the department of electrocardiogram and
ultrasonic waves, etc. On the third floor there were the departments of traditional Chinese
medical science, traditional Chinese medicines, new medical science, the five sense organs and
operation room for the five sense organs, etc. On the fourth and fifth floors there were patient
rooms with 400 beds, a meeting room, a nurses station and administration offices, etc. The
staircases lift machine room and partial auxiliary rooms were located on the sixth and seventh
floors.
II. Structures
The layout plans and elevation of the main building of the General Hospital of the Kailuan
Mining Bureau are shown in Figs. 1 and 2. A settlement joint was provided between the west
part and the main building. The building was designed and built without consideration of the
effects of ground shaking.
1. Foundation
The main building was situated in the east boundary of the region affected by subsidence
resulting from a mining cavity. The region had a weathering zone of outcropping bedrock, with
a good site soil condition. The layout plan of the foundation is shown in Fig. 3. In order to
reduce the effect of the mining cavity in the west part of the building a reinforced concrete raft
foundation with an elevation of -2.6 m for the base level was used. There was a basement shelter
for civil defense. The raft foundation consisted of a base of 10 cm thick of 100# concrete and a
full reinforced concrete slab 30 cm thick of 200# concrete. The primary foundation beams had a
* Design Institute of the General Hospital of the Kailuan Mining Bureau
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width of 60 cm and a height of 130 cm (local height was 160 cm), and reinforcements of 7φ25
(8φ28 in locations where the beam local height was 160 cm). For secondary beams the width
was 50 cm, the height 120 cm and the primary reinforcements were 4φ28 and 3φ25.
In the east part a strip rubble foundation laid with 50# cement mortar was adopted. The
elevation of the rubble foundation base was -1.65 m. Moreover, under the rubble foundation
there were reinforced concrete foundation slabs with a thickness of 20 cm of 200# concrete and a
mat base 10 cm thick of 100# concrete. The foundation slabs were reinforced with primary
reinforcements of 7φ25 under interior walls and 7φ20 under exterior walls and distributed
reinforcements of φ6 of spacing 30 cm.
2. Walls
The building was of a longitudinal and transverse wall-bearing system. Both the interior and
exterior walls were laid by 25# mixed mortar with 75# bricks. In the east part the wall thickness
was 37 cm for all exterior walls and for interior walls of the 1st and the 2nd stories; the thickness
of interior walls on the 3rd and upper stories was 24 cm. With the west part the wall thickness of
the exterior walls was 49 cm for the 1st and the 2nd stories and 37 cm for the 3rd and upper
stories; all interior walls were 24 cm thick (Figs. 4 and 5). All partitions were built with
lightweight non-bearing partition walls.
3. Floors and roofs
Floors with pre-cast hollow core slabs 16 cm thick and reinforced concrete beams 50 cm in
height and 25 cm in width were used for rooms with standard bays. For floors in rooms with
irregular bays at the ends of the building, toilets, washrooms and the entrance hall the cast-in-situ
reinforced concrete beams and slabs paved with terrazzo 2.5 cm thick were adopted. All roofs
were constructed with cast-in-place reinforced concrete beams and slabs 8 cm thick of 200#
concrete covered with water proof mortar 2 cm thick. For thermal insulation there was an
insulation layer built with slag 12 cm thick over the water proof layer of the roof with an
elevation of 21.9 m or a cement-pearlite mortar layer 3 cm thick sprayed onto the under surface
of the floor slabs for roofs with an elevation of 25.8 m and 18.3 m.
4. Bond beams
In order to increase the overall rigidity of the building a bond beam was provided in each
exterior wall of every story, which acted also as the window and door lintels. The bond beams
constructed with 200# concrete with a cross-section of 24x242 cm were reinforced with 6φ12
and stirrups φ6 of spacing 25 cm.
5. Π-shaped frame
In passages between the entrance hall, staircases and elevators there was often a dense stream
of people, so a large bay was provided at the entrance hall. A Π-shaped reinforced concrete
frame of 200# concrete was used as the bearing member instead of a brick wall. The frame had a
cross-section of 40x60 cm for columns and 30x70 cm and 30x80 cm for beams. The story
heights of the frame were the same as the elevations of the stories. The frame had a total of six
stories and a total height of 21.9 m.
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6. Staircases and lift
In the building there were two reinforced concrete staircases; one was located at the entrance
of the west hall and the other at the entrance of the center hall of the east part. The elevator shaft
was situated next to the west staircase. The elevator shaft had net dimension of 2.25×3.00 m. It
was built with brick walls laid by 25# mixed mortar and 75# bricks. The 4.34 m high machine
room had a floor elevation of 22.8 m.
7. Settlement joint
A settlement joint 3 cm wide from the foundation to the roof was provided between the 5storied part and the 7-storied west part. The joint was filled with asphalt-hemp. The overall
view of the building before the quake is shown in Photo 1.
III. Earthquake Damage
The General Hospital of the Kailuan Mining Bureau was very near the epicenter of the
earthquake in an area of intensity of XI and suffered very serious damage as shown in Photo 2.
The east 5-story main part was fully demolished. In the west the 7-story, the stories above the
3rd story collapsed and the elevator machine room on the top floor was thrown off a distance of
over 10 m from the building. The 1st and the 2nd stories did not collapse, however, part of the
floor slabs were destroyed by the falling pieces of the upper stories.
(Translator: Xiong Jianguo)
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Photo 1. Overall view of the building
before the quake.

Photo 2. Overall view of the building after
the quake.
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Figure 1. Layout of main building.

Figure 2. Elevation of main building.
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Figure 3. Layout of foundation.

Figure 4. Profile of interior and exterior walls on the 5th
floor.

Figure 5. Profile of interior and exterior walls on the 7th
floor.
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DAMAGE TO THE TEACHING BUILDING OF
DAXIEZHUANG PRIMARY SCHOOL OF TANGSHAN CITY1
Hua Keming2

The teaching building of Daxiezhuang Primary School was situated on Dadong Street in
Lunan District in Tangshan City. It was a 3-story brick-concrete building designed in 1964 and
built in 1965. Lunan District was in the region of intensity XI. Various buildings near this
building were completely collapsed; only it survived. The outward appearance of this building
after the earthquake is shown in Photo 1.
1. Design and Construction
The building was designed by the Design Office of Tangshan City. The first story plan is
shown in Fig. 1. The second and third story plans were the same as that of the first story.
According to the geological investigation data the foundation soil was sand clay from the
surface down to 4.2 m and fine sand from 4.2 m to 10.0 m. The ground water level was 2.47 m
below the surface. The site condition belonged to Category II and the allowable bearing capacity
was 12T/m2. The buried depth of exterior and interior wall foundations was 1.25 m, as shown in
Fig. 2. The foundation was laid with rubble stones and 50 cement mortar with a lime soil
cushion of 3:7.
The exterior walls were laid with building bricks and the interior walls with clay bricks. The
exterior longitudinal walls on the first story were 49 cm thick and the interior and other exterior
walls were 37 cm thick. The design mortar was 50 for the first story and 25 for the second and
third stories. The actual mortar strength was higher than the design values. The beams and slabs
of the entrance hall and the stairway were cast in-situ. The girders of the two side classrooms
were cast-in-situ continuous beams and blocks were provided under the beams. Bond beams
were installed on the top of the exterior walls on all stories and were cast-in-situ with the girders.
The eaves were cast-in-situ with the bond beams of the top story also. The bond beams of the
first and second stories were used for lintels, but on the third story the lintels were provided
independently. The roof and floors were all pre-cast hollow slabs. The wall sections are shown
in Fig. 3.
The workmanship of the building was good. Bricks were soaked with water and laid with
full mortar. The strength of mortar and concrete satisfied the design requirements and the
structural components satisfied the code.

1

This paper has referred to damage materials of multistory brick buildings in Tangshan City
investigated by Qinghua University in 1977

2

Tangshan Design Institute
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2. Earthquake Damage
(1) Some walls and structural components fell down
The damage to the front wall of the building is shown in Photo 1. Large blocks of the wall
fell down from the southwest top corners of the building and the middle projecting part
(Photo 2). The window lintel and wall above it at the east end of the first story also collapsed
(Photo 3).
(2) Wall cracked
Obvious horizontal cracks occurred on the upper part of the walls between windows on all
stories; cracks were more serious on the first story. Cracks occurred on the spandrels on all
stories; most of them were nearly vertical and some were oblique or cross cracks (Photos 2 and
3).
The cracks on the east and west gable walls were nearly symmetric (Fig. 4). Horizontal
cracks occurred at the levels of the ground and the floors. The gable walls bulged outward
slightly. At the middle of the gable walls, at the junction with the interior longitudinal walls,
long vertical cracks occurred. There were vertical and oblique cracks in many places on the
walls on all stories; there were more on the walls on the first and second stories.
The cracks on the interior transverse wall are shown in Fig. 5. The damage was more serious
than to the gable wall. In the first story the maximum crack width was up to 8 cm. In the area
that was seriously damaged the wall loosened and spalled with a spalling depth up to 10 cm.
The damage to the top story wall of the staircase was somewhat lighter. The transverse walls in
the entrance hall and the projecting part of the staircase were seriously crushed and at the joint of
the exterior longitudinal wall vertical cracks occurred (Fig. 5, Photo 4).
The buttress supporting the girder at the east end of the top story of the central hall crushed,
resulting in a 15 cm settling of the girder end. (Photo 5). In order to increase the strength the
buttress was laid with building bricks but was meshed with the longitudinal wall by only one
brick every five courses and, this weakened the compression strength of the brick masonry.
The cracks on two side interior longitudinal walls on all stories are shown in Fig. 6. Obvious
inclined cracks and vertical cracks occurred on walls under most girders with some crack widths
up to 15 cm (Photo 6). There was a flue embedded in the interior longitudinal wall near the
gable. After the earthquake the flue collapsed. The gable wall bulged outward and dislocated at
the bearing point on the top floor (Photo 7).
The outer buttress of the entrance hall split from the wall forming a long vertical crack up to
6 cm wide (Photo 8).
The cracks mentioned above whether on the east and west gable walls or on the two side
interior longitudinal and transverse walls were approximately symmetric.
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(3) Damage to other components
The second cast-in-situ stairway broke where the interior transverse wall cracked and formed
a penetrating crack 1 cm wide was formed (Photo 9). The second story stair plate broke along
the stair beam on the second story (Photo 10). On the top story floor of the teaching room there
was a long crack along the girder running through the north and south teaching rooms linking
with the crack on the interior longitudinal wall.
(Translators: Guo Shaohua and Jiang Jinren)
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Photo 1. Front view after the earthquake.

Photo 2. Damage to the west end.
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Photo 3. Damage to the east end.

Photo 5. The buttress at the east end of the
girder on the top story of the central part cracked.

Photo 4. Southeast corner of the central part on the 3rd
story cracked vertically.

Photo 6. Damage to interior wall.
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Photo 7. The interior longitudinal wall near the gable
fell down.

Photo 8. Cracked wall.

Photo 9. Stair well and collapsed stairs.

Photo 10. Damaged wall.
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Figure 1. First story plan.

Figure 2. Section of foundation.
(a) Foundation for exterior wall;
(b) foundation for interior wall

Figure 3. Section of wall.
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Figure 4. Sketch of cracks on the east elevation.

Figure 5. Sketch of damage to the interior
transverse wall in the entrance.

Figure 6. Sketch of cracks on the south face of
the interior longitudinal wall.
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EARTHQUAKE DAMAGE TO THE BIG DINING HALL
AT THE MEDICAL INSTITUTE OF THE TANGSHAN COAL MINE
Zhang Shuquan* and Yang Wenzhong**

1. General Situation
The big dining hall at the Medical Institute of the Tangshan Coal Mine was a single-story
long-span building and concurrently for auditorium (Photo 1). On the northern side it was linked
with a group of single-story buildings that consisted of a dining room for teachers and
administrative staff, kitchen, etc. separated by corridors. The building was located on the second
terrace of the right bank of the Douhe River in the northern part of Tangshan City proper
belonging to Class II site soil; 0.2-0.5 m thick surface soil was cultivated soil or filling with 0.55.5 m thick of clayey silt and silt underneath. Foundations were set up on clayey silt layer and
the bearing force was 18 t/m2. The earthquake intensity rating was X.
A 30 m span of the dining hall, originally designed with a reinforced concrete cylindrical
shell roof, in 1962 stopped building after the foundation was completed. When construction was
resumed in 1974 it was changed to use steel purlins, tension rod style of the first order statically
indeterminate roof trusses and big tiles of fabric reinforcement and cement, hanging ceiling of
wood wool board. Walls were built with mark 75 of brick and mark 50 of cement and lime
mortar. The plan and section are shown in Fig. 1.
During the successive construction, 40-50 cm thick of originally built slab stone wall
foundation of east to west longitudinal walls were removed first, then 49×40 cm reinforced
concrete foundation beams were added; 15 cm of top of old column base was dug, after the rust
of the outcrop reinforcing bars were eliminated they were welded with the main bars and at the
outside of the foot of the column added 250 cm long of 2φ18 steel bars to anchor to foundation
beam, the way of making foundation is shown in Fig. 2.
The design of the reinforced concrete column and ring beam is shown in Fig. 3. During
construction three pieces of walls were laid out as framework, the brick walls were drenched
with water before poured in concrete. Set the mark of concrete by experience all can reach to the
design criterion, some exceeded 20%-30% of the design mark.
The sizes of brick walls and wall piers are shown in Fig. 1, built full of mortar, the quality of
construction was fine, at elevations of 7.64 m and 10.31 m, close ring beams with section of
36×24 cm were setup on the walls with 6φ16 reinforcing bars, mark 150 of concrete. In addition,
two to three lintels passed through the southern and northern longitudinal walls (see Fig. 3).
The roof consisted of steel trusses with tension rods and purlins of angle steel with a
completed brace system (Fig. 4). An 85×171 cm area of big tiles of fabric reinforcement and
*

Design Institute of the Tangshan Municipality

**

Urban Construction Bureau of the Tangshan Municipality
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cement 90 mm high of wave height, 260 mm wave width 20 mm thick, 10×10 mm wire hole of
mark 22 fabric reinforcement was set up, the weight of each tile was roughly 50 kg.
2 Earthquake Damage
During the earthquake teaching buildings, etc. at the Medical Institute collapsed widespread,
the building group, which was adjacent to the north of the dining hall, was also totally collapsed
but the dining hall was still standing. It was the only long span building that remained in the
higher intensity area of Tangshan.
Earthquake damage to brick walls was mainly cracking (Fig. 5). Two main cracks on the
west gable from the north upper corner extended to the south bottom, the maximum one was
3 mm wide. There were two diagonal cracks at each of the two upper corners of the east gable;
the maximum crack was 1.5 mm wide. In the range of 1-2 m of the upper portion of the joint
between the east and west gable and longitudinal wall there were v-shaped vertical cracks with a
10 mm maximum width, ring beam at tops of four corners of the building were cut, concrete
peeled off, and reinforcing bars were broken apart (Photo 2). Two obvious through horizontal
cracks occurred on the inner surface of the southern and northern longitudinal walls at the
windowsill and bottom chord of roof trusses. Horizontal cracks on sills of the southern
longitudinal wall passed through the internal side of the reinforced concrete column body (at that
location the internal side had less extra reinforcing bars than the external side for 2φ18);
horizontal cracks passed through the outer lintel of the southern and northern longitudinal walls.
During construction in consideration of the reinforced concrete eaves was 50 m long, so at the
intermediate bay of the building the reinforcing bars of ring beams at the eaves end were cut off
to remain expansion joint. After the earthquake cracks on walls formed triangles where the ring
beams and eaves were pulled off, vertical cracks passed through the construction joint of a ring
beam downward and extended 1.5 m and then formed wing-shaped cracks and were linked by a
horizontal crack (Photo 3). In addition, at the link of the roof of the making food room and north
longitudinal wall, a horizontal crack passed through the surface of the internal wall.
The roof structure was basically intact. Earthquake damage mainly happened at the joints of
vertical bracing and gable walls at both ends of the building. Some anchor bars of a pre-laid
steel plate were pulled out, some welding seams of the joint between the pre-laid steel plate and
bottom angle of vertical bracing were pulled off (Photo 4).
Before the 1976 great Tangshan earthquake the basic intensity of Tangshan City was
determined to be VI so the original design did not set up earthquake resistance but 27 kg/m2 of
wind load was considered. After the earthquake it was checked according to the Standard for
Earthquake Resistant Design of Industrial and Civil Buildings (TJ11-78), and the building was
able to meet the earthquake resistant demands of intensity VIII.
(Translators: Chen Dasheng and Zhong Nanping)
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Photo 1. Front view of building.

Photo 2. A ring beam in the wall corner cracked.
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Photo 3. A crack in the middle part of the construction joint of the ring beam on
the longitudinal wall.

Photo 4. The joint between the bottom chord of the vertical bracing and gable
wall was damaged.
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DAMAGE TO INTERIOR FRAME BUILDINGS
IN THE TANGSHAN REGION
Lian Zhiqin and Huang Quansheng*

1. General Description of the Building Structure
The interior frame building has a peripheral bearing wall and an interior frame structure.
This type of building can provide more spacious rooms with respect to walls bearing interior.
This type of structure has a lower cost than a complete reinforced concrete frame structure.
Therefore, it was widely used for shops, restaurants, libraries, garages, exhibition halls,
residences with a shop on the first story, and for the entrance hall of brick buildings.
The interior frame structures were divided into several types as follows (Fig. 1): a) interior
frame with one row of columns up to the roof; b) interior frame with multiple rows of columns
up to the roof; c) brick building with interior frame on the first story (first story was generally
used as a shop or garage), and the upper stories for a residence or office; d) 2-story building with
an interior frame on the lower story and a spacious room on the upper story which was generally
used as an auditorium or conference hall.
Most interior frame buildings in the Tangshan region were two or three-stories, 30-50 m long
and 12-20 m wide. The story height was 3.6-5.0 m for multi-story buildings and 6 m for singlestory buildings. The plan and elevation of interior frame buildings are generally complex. The
materials of the masonry wall were red brick of mark 75 (a few of mark 50) and cement-lime
mortar of mark 25 (or mark 50). The thickness of the exterior wall is at least 37 cm and not a
few exterior walls have wall columns at the beam bearing locations. The thickness of the
interior walls in general was 24 cm. Except for the staircase there were few interior transverse
bearing walls. The doors and windows were larger than those of ordinary residences. The mark
of column concrete was 150-200. The cross-section of columns was 30x30 to 40×40 cm and the
distance between columns was 6 m. The span of a reinforced concrete beam was 5 to 9 m; most
floors were pre-cast hollow slabs and a few were cast-in-site slabs. The roof was flat. The
foundation of the wall was a rubble strip footing and that of the columns was an independent
reinforced concrete pad. The buried depth of the foundation was 1.5 to 2.0 m.
Most of the interior frame buildings built in the 1950's have cast-in-situ reinforced concrete
columns, beams and slabs and most of those built later have cast-in-situ beams and columns and
pre-cast hollow slabs. A few of the frames were pre-cast construction. Pre-cast main beams
were supported on a projection of the column. Connectors were made by welding the elements
pre-buried in the main beams and supports. The pre-cast secondary beam was freely placed on
the main beam. There was no connection measure between slabs or between slab and beam.
However, there was a cast-in-situ thin concrete layer on most pre-cast slabs. Considering the
effect of underground coal mining cavities at the site, the interior frame buildings that were built
in recent years in Tangshan City generally had bond beams provided in the walls of each story.
* Institute of Engineering Mechanics, State Seismological Bureau
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However, only some of the buildings in other cities and those built early in Tangshan City have
bond beams, and some are placed at the top of doors and windows instead of using separate
lintels.
The joining of a beam with a column of the interior frame of one row of columns was
generally designed as a hinged joint but the negative moment reinforcement in beam ends
satisfied the requirement of the moment resisting joint. The interior frame of multiple rows of
columns was generally designed as a moment resisting frame. The interior frame buildings that
were surveyed were not designed to resist earthquake loads.
The interior frame buildings in the Tangshan region were generally erected on flat sites. No
phenomena of water jets or sand boils were found near the buildings surveyed.
2. General Description of Earthquake Damage
In past earthquake surveys in China the damage information of interior frame buildings was
collected only in regions of intensities VI to IX. In this survey the information collected from
interior frame buildings focused on regions of intensities X and XI. Although there are several
tens of interior frame buildings in Guye and the eastern mining area, and in Qinhuangdao City,
only a few of them were surveyed. The interior frame buildings in other county towns in the
Tangshan region were few. The number of surveyed buildings is shown in Table 1. The interior
frame building belonged to the class of heavier damaged buildings.
For the convenience of description, the damage to buildings is divided into five categories
according to the degree of damage to the main structures of interior frame buildings as follows:
(1) Collapse
(2) Seriously damaged
(3) Moderately damaged
(4) Slightly damaged
(5) Intact
(1) The beams and slabs of floors or roof of the building all or partially collapsed. The
collapse of interior frame buildings in the Tangshan earthquake area can also be categorized as
complete collapse, collapse of upper stories, collapse of the first story, and local collapse (Photos
1-4).
(5) The statistics of degree of damage to interior frame buildings in the Tangshan area are
shown in Table 2. Tables 3-6 give the past general description of these buildings and the
distribution of the buildings in Tangshan City is shown in Fig. 2.
The area of extreme shaking in Tangshan City is divided into two parts by the Beijing to
Shanhaiquan Railway, i.e. the area south of the railway and the area north of the railway. There
were only 4 interior frame buildings in the south area and they all collapsed. There were 55
interior frame buildings in the north area and 43 of them collapsed; there were special reasons
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for the 12 buildings that did not collapse. For example, the seriously damaged office building of
the Qixin Cement Plant and the 8-story Xinhua Hotel had constructional columns built in the
wall. Some members of the interior frame of three rows of columns of the Forming Workshop of
the 9th Porcelain Factory were extra strong; the main building of the Cement Industrial Institute
had just been built and had no service load and constructional columns were built in to the
exterior walls; the other 8 buildings were built on bedrock. Eleven buildings were surveyed in
the regions of intensities VIII and IX, about one-half of them collapsed. In the cities of Changli
and Qinhuangdao in the region of intensity VII damage to buildings in general were moderate,
only the Products Trial Sales Department of the Light Industry Bureau in Qinhuangdao collapsed
locally. The collapse rate of buildings with pre-cast beams and buildings with cast-in-situ beams
had no obvious differences.
3. Damage Features of Interior Frame Buildings
(1) Site condition had obvious influence on earthquake damage
None of the 47 buildings that collapsed in Tangshan City were built on bedrock; among the
12 buildings that did not collapse 8 of them were built on bedrock near Dacheng Hill and
Fenghuang Hill, 2 of them were slightly damaged and one was intact. In Qinhuangdao there was
a muddy soil layer in the foundation bearing layer. The degree of damage to the interior frame
buildings was basically the same as that in Changli, which was closer to the epicenter.
(2) The damage to various types of interior frame buildings was different
It can be seen from Tables 3-6 that the damage to interior frame buildings with one row of
columns up to the roof was slightly heavier than to those with multiple rows of columns up to the
roof. The damage to buildings whose upper stories were brick-concrete structures or spacious
rooms was heavier.
(3) Damage to the upper stories of interior frame building was greater than to lower
stories.
For example, the Printing Workshop of the People's Press in Tangshan (Photo 1), the
Production Workshop of the Porcelain Arts and Crafts Factory in Tangshan (Photo 4), the second
part of the Prefecture Commercial Hotel (Photo 5), and the Xinhua Bookshop of Luanxian
(Photo 6). There were a few buildings in which the damage to the lower stories was heavier than
to the upper stories. This was mostly due to some special circumstances. For example, for the
stockroom of the Tangshan Mining Institute the story height of the first story was higher than the
upper stories and the quality of construction was bad, there were honeycombs and pockmarks on
the constructional columns of the first story. During the earthquake the first story brick wall
collapsed and the upper three stories fell. The 2-story end product storehouse of the Tangshan
First Flour Mill was built on hillside bedrock but at the northwest corner there was several
matters of filled soil. During the earthquake the ground surface non-uniformly settled about 10
cm resulting in cracks on the first story wall that were heavier than those on the upper story.
The interior frame buildings with a brick structure on the upper stories were few. This type
of building had higher stiffness and strength in the upper stories. The damage to the first story
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was often heavier than to the upper stories, such as the Tangshan Native Pottery and Porcelain
Sales Department and the 2-story garage of the Second Entertain House (Photos 7 and 8).
(4) The wall was the first damaged member of the interior frame building
Of the buildings surveyed in regions of intensities VIII and IX there were 9 buildings whose
wall cracked while no crack was found on the reinforced concrete columns. For example,
although the top story wall of the Changli County Public Bathhouse was damaged very
seriously, the interior columns remained intact. In the Tangshan region of high intensity there
was no interior frame building whose roof system fell, while the wall did not collapse as in the
single-story factory buildings. There were three types of damage phenomenon after the wall
collapsed. The first type was that the main beams supported on the wall did not break and
became cantilever beams. For example, after the top story wall of the No. 4 2-story building of
the Tangshan First Entertainment House (No. 8 in Table 4) collapsed the 3 main beams of the
side span became cantilever beams (Photo 9). The second type was that the wall collapsed
resulting in breakage of the main beam and falling of slabs, although there were cracks at the
upper and lower ends of the column the building did not collapse (Photos 10 and 11). The third
type was that the bearing wall collapsed which resulted in breakage of beams and columns of the
interior frame and then collapse of the whole building.
(5) The structural column was contributory to collapse-resistance
In Tangshan City there were 6 interior frame buildings with constructional columns built into
the walls. The structural columns in general were placed in the corner of the brick walls and at
the bearing point of the main beams. The cross-section of columns was 24 cm in depth and 2450 cm in width. The column was connected to the bond beams and 2 φ6 bars were extended
from the column into the brick wall every 50-100 cm in height. One of the construction
technologies was to first build a wall and then cast a RC column, and another was to first cast a
column and then build a wall. The 8-story interior frame building of the central part of the
Tangshan City Xinhua Hotel had structural columns in the wall. It was seriously damaged
(Photos 12 and 13). The first story of the stockroom of the Tangshan Mining Institute collapsed
and the upper three stories fell, and although cracked, they retained their complete configuration;
this was due to the constructional columns. The walls in the office building of the Tangshan
Qixin Cement Plant (No. 9 in Table 4) were seriously cracked and locally crushed. But the
building did not collapse due to the support of the structural columns.
If the structural column was not installed properly the situation was different. The entrance
hall of the No. 5 4-story building of the Tangshan City First Entertainment House had
constructional columns only in three side walls and as a result the top story collapsed. The
second section (entrance hall) of the Tangshan City Prefecture Commercial Hotel was an interior
frame structure. A structural column was provided only in one wall corner of the top story and
as a result the top story collapsed (Photo 5).
Moreover, the construction technology and quality of the column had effects on the damage.
For example, the first story columns at the stockroom of the Tangshan Mining Institute had
honeycombs and pockmarks on the column face and the first story collapsed due to this. The
Xinhua Hotel was built by first casting structural columns and then building brick walls, the
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bond between the column and walls was bad. Vertical cracks occurred in the walls adjacent to
the columns. The office building at the Qixin Cement Plant was built by casting the RC column
segments after the brick wall was built up to 50 cm, the construction quality was good and
damage was slight.
The cross-section and reinforcement ratio of the constructional column of the interior frame
buildings in Tangshan City was large: some were 24×24 cm with 4Φ14, and 25×25 cm with
6Φ19. This was nearly the same as the columns of a frame so it may be called a “quasi-frame”.
(6) Dynamic changes after a building was damaged
Dynamic measurements of intact and damaged interior frame buildings were conducted by a
pulsating oscillation method in the damaged area of the Haicheng and Tangshan earthquakes. It
was shown that the natural period of the intact interior frame building mainly increased with
increasing the building height (H) and had the following empirical relationship:
T (sec) = 0.013 H(m) + 0.07
The natural periods of 7 seriously damaged and 1 moderately damaged interior frame buildings
increased by 1.25-2.52 times, the average was about 1.8 times. The modes of vibration of the
seriously damaged Production Workshop of the Tangshan Porcelain Arts and Crafts Factory,
Ninghe Hardware Company, end product storehouse of the Tangshan First Flour Mill and the
8-story part of the Tangshan City Xinhua Hotel are shown in Fig. 3. The motions of their
foundations were 0.15-0.35 times the total roof mode amplitudes.
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Table 1. The number of interior frame buildings surveyed.
Number of Buildings

Intensity

Place of Survey

One Row
Column

Multi-Row
Column

Brick
Wall on
Top Story

Spacious
Room on
Top Story

Local
Interior
Frame

Total

7

3

7

59

X-XI

Tangshan City

18

24

IX

Guye, Ninghe

2

6

8

VIII

Luanxian, Fengrun

1

2

3

VII

Changli, Qinhuangdao

4

5

Total

25

37

2
7

5

11
7

81

Table 2. Statistics of damage degree to interior frame buildings.
Damage Degree
Intensity

Place of Survey

Collapsed

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Intact

Total

7

2

2

1

59

3

2

X-XI

Tangshan City

47

IX

Guye, Ninghe

3

VIII

Luanxian, Fengrun

3

VII

Changli, Qinhuangdao

1

Total

54

8
3

7

8

2

13

6

11
1

81

2-stories, story height was 4.5 m.
Thickness of wall 37, mortar mark 25.
One collar beam for lintel. Cast-in-situe
beams and columns with concrete mark
150, pre-cast slabs. Cross-section of
columns 40×40 for first story and 35×35
for 2nd story. Foundation of rubble with
binding material; depth of foundation
was 1.4 m. Soil bearing capacity 18
tf/m2.
2-stories, 25 m long and 14 m wide.
Thickness of wall 37. Mortar mark 25.
Cast-in-situe beams and columns, precast slabs. Cross-section of column
30×30. Sandy clay ground, construction
was bad.
3-stories. Thickness of wall 37. Building
brick, mortar mark 25, one collar beam
for every story. Cast-in-situe beams and
columns, pre-cast slabs. Cross-section of
columns 35×35. Rubble foundation,
sandy clay ground.

2. The new colored
drawing building of
the 9th Porcelain Mill
in Tangshan City

3. The Jianguo Road
Xinhua Bookshop in
Tangshan City

4. The Jianguo Road
market in Tangshan
City

Structure
2-stories, 48 m long, 18 m wide, story
height of 4.75 m for first story, 4 m for
2nd story. Outer wall 37 and inner wall
24. Mortar mark 25. One collar beam
for every story, cast-in-situ beams and
columns, pre-cast slabs. Cross-section
of column was 35×35. Basement was
2.7 m high with cast-in-situe beams.

Plan Sketch

1. The colored
drawing building of
the 6th Porcelain Mill
in Tangshan City

Number and Name

Upper stories collapsed. Fine cracks widely
occurred on the west longitudinal wall of
the first story, beams, columns and slabs
intact. 2nd story walls were heavily
damaged, the crushing of concrete and
disclosure of buckled reinforcement. The
3rd story was thoroughly collapsed.

Collapsed. Back side (east) longitudinal
wall of the first story collapsed, the west
longitudinal wall cracked, east span main
beam broke, cracks occurred in upper and
lower ends of columns. 2nd story
thoroughly collapsed.

Locally collapsed. The brick wall of the
first story was seriously damaged.
Southwest corner room on the 2nd story
collapsed and the brick wall angle of
northeast corner dropped, other structural
members cracked seriously.

Damage
Thoroughly collapsed. The outer wall on
first story collapsed up to window ledge,
columns basically erect, and beams dropped
and formed an umbrella shape with
columns. The outer wall of the end story all
collapsed, columns partially inclined; a soft
layer at 4-5 m underground. Aftershock the
foundation settled non-uniformly.

Table 3. Earthquake damage to interior frame buildings with one row of columns up to the roof in the Tangshan region.

215

Damage
Collapsed. The short branch thoroughly
collapsed. The long branch walls of the 3rd
and 2nd stories all collapsed, columns all
broke, beams and slabs dropped. The front
wall of the first story did not collapse, back
wall slabs dropped one on top of another,
columns still erect.

Locally collapsed. The first story was
basically intact. Minor cracks on 2nd story
wall. On the 3rd story one bay at the south
end locally collapsed, inner transverse wall
heavily cracked, locally dropped at door
location. Horizontal cracks at the upper and
lower levels of the windows. Crushing of
concrete and buckling of reinforcement at
the base of the 1st and 2nd columns at south
end, the other two columns cracked.

Thoroughly collapsed. Slabs dropped one
on top of another and dislocated toward the
southwest.

3 stories, built in 1975. Story height was
4.8 m for first and second stories, 4.1 m
for 3rd story. Thickness of wall 37.
Mortar mark 50 for first story, 25 for the
upper stories. Cast-in-situ beams and
columns, pre-cast slabs. Cross-section of
columns 40×40 for first and 2nd stories,
35×35 for 3rd story. Foundation of
rubble with 50 mark mortar.
Built in 1975, 3-stories (local 4-stories),
story height 3.8 m. Thickness of wall 37,
mortar mark 50 for first and 2nd stories,
25 for others. One collar beam for every
story and one sleeper beam. Cast-insitue columns and pre-cast beams and
slabs. Cross-section of columns 30×30,
foundation of rubble with 50 mark
mortar. Local basement, sandy clay
ground mixed with mud. Soil bearing
capacity was 12 tf/m2. Depth of
foundation was 2.10 m. Quality of
construction was good. Concrete of
beam and column was at least mark 300.
Built in 1975, 4-stories. Story height 4.2 m
for the first story, 3.2 m for the upper stories.
Building bricks, thickness of walls 37,
mortar mark 50. Reinforced brick lintel.
Cast-in-situ beams, columns and slabs.
Concrete mark 200 for columns and 150 for
beams and slabs. Cross-section of columns:
35×35 for first story, 30×30 for upper stories;
reinforcement 4φ16. Rubble foundation,
bearing capacity of ground 18 tf/m2.

5. The Wenhua Road
shop of the Vegetable
Company in
Tangshan City

6. The Workshop of
the Porcelain Arts
and Crafts Mill of
Tangshan City

7. Fuxing Hotel in
Tangshan City

Plan Sketch

Structure

Number and Name

Table 3. (continued).
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Built on baserock of Dacheng Hill in
1992. 2-stories, story height was 3.6 m.
Wall thickness 37. Cast-in-situ beams
and columns, pre-cast slabs.

Single-story, story height 5.2 m,
thickness of wall 37, mortar of mark 25.
RC. plane roof, cast-in-situ beams and
columns, pre-cast slabs.

9. The glaze house of
the Pottery and
Porcelain Mill of
Tangshan

10. The new dining
room of the Lujiatuo
Colliery of the
Kailuan Coal Mine in
Tangshan City

Structure
Built in 1969. One story, 4.20 m high.
Thickness of wall 37. Wall posts under
the beams, cross-section 37×49. One
collar beam at the top of the window.
The size of the window was 190×360.
Cast-in-situ beams and columns and precast slabs. Cross-section of column was
40×40. Minor cracks were observed on
column. Beams and slabs intact.

Plan Sketch

8. The Exhibition
Hall of the Tangshan
City Exhibition
Center

Number and Name

Table 3. (continued).

Slightly damaged. Only discontinuous
horizontal and inclined cracks on one
longitudinal wall.

Intact.

Suffered serious damage. Horizontal cracks
on outer wall at upper and lower levels of
windows. The heavy ones had cracking and
dislocating of bricks. Several wall angles
locally collapsed. Wide cross cracks on
transverse walls at the expansion joint and
the wall partially collapsed 50 cm above the
footing.

Damage
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Damage
Locally collapsed. During the M7.8
earthquake, on the 2nd story the top of the
southwest wall corner fell and the pre-cast
slab fell. The northeast wall corner fell and
cracks were on 1st story walls. During the
M7.1 earthquake the north gable fell onto
the window ledge of the 1st story. Three
rooms at the south end of the 2nd story
collapsed, serious cracks were on the
longitudinal wall, 2 rooms on the 1st story
collapsed, the longitudinal wall facing the
street was basically intact.
Locally collapsed. The back longitudinal
wall completely collapsed. The slabs of the
2nd story fell down one on top of another.

Locally collapsed. There was a tank on top
of the 3rd story, during the intense
aftershock it fell on the roof and collapsed it
resulting in falling of the pre-cast slabs of
the staircase. Cross cracks occurred on most
longitudinal exterior walls under the beam
and seriously inclined cracks occurred on
the gable wall of the staircase.

2-stories, story height 4.8 m. Rubble
foundation 1.5 m deep. Thickness
of wall 37. Exterior wall of building
was brick, mortar mark 25. Cast-insitu columns, pre-cast beams and
slabs, cross-section of columns
35×35, 4 φ 16 for 1st story; 30×30,
4 φ 12 for 2nd and 3rd stories; one
R.C. girth above the window of the
3rd story.
2-stories, story height was 4.0 m for
1st story and 3.2 m for 2nd story.
Thickness of exterior wall 37,
interior wall 24, mortar mark 25.
The beams, slabs and columns were
all cast-in-situ.

3-stories, story height of 4.5 m for 1st
story, 3.6 m for 2nd and 3rd stories.
Thickness of exterior wall 37, mortar
mark 50 for 1st story, 25 for other
stories. Girth instead of lintels, cast-insitue beams and columns, cross-section
of column 40x40, reinforcement 4Φ 22
or 4Φ16, pre-cast hollow floor slabs.
Rubble foundation bonded with mortar
of mark 50, black muddy sandy clay
2 m underground, bearing capacity was
10 tf/m2. Sand bedding layer under the
foundation was at least 50 cm thick.

11. The department store of
the Linxi Colliery of the
Kailuan Coal Mine in
Tangshan City

12. The Xinhua Bookstore of
Luanxian County

13. The Products Trial Sales
Department of the
Qinhuangdao City Second
Light Industry Bureau

Plan Sketch

Structure

Number and Name

Table 3. (continued).
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2-stories, story height of 4.5 m.
Thickness of exterior wall 37,
mortar mark 75. Cast-in-situ beams
and columns, pre-cast stabs. Crosssection of column 50×50 for 1st
story and 40×40 for 2nd story. One
girth on each story. Rubble
foundation. The purlins of the later
built kitchen on the north side of the
building were inserted in the north
wall.
3-stories, exterior wall thickness 37,
mortar mark 50, cast-in-situe beams
and columns, pre-cast slabs.

2. The dining room
of the Tangshan Steel
Plant

3. The office building
of the Tangshan City
Electronics Bureau

Structure
Single-story, height of 6 m. Exterior
walls of building brick 37, cast-insitue beams and columns, pre-cast
small channel slabs, cross-section of
column 35×35. Rubble foundation.

Plan Sketch

1. The third branch
dining room of the
Tangshan Railway
Institute

Number and Name

Collapsed. The 1st story collapsed and the
2nd and 3rd stories fell at the original
location, some pre-cast slabs fell, walls all
cracked.

Locally collapsed. All of the north wall
collapsed. The floor slabs between axes 4
and 5 all fell and the southwest corner
collapsed.

Collapsed; wall A collapsed resulting in
falling of the side span. Parts of other roof
slabs loosened, local brick wall under
beams cracked; small beam above wall B
fell.

Damage

Table 4. Earthquake damage to interior frame buildings with multiple rows of columns up to the roof in the Tangshan region.
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Damage
Upper stories collapsed; the wall of the 1st
story seriously cracked, 2nd and 3rd stories
collapsed at the original location. Columns
broke; pre-cast slabs fell and broke some
floor slabs of the 1st story.

The top story collapsed. The columns were
intact and walls cracked on the first story.
Walls on the 2nd story were seriously
cracked and crushed. The 3rd story
completely collapsed.

Collapsed. The 3rd and 4th stories
completely collapsed and all columns
broke. The central part of the 1st and 2nd
stories collapsed, pre-cast slabs fell, and
beams and columns remained.

3-stories, story height of 4.3 m for
the 1st story, 4.0 m for the 2nd and
3rd stories. Rubble foundation with
a buried depth of 1.85 m. Exterior
wall thickness 49, interior wall 37
and mortar mark 75 for 1st story;
exterior wall 37, interior wall 24
and mortar mark 50 for 2nd and 3rd
stories. Cast-in-situe columns, precast beams and slabs. Cross-section
of columns 40×40 for the 1st story,
35×35 for 2nd and 3rd stories. One
girth on the top story. Quality of
construction was better.
3-stories, wall thickness 62 for the 1st
story, 49 for the 2nd story and 37 for the
3rd story. Mortar mark 50. Cast-in-situ
columns, beams and slabs. Crosssection of column was 40×40 for the 1st
and 2nd stories and 35×35 for the 3rd
story. The 3rd story was built later.

3-stories (4-stories for central part),
story height was 5.12 m for first story,
4.48 m for other stories. Rubble
foundation. Building brick, exterior wall
thickness 49, interior wall 24. Mortar
mark 2.5 for 3rd story and 50 for other
stories. Cast-in-situe columns, pre-cast
beams and slabs. Cross-section of
column was 45x45 for the 1st story,
40×40 for the 2nd story and 35×35 for
the 3rd and 4th stories. Integral casting
joint of prefabricated beam and
columns; secondary beam simply
supported on main beam.

4. The printing
workshop of the
Tangshan City
People’s Press

5. The Shengli Road
Department Store in
Tangshan City

6. The Tangshan
New Town
Department Store

Plan Sketch

Structure

Number and Name
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Seriously damaged. Severe inclined cracks
occurred on exterior walls on the first story and
there was horizontal dislocation under the beam
on wall A. Walls B and D on the 2nd story
collapsed to the windowsill, beams and slabs of
the side span became cantilevers. Angles at two
ends of wall C collapsed, there was a horizontal
crack under the bond beams and the wall
dislocated outwards about 10 cm. Horizontal
cracks occurred at the top and bare of columns.
Seriously damaged. Damage to the 2nd story
was the heaviest. Cross cracks occurred on walls
between windows, locally crushed with falling
of brick pieces and did not collapse relying on
constructional columns. The 3rd story wall
commonly cracked, the west gable wall
collapsed locally. The 1st story cracked also but
the damage was lighter.

3-stories, story height was 4.5 m.
Exterior wall thickness 37, lime
mortar. Cast-in-situe beams,
columns and slabs. One girth on
each story.

3-stories. Thickness of exterior wall 49
for the 1st story and 37 for the 2nd and
3rd stories, interior wall 24. Cement
lime mortar 1:2:9, cross-section of
columns 50×50. Cast-in-situ beams and
columns, pre-cast channel slabs. In
exterior walls there were constructional
columns of cross-section 25×50 and
reinforcement 6Φ9 for 1st story, 25×37
and 6Φ19 for 2nd story and 25×37 and
4Φ16 for 3rd story. The quality of
construction was better. Before the
shock the southwest corner settled and
walls cracked.

9. The office building
of the Tangshan
Qixin Cement Plant

The 1st story collapsed. The upper 3 stories
fell with slight dislocation. The 2nd story
floor arched and inclined, horizontal cracks
occurred at the upper and lower levels of
the window. The 3rd and 4th stories
cracked also but their damage was not as
severe as the 2nd story.

Damage

8. The No. 4 building
of the Tangshan City
First Entertain House

Structure
4-stories, story height was 4.5 m for
the 1st story, 2.2 m for other stories.
Exterior wall thickness 37, mortar
mark 25. Cast-in-situ no beam floor
construction. Cross-section of
column was 35×35. One
constructional cross-section column
of 25×25 and reinforcement of 4
Φ14 in the wall of each bay. Strip
rubble foundation for walls, R.C.
foundation for columns. The
building was just built before the
earthquake and was not in service.

Plan Sketch

7. The stack room of
the Tangshan Mining
Institute

Number and Name
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221

2-stories, story height was 3.8 m.
Exterior stone wall with wall post
on the inner side. Cast-in-situ
beams, slabs and columns. Basic
rock foundation.

2-stories, story height was 3.5 m.
Exterior wall thickness 37 with wall
posts. Cast-in-situ beams and
columns, pre-cast slabs. Crosssection of column was 40×40. One
girth on each story. Basic rock
foundation

11. The Inspection
and Packing
Department of the
Tangshan Pottery and
Porcelain Mill

12. The Forming
Department of the
Tangshan Pottery and
Porcelain Mill

Structure
2-stories, story height was 4 m.
Rubble foundation. The foundation
soil at the northwest corner was
worse, the foundation was deepened
and had R.C. piles and foundation
beam; other parts were on bedrock.
Wall of building brick 37 of mark
150. No beam roof slab
construction, interior frame for 1st
story, cast-in-situ beams, columns
and slabs. Cross-section of column
was 40×40 for 1st story and 30×30
for 2nd story.

Plan Sketch

10. The end product
store of the Tangshan
City First Flour Mill

Number and Name

Table 4. (continued).

Slightly damaged. Slight cracks noted on
wall of the 2nd story. The skylight post
crushed.

Slightly damaged. Minor cracks occurred
on walls; those on the 2nd story were
heavier than the 1st story. Two inner side
wall posts on 2nd story crashed and inclined
cracks were noticed on the gable wall.

Moderately damaged. Horizontal cracks
occurred at upper and lower levels of
window of the 1st story, cross cracks on
wall between windows, cracks at top and
foot of partial columns. On the 2nd story
horizontal cracks on local wall between
windows, inclined cracks on gable wall;
columns were intact. The damage to the 1st
story was heavier. The ground in rooms on
the northwest corner settled for about 10
cm.

Damage
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Single-story. Story height was
6.2 m. Building brick, mortar mark
50, stone wall under the window
stool. Cast-in-situ beams and
columns, pre-cast slabs. A girth
through the middle of high
windows, stone foundation bonded
with mortar of mark 25, buried
depth of 1.2-1.4 m, skylight
between axes 6-10.
2-stories, story height was 3.6 m.
Rubble foundation. Exterior wall
thickness 42 for 1st story and 37 for
2nd story. Cast-in-situe floor and
columns, no beam roof
construction.

14. The west dining
room of the
Tangjiazhuang
Colliery of the
Kailuan Coal Mine in
Tangshan

15. The change room
of the Linxi Colliery
of the Kailuan Coal
Mine in Tangshan

Structure
Single-story; rubble foundation.
Wall thickness 37, mortar mark 25.
Cross-section of column was
35×35. Arched roof. No girth.

Plan Sketch

13. The old dining
room of the Lujiatuo
Colliery of the
Kailuan Coal Mine in
Tangshan

Number and Name

Table 4. (continued).

Top story collapsed locally. Cracks noted
on wall and horizontal cracks on column
top on 1st story. On the 2nd story part A
completely collapsed, the wall in the
shadows of part B collapsed, main beams
broke and pre-cast slabs fell. Horizontal
cracks were noted at the upper and lower
levels of windows on the longitudinal wall,
concrete at column tops crushed and
reinforcement bars buckled.

Partially collapsed; axes 1-5 of the building
completely collapsed to the window stool.
Columns broke and crashed. The wall at
axis 5 collapsed, the roof between axes 5
and 6 fell. On the wall between windows of
other parts inclined cracks occurred.

Moderately damaged. Horizontal cracks
noted at the upper and lower level of the
wall between windows, inclined cracks at
the intersection of longitudinal and
transverse walls, inclined and cross cracks
noted on transverse walls. Beams and
columns were intact.

Damage
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Damage
Moderately damaged. Cross cracks
appeared on the 1st story wall between
windows, the wall post appeared crushed,
inclined cracks were on the transverse wall
and horizontal and inclined cracks were on
the wall of the staircase. On the 2nd story
obvious horizontal cracks occurred at the
upper and lower levels of the window on
the longitudinal wall, inclined cracks were
at the corners of the window and vertical
cracks were at the joints of beam and
column.
Locally collapsed. After the M7.8
earthquake the building cracked but did not
collapse. Later that night during the M7.1
earthquake the south and west walls
collapsed, main beams of the side span of
these two sides all broke and the pre-cast
roof slabs all fell. At the tops of other
columns all had horizontal cracks any some
at the base of the columns.
Locally collapsed. For the brick-R.C. structure
part of the 3rd story collapsed; the 2nd story was
seriously damaged and partially collapsed during
the aftershock; on the wall between windows of
the 1st story there were inclined cracks. In the
waiting room the wall top between windows
above the main beam of the south side span all
crushed while the wall under the main beam of
the north side span collapsed; the main beam
broke and pre-cast slabs fell. At the roots of
columns of the frame all noted horizontal cracks.

2-stories, story height was 4.5 m for
the 1st story, 4.0 m for 2nd story.
Exterior wall thickness was 37,
mortar mark 25. Cast-in-situe beams
and columns, pre-cast slabs. Crosssection of column was 35×35 for 1st
story, 30×30 for 2nd story. Exterior
wall with wall post. One girth on
each story.

Single-story, story height was 6 m.
Wall thickness was 37, mortar mark
25. Cast-in-situe beams and
columns, pre-cast slabs. Crosssection of column was 40×40.
Rubble foundation

The waiting room was a single-story
with an interior frame, the office was a
2-story brick structure (locally 3stories). Story height was 3.4 m, the
exterior wall thickness was 37 and
interior wall 24, lime mortar mark 25.
Cast-in-situ beams and columns, precast slabs. Cross-section of the column
was 40×40. Concrete foundation.
During the earthquake the main building
was still not in service.

16. The Ninghe
Hardware Company

17. The business
room of the Luanxian
Department
Company

18. The Fengrun
Automobile Station

Plan Sketch

Structure

Number and Name
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Damage
Moderately damaged. Cracks were noted at
four wall corners. Cross cracks were on
walls between windows of the south and
north walls and horizontal cracks at the
upper and lower levels of the window.
Beams and columns were all intact; only
minor cracks were noticed at the variable
cross-section of the skylight post.
Moderately damaged. Horizontal cracks
were noted at upper and lower levels of
windows of longitudinal wall and inclined
cracks on transverse wall and 3rd story
gable. The damage to the 3rd story was the
heaviest. Cross cracks were on transverse
walls and discontinuous horizontal cracks
were at upper and lower levels of the
windows of exterior longitudinal walls on
the 2nd story. Inclined cracks on one gable
wall on the 1st story.

Single-story, story height was
4.5 m. Wall thickness was 37, castin-situ beams and columns, pre-cast
slabs. Diameter of column was 40
cm. There was a skylight 2.5 m high
in the center.

3-stories, story height was 4.2 m.
Wall thickness was 37, mortar mark
50. Cast-in-situ beams, columns and
slabs. Cross-section of column was
40×40 for 1st story, 35×35 for 2nd
story and 30×30 for 3rd story.
Rubble foundation with mortar of
mark 50, buried depth 2.2 m. Local
basement, foundation beams
between columns.

19. The Department
Company of Changli
County

20. The equipment
room of the Postal
and
Telecommunications
Office in
Qinhuangdao

Plan Sketch

Structure

Number and Name

Table 4. (continued).

225

Located in an area above underground
mining cavities. The ground at two
ends of the building differed about 3
m. Strip foundation with local piles. 5stories for the central part and 4stories for two lateral parts. Exterior
wall thickness 49 for the 1st story, 37
for the other stories, and interior wall
18. Interior frame for the 1st story,
brick structure for upper stories. One
girth on each story, pre-cast beams,
columns and slabs. Cross-section of
column was 30×30.

2. The office building
of the Tangshan
Commercial Bureau

Structure
5-stories for central part and 4-stories
for two lateral parts. Interior frame for
1st story and brick structure for the
upper stories. Exterior wall thickness
49 for the 1st story and 37 for the
other stories. Interior wall thickness
24 for the 1st story and 18 for the
other stories. Pre-cast beams, slabs
and columns. Integral casting joint of
the beam and column for the 1st story.
Window lintels instead of girth, rubble
foundation, buried depth 2.1-2.7 m.
The quality of construction was better.

Plan Sketch

1. The Tangshan
Native Pottery and
Porcelain Sales
Department

Number and Name

Brick structure of the upper stories
completely collapsed. Interior frame of
the 1st story partially collapsed.

Locally collapsed. The northwest corner
of the 1st story collapsed and heavy
cracks were on north wall. Inclined or
cross cracks were on all wall posts of
other stories, those on the 3rd story were
the heaviest. Brick columns in the corner
of the 5th story broke, locally collapsed
and horizontal penetrated cracks occurred
on the wall between windows.

Damage

Table 5. Earthquake damage to buildings with interior frame on the first story and
brick-concrete structure on upper stories in the Tangshan region.
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2-stories, story height was 3.8 m for
the 1st story, 3.2 m for the 2nd story.
Rubble foundation, buried depth
1.3 m. Basic rock. Exterior wall
thickness 37, interior wall 24 for the
1st story, 18 for the 2nd story. Mortar
of mark 25. Cross-section of column
was 30×30. Columns up to the roof.
One girth on each story. Exterior
stairs.

4. The garage of the
Tangshan Second
Entertain House

Structure
Rubble foundation. Bearing capacity
of ground 15 tf/m2. 5-stories, exterior
wall thickness 49 for the 1st story, 37
for the other stories. Interior wall
thickness 37 for the 1st story, 18 for
the upper stories. Pre-cast beams,
slabs and columns. Cross-section of
column was 30×30. One girth on each
story.

Plan Sketch

3. The Xibeijing
vegetable market of
Tangshan City

Number and Name

Table 5. (continued).

Seriously damaged. On the 1st story
heavy cross cracks occurred on the
longitudinal wall, heavy inclined cracks
were on the gable wall with a maximum
width of 25 mm, horizontal cracks
commonly appeared at tops of columns.
On the 2nd story horizontal cracks were
on upper and lower levels of the window
on the longitudinal wall, inclined cracks
at door corners and minor inclined cracks
on transverse wall. Columns were intact.

Upper stories collapsed. The upper stories
collapsed locally during the M7.8
earthquake; except for the 1st story the
other stories all collapsed during the
intense aftershock later that same day.
Horizontal cracks were on the top of the
wall between windows facing the street
on the 1st story; inclined cracks were on
the transverse wall also. Horizontal
cracks were at the top and root of
columns.

Damage
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2-stories, story height was 4.1 m for
the 1st story 3.3 m for the 2nd story.
Exterior wall thickness was 37, mortar
mark 50. Cast-in-situe beams and
columns, pre-cast slabs. Steel roof
truss, gable roof. One girth on each
story instead of lintels. Rubble
foundation, buried depth 1.5 m. Crosssection of column was 35×35. A layer
of silt approximately 3 m deep
underground.

2. The carton
building of the
Tangshan Ninth
Porcelain Factory

Structure
3-stories, story height was 6.6 m for
the 1st story, 6.3 m for the 2nd story.
Wall thickness was 37, mortar mark
50. One girth on each story acting as a
lintel. Cast-in-situe columns of crosssection 40×40. Beams and slabs, castin-situ for floor and pre-cast for roof.
Rubble foundation. Winter
construction.

Plan Sketch

1. The dining hall of
the Tangshan Second
Steel Plant

Number and Name

The top story collapsed. The 1st story
cracked, one gable wall declined
outwards resulting in falling of part of the
pre-cast roof slabs.

Thoroughly collapsed. Most columns on
the 1st story broke at the height of about
1 m above ground. The north neighboring
4-story brick building did not collapse but
settled 10 cm.

Damage

Table 6. Earthquake damage to buildings with interior frame for the 1st story and spacious room on the top story.
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Table 7. Comparison of damage to the upper and lower stories
of various types of interior frame buildings.
Number of Buildings

Intensity

Type of Damage
upper stories
heavier

X-XI

VII-IX

One Row
Column up
to Top

Multiple Rows of
Column up to Top

Upper Stories of
Brick Structure

Spacious
Room on
Upper Story

10

9

2

2

5

2
2

lower stories
heavier
hard to identify

5

6

upper stories
heavier

6

5

1

lower stories
heavier

1

1

hard to identify

2

(Translator: Jiang Jinren)

1

230

Photo 1. The 3-story printing workshop of the Tangshan City People’s Press. The upper two stories collapsed and
the first story remained.

Photo 2. Local damage to the 3-story production
workshop of the Tangshan City Porcelain Arts and
Crafts Factory.

Photo 3. The production workshop of the Tangshan City
Porcelain Arts and Crafts Factory. The transverse wall
on the top story cracked seriously.
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Photo 4. The production workshop of the Tangshan City Porcelain
Arts and Crafts Factory. The concrete crushed at one column base on
the top story.

Photo 5. Damage to the second part of the Prefecture
Commercial Bureau Hotel in Tangshan.

Photo 6. View of the damage to the Xinhua Bookshop in Luanxian.
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Photo 7. Garage of the Tangshan Second Entertainment House. The
longitudinal wall of the 1st story cracked in a cross shape. Damage to the 1st
story was heavier that the upper stories.

Photo 8. At the Tangshan Native Pottery and Porcelain Sales
Department the 1st story wall was seriously damaged.

Photo 9. The No. 4 building of the Tangshan City First Entertainment
House. The exterior wall of the top story collapsed and the beam of the
side span became a cantilever.
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Photo 10. Meeting room of the Luanxian Department Store. The exterior wall
collapsed and the beam of the side span broke.

Photo 11. The 2-story Xinhua Bookshop on Jianguo Road in Tangshan City. The whole
top story collapsed. The east wall of the 1st story collapsed, the main beam of the east
span broke and the pre-cast slabs fell.

Photo 12. Damage to the Tangshan City Xinhua Hotel.

Photo 13. Damage to a reinforced concrete column on the
5th story of the Tangshan City Xinhua Hotel.
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Figure 1. Types of interior frame structures.

Figure 2. Location of some interior frame buildings in Tangshan city.
(Number in figures is the same as in the corresponding tables)
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Figure 3. Mode of transverse vibration of interior frame buildings.
(The ordinate indicates the number of stories)
(a) The Ninge Hardware Company; (b) The end product storehouse of the Tangshan 1st Flour Mill; (c) The
Tangshan City Arts and Crafts Factory; (d) The Tangshan Xinhua Hotel (8th story part)
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DAMAGE TO BUILDINGS WITH SHELL ROOFS IN TANGSHAN CITY
Yang Wenzhong*

1. Introduction
Among the industrial and civil buildings in the urban districts and east mining area of
Tangshan there were some single-story buildings with cylindrical and hyperbolic shallow shell
roofs. Most shell roofs were cast-in-situ reinforced concrete and some cylindrical shells were
unreinforced brick masonry structures. The shell was supported by masonry walls, R.C. columns
or the masonry walls and R.C. columns together. These buildings were located at sites with
relatively good soil condition. In the urban districts buildings were founded generally on clayey
silt and some were on bedrock of Dacheng Mountain, while in the east mining area they were on
sandy clayey soil. Before the earthquake no construction problems were observed with these
buildings.
2. Damage
A summary of the earthquake damage to 13 shell roof buildings in Tangshan City is given in
Table 1.
In an area of intensity X to XI most shell roof buildings with brick-bearing walls or mixed a
bearing system totally collapsed except for the partly buried ones; among these the unreinforced
thin shells were shattered after falling. Around Fenghuang Mountain, Dacheng Mountain and
Jiajia Mountain there was an abnormal region with lower intensity in the area of intensity X
where shell roof buildings had minor damage as other types of structures did. For instance, the
baking model room at the Tangshan Ceramics Works, located on the south hillside of Dacheng
Mountain, was a building with a continuous unreinforced brick cylindrical shell roof. The
exterior walls under the windowsill consisted of block stones for which there were brick walls of
identical thickness. Inside the room, near four brick columns of 490×490 mm in cross-section,
the R.C. cylindrical shell beam of 250×750 mm in cross-section was supported. The brick shell
had a thickness of a half brick. On the shell a thermal insulating layer made of lime-coal cinder
was laid 8 cm thick. To increase the rigidity of the cylindrical shell on the longitudinal wall
cast-in-situ R.C. ring beams with a cross-section of 370×200 mm were laid, moreover, between
the interior cylindrical shell beams there were tie beams with a cross-section of 200×200 mm.
After the earthquake there was basically no damage to the baking model room except for some
slight incline cracks that occurred at the corner of the building (Photo 1).
In the area of intensity IX all shell roof buildings with brick-bearing walls provided with
transverse walls cracked but did not collapse and those that were well constructed had only slight
damage (Photo 2). In the case when there were ring beams on longitudinal walls tied with shell
beams constituting a closed system the brick walls had minor damage and, in general, some
*

Urban Construction Bureau of Tangshan City
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horizontal cracks or dislocation happened at the interface between the ring beams and the brick
walls.
For shell roof buildings with a mixed bearing system, when the brick-bearing walls had
serious damage horizontal cracks occurred at the top and bottom of the columns and specifically
the concrete stropped and the reinforced steel bars bent apparently. The shell roof buildings with
R.C. column supports had less damage than shell roof buildings with other types of bearing
systems and damage to these buildings basically occurred at the top of the columns. No columns
of this type bind of building had been designed to resist seismic forces. The reinforcements
placed in the columns were few and thin and no additional reinforcement was provided in the
beam-column joint region of the shell corner. After the earthquake the concrete at the top of the
column shattered and collapsed, the hoop reinforcement ruptured, the main reinforcement bent
due to compression, and the shell dislocated and there were several horizontal cracks that
developed at the bottom of the column and specifically, concrete peeled off and reinforcements
were exposed. Nevertheless, generally the R.C. shell itself had little damage, only some cracks
occurred at the shell corner and side beams or the protective cover of the concrete spalled off.
3. Cases of Damage
3.1 The dining room at the Tangshan Coal Mine Medicine Institute
The Coal Mine Medicine Institute was located on the east side of Jianshe Road and the
dining room was on the east side of the Institute. The dining room constituted of a group of
single-story rooms including a dining hall for students, dining hall for staff and workers, cooking
room and auxiliary rooms. It was constructed in 1960 on a Category II site and was in an area of
intensity X.
The dining hall for students was a building with a R.C. continuous cylindrical shell span of
17 m, a wave width of 5 m and shell thickness of 8 cm. The shell was reinforced with an upper
and lower steel network of Φ8-200 mm transversally and Φ6-300 mm longitudinally and some
additional inclined bars that were provided near the ends of the shell were A3 cold-drawing bars
and cast-in-situ concrete were mark 200 was used. The R.C. folded plates with a wave width of
3.6 m and thickness of 6 cm reinforced with bars of Φ6-200 mm transversely and Φ6-300 mm
longitudinally were used for the dining room and cooking room for the staff and workers.
Constructional reinforcement was provided locally at the corners of the folded plate. The mark
of the reinforcement and concrete used were the same as that used for the cylindrical shells. The
roof of the auxiliary rooms was R.C. slabs 8 mm in thickness supported by brick-bearing walls
made of bricks of mark 75 and laid by mortar of mark 4. The thickness of the walls was 370 mm
for the exterior wall and 240 mm for the interior walls. The foundation was made of plate stones
laid by lime coal cinder mortar. The structure is shown in Fig. 1.
This building group was totally demolished after the earthquake. All brick walls were
destructed. The roof fell down within its foundation area. The cylindrical shell remained in its
original shape except for local spalling of concrete at the upper portion of the arch in the vicinity
of the ends (Photo 3).
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3.2 Dining room at the Tangshan Iron Works
The dining room was located at the Tangshan Iron Works east of Jiajia Mountain. It was
constructed in 1960 on a Category II site and was in area of intensity X.
The dining hall was to the north, the cooking room was in the central area and auxiliary
rooms were to the south. The roof of the dining room was composed of five R.C. hyperbolic
shallow shells, the middle was the larger one 17×17 cm in plan size which was supported by 10
R.C. columns. On each side of the larger shell there were two small shells 9×9 m in plan size.
In the shells two steel networks were provided with Φ8-400 mm and Φ6-400 mm for the upper
and Φ8-400 mm for the lower. The small shells were supported by interior columns and exterior
brick walls. The other portion of the roof was cast-in-situ R.C. slabs. The cross-section of the
columns was 40×40 cm and the thickness of the exterior brick walls was 370 mm. The mark of
concrete was 300 for shells and 200 for columns. The brick walls were made of gray bricks with
mark 50 laid by mortar of mark 25. The structure of the building is shown in Fig. 2.
After the earthquake the cooking room and all the auxiliary rooms were totally demolished.
With the dining hall, except for the central larger shell and the entrance of the vestibule,
remained standing and the small shells on the east and west side and the slab roof to the south all
fell outward due to loss of support resulting from collapse of the exterior bearing walls (Photo 4)
which led to the lower chords of the vievendeel truss of the connected larger shell to distort, the
concrete to spall, the reinforcement to expose and the column tops which supported the small
shallow shells to rupture (Photo 5). The damage to other columns tops was much slighter though
horizontal rupture of different severities and spalling of concrete occurred. Essentially, no
damage was observed at the bottom of all columns. Moreover, at the four corners of the larger
shallow shell some cracks and local spalling developed.
3.3 Storehouse for the paper box of the First Chinese Ware Factory
The First Tangshan Chinese Ware Factory was located south of Tanggu Road in the north
part of Tangshan City. The storehouse for the paper box was situated at the west end of the
factory and was constructed in 1959 on a Category II site in area of intensity X.
The storehouse for the paper box was an unenclosed single house with a R.C. hyperbolic
shallow shell roof with a plan size of 12×12 m and a rise of 2 m. The thickness of the shell plate
was 12 cm along the periphery and decreased gradually to 6 cm at the center. Two layers of
reinforcement Φ6-150 mm were provided in the shell. Edge curved beams were placed at three
sides of the shell; one at the north side located on the shell plate; one at the east and west under
the shell plate with a cross-section of 20×20 cm while on the south side a horizontal edge beam
with a cross-section of 30×55 cm was placed under the shell plate. The shell roof was supported
by four R.C. columns with a cross-section of 40×50 cm with a height of 4.85 m for the north
columns and 3.25 m for the south columns. The mark of concrete was 150 except for the shell
plate being 200. The concrete was performed in-situ.
With this building after the form removal it was found that several vertical cracks developed
at the ends of the reverse curved beams. Therefore, bars of 4Φ18 and 8Φ12 tied had been
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introduced for strengthening at the top of the north two columns. A scheme of the structure is
shown in Fig. 3.
After the event columns were seriously damaged, however, they remained standing (Photo
6). Measurements of displacement of columns at the top were carried out after the earthquake
and they indicated that all columns declined towards the south and turned around
counterclockwise (Table 2). The hyperbolic shallow shell essentially had not been damaged.
Serious damage was concentrated on the columns. The most damage occurred to the top of the
southeast column (Z2), the concrete shattered, the strups ruptured, the main reinforcement bent
due to compression, and large distortion happened between the top of the column and the shell
(Photo 7). Meanwhile, there was a vertical crack about 2 mm in width along the middle and the
lower part of the column. Similar damage to the top of the southwest column (Z1) occurred,
however it was a little slighter and besides, there was a horizontal crack with width of 1 mm at
the bottom of the column. Damage to the northeast column (Z3) mainly happened at its bottom
with several horizontal cracks 3 mm in width, local spalling of the concrete protective coverage
and main reinforcement exposure (Photo 8), however, the top of the column essentially remained
without damage. For the northwest columns (Z4) no remarkable damage was observed.

Name

Storehouse
for electrical
elements at
Fangezhuang
Mine

Storehouse
for hardware
at Lujiatuo
Mine

Boiler house
of
Fangezhuang
mine

Bathroom of
Fangezhuang
mine

Dining room
of Lujiatuo
mine

No.

1

2

3

4

5

Construction
Time
1960

1960

1961

1961

1961

Area
(m2)

1,512

972

504

1,872

1008

Scheme
(unit: m)

1

2

1

1

1

Stories

Roof: continuous R.C.
cylindrical shell in central
portion and R.C. plate in
front and back. Bearing
member: R.C. columns
350×350 mm in crosssection and brick walls
370 mm thick.

Continuous R.C.
cylindrical shell roof in
the central portion.
Bearing member: R.C.
columns 350×350 mm in
cross-section and brick
wall 240 mm thick.

Continuous R.C.
cylindrical shell roof.
Brick-bearing walls
240 mm thick.

Continuous R.C.
cylindrical shell roof.
Brick-bearing walls
370 mm thick.

Continuous R.C.
cylindrical shell roof
separated by a settlement
joint. Brick-bearing walls
240 mm thick with some
auxiliary brick columns.

Structure

Good

Poor

Poor

II

II

II

Good

Good

II

II

Construction

Site
Soil

Table 1. Summary of the shell buildings damaged in Tangshan City.

IX

IX

IX

IX

IX

Intensity

Reinforcement
at top and
bottom of
interior
columns
exposed and
bent. Heavy
cracks on
exterior walls.
Foundation
settled
ununiformly.

Slight
horizontal
cracks occurred
on columns.
Inclined and
horizontal
cracks on
exterior walls.
Wall corner
collapsed
locally.

Totally
collapsed.

Slightly
inclined cracks
occurred at the
corner of the
building.

Inclined and
horizontal
cracks appeared
on exterior
walls. Interior
walls locally
collapsed.

Damage

Seriously
damaged

Moderately
damaged

Demolished

Slightly
damaged

Moderately
damaged

Damage
Degree

240

Dining room at
Fangezhuang
Mine

Boiler house of
Linxi Mine

Dining room of
the Coal Mine
Medicine
Institute

Store house of
the Kailuan
Exhibition Hall

Baking model
room at the
Tangshan
Ceramics
Factory

Storehouse for
paper boxes at
the First
Chinaware
Factory

7

8

9

10

11

Name

6

No.

1964

180

1959

1960

202

1960

1960

1961

1,320

288

Construction
Time

Area
(m2)

See Fig. 3

See Fig. 1

Scheme
(unit: m)

1

1

1

1

Stories

See No. 3.

Continuous brick
cylindrical shell roof.
Brick-bearing walls
370 mm thick and
interior brick-bearing
columns 490×490 mm in
cross-section.

Continuous R.C.
cylindrical shell roof.
Brick-bearing walls
240 mm thick.

See No. 1.

Continuous R.C.
cylindrical shell roof.
Brick-bearing walls
240 mm thick with
interior auxiliary brick
columns.

Continuous R.C.
cylindrical shell roof in
central portions. Bearing
member: R.C. columns
300×300 mm in crosssection and brick walls
240 mm thick.

Structure

Table 1. (continued).

II

I

II

Good

Good

Good

Poor

Good

II

II

Poor

Construction

II

Site
Soil

X

X

X

X

X

IX

Intensity

See No. 3.

Slight cracks
in corner of
the building.

South side
totally
demolished,
while north
side locally
remained.

See No. 1.

Seriously
inclined and
horizontal
cracks
occurred on
walls.

Totally
collapsed.

Damage

Seriously
damaged

Slightly
damaged

Demolished

Demolished

Seriously
damaged

Demolished

Damage
Degree

241

Dining room of
the Tangshan
Iron Works

Residences in
Lunan District

13

Name

12

No.
1960

875

1974

Construction
Time

Area
(m2)
Scheme
(unit: m)
1

Stories

All brick structure.

See No. 2.

Structure

Table 1. (continued).

II

II

Site
Soil

Good

Excellent

Construction

XI

X

Intensity

Totally
collapsed.

See No. 2.

Damage

Demolished

Demolished

Damage
Degree

242

243

Table 2. Permanent displacement of columns at the top. (Unit: mm)
Z1

Z2

Z3

Z4

Southward

50

Southward

100

Southward

90

Southward

65

Eastward

0

Eastward

55

Westward

20

Westward

70

(Translator: Xiong Jiangguo)
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Photo 1. The baking room of the Tangshan Ceramics
Factory was basically intact.

Photo 2. A shell roof building with brick-bearing walls
had slight damage.

Photo 3. Collapse of the dining room of the Tangshan
Coal Mine Medical Institute (west elevation).

Photo 4. Damage to the dining hall in the dining room
of the Tangshan Iron Works (southwest elevation).

Photo 5. Rupture at the top of columns along axis B-4 of
the dining room at the Tangshan Iron Works.

Photo 6. The hyperbolic shell of the storehouse
for paper boxes did not collapse.
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Photo 7. Damage to the base of the column at the storehouse for
paper boxes.

Photo 8. Damage to beam-column joint of the
storehouse for paper boxes.
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DAMAGE TO SINGLE-STORY HOUSES IN
URBAN AND RURAL DISTRICTS IN THE TANGSHAN AREA
Yang Derong* and Di Haifeng**

I. Description of Structures
In the urban and rural districts of Tangshan, single-story houses were mainly used for
residences and were mostly built by the residents themselves. In rural districts they were almost
all constructed by the peasants themselves.
The single-story house had a length of 5 m to 5.6 m and in general a height of 3.2 m to 3.4 m.
The house plan consisted of two fundamental elements: the central room and the bedrooms. The
width of the central room was 3.5 m to 3.7 m and the bedroom was 3.3 m to 3.5 m. The central
room was generally used for cooking and concurrently as a passageway and for miscellaneous
usage. Generally, in the central room there was a kitchen range on the side of the entrance near
the bedroom. Under the kitchen range there was a flue leading to the heatable brick bed in the
bedroom. There were two types of heatable brick beds: the side-wall bed and the one along the
gable wall. The common plan types of the single-story houses are shown in Fig. 1.
The construction materials used in the urban and rural districts of Tangshan are as follows:
For foundations, rubble stones in most cases, or strip stones in a few cases, were laid with
lime-mortar. In the southern area along the coast sometimes brick foundations and lime-soil
foundations were used.
In the southern area brick walls were used in most cases or adobe bricks were used in a few
cases, or sometimes a compound wall of adobe with bricks or stones on the outside were used.
In the northern and central portion of the area stone block or rubble walls were mostly used. In
the whole area there were relatively few brick and adobe walls; a few of them were constructed
with cobblestones. The stone walls were usually laid with mud except in Tangshan City, the east
mine area, and the suburbs of Tangshan where they were laid with lime slag or lime cement
mortar.
Wood frames were mostly used but in a few cases brick and stone columns were used.
The single-story houses built by peasants usually had a roof with wood purlins and rafters
covered with reeds and grasses, or sometimes on the reed screen a clay plaster was spread and
then covered by tiles, or a lime slag layer with a cement mortar face was adopted. For offices,
workshops and mining units the roof of single-story houses in general took the following form: a
steel or wood roof truss with a tile roof, in some cases a R.C. beam slab system covered by lime
slag with a cement mortar face layer was used.
*

Design Department of Qinhuangdao City

** Construction Committee of Tangshan
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According to the load bearing system, single-story houses could be divided into two
categories: single-story houses with wood frames and columns and those with load bearing
walls. In the Tangshan area the former was the majority.
The construction of single-story houses varied and could be divided into four categories
(Fig. 2.) Moreover, there were houses using columns that directly supported the purlins instead
of beam girders. Among the four types of construction the number of houses with brackets was
small and the houses with truss frames were generally used for primary schools, offices of
production units or storehouses.
The houses with load-bearing walls were mostly built from the 1960's, with gable walls on
which purlins were supported, sometimes there were additional timber beams on the interior
partition walls between the front and the rear walls which constituted a longitudinal and
transverse bearing wall construction.
II. Statistics of Damage
Due to the variety of persons engaged in the damage survey, there was a relatively large
difference in the objectives and standards of damage classification that existed in the results of
the statistical survey of the degree of damage to single-story houses. The main results are as
follows.
1. Statistics of damage ratio
According to the data provided by the Building Departments there were about 523,000 rooms
corresponding to an area of about 90 million m2 of single-story non-governmental houses in the
Tangshan area before the earthquake. Among these houses 324,000 rooms were damaged
constituting 61.6% of the pre-earthquake number. The number of damaged houses located in
different counties and earthquake intensities is listed in Table 1. The table shows that in an area
with intensity XI almost all of the houses were fully destroyed, and the damage ratio of 92.8%,
87.7%, 73.1%, 47.2% and 12.1% were for areas with intensity X, IX, VIII, and VII respectively.
The data for these statistics were obtained at the end of September 1976 from government
agencies. It was referred to as damage when the house was no longer serviceable after the
earthquake. This included: collapse, collapsed walls and inclined frames, collapsed walls with
the frame in a normal state (Photo 1), collapsed walls (Photo 2), locally collapsed gables (Photo
3), the wall corner falling onto the ground (Photo 4), and severely cracked walls (Photo 5), etc.
The distribution of the damage ratio to single-story houses in the urban and rural districts of
the Tangshan area is illustrated in Fig. 3.
2. Statistics of a sample survey of damage
Investigation of the damage ratio of single-story houses in villages, small towns and counties
had been conducted many times by technicians organized by the Construction Committee in the
Tangshan area from August 1976 after the earthquake. The investigation was first carried out in
the field then associate cadres and skillful craftsmen were called together, about 10 persons each
time, to check the disaster suffered by families one by one according to the census register. Such
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investigations had been performed at 52 locations (shown in Fig. 4) representing three grades of
disaster (slight, moderate and severe) selected from the statistics results in regions with intensity
IX, X, and XI provided by the Building Department of the rural area.
A total of 45,925 houses corresponding to about 800,000 m2 had been inspected in various
regions; the results are listed in Table 2. In the table the damage is represented in four degrees:
collapse, severe damage, slight damage and intact. There were some slight differences in the
standard of damage classification, for instance, the damage shown in Photo 1 was referred to as
collapsed while damage shown in Photos 2 and 3 called collapse in most regions, but in minor
regions it was called severe damage; the damage shown in Photo 4 was referred to as severe
damage, and that shown in Photo 5 was referred to as slight damage in most regions and as
severe damage in minor regions.
3. Statistics of damage degree
After the earthquake the survey teams (damage to rural houses in regions with various
intensities) organized by the National Construction Committee and the Earthquake Resistance
Office of the Construction Committee of Hebei Province had completed inspection of 14,214
single-story houses, corresponding to 270,000 m2. The damage degree is represented in five
categories.
a. Collapsed
Columns and roof trusses fell in wood framed houses or walls and roofs fell in bearing-wall
houses.
b. Severely damaged
Wood trusses were out of joint and seriously inclined or the gable and enclosing walls were
demolished massively in wood frame houses as shown in Photo 1. Walls cracked seriously or
inclined outward and fell locally in bearing wall houses as shown in Photo 2.
c. Moderately damaged
No obvious damage to the wood frame itself; gable or longitudinal walls collapsed locally as
shown in Photo 3. In bearing wall houses the longitudinal walls or the connections of the
longitudinal and the transverse walls cracked. The transverse bearing walls were slightly
damaged as shown in Photo 4.
d. Slightly damaged
There was only damage to the secondary location in the wood frame houses, for instance,
chimneys were destroyed, enclosing walls cracked, etc. as shown in Photo 5. In bearing wall
houses the wall corners cracked and no repair was needed.
e. Intact
No damage to the wood frame and walls, or there were only local cracks on the walls.
The survey results are listed in Table 3.
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III. Damage to Various Single-Story Houses
1. Wood frame houses
The damage to 20 wood frame houses surveyed is provided in Table 4. Most of the wood
frame houses in the Tangshan area were built before the liberation. They had rotted in the base
of the columns. Moreover, there were some construction defects; the columns and girders were
connected in general by an inserted pin with a cross-section of about 5cm×5cm but without a
diagonal brace, therefore it collapsed easily. The enclosing walls fell down first. Most of the
exterior walls of adobe in regions with intensity VIII fully or locally collapsed, while some walls
built with cobbles seriously failed. The collapse of houses without any connection between
internal walls, columns and girders was often observed, it injured people in some cases. In the
Tangshan region it was common to build roofs with an insulation layer of loess 20 cm thick, the
increased roof weight and thus the earthquake effect was increased. A steep roof slope led to the
tiles and the loess layer to slide off easier. This constituted one of the reasons for heavier
damage to this type of house. For example, in Xuanzhuang Commune of Fengnan County there
was a residential house with a rubble foundation 60 cm in depth and 40 cm in width, the exterior
walls were made of gray bricks and interior partition walls were made of adobes laid with mud.
The purlins at the gable were supported by wood columns commonly known as row gable
columns. No available connections were provided between the gable, row gable columns and
the roof. Moreover, the gable was partitioned into four parts by five row gable columns. The
earthquake caused the collapse of the west gable, failure of the roof and serious deformation of
the wood frame. Another example was a residential house in Wangguanying Commune of
Fengnan County. The house had a rubble foundation 40 cm deep and 40 cm wide. The rubble
enclosing walls and the interior adobe partition walls were laid with mud. The external walls
crushed and collapsed due to shaking.
2. Houses with masonry bearing walls
From the statistics of 16 surveyed locations with various intensities (a total number of 4,528
buildings, corresponding to about 86,000 m2 of houses) the results of damage to houses with
masonry bearing walls is summarized in Table 5.
The damage to houses with masonry bearing walls is related essentially to the aseismic
resistance of the walls themselves. For example, two houses in the Xuanzhuang Commune in
Fengnan County were located in the area of intensity X. One had gray brick walls laid with lime
sand mortar of a mark below 10 and suffered cracks 25 cm in width on the roof and 20 cm on the
wall. The other house with walls made of machinery bricks of mark 75 laid with cement lime
mortar of mark 25 had little damage. The next examples were an office and a medical station in
Wangguanying Commune, Fengrun County. They were in two neighboring courtyards located
on a small hill and were masonry structures with purlins supported on gable walls. The
foundation and walls below the windowsill were made of stones, the walls above the windowsill
were made of brick masonry. They were all laid with cement sand mortar of mark 25. The
commune office was built with excellent workmanship and thus had a higher resistance of the
walls, it behaved remarkably well after the shock. The medical station was built with poor
workmanship, the walls were laid with sand mortar of mark below 25 and crevices were not fully
filled between bricks. It was totally demolished by the earthquake.
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There were two houses Xuanzhuang Commune, Fengnan County that differed from each
other only in the construction of the roof. One was covered with an isothermal layer of loess
more than 20 cm thick and a lime slag layer of about 10 cm thick, the other roof was made of
wood purlins covered by reed and grass 20 cm thick. The former suffered cracking on walls
while there was no damage to the other one.
The construction of the roof had some influence on the damage to bearing wall houses. For
instance, the roofs of single-story houses at the Kailuan Coal Mine took the following three
forms: (a) poured-in-place pre-cast R.C. beam, slab and cylindrical shell structure or simply the
“mixed” roof; (b) steel, wood or composite truss with a tile roof or simply the “sharp” roof,
(c) heavy flat roof covered by lime slag, or simply the “flat” roof.
The damage survey data indicated that for the poured-in-place R.C. roof there were few cases
where the roof was damaged, when the wall did not collapse, due to its favorable integrity. In
cases where the wall collapsed, the roof fell and was demolished or it fell onto the ground
remaining intact. In some houses with pre-cast R.C. or steel wood truss roofs, due to the
presence of weak parts, i.e. no anchor between beam and slab or between roof truss and walls, an
insufficient support system, insufficient support length for the purlins, no strong connection
between members, etc. Some of the members were displaced and slipped off the supports;
heavier damage occurred to houses with heavier roofs.
The results of damage statistics to single-story brick and stone masonry houses with different
types of roofs at the Kailuan Coal Mine are listed in Table 6.
Rubble masonry with arbitrary contour had either low strength or poor integrity and stability.
Houses with this type of wall easily collapsed during the earthquake. For example, a residential
house in the Guiyi Village in Fengrun County in an area of intensity VIII with bearing walls of
rubble laid with mud; the earthquake caused cracks at wall corners, outward distention and
partial collapse of the gable. Another house at Yankou Commune in Fengrun County had walls
that were made of rubble laid with lime sand mortar above the windowsill, except for the parts of
the wall around the window opening and at the corners where gray bricks were used. The wall
corners collapsed due to shaking. The third example is a residential house in Huanggezhuang
Village in Fengnan County where the house had a rubble foundation 80 cm deep and 40 cm wide
longitudinal walls made from gray bricks and gable walls of rubble laid with lime mortar, with
two bands of brick in the middle. The bad connection between the rubble masonry and the brick
bands led to the collapse of wall corners and a portion of the roof.
The unsuitable location of a chimney in the wall also led to heavier damage. For instance, a
house in Hancheng Commune, Fengrun County had a rubble foundation 80 cm in depth and
40 cm in width, gray brick walls laid with lime mortar and gables in which there was a flue. It
was observed after the earthquake that cracks with a width up to a 20 cm occurred on the gable
at the flue and there was extensive damage to the roof. The second example is a residential
house in the suburb of Tangshan City. The rubble foundation was 60 cm in depth and 40 cm in
width laid with cement mortar of mark 25, the gable was made with rubble and adobes laid with
mud, and other walls were made of machinery bricks of mark 75 laid with cement mortar of
mark 25. On one gable there was also a flue, which collapsed due to the earthquake.
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3. Houses with adobe-bearing walls
Adobe walls have very low strength and are easily damaged during an earthquake. The
inspection data collected from 5 surveyed locations are given in Table 7. From the table it can
be seen that all adobe-bearing wall houses in the region of intensity IX almost totally collapsed.
For example, a house in the north suburb of Tangshan City was constructed with a rubble
foundation 60 cm deep and 40 cm wide and adobe walls were laid with mud. The front and rear
longitudinal walls totally collapsed. However, adobe wall houses in regions of lower intensity
survived and suffered less damage than houses with stonewalls laid with mud. The following is
an example, there was a house in Yankou Commune, Fengrun County and it had a rubble
foundation 60 cm deep and 40 cm wide laid with lime mortar. It survived the aftershock.
However, a nearby house with rubble external walls laid with mud had damage to the gable and
part of the longitudinal walls collapsed and a portion of the roof was demolished.
4. Miscellaneous types of houses
In the Tangshan area there were a few houses with stone columns or brick arches. The
damage data collected from two surveyed locations are included in Table 7.
For most of the damaged houses with stone columns the stone columns fractured and shifted.
For example, in Daxin Village, in Funing County there was a house that consisted of four beams
and eight columns, and the gable walls and longitudinal walls were constructed of cobbles laid
with lime mortar of mark 10. It was observed that the columns separated 3 cm from the gable
walls. Even though it had a relatively lightweight roof constructed of wood beams, purlins, and
rafters covered with reed screen, a loess layer 3 cm thick and small gray tiles, the earthquake
caused fracture to the stone columns and shifted the wood beams horizontally up to 10 cm due to
the flat stones used as columns. Nevertheless, there were a few stone columns that survived.
The Wangguanying Primary Schoolhouse in Fengrun County had rubble walls laid with lime
mortar, and wood beams and a purlin roof. It was observed after the shaking that the front
longitudinal walls and part of the gable wall collapsed, a part of the roof fell down, and there was
no damage to the stone columns themselves around which the demolished stone masonry fell.
Damage to the brick arch house was related to the arch roof and the walls. Most of the 28
bays of brick arch houses in Zunhua County behaved well (Table 7). The next example was a
storehouse of a supply and marketing cooperative at the Hongqiao Commune in Changli County.
It had a brick arch roof with a thickness corresponding to a half brick, rubble walls 40 cm thick
and a rubble foundation laid with lime mortar. Only slight cracks were observed on the
transverse walls after the earthquake.
In the Tangshan area the grain depots constructed of adobe and brick masonry were generally
cylindrical. The adobe depots had a rubble foundation 80-100 cm deep and 40 cm wide laid with
lime mortar. The walls of the depot were constructed with a reed basketry (bound to steel bars)
and plastered from the outside and inside. The roof of the circular cone-shaped depot was
constructed with wood or bamboo purlins covered with one layer of reed screen, two layers of
asphalt felt and reed 20-30 cm thick. This type of depot easily rotted on its shady side. It was
observed that in most cases the depot toppled and fell northward after the earthquake. They
were seriously damaged even in areas of lower intensity. The brick and stone masonry depots
had foundations similar to adobe depots, with brick masonry walls and brick arch or R.C. arch
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roofs. Their simple and regular forms are beneficial to earthquake resistance, however, some in
areas of low intensity were damaged. For instance, one in Daxing Village, Funing County had a
rubble foundation and walls laid with cement mortar of mark 25, and longitudinal cracks 5 mm
wide on the walls on the brick arch roof; no damage was observed to other parts.
IV. Influence of Intensive Aftershocks and Liquefaction on Damage
Besides the severity of the earthquake and the relatively poor seismic performance of most of
the structures there were two reasons why single-story houses in the Tangshan area were
seriously damaged.
A) The accumulative effect of the magnitude 7.1 aftershock lead to remarkably heavy
damage to several neighboring counties east of Tangshan. Many houses suffered moderate
damage under the main shock of magnitude 7.8 but suffered severe damage or collapse under the
aftershock of magnitude 7.1. The number of collapsed houses during two earthquakes is
provided in Table 8.
B) Sand liquefaction occurred in an extensive area and obviously increased the damage level
of houses. It was more evident in the area along the coast. It was observed that a house settled
more than 0.5 m due to liquefaction. Ground surface fissures resulted in damage to the houses.
Especially non-uniform settlement induced serious damage to a great number of houses. Water
spouts, sandboils and ground fissures were observed in various intensity areas and the damage to
the houses is summarized in Table 9. The level of damage to houses in 12 surveyed locations
with different liquefaction degrees is given in Table 10.
(Translator: Jiang Jinren)
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Damaged

Intensity X

57,505

269,607

214,380

221,169

88,771.5

851,432.5

Surveyed

54,928

260,733

138,926

215,230

76,735.5

746,552.5

Damaged

Intensity IX

125,761

47,842

27,161

87,808

415,629

82,247

164,925

160,019

287,112

106,156

1,504,660

Surveyed

85,730

26,127

21,353

79,317

303,335

74,577

85,900

136,399

181,700

101,936

1,096,374

Damaged

Intensity VIII

24,107

172,669

164,376

405,027

263,309

18,726

369,535

274,298

13,773

241,713

168,187

50,757

2,166,477

Surveyed

5,116

68,371

15,153

198,807

76,315

8,873

218,647

217,683

5,665

154,240

33,172

19,520

1,021,562

Damaged

Intensity VII

Table 1. Statistics of damaged rooms in single-story buildings in towns and counties
in various intensities in the Tangshan area (unit: bay).

51,352

160,123

63,578

23,220

86,515

384,788

7,129

25,998

4,847

3,773

4,939

46,686

Damaged

Intensity VI
Surveyed

253

254

Table 2. Statistics of sample investigation of damage to single-story houses
in towns and counties (units: room).
Investigated Objectives
No.

Intensity

1

2

X

Total

Collapsed

Severely
Damaged

Slightly
Damaged

Siwangzhuang team,
Chengguan Commune,
Fengnan County

791.5

768.5

18

5

Xugezhuang team, Chengguan
Commune, Fengnan County

1,241

1,209.5

31.5

Location

Intact

3

Xiangzhuangzi team, Daodi
Commune, Fengnan County

630

630

4

Dongzhuangzi team; Xiaodaodi
Commune, Fengrun County

247

241

6

5

Sunzhuangzi team, Xiaodaodi
Commune, Fengrun County

553.5

548.5

5

6

Puzhuangzi team, Chahe
Commnne, Fengrun County

602.5

570.5

29

3

7

Wali team, Songjiaying
Commune, Fengnan County

358.5

324

21

13.5

8

Guzhuangzi team, Xiaoji
Commune, Fengnan County

491.5

470.5

9

12

9

Dahanzhuang team, Xiaoji
Commune, Fengnan County

1,330

1195

119

13

10

Heiyanzi West Village,
Heiyuanzi Commune, Fengnan
County

1,588

1579

6

11

Gaozhuangzi team,
Huanxizhuang Commune,
Fengrun County

460

447

13

12

Qingzhuangwu team,
Huanxizhuang Commune,
Fengrun County

655

638

7

10

13

Xipiantuo team, Huanxizhuang
Commune, Fengrun County

532

474

36

22

14

Xiaozhuangzi team,
Xinzhuangzi Commune,
Fengrun County

844

511

219

104

10

15

Qianying team, Xinzhuangzi
Commune, Fengrun County

350

88.5

166

60.5

35

16

Yaojiatuo, Maojiatuo
Commune, Fengrun County

976

806

112

58

17

Rear Fenggezhuang team,
Maojiatuo Commune, Fengrun
County

1,972

1519.5

213

208

31.5

18

Huangxinzhuang team, Longtuo
Commune, Luan County

730

704

3

13

10

IX

3
3

255

Table 2. (continued).
Investigated Objectives
No.

Intensity

19
20

IX

Total

Collapsed

Gaojiazhuang team, Longtuo
Commune, Luan County

630

573

Anjialou team, Jiubaihu
Commune, Luan County

424

424

Location

Severely
Damaged

Slightly
Damaged

Intact

30

21

Magusi team, Zhaodianzi
Commune, Qian'an County

1,312

1,306

22

Zhuacun team, Dayangguanying
Commune, Qian'an County

2,500

2,125

190

23

West Sixteen team, Angezhuang
Commune, Luannan County

683

628

55

24

East Sixteen team, Angezhuang
Commune, Luannan County

900

701

190

25

East Xinhu team, Gaozhuangzi
Commune, Luan County

495

405

90

26

Hougezhuang team,
Gaozhuangzi Commune, Luan
County

1,133

921

212

Zhujiaqiao team, Xingzhuang
Commune, Yutian County

254

158

30

66

28

Dongchang team, Woluogu
Commune, Yutian County

673

488

36

149

29

2nd team, 10th farm,
Baigezhuang reclamation area

242

124

118

30

9th team, 10th farm,
Baigezhuang reclamation area

1,090

635

179

135

141

31

Ligezhuang team, Zhihui
Commune, Changli County

2,430

1,373

1,015

3

39

32

Motaiying team, Yanghuangling
Commune, Lulong County

469

416

13

40

33

Madalingdian, Yanghuangling
Commune, Lulong County

218.5

25

19

174.5

34

Liuhezhuang team, Chengguan
Commune, Lulong County

196

48

130

18

35

Maogezhuang team, Leidianzi
Commune, Lulong County

807

156

425

226

Shengshuiyuan team, Tiechang
Commune, Zunhua County

1,212

462

701

49

37

Liangtun team, Dongjiuzhai
Commune, Zunhua County

1,320

541

721

53

38

Changgezhuang team,
Xinzhuangzi Commune, Zunhua
County

771

138

496.5

136.5

27

VIII

36
VII

6
185

5

256

Table 2. (continued).
Investigated Objectives
No.

Intensity

Location

Total

Collapsed

Severely
Damaged

Slightly
Damaged

Intact

39

Taitou team, Nanguan
Commune, Qianxi County

1,982

60

1,497

340

85

40

6th Street team, Xingcheng
Commune, Qianxi County

240

28

82

47

83

41

Longtang team, Xinzhuangzi
Commune, Qianxi County

1,324

280

450.5

327.5

266

42

Jingerzhuang team, Xinjinpu
Commune, Changli County

662

584

40

38

43

Jiazhuang team, Huailizhuang
Commune, Changli County

335

335

44

Duanjiadian, Lianggezhuang
Commune, Changli County

951

314

386.5

230.5

45

Dengtan team, Wangtan
Commune, Leting County

568

487

81

Shakou team, Mengzhuang
Commune, Leting County

379

379

47

Guanzhuang team, Bohai
Commune, Funing County

1,869

505

585

429

350

48

South Fangezhuang team,
Liushouying Commune, Funing
County

2,115

222

1,380

233

280
98

46

VII

49

Luzhuang team, Luzhuang
Commune, Funing County

892

10

702

82

50

East Xinzhai team, East Xinzhai
Commune, Funing County

919

127

782

10

51

Shangchang. Xuliuying
Commune, Qian'an County

540

31

434

44

52

Upper Jinshanyuan team,
Leigutai Commune, Qian’an
County

1,074

204

537

333

20

31

257

Table 3. Statistics of the results of classification of damage
to single-story houses in towns and villages.

Intensity

Number
Surveyed
(bay)

Damage Classification (%)
Collapsed

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Intact

XI

2,613

96.1

2.2

1.1

0.6

X

3,983.5

46.9

6.8

25.6

15.3

5.4

IX

1,278

38.9

24.7

17.1

17.5

1.8

VIII

4,842

23.8

15.3

12.0

44.9

3.9

VII

1,070.5

5.5

43.4

17.1

29.2

4.8

VI

427

0.2

2.8

51.5

28.3

17.1

Table 4. Data of damage collected from 20 wood frame houses investigated.
Investigated Objectives

Damage Degree (%)

Number
Surveyed
(bay)

Collapsed

Seriously
Damaged

West Magezhuang
team, Yuehe
Commune, suburb
of Tangshan City

86

93.0

7.0

Central Street,
Shuiwuzhuang ,
Yuehe Commune,
suburb of
Tangshan City

440

79.6

Total

526

59

Shijiangying team,
Wangnianzhuang
Commune, suburb
of Tangshan City

60

No.

Intensity

56

57

XI

X
61

Moderately
Damaged

Slightly
Damaged

10.9

6.1

3.4

86.3

9.0

3.0

1.7

845

1.8

1.1

39.0

39.2

Second Street
team,
Wangnianzhuang,
Wangnianzhuang
Commune, suburb
of Tangshan City

678

12.4

4.4

56.2

27.0

First Street team,
Wangnianzhuang,
Wangnianzhuang
Commune, suburb
of Tangshan City

683

86.1

8.2

5.7

Total

2,009

33.4

4.6

33.6

Location

22.1

Intact

18.9

6.3

258

Table 4. (continued).
Investigated Objectives
No.

Intensity

Location

Damage Degree (%)

Number
Surveyed
(bay)

Collapsed

Seriously
Damaged

97.1

2.9

6

Puzhuangzi team,
Chahe Commune,
Fengrun County

578.5

62

Yeli team, Double
Bridge Commune,
suburb of
Tangshan City

120

63

Third Yeli team,
Double Bridge
Commune, suburb
of Tangshan City

180

Central segment,
front Street, Yeli,
Double bridge
Commune, suburb
of Tangshan City
Xiaozhuangzi
team, New
Zhuangzi
Commune,
Fengrun County

Moderately
Damaged

Slightly
Damaged

Intact

11.1

32.5

67.5

3.3

27.8

11.1

46.7

100

19.0

57.0

20.0

4.0

534

59.2

21.3

Total

1,512.5

35.7

28.3

19.7

33

Madalingdian
team,
Yanghuangling
Commune, Lulong
County

218.5

11.4

8.7

79.9

65

Baiguantun team,
Baiguantun
Commune,
Fengrun County

2565

27.3

3.9

Bajianfang team,
Baiguantun
Commune,
Fengrun County

550

14.5

7.3

Lizhuangzi team,
Baiguantun
Commune,
Fengrun County

200

3.0

3,533.5

14.0

64

IX

14

76

66

VIII

Total

19.5

14.0

2.3

68.0

0.8

38.2

27.3

12.7

6.0

15.0

26.0

50.0

6.5

33.3

30.3

15.9

259

Table 4. (continued).
Investigated Objectives
No.

Intensity

Location

Damage Degree (%)

Number
Surveyed
(bay)

Collapsed

Seriously
Damaged

19.3

52.7

35

Maogezhuang
team, Leidianzi
Commune, Lulong
County

807

68

Zhangzhuang team,
Tiezhuang
Commune,
Qinhuangdao City

20

Shangchang team,
Xuliuying
Commune, Qian’an
County

540

5.7

80.4

Total

1,367

8.3

54.4

69

North Yingzi team,
Great Wall
Commune, suburb
of Qinhuangdao
City

30

3.3

13.3

70

Xiazhuang team,
Qingshigou, Great
Wall Commune,
suburb of
Qinhuangdao City

256

1.6

Liudaozhuang
team, Great Wall
Commune, suburb
of Qinhuangdao
City

141

Total

427

VII
51

VI
71

30.0

1.1

Moderately
Damaged

Slightly
Damaged

Intact

28.0

30.0

40.0

8.2

5.7

25.4

1.9

33.4

50.0

78.1

8.2

12.1

2.8

14.2

63.8

19.2

5.9

30.8

35.1

27.1

10.0

260

Table 5. Data of damage to brick or stone bearing wall houses.
Investigated Objectives
No.

Intensity

56

57

Location
West Magezhuang
team, Yuhe
Commune, suburb
of Tangshan

XI

Central Street
Shuiwuzhuang
Yuhe Commune,
suburb of
Tangshan
Total

Damage Degree (%)

Number
Surveyed
(bay)

Collapsed

1,427

100.0

660

Seriously
Damaged

Moderately
Damaged

99.1

0.45

0.45

2,087

99.6

0.2

0.2

2

8th Street,
Xugezhuang,
Fengnan County

95.5

69.6

30.4

1

Siwangzhuang
team,
Siwangzhuang
Commune,
Fengnan County

336.5

95.6

3.1

58

Office of Fengnan
County

54.0

83.3

Shijiangying team,
Wangnianzhuang
Commune, suburb
of Tangshan

455

17.6

6.6

43.9

60

2nd Street team,
Wangnianzhuang
Commune, suburb
of Tangshan

119

33.6

58.8

7.6

61

1st Street team,
Wangnianzhuang
Commune, suburb
of Tangshan

90

13.3

20.0

66.7

Total

1,200

52.2

19.8

19.7

59
X

Slightly
Damaged

Intact

1.3

5.6

11.1

19.8

12.1

4.5

3.9

261

Table 5. (continued).
Investigated Objectives
No.

Intensity

Location

Number
Surveyed
(bay)

Collapsed

Damage Degree (%)
Seriously Moderately
Slightly
Damaged
Damaged
Damaged

62

Yeli team, Double
Bridge Commune,
suburb of
Tangshan

120

23.3

10.0

56.7

63

3rd team, Yeli,
Double Bridge
Commune, suburb
of Tangshan

20

30.0

15.0

55.0

Central segment,
Front Street, Yeli,
Double Bridge
Commune, suburb
of Tangshan

89

49.4

12.4

21.3

16.9

Total

229

34.2

12.5

44.4

9.0
2.2

IX
64

65

Baiguantun team,
Baiguantun
Commune,
Fengrun County

135

8.9

88.9

66

Lizhuangzi team,
Baiguantun
Commune,
Fengrun County

270

18.5

81.5

Baozhuangzi team,
Wangguanying
Commune,
Fengrun County

315

64.1

32.7

Total

720

21.4

20.0

56.8

Longtang team,
New Zhuangzi
Commune, Qianxi
County

12

25.0

50.0

25.0

Zhangzhuang team,
Tiezhuang
Commune,
Qinhuangdao City

280

Total

292

VIII
67

41

68

VII

12.5

25.0

Intact

10.0

3.2

12.5

0.7

1.1

92.9

7.1

46.5

3.5

262

Table 6. Results of statistics of damage to houses with different
types of roofs at the Kailuan Coal Mine.

Intensity

XI

Type of
Construction

Number
Surveyed
(bay)

Mixed

55

With sharp roof

30

With flat roof

336

In average
Mixed
X

With sharp roof
With flat roof

IX

With flat roof
With sharp roof
In average

Collapsed

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Intact

0.3

100
96.7

3.3

100
99.8

0.2

146

76.0

20.6

3.4

60

85.0

13.3

1.7

173

98.3

1.7

87.6

10.8

1.6

716

32.8

3.1

0.4

63.4

11

27.3

36.4

18.2

18.2

601

55.2

15.6

1.0

28.1

42.9

9.0

0.8

47.1

In average
Mixed

Damage Classification (%)

0.2

263

Table 7. Inspection data of damage to adobe wall houses and other types of houses.
Number
Surveyed
(bay)

Damage Classification (%)

No.

Intensity

Type of
Construction

56

XI

adobe wall

Magezhuang team,
Yuehe Commune, suburb
of Tangshan

9

100.0

61

X

adobe wall

1st Street,
Wangnianzhuang,
Wangnianzhuang C
ommune, suburb of
Tangshan

4.5

100.0

10

IX

adobe wall

Heiyanzi West Village
team, Heiyuanzi
Commune, Fengnan
County

adobe wall

9th team, 10th farm,
Baigezhuang reclamation
area

adobe wall

Lizhuangzi team,
Baiguantun commune,
Fengrun County

30

66

VIII

Survey Location

Collapsed

36

100.0

587

46.0

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

22.5

14.1

17.4

30

In average
32

VIII

stone column
house

Motaiying team,
Yanghuangling
Commune, Lulong
County

47

VII

stone column
house

Guanzhuang team, Bohai
Commune, Funing
County

11

37

VII

12 cm thick
brick arch
house

Liangtun team, East
Jiuzhai Commune,
Zunhua County

28

467

Intact

100.0

23.0

11.2

90.8

0.6

57.1

8.7
8.6

100.0

14.3

85.7

264

Table 8. Number of houses that collapsed during the magnitude 7.8 and 7.1 earthquakes.

No.

Location

Before
Earthquake
(bays)

Number Collapsed (bays)
M=7.8

M=7.1

Total

34

Liuhezhuang team,
Chengguan Commune,
Lulong County

196

6

42

48

35

Maogezhuang team,
Leidianzi Commune,
Lulong

807

23

133

156

32

Motaiying team,
Yanghuangling Commune,
Lulong County

469

416

416

33

Madalingdian team,
Yanghuangling Commune,
Lulong County

218.5

25

25

43

Jiazhuang team,
Huailizhuang Commune,
Changli County

335

268

67

335

42

Jingerzhuang team,
New Jinpu Commune,
Changli County

662

438

146

584

21

Magusi team,
Zhaodianzi Commune,
Qian’an County

1,312

402

904

1,306

20

Anjialou team,
900 Household Commune,
Luan County

424

312

102

414

1,449

1,835

3,284

Total

4,423.5
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Table 9. Survey results of damage observed at waterspout and sandboil areas.
Surveyed Objectives
No.

Intensity

Location

Description of Waterspouts
(WS), Sandboils (SB) and
Ground Fissures

Description of Damage
to Houses

1

Siwangzhuang team,
Siwangzhuang
Commune, Fengnan
County

WS, SB and ground fissures at
the village.

97% of the houses were totally
demolished, only 5 rooms were
slightly damaged, columns of other
houses ruptured.

2

8th Street team,
Fengnan County

WS, SB and ground fissures at
the village.

97% of the houses were totally
demolished, only 5 bays were
slightly damaged, columns of other
houses ruptured.

3

Xiangzhuangzi
team, Fengnan
County

Extensive WS, SB in the field
around the village with the
biggest stack of volume 0.5 m3.
Not observed within the village.

100% of the houses were
demolished, beams and columns
fractured.

4

Dongzhuangzi team,
Fengrun County

A 100 m long, 10 cm wide eastwest crack along the east street.
Extensive WS and SB happened
inside and outside the village.

97.6% of the houses were
demolished in one minute. Beams
and columns fractured. A steel
frame for navigation located east of
the village flexed towards the south
at a height of 30 m.

5

Sunzhuangzi team,
Fengrun County

A several ten meter long and
20 cm wide east-west crack
along the street of the village.
Extensive WS and SB happened
inside and outside the village.

98% of the houses were totally
demolished. 5 houses that did not
collapse inclined towards the
northeast at an angle of 10°.

6

Puzhuangzi team,
Fengrun County

WS and SB occurred in the
village, more serious in the east
part. To the southeast there were
a great deal of northwest cracks
with the longest 50 m.

95% of the houses were totally
demolished, columns fractured,
walls collapsed.

7

Wali team, Fengnan
County

The ground cracked more than
10 m long and about 10 cm
wide. Extensive SB, no
remarkable vent observed.

90% of the houses were fully
demolished, columns fractured.
Some houses slightly settled.

8

Guzhuangzi team,
Fengnan County

Two northwest cracks more than
20 0m long, 1.6 m wide; 4
people fell into them. A boiling
sand stack 1.8 m high occupied
an area of 40 m with a vent of
45 cm in diameter.

96% of the houses were totally
demolished. Houses to the west of
the ground crack tilted toward the
west, those to the east tilted toward
the east, some houses settled 50 cm.

9

Hanzhuang team,
Fengnan County

Several east-west ground cracks
20 cm wide and several ten
meters long. Extensive SB and
WS.

Houses tilted from east to west;
some settled.

X

IX

266

Table 9. (continued).
Surveyed Objectives
No.

Intensity

Location

Description of Waterspouts,
Sandboils and Ground Fissures

Description of Damage
to Houses

10

Heiyanzi West
Village, Fengnan
County

Several east-west cracks 20 to
40 cm wide and more than
200 m long. SB and WS were
observed.

99.4% of the houses were totally
demolished. Walls collapsed,
columns fractured.

11

Gaozhuangzi team,
Fengrun County

SB and WS were observed
inside and outside the village.
No ground cracks.

98% of the houses were totally
demolished. Stones in the
foundation threw away a distance of
1 m.

13

West Piantuo team,
Fengrun County

SB and WS were observed
inside and outside the village.
No ground cracks.

90% of the houses were totally
demolished. For houses with a tile
roof, the tiles dropped first, the truss
fell then the columns fractured.

21

Magusi team,
Qian’an County

A 10 cm wide and a several tens
of cm long crack along the
Luanhe River.

100% of the houses were totally
demolished. Columns fractured and
walls collapsed but the truss
remained standing.

27

Zhujiaqiao team,
Yutian County

Extensive SB and WS observed.
A segment of the embankment
more than 500 m long settled
3 m. A 60 to 100 cm wide and
30 m long ground crack
occurred. The volume of a sand
stack was 1.5 m3.

62% of the houses were totally
demolished. 48 bays of houses
settled more than 1 m at the front
eaves.

28

Dongchang team,
Yutian County

No extensive SB and WS.

73% of the houses were totally
demolished.

42

Jingerzhuang team,
Changli County

Extensive SB occurred. There
was a sand stack having a
volume of about 1 m3.

At 88% of the houses the columns
fractured, walls collapsed. No
obvious settlement.

45

Dengtan team,
Leting County

Extensive SB and WS. The
largest sand vent was 4 m in
diameter. Several ground cracks,
the longest was 100 m long and
6 m wide, occurred at the center
of the village towards the
northeast.

Houses settled extensively tilting
towards the north. The largest
settlement was 1 m. 92% of the
houses could no longer be in
service. 6 houses dropped into the
crack.

Shakou team, Leting
County

Extensive WS and SB. Water
sprinkled at a height of 3.5 m.
The sand stack had a volume of
40 m. The largest crack occurred
at the center of the village, 4 m
wide and towards the southeast.

A house dropped into the crack.
Houses tilted towards the south and
settled 1.5 m.

IX

VIII

VII
46
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Table 9. (continued).
Surveyed Objectives
No.

Intensity

Location

Description of Waterspouts,
Sandboils and Ground Fissures

Description of Damage
to Houses

47

Guanzhuang team,
Funing County

WS and SB observed 200 m
west of the village. A sand stack
had a volume of 1 m3. A ground
crack 40 cm wide occurred.

27% of the houses were totally
demolished. All 2-story brickconcrete buildings laid with lime
mortar completely collapsed.

48

Nanfanzhuang team,
Funing County

WS and SB 400 to 800 m3
southeast of the village were
observed.

10% of the houses were totally
demolished. The houses that did
not collapse tilted towards the
southeast.

49

Luzhuang team,
Funing County

WS and SB occurred in some
locations.

80% of houses were severely
damaged, a few columns fractured,
walls collapsed and roofs were
demolished.

52

Upper Jinshan
courtyard team,
Qian’an County

Several northeast cracks 15 cm
wide, slight WS and SB were
observed.

20% of the houses were totally
demolished. Columns fractured, and
the roof fell to the ground.

VII

75

VII
Qingtuo Commune,
Leting County

Dengtan team, Wangtan
Commune, Leting County

Shakou team,
Mengzhuang Commune,
Leting County

46

45

Shigezhuang Commune,
Fengrun County

Jianzigu Commune,
Fengnan County

73

74

Zhujiaqiao team, Wologu
Commune, Yutian County

27

VIII

Xingshan Commune Luan
County

Guzhuangzi team, Xiaoji
Commune, Fengnan
County

8

72

Heiyanzi West Village,
Heiyanzi Commune,
Fengnan County

10

IX

Siwangzhuang team,
Fengnan County

1

Wangnianzhuang
Commune, northeast
suburb of Tangshan

X

59

Name
Daodi Commune,
Fengnan County

Intensity

3

No.

Investigated Objective

Heavy

Heavy

Heavy

Slight

Heavy

Heavy

Slight

Heavy

Heavy

Slight

Non-liquefied

Heavy

Degree of
Liquefaction

17,817

568

379

13,361

8,240

254

9,084

491.5

1,588

791.5

14,725.5

18,176.5

Number
Surveyed
(bays)

51.5

85.7

35.6

50.6

62.2

40.8

95.7

99.4

97.1

56.4

97.4

Collapsed

45.1

100.0

49.4

11.8

33.1

1.8

0.4

2.3

33.1

2.6

Seriously
Damaged

7.4

Moderately
Damaged

14.3

26.0

0.6

Slightly
Damaged

Classification of Damage (%)

Table 10. Statistics of damage to houses in liquefied areas.

3.4

64.4

26.1

2.5

0.2

3.1

Intact
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Photo 1. Collapsed walls with the frame remaining in a
normal state.

Photo 2. A wall collapsed.

Photo 3. A gable wall collapsed locally.

Photo 4. A wall corner fell.

Photo 5. A severely cracked wall.
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PHOTOS–DAMAGE TO OLD RESIDENTIAL BUILDINGS IN TIANJIN CITY

Photo 1. Demolition of all buildings in Chongrenli on
Tangshan Road.

Photo 2. Serious damage to buildings in Songshouli on
Boading Road.

Photo 4. Collapse of buildings in Liushunli on
Hangzhou Road.

Photo 5. Collapse of the eaves walls in buildings No.
108 on Machang Road.

Photo 6. The roof did not collapse but the walls were
seriously damaged.

Photo 7. Damage to the electric lift above the roof at the
Huizhong Hotel on Heping Road.
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Photo 8. Cross cracks on piers of the building situated in
Jinnanli on Chongqing Road.
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PHOTOS–DAMAGE TO UNIT MULTISTORY BRICK DWELLING HOUSES IN TIANJIN

Photo 1. Partial collapse of the gable wall in a 3-story
house with a brick-wood structure in Jinxingli.

Photo 2. Cracks on Xicaiyuan Building.
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PHOTOS–EARTHQUAKE DAMAGE TO THE ADMISSIONS
DEPARTMENT BUILDING OF TIANJIN HOSPITAL

Photo 1. Admission department building of the Tianjin Hospital.
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Photo 2. The post-cast concrete at the beam-column joint spalled.

Photo 3. The wood cover of the settlement gap was shaken off.
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PHOTOS–EARTHQUAKE DAMAGE TO THE TIANJIN FRIENDSHIP HOTEL

Photo 1. An overall view of the
Friendship Hotel.

Photo 2. Cracking on the exterior wall at
axes 13-19, third-fourth classes
(Photo provided by Dong Jin Cheng).

Photo 3. Front elevation at damaged aseismic joint
(Photo provided by Su Shi Guang).

Photo 4. Back elevation at damaged aseismic joint (Photo
provided by Su Shi Guang).

Photo 5. Collision of corner columns at their tops
beside the Aseismic joint on the 8th story in the east
part of the main building (axes 8, 10).

Photo 6. The concrete of the southeast corner column
between the 1st story and partially exposed shelter
basement partly crushed due to compression.
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PHOTOS–DAMAGE TO MULTISTORY BUILDINGS
WITH INTERIOR FRAMES IN TIANJIN

Photo 1. Damage to the gable wall of the Tonglou
Emporium in Tianjin.

Photo 2. Collapse of the gable wall of the Tonglou
Emporium.

Photo 3. Serious damage to the frame column on the
top story of the Tonglou Emporium.

Photo 4. Damage to the wall corner in the tweeter
equipment workshop of the Tianjin Electro Acoustic
Material and Equipment Factory.
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Photo 5. A wall corner at the warehouse of the Tianjin
764th Factory partly fell down.

Photo 6. The gable wall seriously cracked and partly
collapsed.
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Photo 7. The connection of the gable wall and eaves
wall cracked vertically and they partly collapsed.

Photo 9. The south eaves wall collapsed and the collar on
the top story was broken.

Photo 8. The interior partition that was constructed from
slag hollow bricks partly collapsed.

Photo 10. Damage to the gable wall at axis 1.
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PHOTOS–EARTHQUAKE DAMAGE TO BUILDINGS
FOR PHYSICAL CULTURE IN TIANJIN

Photo 1. The exterior of the Tianjin Renmin Gymnasium. The gable was intact.

Photo 2. The interior of the Tianjin Renmin Gymnasium.
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Photo 3. A front view of the gymnasium for track and field events at the Tianjin
College of Physical Culture Education.

Photo 4. An interior view of the gymnasium for track and field events at the
Tianjin College of Physical Culture Education.
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Photo 5. The support of the lattice arch and brace system in the gymnasium
for track and field events at the Tianjin College of Physical Culture
Education.

Photo 6. At Beizhan Stadium the cladding walls of a
stand collapsed and filled walls cracked.
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PHOTOS–EARTHQUAKE DAMAGE TO CINEMAS AND THEATERS

Photo 1. Cracks on the brick walls of the entrance hall at Lutai Town Theater.

Photo 2. Vertical cracks on the brick buttresses of the
audience hall at Lutai Town Theater.
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Photo 3. The stage at Lutai Town Theater collapsed.

Photo 4. A vertical crack on the west longitudinal wall of the
audience hall at the theater of the Culture Bureau in Langfang
Prefecture (at the joint with the stage).
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Photo 5. Cracks on the eaves wall of the audience hall (near the
stage mouth wall) at the theater of the Tianjin No. 3 Worker’s
Cultural Palace. The crack was wider at the upper part.
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PHOTOS–EARTHQUAKE DAMAGE TO HIGH-RISE BUILDINGS

Photo 1. The top part of the tower of the main building at Nankai University cracked and
inclined.

Photo 2. Damage to the top story of the First Hostel of
the State Council.
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Photo 3. Exterior walls at the southeast and southwest corners on the 5th and 6th
stories of the Beijing Wangfujing Department Store collapsed.

Photo 4. Damage at an aseismic joint at the Tianjin Friendship Hotel.
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Photo 5. Damage to parapet walls due to pounding of aseismic joints at the
Beijing Civil Aviation Bureau Building.

Photo 6. Collapse of a hollow brick wall in the staircase at the Beijing Geological
Museum.
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Photo 7. Creasse crack on a brick wall in the staircase on the top story of the First
Hostel of the State Council.

Photo 8. Inclined cracking in the south-east corner column in the first story of the
Tianjin Friendship Hotel.
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PHOTOS–EARTHQUAKE DAMAGE TO RESIDENTIAL BUILDINGS
WITH PRE-CAST PANELS IN THE BEIJING-TIANJIN AREA

Photo 1. Damage to the corner of a doorway opening on the
interior longitudinal wall.

Photo 2. A crack on the interior longitudinal wall and
whitewash fell in the staircase.
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PHOTOS–EARTHQUAKE DAMAGE TO MULTISTORY BRICK
RESIDENTIAL BUILDINGS IN BEIJING

Photo 1. A brick column in the top balcony
of the No. 10 building was sheared and dislocated 5
cm.

Photo 2. X-shaped cracks on the spandrel walls of a
building belonging to BCIC.

Photo 3. The longitudinal wall had external slanting and
the doorframe was broken off at the top of the No. 7
building on Cuiwei Road.

Photo 4. A crack along the later infilled doorway of the
No. 18 building on Zhanlan Road.
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PHOTOS–EARTHQUAKE DAMAGE TO BEARING WOODEN SKELETON HOUSES

Photo 1. Damage (not serious) to the
No. 8 house at the back of North Street in Liuzhuang
Village in the north region
of the railway in Tangshan.

Photo 2. A poorly constructed wooden framed house with
10 bays; 9 bays collapsed (by Lei Tongshun).

Photo 3. A house without a back eaves purlin
collapsed locally (by Lei Tongshun).

Photo 4. A door mode wooden skeleton house declined.
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Photo 5. Column footing shifted, the tenon of a
wooden skeleton pulled out and rafters fell.

Photo 6. Slip of eaves tiles at the No. 3 Nanwanzi Alley in
the East City District of Beijing.

Photo 7. Damage lightened by wall rope.

Photo 8. Damage was lightened by strengthening the skeleton.
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PHOTOS–EARTHQUAKE DAMAGE TO BLOCK BUILDINGS

Photo 1. A block building.

Photo 3. A crack at the mortar joint of blocks.

Photo 2. A crack at the intersection of walls.

Photo 4. A crack on the longitudinal block wall at the
Ganjiakou Second Middle School.
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CHAPTER 2:

ANCIENT CHINESE BUILDINGS

CHARACTERISTICS OF EARTHQUAKE DAMAGE TO ANCIENT BUILDINGS
Zhang Chengyou*

Ancient Chinese buildings such as palaces, temples, government offices, residential
buildings, memorial gateways, dhamari columns, parks, tombs, etc., stand towering among
various types of buildings over the world with their unique structural system, and national and
architectural style. In the Tangshan seismic area including Tangshan District, Tianjin, Beijing
and Chengde there are many ancient buildings of all types distributed extensively in the area due
to past cultural development. These ancient buildings had generally suffered strong earthquakes
in the past and simple records were left of the earthquake damage to some of these buildings. In
the Tangshan earthquake most of these buildings suffered various degrees of damage or failure
again. In order to investigate the earthquake resistance of ancient buildings systematically and
collect required information, a seismic archaeological investigation group was organized by the
State Cultural Relic Administration Bureau after the quake. The group rushed into the field and
carried out a lot of investigations obtaining a great amount of valuable information.
Characteristics of earthquake damage to the ancient buildings in the Beijing-Tianjin-Tangshan
District and Chengde City in the Tangshan earthquake are outlined as follows according to the
classification of buildings.
1. Ancient Framed Wood Buildings
(1) Single-story framed wood buildings
Ancient single-story framed wood buildings include mainly palaces and temples, the main
structure of which is composed of wood columns, beams, bracket sets, gable-and-hip roofs or
overhanging gable roofs. The earthquake resistance of this type of building is relatively good.
In addition, the materials used in construction and workmanship of these buildings was also
good therefore little damage to these buildings occurred during the earthquake. Damage to the
wood frame of these buildings was not serious even in the epicentral areas of Tangshan, but the
curtain walls and glazed ornaments on the roofs were mostly damaged in the intensity VI area.
In Beijing and Chengde, in the intensity VI area, wood frames of individual buildings were
slightly damaged. For example, the connecting beams of the external eaves at Ren Shou Hall of
the Summer Palace in Beijing and the architrave in the hall at the southeast corner of the Red
Terrace at Fu Shou Temple in Chengde were both pulled out from the mortise slightly. Collapse,
inclination and cracking of the curtain wall, and falling and damage to the ornaments on the roof
were mostly found in the Forbidden City.
* Beijing Building Design Institute.
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In Tianjin, in the intensity VIII area, the above-mentioned damage was more serious. For
example, the protruding girder of the Great Hall at the Tian Hou Temple was seriously pulled
out, purlins on the back eaves of the porch were loosened and the curtain wall collapsed locally.
The Ancestral Temple of Liu's Family located in the epicentral area of Tangshan was a
single-story framed wood building with gable walls at both ends and columns embedded in the
gable. The curtain walls on all four sides collapsed in the earthquake and part of the tiles on the
roof fell down, but the wood frames remained standing except that the wood beams on two sides
of the column embedded in the gable were pulled out about 3 cm.
(2) Multi-story framed wood buildings
Multi-story framed wood buildings mainly consist of pavilions and wall-gate towers the main
structure of which is composed of columns, longitudinal and transversal beams, bracket sets or
protruding small eaves and gable-and-hip roofs or pyramidal roofs. These types of ancient
buildings are characterized by lots of beams and columns and a good integrity. But they are
relatively high and they vibrated strongly in the earthquake therefore, curtain walls of pavilions
were often damaged earlier or more seriously in the earthquake. For example, the brick walls on
the second floor of the De Sheng Gate and Zheng Yang Gate in Beijing collapsed extensively;
the brick walls on both sides of the third floor of the Tian Zun Pavilion in Ninghe County
collapsed completely but the walls of the Shan Hai Wall-Gate Tower, Guan Yin Pavilion of the
Dule Temple in Ji County, Shenwu Gate of the Forbidden City, and Fo Xiang Pavilion of the
Summer Palace in Beijing were damaged slightly and locally.
2. Ancient Masonry Buildings
All types of ancient masonry buildings were laid with lime mortar and the strength of
masonry was low so earthquake damage to these buildings was far more serious than to the
framed wood buildings.
(1) Arched brick hall without beams
Earthquake resistance of arched brick halls composed of brick walls and arches was poor. In
the areas of intensity VI and VII several halls without beams, such as those in Huanghuadian in
Wuqing County and those on Chezhu Hill in Fengren County, all collapsed seriously; at the Bell
Tower in Beijing, built by bricks and stones, the tops of arches cracked and loosened, the corner
of the end section of the stone protruding girder dropped down and the stone enclosing beam at
the waist of the hall cracked at the corner.
(2) Brick pagodas
There were many brick pagodas in the areas of intensity VI to VIII, which were classified as
lama pagodas and closely-spaced eave pagodas. Damage to these pagodas was basically similar.
In the area of intensity VI damage occurred mostly to the tops of the pagodas; in the areas of
intensity VII and VIII more severe damage appeared on the pagoda bodies including cracks, and
foundations and brick eaves fell down at the pagoda at the Tian Gong Temple and Hua Pagoda
on Chezhu Hill in Fengren County, the pagoda on Bangchui Hill in Qian'an County, Wenfeng
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Pagoda in Luan County, the pagoda of Yanqing Temple in Luannan County and the pagoda of
Yuanying Temple in Changli County, etc.
(3) Buildings with glazed brick veneers
These types of buildings were distributed mainly in Beijing and Chengde in the area of
intensity VI. Due to inhomogeneity between the glazed veneer and matrix materials (such as
wood trunk) and the low strength of the adhesive material, etc., glazed brick veneers on the walls
of buildings mostly fell down or collapsed in the earthquake. For example, a lot of glazed
veneers fell down at the Shan Yin Hall in Bei Hai Park, Beijing; veneers of eight pavilions at the
Pule Temple, Chengde collapsed completely.
Moreover, enclosing walls and city walls built with stone and brick had no expansion joints
generally. Some of them lacked maintenance and cracking had occurred prior to the earthquake.
A lot of these walls collapsed in the earthquake such as those in the Forbidden City, Yong He
Temple, Guang Ji Temple, Huang Temple and Summer Palace in Beijing, Summer Resort Park,
Fu Shou Temple, Pu Tuo Temple and Pule Temple in Chengde, etc. The walls partly collapsed
although the intensity of the areas where they were located was not high. City walls of Ju Yong
Gate partly collapsed and those of Shanhaiguan Gate cracked during the earthquake.
(Translator: Lu Rongjian)
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Figure 1. Location of the key ancient buildings investigated.
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EARTHQUAKE DAMAGE TO ANCIENT BUILDINGS
IN THE TANGSHAN DISTRICT
Meng Fanxing1, Cui Xue'an2

Due to the development of civilization in the past, tens of ancient building of different styles
from various periods have been left in the Tangshan District. Most of these ancient buildings
were seriously damaged in the Tangshan earthquake. For some of these buildings bases cracked,
main structures inclined, and roofs fell down and walls collapsed. Earthquake damage to eight
ancient key buildings investigated after the quake is presented in this paper. The location of
these key buildings can be found in Figure 1.
1. Ancestral Hall of Liu's Family in Tangshan
The Ancestral Hall of Liu's Family was located north of Xinhua Road and west of Wenhua
Road. It was built in the second year of reign of Yongle in the Ming Dynasty and was
rehabilitated in the reign of Guangxu in the Qing Dynasty. The Hall was a rising-beam type
wood structure with simplified gable walls and a gray tile roof. Its width was about 10 m and
five bays of wood frame were installed in the depth direction. There were porches both in front
and at the back of the Hall. The main ridge was 4.5 m high and a column was embedded in the
middle of the gable walls at both ends. The stone columns of both porches were 3 m high and
the other columns of the Hall were wood columns 26 cm in diameter. The Hall was basically
intact before the quake.
The Hall was located in the meizoseismal area (intensity XI). All buildings of different types
in the neighborhood collapsed completely. Although the Hall was seriously damaged the wood
frames stood and the tile roof and the ridge were also basically intact. The main damage to the
Hall was: the connection of the beam and the central column embedded in the gable wall were
loosened and the beam pulled out from the mortise by 2-3 cm and the enclosing walls fell down,
the tile ornaments on the front and back eaves dropped down (Photos 1 and 2).
2. No-Beam Pavilion and Hua Pagoda on Chezhou Hill in Fengren County
The so-called no-beam pavilion and the Hua Pagoda were located on top of Chezhou Hill
15 km south of the town of Fengren County. Based on the “County Annals of Fengren,” the nobeam pavilion was also called the Shoufeng Temple built in the early period of Chongxi in the
Liao Dynasty. In the first construction the pavilion was only one-story and two pagodas were
built to the left and right of the pavilion respectively. In the sixth year of Chongxi the pavilion
was rehabilitated and two stories were added to the original building. Up to Wanli's reign in the
Ming Dynasty the pavilion had deteriorated badly and a large-scale rehabilitation was carried
out. The existing pavilion is the one built in the Ming Dynasty. It is a three-story masonry
structure with a gable-and-hip roof with gray tiles on it. The top of the 1st and 3rd story is a
1
2

Shanxi Provincial Institute of Protection of Ancient Buildings
Cultural Bureau, Tangshan District
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brick arched structure. There were wood beams in the 2nd story with an enclosing balcony
installed with white stone balustrade.
The Hua Pagoda was located west of the pavilion and was also called Yueshi Pagoda built in
the reign of Chongxi in the Liao Dynasty (there was historically another pagoda opposite the
Hua Pagoda according to the County Annals). It was a masonry structure with a platform upon
the foundation. A high base with decorated moldings was built on the platform and bracket sets
and a flat base was installed in the high base for supporting the pagoda. It had been rehabilitated
in the 6th year of Chongxi in the Liao Dynasty and again in the 26th year of Wanli in the Ming
Dynasty.
In the Tangshan earthquake the no-beam pavilion was damaged very seriously. The east
gable wall fell down completely to the east and the roof collapsed; a through crack appeared on
the western gable from top to bottom. The 2nd and 3rd story in the south collapsed; a crack in
the southeast direction existed on the foundation platform in front of the pavilion with a width of
about 5 cm (Photo 3).
Damage to the Hua Pagoda was also serious. The mast of the pagoda collapsed, the upper
portion of the pagoda fell down, the east eaves in the first story dropped to the ground and cracks
appeared on the base (Photo 4).
3. Pagoda at the Tiangong Temple in Fengren
The pagoda was located at the Tiangong Temple west of the town of Fengren County. The
temple building was demolished in earlier years. The pagoda was a thirteen-story solid brick
pagoda with closely spaced eaves built on a huge and high foundation platform. There were four
false doors (for decoration) in the lower story, one on each side, and bracket sets were used to
support the eaves. Judged by its architectural style it is the remains of the ancient Liao Dynasty.
Before the quake the pagoda was basically intact except that the mast was damaged.
Because the epicentral distance was so short and the pagoda was built on hilly land it was
seriously damaged in the quake and nearly collapsed. The mast of the pagoda was completely
broken into pieces and a large crack about 10 cm wide was found on the pagoda from top to
bottom. The bricks in the lower story and base were all loose and broken.
4. Dhanari Column in Lulong County
The Dhanari Column was located in the town of Lulong County. It was built in the 11th year
of Dading in the Jin Dynasty and was rehabilitated in the period of Wanli in the Ming Dynasty
and also repaired in 1974. It was built on a stone foundation platform octagonal in shape and
seven stories in height; the total height was 9 m. A stone balustrade was installed around the
platform. The column was intact before the quake.
After the quake the top of the column fell down within the balustrade in a southeast direction.
The column itself also inclined to the southeast and an obvious offset existed in the upper story
(Photo 5).
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5. Shanhaiguan Gate-Tower in Qinhuangdao
The town of Shanhaiguan was built in 1381 in the Ming Dynasty. There were four gates in
it. The east gate is the famous tower called “the No. 1 gate-tower in the world”. Based on
measurement, the existing city wall was 12 m high and 10 m wide from east to west and 20 m
long from north to south. The tower was a 2-story building; the first story was 5.6 m high and
the second 6.4 m. The area of the building was 198 m2. The first story of the gate-tower was a
brick and wood structure with a double-eaved gable and hip roof. Thickness of the wall on the
first story was 1.3 m and that on the second story was 0.9 m. On the north, south and east walls
there were 68 openings for shooting arrows.
Since the completion of construction the No. 1 gate-tower had been repaired several times in
the reigns of Jiajing and Wanli of the Ming Dynasty and in the reign of Qianlong, Daoguang, and
Guangxu of the Qing Dynasty. In 1952 a thorough repair had been carried out. Before the quake
the gate-tower was intact.
After the quake the gate-tower was slightly damaged. Cracks only occurred on the hanging
ridge on the northeast corner of the tower, east wall on the first story and its corner, north wall
and its northwest corner. Cracks also appeared on part of the protruding city wall.
6. Pagoda at Yuanying Temple in Changli County
The pagoda was located within Yuanying Temple in the town of Changli County (the temple
no longer exists). Based on the “County Annals of Changli,” the pagoda was built in the Liao
Dynasty and had been repaired in the early years of Hongwu in the Ming Dynasty and in the
early years of Xunzi in the Qing Dynasty. The pagoda was originally 32 m high but it is 30.5 m
high at present. The mast on top of the pagoda fell down during an earthquake that occurred in
the 14th year of Guangxu in the Qing Dynasty. The pagoda was a 13-story solid masonry structure octagonal in shape with closely spaced eaves. The base was decorated with Buddhas upon
which was a platform supported by bracket sets. Further upward was another platform decorated
with lotus petals supporting the pagoda body. On the wall of the first story there were engraved
brick doors and windows, Buddha’s, etc., and columns at the corners.
Earthquake damage to the pagoda was serious. The whole pagoda inclined to the east; the
base collapsed in the east, west and northeast respectively; a crack 2-3 cm wide on the northeast
corner was found up to the top; cracks also occurred on the southeast wall; protruding eaves
above the second story all dropped; and eaves above the 8th story and on the east side partly fell
down.
7. Eastern Tombs of the Qing Dynasty in Zunhua County
Eastern tombs of the Qing Dynasty were located at Malanyu in Zunhua County and were first
built in the 2nd year of Kangxi in the Qing Dynasty (1663). The total area of the tombs was
about 2,500 km2 including five emperor tombs, four empress tombs, five imperial concubine
tombs, and one princess tomb (235 buildings total). The Tombs Park is one of the largest
existing and perfectly planned in China. Damage to five main tombs is outlined as follows.
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(1) Xiao Tomb (the tomb of Emperor Xunzi)
The stone tablet pavilion was a wood structure with a gable-and-hip roof that had glazed
tiles. The perpendicular ridge and the 'cang' ridge of the building were destroyed in the
earthquake. Longen Gate was a wood structure, a small portion of the main ridge collapsed and
the perpendicular ridge and 'cang' ridge were damaged; the beast ornaments on the eaves at the
southeast corner and southwest corner were twisted and partially fell down; tiles in the northwest
slope also fell down; south of the platform the drum-like stone at the bottom of the balustrade in
the middle steps slid down. The three glazed-veneer gates were masonry structures, the middle
supporting wall was cracked, the glazed veneers fell down and the ridge over the door was
damaged (Photo 6). The memorial shrine in front of the tomb was a wood structure with a
double eaved roof and glazed tiles. The main ridge, perpendicular ridge and 'cang' ridge in the
upper story eaves collapsed. The side ridge and head tiles and drainage tiles on the lower story
eaves fell down in the earthquake. Longen Hall of the tomb was also a wood structure with a
double eaved roof and glazed tiles. The beast ornaments on the upper eaves in the southwest
corner and the 'cang' ridge in the northeast corner of the lower story dropped down in the
earthquake. The enclosing wall was a masonry wall. The top of the wall and tiles on it partly
collapsed, the east enclosing wall was loosened and the plaster peeled off exposing the entrance
for supplying materials during construction.
(2) Jing Tomb (the tomb of Emperor Kangxi)
Longen Hall of the tomb was a wood structure with a gable-and-hip roof and yellow glazed
tiles. It remained basically intact after the quake. The three glazed veneer gates were masonry
structures, the supporting walls on the left and right cracked in the earthquake. The memorial
shrine in front of the tomb was a wood structure with double eaves and a gable-and-hip roof;
ridge tiles were loosened and tiles on the slope of the roof slid down; interlocking tiles crossing
the ridge and beast ornaments on the hip in the southeast and southwest corner fell down; the
central part of the ridge on the second story in the east partly collapsed. Cracks existed in the
center of the vault of a channel; bricks were crushed and fell. The stone tablet pavilion of the
tomb was a wood structure with a gable-and-hip roof and glazed tiles, the upper ridge was
damaged and the ornament on the eaves fell down.
(3) Yu Tomb (the tomb of Emperor Qianlong)
The west detached side hall was a wood structure. The beast ornaments on the front eaves
dropped down. The three glazed gates were masonry structures. In the earthquake the east beast
ornaments on the south slope of the middle gate fell down. The memorial shrine in front of the
tomb was a wood structure. The main ridge on the upper eaves, the east beast head ornament
and overhanging beast ornament were all damaged; the overhanging beast ornament on the back
slope of the roof fell down and the interlocking tiles were loosened; the east and west beast
ornaments on the lower eaves dropped down and the west ridge on the lower eaves was
damaged.
(4) Dingdong Tomb (the tomb of Empress Ci'an)
The west hall was a wood structure with a flush gable roof and glazed tiles. The decorated
bricks on the upper part of the south gable wall cracked. The three glazed veneer gates were
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masonry structures. During the earthquake the two beast ornaments on the left gate cracked and
the overhanging ridges of the left and right gates both fell.
(5) Dingxi Tomb (the tomb of Empress Cixi)
The Longen Hall was a wood structure with a double eave roof and glazed tiles. Small
cracks appeared on the east and west gable wall after the quake. The memorial shrine in front of
the tomb was also a wood structure with a double eave roof and glazed tiles; the overhanging
ridge at the back of the shrine was damaged.
8. Jingjue Temple in Yutian County
The Jingjue Temple was located east of Manziying Village in Yutian County. It was built in
the Tang Dynasty and rehabilitated in both the Ming Dynasty and Qing Dynasty. The existing
structures of the Temple were the main gate, the stone memorial gateway, the bell tower, the
drum tower, the great hall, the east and the west detached side hall and the bible hall, etc., most
of which were rebuilt in the Guangxu period of the Qing Dynasty. All the above structures were
intact before the quake.
Damage to all structures in the quake is outlined as follows:
The main gate. There were cracks ranging from tens of centimeters to five meters in length
which appeared on the brick wall and the eaves head. Part of the head tiles and drainage tiles fell
down.
The stone memorial gateway. Individual columns were split; the drum-like stone under the
column displaced; the connection of the stone column and wood beam was loosened and pulled
apart; stones for fixing the pole were locally split or cracked.
The great hall. The beast ornaments on the roof and those on the ridges at four corners all
fell down. The stone beam on the wall of the porch was offset by 4 cm from west to east. The
beast ornaments above the east door and overhanging ridge all dropped to the ground.
The bible hall. The main ridge and the beast ornaments on the hall were damaged (Photo 7).
The ornamental bricks of the west gable wall were cracked.
The bell tower. The veneer bricks on the cross ridge partly fell down; tiles on the overhanging ridge at the southeast corner fell down; eleven drainage tiles on the south eaves dropped.
The drum tower. The overhanging ridge on the upper eaves cracked and four ridges on the
lower eaves all slid down.
The east detached side hall. The beast ornaments on the south end of the main ridge, the
ornamental bricks on the end of the slope of the gable wall, and the drainage tiles of the north
overhanging ridge all fell to the ground. The column embedded in the gable wall at the back was
split by 1 cm.
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The west detached side hall. The main ridge and the end of the eaves were cracked; 3 cracks
were found on the gable wall one of which passed from the bottom to the top. The stone tie
beam at the bottom of the eave columns were offset by 7 cm from west to east.
Ridges and gable board of the east and west detached rooms, corner gates, side rooms and
other buildings were partly damaged; gable walls and walls under the window were cracked.
(Translator: Lu Rongjian)
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Photo 1. A general view of the Ancestral Hall of the Liu Family after the quake (A
beam was pulled out of the connection to the central column).

Photo 2. The interior wood frame of the hall was basically intact after the quake.
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Photo 3. The no-beam pavilion on Chezhou Hill was demolished in the earthquake.

Photo 4. The upper part of the Hua Pagoda on Chezhou Hill collapsed.

306

Photo 5. There was damage to the Dhanari column in
Lulong County.

Photo 6. The three glazed veneer gates at Xiao Tomb of the Eastern Tombs of the
Qing Dynasty were damaged.
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Photo 7. The main ridge and the beast ornaments of the
bible hall at the Jingjue Temple fell down.
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Figure 1. Distribution of ancient buildings in Tianjin.
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DAMAGE TO ANCIENT BUILDINGS IN TIANJIN
Wei Kejing and Ji Liemin*

Ancient buildings in Tianjin which include Tianhou Palace, Yuhuang Pavilion, Confucius
Temple, Guild-Hall of Guangdong Province, the Muslim Temple, etc. are distributed mainly in
the old area of the city. Located in the suburb counties are Dule Temple, the White Pagoda,
Jinzhuangzi Pagoda in Ji County, Tianzhun Pavilion in Ninghe County and the No-beam
Pavilion in Wuqing County, etc. Figure 1 shows the distribution of ancient buildings in Tianjin.
During the Tangshan earthquake damage to ancient wood structure buildings (such as Dule
Temple, the Great Hall of Tianhou Palace, etc.) was relatively slight. Walls cracked, beast
ornaments and tiles on the roof fell, parts of frames inclined or beams pulled out from the
mortise; but the main structure, foundation and base platform were basically intact. However,
damage to ancient masonry buildings (such as the No-beam Pavilion, Jinzhuangzi Pagoda, etc.)
was relatively serious. Some of these buildings even cracked and collapsed.
Damage to 13 ancient buildings in Tianjin is summarized as follows.
1. Dule Temple in Ji County
Dule Temple is located in the town of Ji County and is one of the national key historical
buildings protected in China. Guanyin Pavilion at the temple is the oldest existing multi-story
wood structure in China. Dule Temple was first built in the Tang Dynasty and rebuilt in the Liao
State (in 984), and was rehabilitated several times. A relatively large scale rehabilitation was
carried out in the 18th year during the reign of Qianlong in the Qing Dynasty in which four
corner columns were installed to strengthen the Guanyin Pavilion. The only buildings that exist
at present at the temple are the Guanyin Pavilion and the main gate. The Guangyin Pavilion is
23 m high with three stories, doubled eaves. The pavilion is rectangular in shape. There are five
bays in the longitudinal direction and the transverse direction. The pavilion has a gable-and-hip
roof with 24 types of bracket sets installed at different locations. The pavilion is hollow in the
center where a sculpture of Guanyin (a Bodhisattva) with eleven faces was installed. The main
gate is 10 m high with a hip roof and single eaves. It has three bays the longitudinal direction
and two bays in the transverse direction. The exterior and interior eaves are supported by seven
kinds of bracket sets. The whole structure was erected on a platform laid by stones. Dule
Temple had experienced 36 earthquakes recorded in literature since its rehabilitation up to the
end of the Qing Dynasty. Before the Tangshan earthquake the Guanyin Pavilion (Photo 1) and
the main gate were basically intact.

* Department of Preservation of Historical Relics, Tianjin
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During the Tangshan earthquake the Dule Temple was slightly damaged; the Guanyin
Pavilion was basically intact, only vertical and lateral cracks appeared on the inner and outer
surface of the exterior wall on the upper stories and cracks also appeared on most of the partition
walls. The iron band around the waist of the sculpture of Guanyin was broken and the existing
transverse crack on the waist of the sculpture was apparently increased. The top of the columns
of the Main Gate at the southwest and northwest corners displaced in the north direction.
Displacement of the column at the northwest corner was larger. The column was originally
inclined internally but now it became almost vertical. The base stone of columns at the
northwest, northeast and southeast corners cracked. The upper part of the wall above the
window to the south collapsed; a vertical crack was found in the middle of the west gable wall;
the east partition wall in the corridor cracked seriously. The foundation of the Guanyin Pavilion
and Main Gate was still sound; no abnormality was observed in frames and bracket sets.
2. White Pagoda in Ji County
The White Pagoda was located at a distance 380 m south of the Dule Temple and there was
no record for the date of construction. From its architectural style and brick sculptures modelled
on woodcraft it is inferred that the pagoda was built during the Liao State. It was rehabilitated
five times in the Liao State, the reign of Jiajing and Wanli in the Ming Dynasty and the reigns of
Qianlong and Jiaqing in the Qing Dynasty. The lower part of the pagoda was built like that of a
pavilion and the upper part was in a style of Lamasery. The foundation was built with a
compacted mixture of lime, sand and soil. Blocks of granite laid the high base with decorated
moldings. The pagoda was built with bricks above the high base. Total height of the pagoda
was 30.6 m with an octagonal plan. On the top of the three stories there were doubled eaves, and
then above was a “converted bowl,” “thirteen fortune wheels,” the mast of the pagoda, etc. Prior
to the quake the pagoda was basically intact. It was one of the municipal key ancient buildings
protected in Tianjin.
After the quake the foundation and base of the pagoda were basically intact. The upper part
of the pagoda inclined in a southeast direction by 37.8 cm. Many cracks existed above the
doubled eaves of the first story. A large crack on the south side passed from the “converted
bowl” to the eaves of the first story. Parts of bricks were loosened and shifted and most of the
eave bricks in the upper part fell down. The top and three out of the thirteen fortune wheels of
the pagoda were destroyed. The north bronze mast fell to the ground (but the mast was intact).
3. Tianzhun Pavilion in Ninghe County
Tianzhun Pavilion was located at the southeast corner of Fengtai Town in Ninghe County on
open terrain not far from the east bank of the Ji Canal. It was 37 km from Tangshan and was the
nearest ancient multi-story wood frame building to the epicenter. It is not known when the
Tianzhun Pavilion was built but it was rehabilitated during the reign of Kangxi in the Qing
Dynasty. The 3-story wood framed pavilion facing south was built on a masonry foundation
platform rectangular in shape. It was 17.40 m high and had five bays in the longitudinal
direction and 4 bays in the transverse direction in the first story with a balcony around it. The
plan of the second story was the same as the first story except that there was no balcony in the
transverse direction. The number of bays was reduced to two in the third story. The pavilion
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had eight columns 12.07 m in length and 0.40-0.58 m in diameter up to the roof of the building.
The column was not made of a solid wood but with several iron bands around the column for
strength. The number of columns in the second and third story was reduced story by story. The
doors and windows on the south elevation were made of wood but on the other elevations there
were only brick walls and reduced story by story. The roof was a gable-and-hip roof with gray
semi-cylindrical tiles and three eaves. Before the quake the pavilion was basically intact. It was
one of the municipal key protected ancient buildings in Tianjin. The foundation of the pavilion
was compact and no inclination of wood frames and loosening of mortise was found after the
quake. The structure was fundamentally intact and the main damage to the structure is as
follows:
(1) On the first story, part of the bricks in the gable wall at the southeast corner and part of
the tiles on the north eaves fell down.
(2) On the second story, part of the north enclosing wall collapsed and tiles on the north and
south eaves fell down.
(3) On the third story, the north enclosing wall and a great part of the east and west gable
walls collapsed (Photo 2), the tiles on the north eaves fell down. Separation was observed
between the connection of the column and the beam in the frame. Part of the beast ornaments on
the roof dropped and were broken.
4. No-beam Pavilion in Wuqing County
The No-beam Pavilion, also named Yuhuang Pavilion, was located at the crossroad in
Huanghuadian, Wuqing County. The date of construction is not known but on an inscribed
board hanging in the pavilion there was a statement that read “Rebuilt in the 56th year of the
reign of Kangxi, Qing Dynasty.” On a square brick at the top of the pavilion the following
words were engraved “Yuhuang Pavilion was struck by lightning on July 22 in the 20th year of
the reign of Guangxu (Qing Dynasty) and was rebuilt up to the roof on March 22 in the 24th year
of Guangxu.” Before the quake the pavilion was basically intact and was one of the municipal
key ancient buildings in Tianjin. The pavilion was a 3-story building arched with gray bricks,
the bracket sets, eaves and rafters of which were engraved bricks. The plan of the pavilion that
was facing south was rectangular in shape. It had three bays in the longitudinal direction and
one bay in the transverse direction. Thickness of the wall was 2 m and the total height of the
pavilion was 18 m. The interior of the pavilion was arched with bricks with a gable-and-hip
roof.
During the M7.8 earthquake the pavilion was cracked and the east floor fell down with the
roof.
During the M6.9 earthquake the collapsed part at the southeast corner fell down. The roof
collapsed almost completely and the ridges at the southwest corner were only supported by the
surviving west gable wall (Photo 3).
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5. The Great Hall of Tianhou Palace
Tianhou Palace, also called Tianfei Palace or Niangniang Palace, was located northeast of
old Tianjin City on the west bank of the estuary connecting the North Canal, South Canal and the
Haihe River. Tianhou Palace was a temple with its door facing the Haihe River in the east. The
Great Hall in the Palace was built in 1326 (Yuan Dynasty), rebuilt in 1403 (Ming Dynasty), and
rehabilitated in the reign of Zhengtong (1445) and Wanli, Ming Dynasty, respectively. During
rehabilitation during the period of Wanli, two buildings i.e. a porch and Fengwei Hall were built
connecting the Great Hall in the front and at the back respectively. In the Great Hall there were
three bays (13.6 m) both in longitudinal and transverse directions; on the roof there were seven
purlins and a single eave with a hip roof. From the base platform to the ridge the total height
was about 9.2 m. The porch also had three bays in the longitudinal direction and only one bay in
the transverse direction. Fengwei Hall had one bay in both directions. Its roof was supported by
an overhanging gable. Fengwei Hall was an inverted “T” in shape and the total width was 19.50
m. In the Great Hall the door in front was a latticed door. Gable walls were built with bricks
and gray tiles were laid on the roof.
After the quake the foundation of the Great Hall apparently settled and settlement at the
southwest and northeast corners was especially severe. The great girder in the south was pulled
apart from the connection with the column (Photo 4). The purlins on the eaves on the back of
the porch were also pulled apart by 2-3 cm. A brick wall at the northwest corner collapsed.
6. Relics of Dagu Fort
Relics of Dagu Fort are in the estuary of the Haihe River 60 km southeast of downtown
Tianjin. The fort was built in the Ming Dynasty and rebuilt in the Qing Dynasty (1858). There
had been five forts at the site, namely, Wei Fort, Zhen Fort, Hai Fort, Men Fort, and Gao Fort.
Around each fort there were deep trenches and high walls for protection. The forts were built
using a compacted mixture of lime, sand and soil, layer by layer so that they were strong enough.
After the signing of the Xinchou Treaty (1901) the forts were forced to be demolished. Only the
Hai Fort in the middle remained i.e., the relics of Dagu Fort as called today.
After the quake the fort cracked seriously. In addition to a large crack on the fort, large
cracks up to the sea level occurred in the foundation soil under the canon, the widest of which
was approximately 10 cm. At the door of a warehouse there was a vertical crack with a width of
several centimeters.
7. Other Ancient Buildings
Damage to other ancient buildings such as the Confucius Temple, Muslim Temple, GuildHall of Guangdong Province and Jinghuangzi Pagoda, etc., is listed in Table 1.
(Translator: Lu Rongjian)
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Table 1. Earthquake damage to parts of ancient buildings in Tianjin.
No.

7

9

Name of
Building
Confucius
Temple,
Dachen Hall
Confucius
Temple,
Ningxing
Gate
Confucius
Temple,
Screen Wall
Yuhuang
Pavilion

Ditto

Date of
Construction
First built in the 1st
year of Zhentong,
Ming Dynasty;
rebuilt in the Qing
Dynasty
Ditto

Ditto

Ditto

10, Yuhuang
Pavilion St.,
Nankai
District

Rebuilt in the 2nd
year of Xuande,
Ming Dynasty, and
rehabilitated in Qing
Dynasty
First built in the
42nd year of Kangxi
and then
rehabilitated in the
8th year of Jiaqing,
Qing Dynasty
Ditto

A wood structure with a
gable-and-hip roof and
glazed tiles. 4 bays in
longitudinal and 2 bays
in transverse direction
A wood structure

Ditto

The front wall collapsed

A wood structure with
corridors in front and
back and roof
supported by gable
walls. 3 bays in
longitudinal and 1 bay
in transverse direction
Octagonal brick
structure

The overhanging ridge
on the east gable wall
collapsed, the east beast
ornament of the main
ridge fell down

Location
East Gate Lane
in Nankai
District

Mosque,
Praying Hall

Dahuo Lane,
Hongqiaozhuang

Mosque,
Bathing
Room
Lobby of the
Guild-hall of
Guangdong
Province

Ditto
East Gate
Inner St.,
Nankai
District

In the period of
Guangxu, Qing
Dynasty

11

Jinzhuangzi
Pagoda

Jinzhuangzi of
Wubaihu, Ji
County

First built in the
Liao State and
rebuilt in the
Republic of China

12

The Great
Wall

GangjianHuangtuling of
Xiayingqian,
Ji County

13

Wanhailou
Church

On the north
bank of the
Shizilin
Bridge, Hebei
District

Built in the
Northern Qi
Dynasty, the wall
was coated with
bricks in the Ming
Dynasty
Built in 1869, and
rebuilt in 1904

10

Description of Damage
Structural Details
7 bays longitudinally,
and three bays
transversely, single
eave with a gable-andhip roof
A 3-story wood
structure with four
columns and a glazed
tile roof
A masonry structure

Interior of the wall:
compacted lime-sand
and soil; exterior of the
wall: bricks and stones
A Gothic type church
of wood-brick structure

Ornaments on the main
ridge fell down, vertical
ridge in the east and west
collapsed
Roof with glazed tiles
was damaged
Tiles on top of the wall
were damaged
One of the bricks on the
west overhanging ridge
of the roof fell down
Tile roof of the corner
building collapsed, stone
balustrade plates and
stone tablet fell down

Top of the pagoda
collapsed, northeast wall
cracked and partly
collapsed, southeast wall
cracked
One of the masonry
look-out towers and a
section of stone wall 120
m in length collapsed
The tower in the facade
and one of the france at
the back inside the
church collapsed
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Photo 1. The Guanyin Pavilion at the Dule Temple was
basically intact after the quake.

Photo 2. The north brick wall on the third story of the
Tianzhun Pavilion collapsed.

Photo 3. Collapse of the no-beam pavilion.
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Photo 4. The large girder of the Great Hall in the
Tianhou Palace pulled out from the mortise.

Photo 5. A perspective view of Tian Zun Ge (Tian Zun Pavilion).
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Figure 1. Location of ancient buildings investigated in Beijing City.
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Figure 2. Location of ancient buildings investigated outside Beijing City.

318

DAMAGE TO ANCIENT BUILDINGS IN BEIJING
Wu Menglin*

Beijing has a long history. It was a town named Ji in the Yan State two thousand years ago
and was an important city in the north (named You Zhou) in the Tang Dynasty one thousand
years ago. It was the capital of Liao State (the southern capital), Jin State (the central capital),
Yuan Dynasty (the great capital), Ming Dynasty and Qing Dynasty (the northern capital). A lot
of ancient buildings such as palaces, temples, tombs, parks and pagodas had been built in
Beijing.
From the Liao State (1057) to the end of the Qing Dynasty, Beijing had experienced more
than 20 earthquakes. The relatively large ones were the 1057 Gu'an, Hebei Province earthquake
of M=6.75, the 1484 Jurongguan Gate, Beijing earthquake of M=6.75, the 1679 Sanhe, Hebei
Province and Pinggu, Beijing earthquakes of M=8, and the 1730 Beijing (west suburb)
earthquake of M=6.5.
After the Tangshan earthquake a seismic archaeological group was organized by the State
Historical Relics Administration Bureau to investigate earthquake damage to 41 key ancient
buildings in Beijing. The framed wood buildings were usually intact or slightly damaged during
the earthquake but the masonry buildings were damaged rather seriously. A description of
damage to these key ancient buildings is listed in Table 1 and the location of these buildings is
shown in Figures 1 and 2. Damage to six key buildings is stated in detail in this paper.
1. Beihai Park
Beihai Park is a famous royal park on a grand scale with a long history. It is one of the key
ancient buildings protected in China. In the Tangshan earthquake a lot of buildings in the park
were damaged. Damage to the Yong'an Temple, the Shanyin Hall built on Qiong Island, and the
Bai Pagoda are mainly summarized in this paper.
Yong'an Temple: It is an important temple building on Qiong Island on Baihai Lake
consisting of a main gate and several halls. During the quake the gable of the main gate cracked.
The west beast ornaments on the north slope of the roof of Yong'an Hall fell down. The back
gable wall collapsed. The top of the east gable wall (in the south) in the east court fell down.
The gable ridge northwest of Falun Hall collapsed and the beast ornaments dropped (Photo 2).
The east and west overhanging ridge and the front end of the gable board of the eaves of Zhenjue
Hall were damaged. The west glazed brick balustrade and the drum-like stone located between
Zhenjue Hall and the Zhizhao archway cracked. The east beast ornaments on the main ridge of
Pu'an Hall fell down and the east gable wall collapsed. Both gable boards of the west detached
hall collapsed, the main ridge fell down and the top of the south gable collapsed. The gable
board of the main ridge of the east detached hall collapsed and the overhanging ridge fell.

* Beijing Historical Relics Brigade
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Shanyin Hall: It was located behind Yong'an Temple. During the quake the end of the
glazed eaves, rafters, the southeast corner beam and those north of the Hall fell down (Photo 3).
The glazed brick veneers on the north wall fell down; the west column with glazed veneers in the
south drifted to the south and cracked.
White Pagoda: The White Pagoda built in 1658 (Qing Dynasty) was located above the
Yong'an Temple and behind Shanyin Hall. It was damaged in the 1679 Sanhe-Pinggu
earthquake of M=8 and was rehabilitated after the earthquake. It was again damaged in the 1730
Beijing earthquake of M=6.5 and rebuilt after a complete dismantling. The existing Pagoda is a
masonry structure 35.9 m high having a high base with decorated moldings. Above the base is
an inverted alms bowl (as the body of the Pagoda). In the front there is a door decorated with a
relief sculpture of flowers. The pagoda body consists of the slender “thirteen heavens” and two
layers of “bronze umbrella,” etc. On the top of the “thirteen heavens” there are six forged iron
hooks supporting the umbrella. In the Tangshan earthquake unit stones above the base at the
northwest corner cracked and dislocated and vertical cracks appeared on the west surface. The
base was loosened compressing the iron plate of the base. The “lotus” was also cracked.
Ornaments on the top of the pagoda such as the decorated flame, sun and moon fell. The basin
displaced 20 cm to the west. Six supporting iron hooks twisted fracturing the high base.
In addition, part of the east enclosing wall collapsed; Bizhao Hall, Yilan Hall, Daoning
Study, Chanfu Temple and Kuaixue Hall were all slightly damaged.
2. Bell Tower
The Bell Tower was located at the north end of the central axis of Beijing City and north of
the Drum Tower. It was built in 1420 (Ming Dynasty) and then demolished in a fire. It was
rebuilt in 1747 (Qing Dynasty) and exists up to the present.
The Bell Tower is a masonry building modelled on a wood structure (Photo 4) the lower part
of which is a high tower base with arched doors on four sides. The tower is square in shape and
there are three bays in both directions. The tower has a hip-and-gable roof with multi-eaves and
there are beast ornaments on the two ends of the main ridge. The floor is supported by four
cross-shaped vaults and there is a stone staircase from the north door up to the second floor. In
the center of the tower a large-sized bronze bell was hung cast in the reign of Yongle, Ming
Dynasty.
In the Tangshan earthquake the beast ornaments on the west end of the main ridge fell down
destroying the eaves in the north and west (Photo 5). Cracks of different sizes appeared on top
of the four arched doors (Photo 6); the protruding stone girder on top of the north door cracked
and part of the girder fell down (Photo 7); the waist stone at the northwest corner of the tower
base cracked.
3. Arrow Tower of Deshengmen Gate
Deshengmen Gate was first built in 1436 (Ming Dynasty) and rehabilitated in 1592 (Ming
Dynasty). In 1679 (Qing Dynasty) it was demolished in an earthquake and was rebuilt after the
quake.
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The base of the Arrow Tower was solid, 12.60 m high supported by cypress piles. It was
built with earth tampered layer by layer and surrounded by brick walls. The tower itself was
19.30 m high but from ground level to the main ridge it was 31.90 m in height. It was a large
fortified tower for resisting the attack of an enemy.
The Arrow Tower was an inverted “T” in shape and seven bays (total length 29.77 m) in a
longitudinal direction and 2 bays (total length 7.50 m) in a transverse direction, a hip-and-gable
roof with nine purlins and ridges were supported by multi-eaves. Connected to the tower was a
hall 23.07 m in length (5 bays) and 6.60 m in width with a single slope roof having four purlins.
Gray tiles were laid on the roof with glazed green tiles around the four sides. Inside the Tower
wood members, decorations and floor were made of yellow pine and bracket sets and corner
beams were made of cypress. The bracket sets consisted of a single arm and a slanting lever, and
beams and columns were strengthened by iron bands. The Tower was a typical imperial building
of the Qing Dynasty.
Columns up to the eaves were a total of 14.00 m high and were divided into four sections.
Each section was connected with other columns by beams forming four stories. There were six
load-bearing beams in each story. The exterior beams were spandrel beams enclosing the tower
so that rigidity and integrity of the whole wood framed structure was relatively good. The whole
wood frame was enclosed by brick walls forming an enclosing wall 2.38 m thick. Arrow
windows were installed in each story. The Tower was a multi-story building with an exterior
brick wall and interior wood frames.
After the quake the wood frame in the Tower was basically intact, only the brick wall and tile
roof were damaged rather severely (Photo 8). The main damage to the Tower was as follows:
tiles slid from the roof and the glazed beast ornaments on the ridge fell down; most parts of the
wall and gable on the upper story collapsed; the lower ridge fell destroying the roof and the
flying rafter was damaged, tiles broke; the east gable wall inclined and cracked and the columns
embedded in the gable wall inclined to the southwest; beams were pulled out from the mortise;
strengthening iron members deformed, etc.
4. White Pagoda in Miaoying Temple (Baita Temple)
The White Pagoda was a relic of the Yuan Dynasty, 50.9 m high, composed of a foundation
base, body and mast. It was a brick stupa pagoda and is the earliest and largest Lama pagoda
now existing in China.
Damage to the wood framed hall of the Miaoying Temple was not obvious but that to the
White Pagoda was more serious. The upper and lower layer of the high base with decorated
moldings of the Pagoda partly collapsed and vertical cracks existed near the corner. All corner
columns fractured laterally and broke. Mass of the base in the north fell down. A large part of
the wire mesh protecting the Pagoda body dropped (the wire mesh was added during repairs in
1965). The shoulder of the Pagoda cracked seriously and some of the iron bands around the
Pagoda fractured. The top of the “thirteen heavens” was loosened and cracked severely, less
than one-third of the “thirteen heavens” remained intact and collapse was avoided only as there
were eight forged iron rods supporting the “thirteen heavens.” The bronze mast inclined by 20
cm fracturing six out of eight chains tightening the pagoda.
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5. Buddha's Warrior Attendant Base of Zhenjue Temple (Five-Pagoda Temple)
The Buddha's warrior attendant base of the Zhenjue Temple was located outside Xizhimen
Gate and was built in 1473, Ming Dynasty. It was also called the Five-Pagoda Temple as there
were five pagodas built upon the base. Below the pagodas there was a rectangular high base
with decorated moldings upon which was another huge throne base. Total height of the two
bases was 9.80 m. The throne base was 15.60 m in width and 19.39 m in length while the size of
all sides of the upper base was 10% less than that of the lower base, and receding of the upper
base was apparent. The shape of the whole base seemed to be compacted and stable.
The Buddha's warrior attendant base was a thick-walled arched brick structure with white
stones laid with lime mortar around the outer surfaces. There were arched doors to the north and
south respectively. Entering the south door there was a cross room with a vault behind it which
were the square footings of the pagodas with passage around them. Over the footings was the
arched roof. On the east and west side of the room stone staircases were built passing through a
glazed-roof pavilion up to the top of the base.
Around the platform of the base there was stone balustrade. In the middle and at the four
corners of the platform five pagodas were erected the central one was a 13-story pagoda larger
than the rest with a height of 12.7 m and those at the corners were 11-stories with a height of
10.56 m. On the mast of the pagoda was a small Lama pagoda consisting of a decorated lotus
base, double lotus base, fortune wheels, imperial umbrella and precious pearls, etc. and the style
was splendid.
After the quake a crack was found on the wall in the northeast corner with a length of 2.8 m.
The arched top of the north door settled and fractured locally and the wall inclined outward;
cracks also appeared on the platform of the base; the decorations of the pagodas in the northeast
and northwest offset while those in the southwest dropped.
6. Summer Palace (Renshou Hall, the Great Dock and the Great Stage)
The Summer Palace is the largest existing imperial park in Beijing and a key ancient building
for state protection in China.
More than 800 years ago it was a seasonal palace of the Jin Dynasty then it was rehabilitated
in several dynasties. In 1861 it was destroyed by the allied troops of Great Britain and France in
a fire. It was rebuilt in 1884 but destroyed again by the Eight-Power Allied Forces (in 1900) and
after three years it was renovated with a new look as it exists today.
The Summer Palace grounds included Wanshou Hill and Kunming Lake. There are more
than three thousand buildings of different types. The main buildings are Fuxiang Pavilion,
Paiyun Hall, Renshou Hall, Leshou Hall, the Great Deheyuan Stage and the Great Dock, etc.
In the Tangshan earthquake the Summer Palace only suffered slight damage. Damage details
are as follows:
Renshon Hall: The Hall is located inside the Donggong Gate of the Summer Palace facing
east and having seven bays in a longitudinal direction and three in a transverse direction. Its

322

semi-cylindrical roof is supported by gable walls and a porch was built around the Hall. After
the quake the beam under the outer eaves was pulled out from the mortise.
The Great Dock: It was built facing west with 14 bays in the longitudinal direction and three
in the transverse direction. Water came from the south gable forming a dock. After the quake
the beam was pulled out from the mortise seriously.
The Great Deheyuan Stage: The Stage is a cross in shape with three bays both in longitudinal
and transverse directions. The protruding part in front is a stage and that in the back are rooms
for actors. It is a three-story building with a semi-cylindrical roof supported by gables. The total
height of the building is 21 m and the width of the stage is 17 m. After the quake some of the
beams connecting the golden column and exterior column of the stage were pulled off while
some bracket sets were fractured and deformed. The exterior decorated board under the eaves on
the 2nd floor cracked.
In addition, the exterior decorated board under the eaves on the 2nd floor of Fuxiang Hall
and the overhanging board from the eaves of Huazhongyou fell down. A portion of the
enclosing brick wall of the Yingxulouand rubble wall of Fupi (in the southeast) collapsed.
Ridges of Qinghua Study, Shizhang Pavilion, Paiyun Gate fell down and supporting hooks of a
gateway outside Donggong Gate fell off.
(Translator: Lu Rongjian)
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Table 1. Damage survey of ancient buildings in Beijing.
Name of
Building
No.
1 Confucius
Temple

2
3
4

5

Period of
Construction
Location
Yuan Dynasty and Dongcheng
Ming Dynasty
District

Beihai Park

Jin Dynasty and
Yuan Dynasty
Forbidden City Ming Dynasty and
Qing Dynasty
Bell Tower
Ming Dynasty and
Qing Dynasty

Xicheng
District
city center of
Beijing
north of the
middle axis of
Beijing

Type of
Structure
wood framed
structure

masonry
structure
modeled on
wood structure
brick-wood
structure

Description of Earthquake Damage
No obvious damage to the Main
Hall; most of the enclosing wall of
the Stone Tablet Pavilion in front of
Dacheng Hall collapsed (Photo 1);
21 stone tablets out of 198 in the
Temple overturned.
See related paragraph.
See the related paper in this
Chapter.
See related paragraph.

Arrow Tower
of
Deshengmen
Gate
Pagoda in
Tianning
Temple

Ming Dynasty and north of the
Qing Dynasty
middle axis of
Beijing
Liao State and
Song Dynasty

Xuanwu
District

7

Pagoda for
Buddhist relics
in Yousheng
Religion
Temple

built in the late
Zhou Dynasty
(6th century). and
rebuilt in Qing
Dynasty

northwest
corner of the
town of Tong
County

8

Pagoda in
Yuan Dynasty and
Miaoying
Ming Dynasty
Temple (Baita
Temple)
Pagoda in Baita not recorded
Nunnery

Xicheng
District

Height: 57.8 m, the mast on the roof
fell down, part of the mast base,
high base with decorated moldings
and lotus base collapsed destroying
the eaves. Surface of the pagoda
body was pealed away.
13-story
Height: 49 m. The mast of the
octagonal brick pagoda fell and the high base with
pagoda with
decorated moldings cracked and
closely spaced loosened, the base displaced
eaves
horizontally to the west. Small
cracks occurred on eight surfaces of
the wall in the first story.
lama brick
See the following related paragraph.
pagoda

outside of
Xizhimen Gate

lama masonry
pagoda

Buddha's
warrior
attendant base
in Zhenjue
Temple
Imperial
Ancestral
Temple

outside of
Xizhimen Gate

masonry
pagoda

6

9

10

11

Ming Dynasty

Ming Dynasty and Dongcheng
Qing Dynasty
District

See related paragraph.

13-story
octagonal brick
pagoda with
closely spaced
eaves

wood structure

Height: 20 m. mast of the pagoda
damaged. The umbrella shaped roof
and the 13 fortune wheels on the
top cracked and offset obviously.
See related paragraph.

Bracket sets of the eaves in the
Back Hall deformed; the west beast
ornament on the main ridge fell
damaging the roof.
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Table 1. Continued.
Name of
Building
Zhongshan
Hall,
Zhongshan
Park
Drum Tower

Period of
Construction
Ming Dynasty

14

The Imperial
College

From Yuan
Dynasty to Qing
Dynasty

15

Yonghe
Lamasery

16

17

No.
12

13

Type of
Structure
wood structure

Dongcheng
District
Dongcheng
District

wood structure

Qing Dynasty

Dongcheng
District

wood structure

Longfu
Temple

Ming Dynasty
and Qing
Dynasty

Dongcheng
District

wood structure

Muslim
Temple in
Dongsi
Dongyue
Temple

Ming Dynasty
and Qing
Dynasty
from Yuan
Dynasty to Qing
Dynasty

Dongcheng
District

wood structure

Chaoyang
District

wood structure

19

Zhihua Temple

Ming Dynasty

Dongcheng
District

wood structure

20

ancient
observatory

Ming Dynasty

Dongcheng
District

masonry
structure

21

corner gatetower
southeast of
the old city
Zhengyangmen
Gate

Ming Dynasty
and Qing
Dynasty

Dongcheng
District

wood structure

Qing Dynasty

Dongcheng
District

wood structure
with multieaves

18

22

Qing Dynasty

Location
Dongcheng
District

wood structure

Description of Earthquake Damage
Small cracks occurred on gable
wall, corner beam and ornaments
on the southeast ridge.
The east and west end of the south
wall on the upper story cracked.
One of the beast heads on the
memorial glazed gateway fell
down; eaves of the east detached
hall collapsed.
End ridge of the west detached hall
of Wanyau Hall collapsed; beast
ornaments on the roof of Houzhao
Hall cracked; 50 m of the west
enclosing wall collapsed; the north
gable wall of Mathematics Hall
collapsed.
Ornaments on the east and west
gable wall in the front hall fell;
bracket sets of the eaves at the
back were damaged; mortise connections of wood frames in front
and at back of the hall were
loosened.
Cracks appeared on top of the
brick vault in the Great Hall.
A stone tablet erected in the reign
of Chongzheng, Ming Dynasty
southeast of the main hall
overturned and cracked.
Not seriously damaged, only
cracks occurred on the wall surface
of Wanyiao Pavilion.
The drum-like brick base cracked,
masonry piers of the observatory
instrument also cracked.
Ridges collapsed completely.

Curtain wall on the second floor of
the gate-tower inclined and
separated with the columns inside
the wall; lintels on the two sides
fell down; beast ornaments on the
main ridge to the west fell also.
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Table 1. Continued.
Name of
Building
Temple of
Heaven (west
detached hall
of Qinian Hall,
Qinian Gate)

Period of
Construction
Ming Dynasty
and Qing
Dynasty

24

Xiannongtan
Temple
(Qingcheng
Hall)

Qing Dynasty

Xuanwu
District

wood structure
at the upper
part of the Hall

25

The Southern
Hall
Guangji
Temple

Republic of
China
Qing Dynasty

Xuanwu
District
Xicheng
District

brick-wood
structure
wood structure

27

Xihuang
Temple

Qing Dynasty

Chaoyang
District

wood structure

28

Qing Dynasty

Haidian
District

wood structure

29

Great Bell
(Dazhong)
Temple
Dahui Temple

Ming Dynasty

Haidian
District

Wood
structure

30

Moke Nunnery

Ming Dynasty

Haidian
District

31

Pagoda in
Cishou
Temple
Bixia Temple
(Xiding
Temple)

Ming Dynasty

Haidian
District

the Great Hall,
wood
structure; the
corner tower,
masonry
structure
masonry
structure

Ming Dynasty
and Qing
Dynasty

Haidian
District

wood structure

Liao State

Tong County

masonry
structure

34

Maizhuang
Pagoda, Tong
County
Jietai Temple

Qing Dynasty

wood structure

35

Fahai Temple

Ming Dynasty

Mentougou
District
Shijingshan
District

No.
23

26

32

33

Location
Qongwen
District

Type of
Structure
wood structure
with glazed
hip-and-gable
roof

wood structure

Description of Earthquake Damage
Cracks occurred on columns; 4
large columns under the eaves to
the north displaced and offset; one
of these in the northeast corner
offset in a northeast direction the
other three in a northwest direction. Small cracks existed between
the wall and the column.
Beast ornaments on the main ridge
west of the main hall inclined
outward, those on the main ridge
east of the back hall inclined to the
north.
Cracks occurred on the northeast
corner of the Hall.
Cracks occurred in the middle of
the gable wall in the west detached
hall; part of the enclosing wall
collapsed.
The south gable wall of the east
detached hall collapsed; both gable
walls of the west detached hall
collapsed.
No anomaly found.
Connection between the top of the
column and the plate beam
loosened.
Beast ornaments on the southwest
ridge of the Great Hall cracked;
existing crack on the base platform
of the northeast corner tower
widened.
Three overhanging bells fell down.
Ornaments on the top of the Great
Hall cracked; brick joints on the
west gable wall split; ornaments
west of the Bible Hall cracked.
The pagoda split; two-thirds of the
pagoda collapsed.
East gable wall of the Great Hall
collapsed.
Intact basically.
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Table 1. Continued.
Name of
Building
Badachu (8
magnificent
scenes) on
Xishan Hill
Biyun Temple
and its pagoda

Period of
Construction
Qing Dynasty

Qing Dynasty

Haidian
District

masonry
structure

Wofo
(declining
Buddha)
Temple
Ming Tombs
(Yong Tomb)

Qing Dynasty

Haidian
District

masonry-wood
structure

Ming Dynasty

Changping
County

masonry
structure

40

Weng Tower
in Juyong Pass

Yuan Dynasty
and Ming
Dynasty

Changping
County

masonry
structure

41

The Great
Wall in
Badaling

Ming Dynasty

Yuanqing
County

masonry
structure

42

Summer
Palace

Jin, Ming and
Qing Dynasty

Haidian
District

No.
36

37

38

39

Location
Shijingshan
District

Type of
Structure

Description of Earthquake Damage
Parapet wall of the temple gate
fell.
The hook hanging from the stone
pagoda fell down; overhanging
beast ornaments on the buildings
on both sides of the stone gateway
fell.
Seven beast ornaments on the
ridge of the glazed stone gateway
fell down.
Ornaments on the main ridge of
the back gate fell down; west
ornaments on the shrine fell down.
North wall of the north Weng
Tower collapsed by more than 10
meters; bricks on the external
surface of the east wall of the
south Weng Tower collapsed by
6~7 m; the stone arch cracked.
Mud surface layer of the second
floor to the south peeled; cracks
appeared on the interior surface of
the west vault; cracks also
occurred on the pier at the corner.
See related paragraph.
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Photo 1. Stone tablets at the pavilion in front of Dacheng Hall, Confucius Temple,
overturned.

Photo 2. The top of the northwest corner of Falun Hall at Yong’an Temple
collapsed.
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Photo 3. Eaves at Shanyin Hall in front of the White
Pagoda were damaged.

Photo 4. A general view of the Bell Tower before the
quake.
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Photo 5. Beast ornaments west of the main ridge fell down.

Photo 6. Cracks on top of the north arched door of the
Bell Tower.

Photo 7. The protruding stone girder below the eaves in
the north cracked.
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Photo 8. The Arrow Tower of Deshengmen Gate after the quake.
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Figure 1. Distribution of damaged buildings in the Forbidden City.
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DAMAGE TO IMPERIAL BUILDINGS
IN THE FORBIDDEN CITY, BEIJING
Shan Shiyuan1 and Meng Fanxing2

The Forbidden City was the Imperial Palace of the Ming Dynasty and Qing Dynasty. It was
first built in the 4th year of the reign of Yongle (1406) in the Ming Dynasty and was basically
completed in 1420 having a history of more than 500 years. It had been rehabilitated and
expanded several times in the Ming Dynasty and Qing Dynasty but the overall layout of
buildings in the Palace was kept unchanged up to present. The Forbidden City had an area of
more than 720,000 m2, more than 4,000 rooms and the total building area was about 150,000 m2.
It is the largest scale ancient building group existing which has been preserved intact.
The Forbidden City experienced five strong earthquakes of magnitude above 6, the greatest
of which was the 1679 Sanhe earthquake of M=8 in the Qing Dynasty. In this earthquake
buildings in Beijing were seriously damaged but no record has been found about earthquake
damage to buildings in the Forbidden City.
In the Tangshan earthquake damage to buildings in the Forbidden City was extensive in
range. Based on field survey there were 27 locations where enclosing brick walls collapsed
(Photos 1 and 2), 13 locations where walls inclined (Photo 3) and 45 locations where walls
cracked; 14 locations where ridges of tile roofs collapsed (Photo 4); 26 locations where individual tile ornaments dropped (Photo 5) and 30 locations where tile roofs cracked; 1 location
where a glazed gate-tower collapsed; 2 locations where screen walls cracked and 10 locations
where tile ornaments on top of screen walls fell down; 8 locations where wood beams pulled out
from mortise or moved; 1 location each where white marble balustrade collapsed and inclined; 1
location where part of a rockery collapsed. Position of the above locations are drawn in Fig. 1
where the damaged buildings (except enclosing walls) are shown by block lines and the type of
damage is indicated by figures. Damage to the gate-tower of Shenwumen, Jiaotai Hall and the
west gate of Huangji Hall with their structural details are illustrated as typical examples in the
following.
1. Gate-Tower of Shenwumen
Shenwumen was the north gate of the Forbidden City (Gugong) built in the 18th year of
Yongle, Ming Dynasty (1420). Although two large-scale rehabilitations had been carried out in
the reign of Kangxi and Tongzhi in the Qing Dynasty, Shenwumen still belongs to the Ming's
architectural style according to its structural form (Photo 6).
The gate-tower was built on the rostrum of Shenwumen, 10 m in height. It had seven bays in
a longitudinal direction and three bays in a transversal direction with a double-eaves hip-and-

1
2

Beijing, The Forbidden City Museum
Shanxi Provincial Institute for Protection of Ancient Buildings
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gable roof. The total height of the gate-tower from the rostrum to the top was 31 m. The total
building area was 848 m2.
In the Tangshan earthquake decorative oil paintings in Shenwumen, the new base layer for
oil painting on the tie beam between the bottom of eave columns in the south was mostly
cracked. The west eave columns at the back of the gate-tower shifted to the southwest generally,
the largest displacement of the columns was up to 4 cm.
2. Jiaotai Hall
Jiaotai Hall was first built in the reign of Yongle in the Ming Dynasty. It was rebuilt during
the Qing Dynasty (1797) and was one of the buildings of significance on the central axis of the
Forbidden City.
Jiaotai Hall was a single-story building with a pyramid roof, the area of which was 426 m2
(Photo 7). The frame of the hall was delicately made and firmly mortised. In order to prevent
loosening of the mortised joint iron tie bars were installed at the connection of the beam and the
golden column.
The frame of the hall remained intact after the earthquake, only four golden columns shifted
slightly with a maximum shifting distance up to 2 cm. In addition, two cracks were found on the
gable wall and the upper part of the wall between the columns cracked and deformed generally.
3. The West Gate of Huangji Hall
The west gate of Huanji Hall, located on the exterior east street in the Forbidden City was a
gate with glazed veneers in front of Ningshou Palace, it was one of the doors of the enclosing
wall. It was built in the middle reign of Qianlong in the Qing Dynasty (1773-1777).
During the quake all glazed members above the bracket sets to the south fell down completely and some of them to the north also fell. The main cause was that the glazed members had
not been connected with the enclosing wall but simply laid on the wall only. Such construction
was seldom seen in the Forbidden City.
(Translator: Lu Rongjian)
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Photo 1. The east wall of the West Garden collapsed
(half of the width of the wall).

Photo 2. The wall in the court behind the Hongben warehouse collapsed.
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Photo 3. The gable wall of the side building in
Dongsansuo inclined to the east by 15cm.

Photo 4. The overhanging ridge of the north gable wall
of the north side building in Nansansuo dropped down.
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Photo 5. Beast ornaments at the roof southwest of the detached hall
at the back of Chengqian Palace fell down.

Photo 6. The gate-tower of Shenwumen.

Photo 7. Jiaotai Hall.
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Figure 1. Location of Summer Mountain Resort and the Eight Outer Temples.
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DAMAGE TO ANCIENT BUILDINGS IN CHENGDE
Zhang Shengtong*

Chengde City is located 115 km northwest of Tangshan surrounded by mountains with the
city district in the valley. The famous Summer Mountain Resort for Qing emperors and the
Eight Outer Temples are situated in the north suburb of the city. These buildings were first built
in the 42nd year of Emperor Kangxi (1703) and completed in the 55th year of Emperor Qianlong
(1790) of the Qing Dynasty.
Of the 11 original temples of the Eight Outer Temples only 7 remained intact i.e., Puning
Temple, Fushou Temple, Zhongcheng Temple, Shuxian Temple, Pule Temple, Puren Temple
and Anyuan Temple (Figure 1).
In the Tangshan earthquake Chengde City was in the area of intensity VI. Damage to
buildings in the city was slight but brick walls of old buildings were seriously cracked or
collapsed. However, damage to ancient buildings at the Summer Mountain Resort and Eight
Outer Temples was relatively severe.
1. Summer Mountain Resort
There were 120 buildings and scenic spots at the Resort originally. These buildings were
gradually ruined during the last period of the Qing Dynasty and the remaining buildings were
concentrated in the main palace district in the south and the lake district in the southeast. After
liberation the Resort was rehabilitated and there were approximately 30 existing buildings and
scenic spots. The building groups in the main palace district were basically in the quadrangle
style, most of which were single-story buildings with single eave and hip-and-gable tile roofs,
only a few were two-story buildings. In the Lake District buildings were concentrated on the
four islands on the lake. In addition, a few pavilions scattered along the lake and on the
mountain slope, and a stupa (pagoda) of the Yongyou Temple remained in the plain district. The
stupa was an octagonal brick pagoda with multi-eaves and a glazed tile roof. Southwest of the
stupa was the Wenjin Cabinet along the hil-side, the main building of which was two-stories
with a tile roof supported by gables.
In the Tangshan earthquake damage to the above-mentioned buildings was not apparent
except that several locations of the enclosing wall were damaged or collapsed. The enclosing
wall was a total of 20 li (1 li = 0.5 km) long, 3-4 m high and 2 m thick with brick battlements on
the enclosing wall. Before the quake the enclosing wall had been destroyed in many places and
had a lot of ruined openings. After the quake the top of the enclosing wall in the north (on top of
the hill) and west, about 650 m in length, collapsed and some of the wall proper also collapsed
(Photo 1).

* Ancient Building Construction Team, Chengde Historical Relic Bureau
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2. Puning Temple
The Puning Temple was built in the 20th year of the reign of Emperor Qianlong of the Qing
Dynasty (1755). The main buildings on the central axis of the Temple were the Gate (a building
with a single eave and a glazed tile roof supported by gables), the Stone Tablet Pavilion (a
building with multi-eaves and a glazed tile roof supported by gables), Daxiong Hall (a building
with seven bays, multi-eaves and glazed tile roof supported by gables), Dacheng Cabinet built on
a high stone base behind Daxiong Hall (a building with six eaves and five square roofs), and
Tianwang Hall built on the hilltop at the back of Dacheng Cabinet (a building with 3 bays and a
pyramidal glazed tile roof). Around the temple there was a two-story platform, a small white
marble platform and a Lama pagoda. The quadrangles in the right and left were the East
Miaoyan Room and the West Bible Hall. The monk room was a five-bay building with a porch
in the front and a semi-cylindrical roof with six purlins supported by gables.
After the quake there was no damage found to the Stone Tablet Pavilion. One of the stone
tablets moved slightly; some mortar in the brick joint fell down; small debris near the iron plate
installed at the base of the stone tablet fell off. The decorations on the roof of Daxiong Hall
were split; a beast ornament on the roof dropped down; the head of the ridge in the southeast
corner of the upper eave cracked and nearly fell (Photo 2). The vault of Tianwang Hall cracked
and the mortar in the brick joint fell off. Part of the eave at the four corners of the monk room
collapsed. The plaster on the gable wall dropped and most parts of the temple wall collapsed.
3. Pule Temple
It was built in the 31st year of the reign of Emperor Qianlong (1766). On the central axis of
the Temple were the Gate Hall, Tianwang Hall, Zhongyin Hall and a high rostrum. On the
rostrum there was an altar and upon the altar there was a two-story square tower laid with stones
then on the upper story was a round hall with 12 columns, a multi-eave and pyramidal roof with
glazed yellow tiles, i.e. Xuguang Pavilion. On the second floor of the square tower 8 Lama
pagodas with glazed veneers were built at the four corners and the four doors. In the middle of
each pagoda a wood column was erected. Pagodas were laid by line-mud mortar and waste
bricks were used to fill up the interior of the pagoda. Glazed veneers were connected with wires.
Due to a long history the wood column was rotted, the wires corroded and the mortar weathered.
There were four Gate Halls each at one side of the tower. At the back of the tower was Tongfan
Gate.
After the quake eight pagodas all collapsed, only the glazed lotus bases and part of the
pagoda body survived. The pearl in the middle of the roof ridge of Tongfan Gate broke and fell
down. One of the tiles on the main ridge of Tianwang Hall and two ornaments on the roof fell
down. A big iron incense burner in front of Zhongyin Hall displaced southwestward by
approximately 30 mm and the top of the incense burner inclined to the northeast. At the tower
the stone tablet in the west gate hall shifted by approximately 20 mm and the glazed tiles on the
two gates fell.
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4. Fushou Temple
Fushou Temple was built in the 45th year of the reign of Emperor Qianlong in the Qing
Dynasty (1780). On the central axis of the Temple there were the Gate Hall (a single eave hall
with a hip roof) and Dabei Cabinet (a multi-eave roof supported by gables) in front; a glazed
gateway, Dahong terrace in the middle and Zongyuan Hall (a two-story building with single eave
and a hip-and-gable roof with glazed tiles) at the back, and the last was a glazed pagoda (a
seven-story pagoda with multi-eaves; on the pagoda surface there were glazed Buddhas).
Around Dahong terrace was a three-story building with a flat roof. In the middle of the terrace
was Zhuangyan Hall a 3-story building with a multi-eave and pyramid roof with glazed tiles.
Northwest of the terrace was Faxi Hall with a multi-eave and hip-and-gable roof with golden fish
scale tiles. There was a wood porch on the first floor of the pagoda. It was an octagon pagoda
with golden bracket sets and glazed tiles.
After the quake an eave beam north of the corner hall on Dahong terrace was pulled from the
mortise (Photo 3); the west parapet wall on the top of the white platform at the southeast corner
collapsed for a length of about 6 m.
5. Zhongcheng Temple
The Temple was built in 1767-1771. On the central axis of the Temple grounds the main
buildings were the Gate Hall, Dabei Pavilion, Wuta (five-pagoda) Gate, and a glazed gateway.
Along the winding path up to the hill several tens of buildings such as Wuta (five-pagoda) White
Platform, Santa (three-pagoda) White Platform, and Danta (single pagoda) White Platform.
Little White Platform, etc. buildings were scattered in the east and west. Finally, on top of the
hill a Great Red Platform was erected on which a seven-bay square hall was built.
After the quake the bronze pagoda top of Wuta Gate and the five pagodas on the White
Platform all fell down and the “thirteen fortune wheels” of Wuta Gate were demolished
(Photos 4 and 5).
(Translator: Lu Rongjian)
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Photo 1. Collapse of the wall of the Summer Mountain Resort.

Photo 2. The decoration at the roof of the Puning Temple was split, the head of the ridge at the
corner fractured nearly falling down.
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Photo 3. An eave beam in the southwest corner hall at Fushou Temple
pulled out from the mortise.

Photo 4. The tops of five pagodas at Wuta Gate of Zhongcheng Temple fell
down.
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Photo 5. The upper part of the west pagoda on the Wuta White Platform at Zhongcheng Temple was
demolished.
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CHAPTER 3: FACTORY BUILDINGS

DAMAGE TO BUILDINGS WITH REINFORCED CONCRETE
MULTI-STORY FRAMES AT THE KAILUAN COAL MINE1
Wu Shun-Shi2 and Jiang Chunqiou3

1. General
After the Tangshan earthquake the design institutes in the coal industry conducted an
investigation of the damage to 14 buildings with cast-in-place reinforced concrete multi-story
frames, which were typical buildings at the Kailuan Coal Mine, namely, the main workshop at
the coal preparation plant, the refuse picking building and shaft collar rooms, etc., having a total
construction area of 33,900 m2. Aseismic protective measures were not considered in the
original design; the damage is listed in Table 1.
Two of the 14 workshops listed in Table 1 collapsed equaling 14.2% (one of these partly
collapsed); 7 had severe damage equaling 50.0%; 2 had medium damage equaling 14.3%; and 3
had slight damage equaling 21.5%. Except for one refuse picking building that completely
collapsed and needed to be reconstructed, the other 13 buildings were put into operation after
being reinforced.
Divided according to the types of operation, it can be seen that the damage to refuse picking
buildings with a single span and multi-story frame was most severe, damage to workshops of
coal preparation plants with a multi-span and multi-story frame was moderate, and damage to
multi-span and multi-story shaft collar rooms was relatively slight.
2. Damage
2.1 Columns
Damage to the top part was the most common damage to columns of cast-in-place reinforced
concrete frames. For slight damage cases, one or several intermittent or circular horizontal
1

This paper was written based on the investigation reports, drawings and information which
were provided by the Planning and Design Institute of the Ministry of Coal Industry; the Coal
Preparation Design and Research Institute; Chongqing, Xi’an, Handan, Shenyang, Wuhan and
Yanzhou Coal Mine Design and Research Institutes; the Shanxi Coal Mine Design Insitute;
and the Kailuan Coal Mine.

2

Shenyang Coal Mine Design and Research Institute

3

The Planning and Design Institute, Ministry of Coal Industry
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cracks generally appeared at a height of approximately 600 mm below the bottom surface of the
beam and the width was generally no greater than 2 mm. For severe cases horizontal broken
cracks were formed, concrete on the surface of fractures was broken and partly fell off, and main
bars were exposed. Vertical or diagonal cracks mainly appeared on the panel joint area of beams
and columns with crack widths generally no larger than 2 mm. The damaged sections were
located near the joint of beams and columns where the concrete fell off and main bars were
exposed or slightly bent, etc. Severe damage was located at the joints of beams and columns and
to the section below the beam where most or all of the protective concrete peeled off, part of the
main bars and hoops were exposed, main bars in column corners were bent, concrete in the joint
area was broken and turned into fragments; the cracks completely or partially went through the
whole cross-section of columns. Then main bars and hoops in columns were partially or
completely exposed and bent, and the reinforcing bars were bent in a symmetrical “lantern”
shape. Photo 5 shows the damage to the top of the D-15 column on the bottom floor of the
heavy medium workshop at the Zhaogezhuang coal preparation plant.
Another form of damage to tops of columns was the occurrence of diagonal cracks at an
angle of 45-60°; most cracks began near the bottom surface of the beam with a width generally
no larger than 2 mm. The concrete on the surface broke and fell off to form relatively tidy
fractures and reinforcing bars were exposed or slightly bent and some bars were deformed into a
“lantern” shape and the column was on the edge of failing. Photo 6 shows the damage to the top
of the E-14 column on the bottom floor of the heavy medium workshop at the Zhaogezhuang
coal preparation plant. At the same time, a relatively obvious subsidence or displacement
occurred on this floor.
There were also vertical cracks in the damage on top of columns that generally started from a
place under the beam or at the intersection with the column.
Damage was seldom seen in the middle part of columns but horizontal circular cracks
appeared in the middle part of some columns usually appearing at the same height on most
columns on the same floor (pour joints). The width of the cracks was generally no larger than 1
mm. These types of cracks could mostly be seen on relatively high columns on the top floor.
There were also diagonal shear cracks that occurred in the middle part of some columns,
which were similar in shape to the diagonal cracks on the top of columns; in severe cases the
cracks made the column fracture.
The investigations indicated that the damage ratio to the bottom part of columns was slightly
higher than that to the middle part but was lower than to the top part. The horizontal cracks on
the bottom part were generally located at a height 1 m above the floor surface, the shape and
width of which were similar to those on the top of columns; in severe cases horizontal fractures
formed and were generally located at a height 0.5 m above the floor surface. Severe damage
occurred to the bottom part of columns where the surface concrete near the floor slab peeled off,
main reinforcing bars were exposed, columns inclined and displaced, and reinforcing bars bent
in a symmetrical “lantern” shape along a horizontal surface.
In addition, there were also diagonal cracks on the bottom part of columns which were
crisscrossed with each other; in severe cases reinforcing bars on inclined cross-sections were
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bent in the shape of a lantern. Photo 7 shows X-shaped cracks on the bottom part of columns in
the heavy medium workshop at the Zhaogezhuang coal preparation plant.
Several vertical cracks that were wider on the lower part and thinner on the upper part
appeared on the bottom part on one or on both sides of some columns.
The most severe damage was the breaking of columns which occurred at the top, at the
bottom, or at the middle part of columns. At this time, columns lost their bearing capacity and
collapsed, as shown in Photo 8.
Among the buildings investigated the damage ratio for the following four types of columns
was relatively high, the details are as follows:
1) Columns on the top floor. Damage was relatively severe to columns on the top floor of
most workshops and was especially severe in high-rises. For instance, at the main workshop of
the Tangjiazhuang coal preparation plant there were 21 columns on the top floor; 20 were
severely damaged and one was basically intact.
2) Columns of compound frames. The damage ratio for columns of compound frames was
generally higher than that of ordinary frames. When the beams on two sides of a column were
not on the same level but were close to each other the column segments mostly presented
inclined cracks or fractures. When there was a beam on one side of the column and no beam on
the other side, in slight damage cases, the concrete on the surface of this panel point area peeled
off; in severe cases the concrete in the panel broke into pieces. The damage ratio was relatively
high when the rigidity ratio of beam to column was comparatively high. This type of damage
was common for compound frames in the washing and floatation workshops of the coal
preparation plant at Tangshan Mine.
3) Short columns. The damage ratio was also high for short columns where the ratio of the
clear height and the width of the column was approximately 4 or less. The damage to short
columns was generally a shear failure in the bottom part (such as columns on axes 2C and 5B on
the bottom floor of the main workshop of the coal preparation plant at Tangjiazhuang Mine) or
on the top part (such as the columns on the 2nd and 3rd floors of the washing workshop of the
coal preparation plant in Tangshan Mine). Diagonal cracks and fractures appeared and
reinforcing bars were bent into a lantern shape.
4) Columns under hoppers or deep beams. The damage ratio for columns in this type of
panel joint was extremely high. The damage was severe, reinforcing bars were deformed in a
lantern shape and concrete broke into pieces and fell off. Some damage areas also developed
above the panel joints where the hopper and column met; much of this type of damage could be
seen on columns under the hopper in the main workshop of the coal preparation plant at
Tangjiazhuang Mine (Photo 9).
2.2 Beams
The common damage to crossbeams of frames was diagonal cracking which generally
occurred within the end third of the span, most of which were in an inverted V-shape with an
angle of 45° to 60°. For slight damage cases only one or two extremely thin cracks appeared
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near the ends of the beam; they were relatively short and shallow located at about 1/2 of the
beam height and less than 1 mm wide. Some cracks were longer and got close to or through the
whole height of the beam. The concrete near the cracks peeled off or diagonal cracks
crisscrossed and the main reinforcing bars were exposed in some places. In severe cases
fractures formed and reinforcing bars bent and broke, and the main bars at the support slipped,
etc. The bent bars in some beams (for instance, the frame beam of a roof in the washing
workshop of the Tangshan coal preparation plant) fractured.
Vertical cracks at beam ends were also common. The cracks mostly occurred in places
ranging up to 500 mm from the beam end and were generally wider in the upper part and thinner
in the lower part, probably due to yielding of the tension bars. In slight cases of damage a thin
and fine crack occurred near the beam end with a width less than 1 mm located at about one half
of the beam height. In moderate damage cases cracks extended to the top of beams and as the
number of cracks increased the concrete in some places peeled off, main bars were exposed and
even slightly bent. In severe damage cases the concrete near the beam ends broke into pieces,
main bars were bent and slipped.
Vertical cracks on the span of beams generally occurred in the middle 1/3 of the span,
probably due to yielding of the tension bars. In slight damage cases the cracks were thin and
fine with a width less than 1 mm and the length was developed the bottom 1/2 of the beam. In
severe damage cases the length of cracks reached the whole height of beams with a width larger
than 1 mm but generally less than 2 mm and as the number of cracks increased the concrete in
some places peeled off and main bars were exposed. Some vertical cracks with uniform and
dense intervals appeared on some beams.
Some diagonal cracks appeared on short beams that were surveyed and these types of cracks
were very long and relatively more destructive.
2.3. Slabs
Diagonal shear cracks in the corners of slabs were common forms of damage. These
generally appeared near the corner columns or side columns; more cracks were concentrated
near the corner columns and less around the intermediate columns. These types of cracks were
more severe on the lower floors than on the upper floors and their location on the upper and
lower floors usually corresponded with each other. There was this type of damage in both the
heavy medium workshop of the Majiagou coal preparation plant and in the main workshop of the
Tangjiazhuang coal preparation plant.
Also, cracks on slabs mostly paralleled the direction of the main reinforcing bars and a few
of them were inclined cracks with an angle less than 45° from the horizontal. There were many
of these types of cracks in the main workshop of the Tangjiazhuang coal preparation plant.
Cracks in the openings of orifice slabs mostly appeared around openings that were newly cut
during construction for expansion and modification. Very few cracks appeared in openings that
were reserved in the original design if reinforcing bars were installed around their peripheries.
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3. Examples of Damage
3.1 Refuse picking building at Jinggezhuang Mine (intensity IX)
3.1.1 Layout of building structures
The site soil at Jinggezhuang Mine was composed of Quaternary alluvial and diluvial sand
with a total thickness of 151 m. The upper part was a silt and fine sand layer intercalated with
thin layers of clayey soil. The middle part was a thick layer of medium-fine sand formation, and
in the lower part was a clay formation intercalated with pebble. There were 17 formations and
groups in total reflecting the many changes of the river. The composition of soil within 15 m
underground was as follows:
Clayey soil: yellowish-brown, slightly wet to extremely wet, a massive structure about 2 m
thick.
Silty sand intercalated with fine sand: grayish-white, extremely wet to saturated, the
composition was mainly feldspar, compact, about 7 m thick, the upper part was clayey soil and
the lower part was generally fine sand about 2 m thick.
Clayey soil: yellow, saturated, high viscosity, plastic, soapy feeling, about 1 m thick.
Medium-fine sand and silt: grayish-white, the quality was pure, compact, and the
composition was mainly feldspar, about 5 m thick.
Before the earthquake the ground water level was approximately 4 m below the surface.
As shown in Fig. 1, the refuse picking building had a single span of 6 m laterally; 6 column
spacings of 5.6 m longitudinally; the cross-section of the columns was 500×500 mm or
450×450 mm; a double column separation joint with a width of 1.4 m was installed in the
middle, the plan dimension of the building was 6.0×33.2 m. There were two floors with a brickconcrete structure above an elevation of 22.900 m and a reinforced concrete frame structure for
all the other floors. A reinforced concrete receiving bin for skip was built at an elevation of
15.600-22.900 m on the 4-5 axis with a capacity of 120 m3. Two coal bins were built under
floors between the axes 8-9 and 9-10 with a capacity of 50 m3 and 70 m3 respectively. The
reinforcement ratio of columns below an elevation of 9.800 m on axes 4 and 5 was higher than
4%, which was reduced to less than 1% for columns above an elevation of 9.800 m. No. 200
concrete was used for both beams and columns. The two types of reinforcement used were No.
16 manganese steel and No. 3 steel.
The building was situated on fine sand formation with a bearing capacity of 2.3 kg.f/cm2 and
a modulus of compression of 200 kg.f/cm2. There were two types of foundation, one was a
reinforced concrete continuous footing between axes 4-6 with a buried depth of 2.80 m; the other
was a reinforced concrete separate foundation with a buried depth of 2.80 m for axis 7 and a
depth of 2.10 m for axes 8-11.
The brick filler wall for the frame was 240 mm thick. A reinforced concrete airtight wall
was built from the floor to an elevation of 9.800 m on axis 4.
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3.1.2 Damage
1) Axes 7-11 section: collapsed during the M7.8 earthquake.
2) Axes 4-5 section: the columns were broken below an elevation of 18.643 m during the
M7.8 earthquake, the receiving bin for skip reclined on the head frame of the main shaft and
smashed the sealing plate of the head frame making it concave, the columns on axes 4-5 were
broken but had not yet collapsed; it completely collapsed during the M7.1 earthquake (Photos 4
and 8).
3) The damage to columns at axis 9(B) indicated that after the columns were displaced to the
southeast (longitudinally) they collapsed.
4) The foundation was in good condition after the frame collapsed (Photo 10).
3.2 Main buildings of the coal preparation plant at Tangjiazhuang Mine (intensity IX)
3.2.1 Layout of building structures
As shown in Fig. 2 the original plan dimension was 14.0×27.0 and 23.0×18.0 m forming an
L-shape; then a vacuum pump room with two floors was constructed. There were two types of
column grid dimensions which were 7.0×9.0 and 9.0×9.0 m respectively. Additional columns
were built between axes 5-6 on the bottom floor because of the installation of the bin hopper.
There were four floors in most parts of the building and five floors in the part with a mezzanine.
There were four types of story height i.e., 3.0, 3.5, 4.5 and 7.0 m and the stories became higher
in the upper part of the building. The elevation of the eaves was 19.500 and 8.500 m
respectively. The filler wall of the frame was built with No. 25 mortar and No. 75 brick on the
center line of columns with a thickness of 240 mm; there was no structural joining reinforcement
between the wall and the frame columns. The reinforced concrete separate foundations were
buried with a depth of 2.5 m and the staircase was built on one side of axis 1(A).
The layout of equipment in the workshop was: the filter was installed on the floor at an
elevation of 3.500 m; screens and washing cells were installed on the floor at an elevation of
8.000 m; and the floatation cells were installed on the floor at an elevation of 12.5000 m.
The bearing formation of the foundation was sandy clay; the allowable bearing capacity of
the foundation soil was 2.0 kg.f/cm2. The separate foundation was buried to a depth of 2.5 m.
The concrete used for the foundation was No. 150 and the beams and columns of the frame
used No. 200. The cross-section dimensions for columns was 700×700 and 600×600 mm. The
concrete used for the floor and roof slab was No. 200 and No. 3 steel was used for the
reinforcement.
3.2.2 Damage
1) Damage to the filler wall. Most of the filler walls on the top floor collapsed and those on
the floor with an elevation of 15.500 m partially collapsed; diagonal cracks and X-shaped cracks
on the walls of the lower floors were common; walls between windows were severely damaged
and some of them were broken into fragments. Cracks appeared on the walls of staircases; the
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brick internal wall supporting the stair beam pulled away from the exterior filler wall. The
internal partition wall on the bottom floor was basically in good condition.
2) Damage to the frame.
damaged frames.

Figure 3 shows several drawings representing cracks on the

The damage ratio for beams of the frame was very high. Out of a total of 152 beams 128
suffered slight or more severe damage, a damage ratio of 84.2%. The main damage was vertical
and inclined cracks at beam ends, and secondary damage was vertical cracks at mid-span.
Table 2 shows the statistics of distribution features for cracks on beams of the frame. It can be
seen from Table 2 that 44% of the cracks were distributed within 1.0 m of the beam ends and
32% of the cracks were beyond 1.5 m from the beam end.
Approximately 20% of the damaged beams were broken into fragments or fractured and
severely damaged. The severe damage mainly occurred on walls and beams at an elevation of
15.500 m; most of the damage included diagonal cracks, some of which were about 10 mm wide,
and the width of some cracks was up to 30 mm. Where the beam was fractured it was possible to
see completely through the beam. Vertical cracks with a uniform and dense distribution
appeared on some beams and some inclined cracks appeared on the middle part.
Damage to the frame columns was severe. Almost all of the column heads on the top floor
were damaged. The column heads of columns on axis 6(A) displaced outwards 60 mm and the
reinforcing bars at the top of some columns were in the shape of a lantern. Damage to column
heads under the refuse bin was also very severe. For instance, the concrete of columns on axes
6(A), 6(B) was broken, reinforcing bars were in a lantern shape and the lengths of the damaged
areas reached up to 1.9 m and 2.2 m respectively. Some column bases were severely damaged
for instance, the column on axis 5(A) displaced 300 mm at an elevation of 15.500 m. The
reinforcing bars at the bases of columns on axes 5(B) and 2(C) presented damage in a lantern
shape.
Table 3 shows the statistics of column damage locations and types of damage.
Table 4 shows damage to side, corner and middle columns, which indicates a damage ratio of
70.4% for the side and corner columns and 73.9% for the middle columns. The two ratios are
almost identical.
3) Damage to the secondary beams and slabs. Damage to the secondary beams and slabs was
generally not severe. Figure 4(a) and (b) shows the actual records of cracks on the roof slabs and
floor slabs at elevations of 19.500 m and 8.000 m respectively. On the floors with openings
drilled after they were built, cracks appeared around the openings after the earthquake but very
few cracks appeared around the openings preserved during construction. Cracks on slabs were
usually linked up with cracks on the secondary beams. For instance, four cracks got through the
whole length of roof slabs at an elevation of 19.500 m. They cut off not only the slabs but also
the secondary beam on the roof and the longitudinal beam of the frame.
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3.3 Heavy medium workshop of the coal preparation plant at Zhaogezhuang Mine
(intensity IX)
3.3.1 Layout of building structures
The heavy medium workshop was part of the main building of the coal preparation plant.
The washing, floatation and heavy medium workshops were situated on axes 1-5, 6-11, and
12-16 respectively (counted from west to east). The plant building was nearly 100 m long in the
longitudinal direction, from axes 1-16, and 28 m wide laterally. Expansion joints were installed
between the workshops. The designed highest point of the original building was 28 m. The
earthquake occurred during construction of the plant building (the washing, floatation, and heavy
medium workshops had been constructed up to floors at elevations 3.500, 9.800, and 7.000 m
respectively), and the building was severely damaged. When the earthquake occurred the forms
on the second floor of the heavy medium workshop had not been completely removed yet and
the filler wall was not installed.
The soil of each formation from the surface of the site is as follows. The surface soil was
artificially filled earth mainly composed of refuse and slag with a loose structure. The second
layer was clayey soil, yellowish-brown, extremely wet to saturated, plastic, and large pores were
visible. The third layer was clayey soil, brown, yellowish-brown, extremely wet to saturated,
and plastic. The foundation of the heavy medium workshop was situated on the latter clayey soil
layer; its allowable bearing capacity was 1.8 kg.f./cm 2 with a buried depth of 3.8 m. The total
thickness of the overburden was approximately 10 m i.e., there was bedrock 6 m below the
bottom surface of the foundation.
The structural plan of the heavy medium workshop is shown in Fig. 5. The cross-section
dimensions of columns and the amount of reinforcement on a single side are marked in the
figure. The steel ratio for each column was medium. The grade of concrete was as follows:
No. 200 concrete was used for beams and columns; No. 150 was used for floor plates and
foundation; and No. 3 steel was used for all of the reinforcements. The foundation was a
reinforced concrete separate footings.
3.3.2 Damage
When the earthquake occurred the concrete used for the frame had already reached the
designed grade. Damage to the plant building was more severe from west to east; only some
visible fine and thin cracks appeared on panel joints of individual beams and columns in the
washing workshop. Most of the damage in the floatation workshop occurred on column heads
below the floor at an elevation of 9.800 m on axes D, E, the latter with more severe damage.
Damage to columns on the bottom floor of the heavy medium workshop was severe but the
columns on the second floor and the beams on the first and second floors were basically intact.
For the columns on the bottom floor of the heavy medium workshop, damage to the four
columns on axes 14E, 15E, 14D, and 15D were most severe. The reinforcement in the column
heads on axes 14E and 15E was bent into a lantern shape. The concrete was broken into pieces,
the hoop reinforcement was broken, the displacement at fractures was approximately 150 mm,
and the height of the damage area was approximately 1.5 m. On axes 14D an 15D reinforcement
in the column heads were bent into a lantern shape, the concrete was smashed into pieces, the
hoop reinforcement was broken apart, and the height of the damage area was up to 1.7 m. In
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addition, for columns on axis 13D the design was modified to raise the top surface of the
foundation to an elevation of -0.200 m during construction, close to the elevation of the interior
floor surface. X-shaped cracks appeared on these columns at the base, the concrete at the corner
of the columns peeled off, and the height of the damage area was approximately 1.5 m.
Table 5 shows the statistics of damage degrees for columns on the bottom floor of the heavy
medium workshop. From this table it can be seen that the damage ratio of the middle column
was higher than that of the side and corner columns. From the viewpoint of cross-section
dimensions, two columns with a cross-section of 800×800 mm were all damaged; and 5 out of 7
columns with a cross-section of 700×700 mm were damaged. For these columns the ratio
between the net height of the column and the width of the column was less than 5, which reflects
the severity of damage to short columns. The four columns located at the intersecting points of
axes 14, 15 and axes D, E, between which a rough rubble wall was built to increase rigidity, but
also suffered the most severe damage to columns. Figure 6 shows the cracks on the frame of
axes 14, 15.
After the earthquake a survey was made for the subsidence of the foundation. The
foundation level of the column on axis 12(A) was taken as the datum mark (±0.000) because the
original mark had already been damaged. The relative subsidence values for each foundation are
shown in Fig. 5 (in mm).
(Translator: Zhao Yuzhen)

Name of Building

Washing workshop at
the coal preparation
plant at Tangshan Mine

Floatation workshop of
the coal preparation
plant at Tangshan Mine

Main workshop of the
coal preparation plant at
Tangshan Mine

No.

1

2

3
IX

XI

XI

Intensity

1966

1971

1971

Construction
Year

4,486

2,575

4,050

Building
Area
(m2)

See damage example 2).

Plan dimension of 21×45m;
column grid of 7.0×7.5 m; the
main part has 3 stories partly
with a mezzanine of 5 stories;
elevation of eaves 22.180 m;
thickness of brick filler wall
was 240 mm; separate
foundation with a buried depth
of 5-6 m.

Plan dimension of 31.8×31 m;
column intervals of 3.5, 4.3,
6.0, 6.5, 7.5, 8.0 m (6 types);
maximum 6 stories; elevation
of eaves 26.890 m; most of the
buildings have 3 or 5 stories;
thickness of brick filler wall
was 240 mm; separate
foundation with a buried depth
of 5-6 m.

Features of the Structure

II

II

II

Type of
Site Soil

See damage example 2
(Photo 1).

Damage to part of the
columns and beams was
very severe. From the
viewpoint of the whole
building, damage to the
upper part was less severe
than to the lower part.
The building floor was
sinking with a maximum
sinking of 175 mm.

Nearly all of the beams
and columns of the top
frame were damaged;
damage to the lower part
was slightly less severe
which for part of the
beams and columns was
very severe. The filler
wall in the upper part
partially collapsed.

Damage Description

Table 1. Damage to buildings with reinforced concrete multi-story frames at Kailuan Coal Mine.

severe
damage

severe
damage

Damage
Degree
severe
damage
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Heavy medium
workshop for middling
of the coal preparation
plant at Majiagou Mine

Refuse picking building
at Majiagou Mine

Refuse picking building
at Fangezhuang Mine

5

6

Name of Building

4

No.

IX

X

X

Intensity

1963

1956

1968

Construction
Year

1,620

1,550

1,785

Building
Area
(m2)

Plane dimension of 10×30 m;
column grid of 10×6 m; 5
stories, partly 6 stories;
elevation of eaves 21.00 m and
24.50 m; thickness of brick
filler wall was 240 mm;
reinforced concrete raft
foundation with a buried depth
of 2.6 m.

Plane dimension of 6×12 m;
column grid of 6×6 m; 5
stories; elevation of eaves
20 m; thickness of brick filler
wall was 240 mm; separate
foundation with a buried depth
of 3.25 m.

Plan dimension of 14×16 m;
column grid of 7×8 m; 7 stories
on the western side; 5 stories
on the eastern side; floor height
of 3, 3.5, 4.5 m, etc. Thickness
of brick filler wall was 240
mm; separate foundation with a
buried depth of 6 m.

Features of the Structure

Table 1. Continued.

III

II

II

Type of
Site Soil

The 5th floor on top of
the two spans near the
head frame collapsed;
beams and columns on
other floors cracked and
the filler wall was
damaged (Photo 3).

Obvious displacements
occurred on the 5th floor
of the frame. Severe
damage occurred to the
top of columns; the
concrete was broken and
the reinforcement was
bent and exposed; panel
joints of frames generally
cracked; part of the brick
filler collapsed.

Damage to side columns
and the upper floor of the
frame were more severe
than to the central
columns and lower floor
respectively. Damage to
columns mostly occurred
to the top; 70% of the
beams were damaged.
Generally, damage
wasmore severe on the
upper part (Photo 2).

Damage Description

partly
collapsed

severe
damage

medium
damage

Damage
Degree
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Refuse picking building
at Jinggezhuang Mine

Crushing and screening
workshop at Lujiatuo
Mine

Refuse picking building
of the No. 5 shaft at
Linxi Mine

Shaft collar room of the
No. 4 shaft at Linxi
Mine

Floatation workshop of
the coal preparation
plant at Linxi Mine

8

9

10

11

Name of Building

7

No.

IX

IX

IX

IX

IX

Intensity

1965

1947

1966

1976

Construction
Year

4,350

1,692

1,931

1,021

1,000

Building
Area
(m2)

Plane dimension of 32×33 m;
column grid of 6×6 m; 3
stories; elevation of eaves
17.660 m; thickness of brick
filler wall was 240 mm;
separate foundation.

Plane dimension of 14×21 m;
column grid of 7×7 m; 7
stories; elevation of eaves
25.6 m; thickness of brick filler
wall was 240 mm.

Plane dimension of
12.6×19.6 m; column grid of
6×6 m; 6 stories; elevation of
eaves 22.80 m; thickness of
brick filler wall was 240 mm;
reinforced concrete continuous
footing.

See damage example 1).

Features of the Structure

Table 1. Continued.

II

II

II

III

II

Type of
Site Soil

Damage to the top of
columns on the top floor
was severe; cracks on
panel joints of beams and
columns were relatively
common; the brick filler
wall partially collapsed.

Cracks occurred on panel
joints of a few beams and
columns.

Part of the columns were
severely damaged; cracks
on panel joints of beams
and columns were
relatively common; brick
filler wall partially
collapsed.

Cracks occurred on part
of the beams and
columns; a few cracks
occurred on brick filler
walls.

See damage example 1)
(Photo 4).

Damage Description

severe
damage

slight
damage

severe
damage

slight
damage

collapsed

Damage
Degree

355

Washing workshop of
the coal preparation
plant at Zhaogezhuang
Mine

Floatation workshop of
the coal preparation
plant at Zhaogezhuang
Mine

Heavy medium
workshop of the coal
preparation plant at
Zhaoge-zhuang Mine

13

14

Name of Building

12

No.

IX

IX

IX

Intensity

1976

1976

1976

Construction
Year

2,352
(Partly
constructed)

3,920
(Partly
constructed)

1,568
(Partly
constructed)

Building
Area
(m2)

See damage example 3.

Plane dimension of 28×35 m;
column grid of 7×7 m. The
floor at an elevation of 9.800 m
had already been constructed
when the earthquake occurred;
separate foundation with a
buried depth of 3.8 m.

Plane dimension of 28×28 m;
column grid of 7×7 m. The
floor at an elevation of 3.500 m
had already been constructed
when the earthquake occurred;
separate foundation with a
buried depth of 8 m.

Features of the Structure

Table 1. Continued.

II

II

II

Type of
Site Soil

See damage examples 3.

Cracks occurred on beams
and columns; damage to
top part of columns on
floors with an elevation
below 9.800 m on D, E
axes was severe.

Cracks occurred on panel
joints of a few beams and
columns.

Damage Description

severe
damage

medium
damage

slight
damage

Damage
Degree

356

357

Table 2. Statistics on the location of cracks on the frame of the main building
at the Tangjiazhuang coal preparation plant.
Length to Beam End
Direction of Beams

<1.0 m

about 1.0 m

1.0-1.5 m

>1.5 m

Total

Frame on axes
1-6, main span
9m

Crack Nos./
(%)

100/
(39)

41/
(16)

32/
(13)

83/
(32)

256/
(100)

Frame on axes
A-D, main
span 7 m

Crack Nos./
(%)

133/
(48)

31/
(11)

22/
(8)

90/
(33)

276/
(100)

Total

Crack Nos./
(%)

233/
(44)

72/
(14)

54/
(10)

173/
(32)

532/
(100)
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Table 3. Statistics of damage locations and damage types of frame in main
buildings at the coal preparation plant at Tangjiazhuang Mine.
Quantity
Damage
Location

Column
Head
Section

Corner
Column

Side Column

Middle
Column

Quantity

%

horizontal cracks

1

0

1

2

2.1

horizontal fractures

0

1

1

2

2.1

cracks in panel joint area

5

6

1

12

12.9

reinforcing bars exposed at
column corners

5

8

5

18

19.4

concrete in panel joint area
peeled off

1

4

6

11

11.8

concrete in panel joint area
broken into pieces

4

6

3

13

14.0

reinforcing bars (R.B.)
presented damage in a
symmetric lantern shape

0

2

4

6

6.5

oblique section cracks

1*

0

0

1

1.1

R.B. at oblique crosssections presented damage
in a lantern shape

2

1

0

3

3.2

vertical cracks

0

2*

1+1*

4

4.3

19

30

23

72

77.4

horizontal cracks

0

4

1

5

5.4

inclined cracks

0

1

1

2

2.1

0

5

2

7

7.5

horizontal cracks

1

0

0

1

1.1

horizontal fractures

0

0

1

1

1.1

R.B. exposed at column
corners

0

1

1

2

2.1

concrete peeled off

3

3

0

6

6.5

oblique displacement

0

1

0

1

1.1

R.B. presented damage in a
symmetric lantern shape

0

0

1

1

1.1

R.B. at oblique crosssections presented damage
in a lantern shape

0

0

2

2

2.1
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Table 4. Statistics of damage degree for side, corner and middle columns in main
buildings of the coal preparation plant at the Tangjiazhuang Mine
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Photo 1. The main workshop of the coal preparation plant at
Tangjiazhuang Mine.

Photo 2. The heavy-medium workshop for the coal preparation
plant at Majiagou Mine.
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Photo 3. The refuse picking building at Fangezhuang
Mine partially collapsed.

Photo 4. The refuse picking building at Jinggezhuang Mine collapsed.
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Photo 5. The reinforcing bars at the column top
buckled in a “lantern” shape.

Photo 6. Damage in a “lantern” form appeared on the inclined
cross section at the top of columns in the heavy-medium coal
preparation workshop of Zhaogezhuang plant.

Photo 7. “X” shaped cracks in the heavy-medium workshop at the
Zhaogezhuang coal preparation plant.
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Photo 8. The refuse picking building in Jinggezhuang Mine
collapsed because the columns broke.

Photo 9. There was damage to the top of the column in the
main workshop of the coal preparation plant at
Tangjiazhuang Mine.

Photo 10. Posts in the refuse picking building of
Jinggezhuang Mine were broken at the base, the foundation
was intact.
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Figure 1. Structural sketch of the refuse picking building at Jinggezhuang Mine.
(a) Profile; (b) Plan of the column grid
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Figure 2. Plan of the main building of the Coal Preparation Plant at
Tangshan Mine.

Figure 3 (a). Actual cracks and column failures in the frame on axis 5 in
the main building of the Tangjiazhuang Coal Preparation Plant.
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Figure 3 (b). Actual cracks and column failures on axis 6 in the main
building of Tangjiazhuang Coal Preparation Plant.

Figure 3 (c). Actual cracks in the frame on axis C in the main building of the
Tangjiazhuang Coal Preparation Plant.
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Figure 4. Actual cracks in the main building of the Coal Preparation Plant at
Tangjiazhuang Mine:
(a) On the roof slabs, elevation 19.500 m; (b) On the floors at the elevation of 8.000m.
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Figure 5. The structural plan of the heavy medium workshop of the Coal Preparation
Plant at Zhaogezhuang Mine.

Figure 6. Actual damage to frames in the heavy-medium workshop of the Coal
Preparation Plant at Zhaogezhuang Mine.
(a) Column failures on axis 14; (b) Column failures on axis 15
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DAMAGE TO SINGLE-STORY BRICK FACTORY BUILDINGS
AT KAILUAN COAL MINE1
Zhang Lianfu2 and Jiang Chunqiou3

1. General
Single-story brick factory buildings formed a relatively large proportion of buildings
belonging to the Kailuan Coal Mine. They were mostly used as hoist houses and shaft collar
rooms for the hoisting system for the underground mines; also for houses of the ventilation
system, substations of the power supply system and pumping rooms of water supply system. In
addition, they were also used as air compressor rooms, machinery repair factories, processing
rooms, mine car repairing rooms, boiler rooms, garage, grease storehouses, warehouses (sheds)
for equipment, material and metals, etc. The area used by these buildings made up
approximately 40% of the total building area of the industrial site of the mine.
After the Tangshan earthquake a survey was conducted on 283 single-story brick factory
buildings at the Kailuan Coal Mine, a total building area of more than 0.12 million m2. Most of
these buildings were built in the 1950's and a portion of them were built before then. Some had a
history of 50 to 60 or more years. The structural form of these buildings was different but the
walls and foundations were all built with brick and stone. The brick walls were 240 and 370 mm
thick and the thickness in some old buildings haddimensions of 470, 600, and 920 mm. No. 75
clay bricks were mostly used and a portion of them were Kailuan construction bricks (the grade
was higher than No. 150); the mortar was mostly No. 25 cement and lime mortar. Some of the
rough walls were built with rough stone but most of them were built with rubble or matched with
relatively regular and tidy stones on the surface. The rough stone masonry possessed good
mechanical behavior and was mostly used for the wall below windows in main plant buildings
such as in hoisting houses or the wall of a basement. In this region the rough stone and rubble
wall or foundation was usually built with lime-cinder. In the workshop equipped with a crane
the support columns for crane beams were mostly brick columns built into the walls, and a few
of them used steel members as support columns. Most of the exterior walls for higher or more
spacious workshops with relatively larger spans were constructed with counterfort columns to
form a brick bent system with the counterfort columns as the main load bearing structure. Bond
beams were installed in some workshops mostly in the middle part of walls and were used as the
window lintel. Some of the roof structures were wood trusses and tile roofs; some were cast-in1 This paper was written based on the investigation reports, drawings and information that were

provided by the Planning and Design Institute of Ministry of Coal Industry; the Wuhan,
Chongqing, Shenyang, Yanzhou, Xi'an and Handan Coal Mine Design and Research Institutes;
the Coal Preparation Design and Research Institute; the Shanxi Coal Mine Design Institute;
and the Kailuan Coal Mine.
2 Yanzhou Coal Mine Design and Research Institute
3 Planning and Design Institute, Ministry of Coal Industry
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place reinforced concrete beams and slabs or pre-cast reinforced concrete hollow slabs, and some
were steel truss and corrugated iron and asbestos sheet roofs. A few of them used a pre-cast
reinforced concrete structure. In general, flat roofs were used less than pitched roofs. The span
for these workshops ranged from 6 to 20 m, most of them were approximately 14 m. The height
of eaves ranged from 4 to 14 m, most of them were approximately 6 m and 10 m. The length of
buildings ranged from 10 to 90 m, most of them were between 15 to 35 m. No seismic design
was employed for these buildings.
The 283 single-story brick masonry workshops surveyed were all located in an intensity IXXI area, most of them were severely damaged and only a few of them were intact or slightly
damaged. Table 1 shows the statistics of damage degree.
Of the 283 single-story brick masonry workshops surveyed, damage to key buildings such as
hoist houses, substations, fan houses, and shaft collar rooms are referred to in Table 2.
From Table 2 it can be seen that the collapse ratios for hoist houses and substations were
very high, 42.9% and 66.7% respectively. The severe damage ratios were 95.3% and 88.9%
respectively. The collapse ratio for fan houses was up to 50%. The collapse and severe damage
ratio for the shaft collar room was 57.2%.
2. Features of Damage
The features of earthquake damage to single-story brick masonry workshops surveyed at the
Kailuan Coal Mine can be summarized according to their structural parts as follows:
2.1 Gable wall
Most of the brick masonry workshops surveyed used a pitched roof with no roof truss for the
end span, with the purlins supported on the top of the gable wall. Some of them used a flat roof
with a cast-in-place or pre-cast reinforced concrete structure. As seen from the results of the
survey, the damage to the gable wall was more severe than to other parts of the workshop.
Figure 1 shows slight and medium damage to a gable wall with a pitched roof. In general,
vertical or diagonal cracks appeared along the eaves; at the top point of the gable wall; at corners
of doors, windows and openings; and on the upper part of the connection with the exterior
longitudinal wall. Horizontal cracks appeared at the height of eaves or on the top part of
counterfort columns, which did not reach the roof; diagonal cracks appeared on their lower part
mixed with few horizontal cracks.
Figure 2 shows severe damage to a gable wall with a pitched roof. The features of damage
are as follows: cracks at each part developed and connected with each other, the surface of the
wall was cut into several large sections and inclined outwards. Collapse occurred partially along
the eaves or on the top part of the gable wall. For the gable wall with counterfort columns,
cracks only developed on the wall between columns and did not connect with each other.
Figure 3 shows severe damage and partial collapse of a gable wall with a pitched roof.
Collapse usually occurred in the upper part.
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Photo 1 shows damage to the hoist house of the service shaft at Jinggezhuang Mine. The
bond beams hung in the air and bent due to collapse of the gable wall.
Figure 4 shows damage to both sides of a gable wall in the same workshop. The collapsed
area was larger on the side with no ring beams and collapse only occurred at the top of the gable
wall on the side with bond beams.
Figure 5 shows an example of damage to a gable wall in a brick masonry workshop with a
flat roof. In the case of slight damage horizontal cracks generally appeared at eaves or inclined
cracks appeared on the lower part. For medium cases of damage the horizontal and inclined
cracks extended and the width of the cracks expanded. For severe cases of damage cracks
crisscrossed and collapse occurred locally (Photo 2) or the whole gable wall collapsed. The
outwards inclination of the gable wall with a flat roof was less than that with a pitched roof, and
the damage to the gable wall with a cast-in-place reinforced concrete roof was less than that to a
gable wall with a pre-cast roof.
2.2 Longitudinal wall
When slight damage occurred to a longitudinal wall the cracks generally appeared at the
following locations:
(1) Inclined cracks appeared on the upper corners of door openings and the four corners of a
window opening, see Fig. 6(a) and (b).
(2) Cracks on the wall between the door and window. Horizontal cracks appeared on the
upper and lower levels of openings for doors and windows and usually changed into inclined
cracks at the ends of the wall [Fig. 6(c)]; inclined and X-shaped cracks appeared on walls
between windows [Fig. 6(d)].
(3) Horizontal cracks were below eaves.
(4) Horizontal cracks near the plinth usually appeared near the juncture of the plinth, which
was built with rubble, and the brick wall, see Fig. 6(e).
(5) The vertical cracks at the junctures of longitudinal and lateral walls or high and low walls
mostly occurred at the juncture of the longitudinal wall and the gable wall [Fig. 6(a)], or the
juncture of a high-low wall [Fig. 6(e)]. The inclined cracks at corners of the wall first appeared
on the upper part then developed downwards to connect with cracks at corners of windows and
formed blocks in a V-shape with the inclined cracks of a gable wall, and then made the corner of
the wall collapse.
(6) The vertical cracks at the lintels of doors and windows varied in many different shapes as
shown in Fig. 6(d).
When damage of a medium degree occurred on a longitudinal wall various types of cracks
grew in length and width and often connected with each other. Cracks were distributed over
most of the wall (Fig. 7); the wall inclined outwards or inwards, the maximum value of which
mostly occurred on the top part but could also occur on the middle part.

372

Severe damage to a longitudinal wall is shown in Figs. 8-10. Collapse of longitudinal walls
mostly occurred at the two ends. Figure 11 shows an example of damage to four workshops at
Zhaogezhuang Mine. The hoist house of the service shaft at Fangezhuang Mine (Photo 3) is
another example; both sides of the gable walls and the longitudinal wall collapsed but the roof
was saved from collapse because the trapezoidal wooden truss was supported on the counterfort
columns. Figure 12 shows a cylindrical shell roof with a brick wall that collapsed on one side
collapse was avoided because of the action of the counterfort columns.
2.3 Counterfort columns
Some counterfort columns are projected from the outside of the wall and some are projected
from the inside of the wall, or they are used concurrently as supporting columns for the crane
beam. Some of them projected from both sides of the wall.
In the case of slight damage to counterfort columns, horizontal cracks mostly appeared on the
upper and lower ends of the columns. In medium and severe damage cases brickwork at the
lower end of the columns was broken and peeled off; the peeled height ranged from several tens
of centimeters to one or two meters (for instance, the lower end of the counterfort columns in the
mine car repair shop of Fangezhuang Mine was peeled off for more than one meter). The
damage to counterfort columns projecting from both sides was more severe on the exterior face.
Another type of damage to counterfort columns was that horizontal cracks appeared on the
middle part. Some cracks occurred near the top surface level of the crane beam, some occurred
at the conjuncture of bond beams, and some at the lower part. These types of cracks made the
counterfort columns form a bulge.
Vertical cracks usually occurred where the counterfort columns supported the rafter or roof
truss.
2.4 Detached columns
Isolated columns were generally used as inside columns in storage shed buildings or
workshops. For slight or medium damage horizontal and vertical cracks usually appeared on the
upper and lower ends; for severe damage the masonry at the column heads was broken into
pieces and peeled off which usually occurred on the inside columns of a reinforced concrete
roof. Some column heads were sheared and displaced, see Photo 4. Some columns displaced at
the lower end, see Photo 5. When low walls were installed between detached columns in some
storage sheds, horizontal cracks appeared on columns near the top of low walls such as the brick
column in the equipment shed at Zhaogezhuang Mine.
2.5 Foundation of houses and basement walls
Except for liquefied sites and some special cases, the foundations for single-story brick
masonry workshops were basically good or only had slight damage. The damage to walls of the
basement and partially-exposed basement was also generally slight.
2.6 Roofs
2.6.1 Pitched roofs
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Slight cases of damage were usually shifted tiles, a few verge tiles fell off, or asbestos
cement sheet roofing that shifted and broke. For medium cases of damage the members
supporting panel joints were loosened; a slight visible inclination occurred on part of the roof
truss or a little displacement occurred on the roofing. For severe cases of damage some purloins
at end spans dropped off because the gable wall collapsed, and the roof partially collapsed. On
some roofs relatively severe displacement occurred, for instance, the roof truss of the hoist house
for the No. 1 shaft at Majiagou Mine inclined and the top part moved up as much as 250 mm, but
the roof still remained whole. For the most severe cases of damage the walls fell down,
buildings collapsed, and the roof dropped onto the ground.
2.6.2 Flat roofs
The damage to the cast-in-place reinforced concrete roof was generally slight. For medium
cases of damage the flat roof shifted a little and the brick masonry at the beam ends peeled off.
For severe cases of damage a part of the roof slab hung downward or fell due to collapse of the
gable wall. For some roofs relatively large displacements occurred as shown in Fig. 8; the roof
shifted 120 mm but there were no severe cracks in the roof beams and slabs. For the most severe
cases of damage the wall fell down and the buildings collapsed.
2.6.3 Skylights
The skylight for pitched roofs were generally formed by wooden or steel roof trusses, most
of which were only slightly damaged.
The reinforced concrete head type skylight supported by brick columns was mostly used for
flat roofs and most of these types of skylights collapsed. Quite often a building was classified as
medium damage but the skylight supported by brick columns had already collapsed. The usual
damage was that the brick columns were broken at the base and collapsed, such as at the fan
house of Jinggezhuang Mine.
2.7 Foundation for equipment
2.7.1 Foundation for winders
The foundation was generally cast with No. 100 concrete, a few were built with rough stone
or brick; individual ones were built with reinforced concrete. These foundations were basically
in good condition after the earthquake but there were cracks in the foundation for winders that
were on liquefied sites. For example, the cracks on the foundation for winders of the main shaft
at Fangezhung Mine were approximately 40 mm wide. Cracks occurred on the foundation of
winders for the service shaft; there were cracks on the lower part of the foundation for the bandtype brake and bolts were loosened; fractures appeared on the foundation of the ground-type
Koepe Winder for the main shaft at Lujiatuo Mine but all of these were relatively easy to repair.
2.7.2 Foundation for other equipment
The foundation for some mechanical equipment was slightly damaged. For instance, cracks
appeared at two places on the foundation for oil pumps, which were the auxiliary equipment for
the winder of the No. 1 shaft at Tangjiazhuang Mine, there was one crack on the foundation for
the stand-by hoisting magneto, and two cracks on the foundation for the air compressor. There
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was one crack and a displacement of 5-10 mm on the foundation for oil pumps, which were the
auxiliary equipment for the winder of the service shaft at Fangezhuang Mine, there was one
crack with a width of 3-5 mm on the foundation for the control power generator, and one 510 mm crack on the foundation of magneto station. Besides, some of the anchor bolts of
electrical equipment in the substation were damaged, e.g. the anchor bolts of three foundations
for supports of oil switches at the Majiagou Substation were pulled out. For some of the heavy
machine tools the foundations were built in sections and the long shaft of the machine tools were
bent resulting from the different subsidence of sections.
2.8 Ducts
Ducts for 20 fan houses with a cross-section of generally 3.0×4.0 m were surveyed. Five of
the ducts were concrete structures, 4 of which were basically in good condition and one was
slightly damaged. Fifteen ducts had brick masonry walls and reinforced concrete covers, 6 of
which were basically in good condition or were slightly damaged, one was severely damaged
and one collapsed. The damaged parts were mostly located at the corners turning to the
diffusion openings, including horizontal, vertical and inclined cracks.
2.9 Other parts
2.9.1 Lintels
Cracks were the main damage to brick lintels. When damage was severe to lintels with a flat
brick arch structure built with brick-on-end in running bond with no header bricks in block and
cross bond, the brickwork on the surface peeled off. For all the other types of brick lintels there
were few collapses.
2.9.2 Internal walls
The damage to internal walls was generally less severe than to external gable walls; collapse
of internal walls was less than exterior gable walls and the damage was mostly horizontal or
inclined cracks. The damage to lateral partition walls mainly consisted of inclined cracks and
vertical cracks at the connection to the external walls; several groups of crisscrossed inclined
cracks broke the internal walls into several pieces which were weakened at the end with the
collapse of the longitudinal walls.
Severe uneven subsidence of buildings occurred on liquefied sites, e.g. because of the uneven
subsidence the entire bulldozer house at Fangezhuang Mine inclined laterally and severe cracks
occurred on gable walls (see Photo 6).
3. Examples of Damage
3.1 Jinggezhuang Mine Substation (intensity IX)
3.1.1 Layout of the structure
The plan dimension was 40.00×10.00 m, Fig. 13(a); most of the building was one floor and
partly two floors. The transformer room, reactance room, and capacitor room were all arranged
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on one side [between axis (A)-(B)] of the bottom floor with relatively more lateral partition walls
on this side. The high voltage switch cabinet room was located on the other side [between axis
(B)-(C)] with no lateral partition walls on the whole length of this part. The main control room
was located on the second floor. The elevation of the bottom indoor floor was 1.200 m under
which was the cable trench. The foundation was on quaternary alluvial diluvium composed of
fine sand, clayey soil and silt inter-bedded with each other, which was not liquefied during the
earthquake. The foundation was a continuous rubble footing, the wall was built with No. 75
brick and No. 25 mortar, and the external and internal walls were 370 mm and 240 mm thick
respectively. The roof and floors were made of cast-in-place reinforced concrete. There was a
reinforced concrete bond beam above the window openings of the second floor that served as a
lintel, Figs. 14(a) and (b).
3.1.2 Damage
The wall at the four corners in the main control room which was located on the partially
projected second floor collapsed, the collapse at the corner on axes (1) (A) was most severe and
that on axes (1) (D) was less severe. The wall between two windows on the gable of axis (1)
collapsed [see Figs. 13(b) and (c) and Photos 7(a) and (b)]. There were horizontal and inclined
cracks on the remaining walls between the door and window openings and under the eaves. The
reinforced concrete bond beam above the window openings was broken due to the collapse of
brick walls at the corners but the cast-in-place reinforced concrete roof did not collapse.
Cracks going through the circumference appeared at the eaves level on the first floor. At
places where high windows were built there were cracks at the level of the top of the window
openings but did not occur at the floor level. For the wall on axis (A) collapse occurred for more
than 20 meters because the wall area covered by door and window openings was more than 50%
of the wall area and the connection for longitudinal and lateral walls was poor. The wall on axis
(D) inclined outwards. There were inclined cracks on the upper part of the gable wall on axis
(3), and horizontal cracks at the eaves level and the corner of the wall partially collapsed. On the
lower part of the gable wall on axis (1) inclined cracks appeared only on walls between window
openings. Crisscrossed inclined cracks were formed on the internal lateral partition wall, and
part of the wall was broken into triangular blocks and partly collapsed, see Fig. 14(e) and
Photo 7(c).
3.2 Hoist house of the No. 1 shaft at Majiagou Mine (intensity X)
3.2.1 Layout of the structure
The plan dimension was 26.20×17.78 m with a partially-exposed basement and the wall was
650 mm thick (the basement wall was 920 mm thick), which were all built with Kailuan
construction bricks with a grade higher than No. 150. A wooden truss, plank sheathing,
corrugated iron sheet roofing, a cast-in-place reinforced concrete floor and a steel door and
windows were used (see Fig. 15). The construction quality was fairly good and it was built in
the 1920's. The foundation was clayey soil.
3.2.2 Damage
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Most of the gable wall on the south side collapsed, the north side was severely damaged with
cracks appearing on both openings of the door and window and the wall space partially inclined
outwards. There were two horizontal cracks along the upper and lower levels of the window
openings on the longitudinal wall on axis (A), inclined cracks appeared on bays on both ends,
and horizontal cracks appeared on the eaves and at the level of the plinth wall. The longitudinal
wall on axis (B) presented triangular collapse partially on the upper end of axis (7), and there
were inclined cracks on the side of axis (1). The square wood truss inclined to the north for
about 250 mm with a displacement of the wooden purlins of about 50 mm. The steel doors and
windows became warped and deformed. The floor slab was cracked and slightly displaced at the
supports and some of the beams and slabs were split. There were very fine cracks on the
foundation for winders and the partially-exposed basement was basically in good condition.
The hoist houses for the No. 1, 2, and 3 shafts at Tangshan Mine, and the No. 1, 3, and 4
shafts at Zhaogezhuang Mine were similar. These buildings were all built before 1949 and noted
for their thick walls, high quality of materials and construction, especially the high grade of
mortar so even if the brickwork was severely cracked it did not collapse so the earthquake
damage was less severe.
3.3 Qibaihu fan house at Tangjiazhuang Mine (intensity IX)
3.3.1 Layout of the structure
As shown in Fig. 16, two fan houses with the same structure but with slightly different
dimensions were connected to each other; the plan dimension for the main part of the north fan
house was 9.00×10.90 m and the south fan house was 7.40×10.77 m, see Fig. 16(a). For both fan
houses a rubble footing, rubble plinth wall, 240 mm thick brick wall and a cast-in-place
reinforced concrete roof were used. The foundation was on Type II soil.
3.3.2 Damage
In the north fan house all the walls collapsed except for the wall on axis (3), and the cast-inplace reinforced concrete roof fell down, see Fig. 16(b). There were horizontal and inclined
cracks on the lower and upper part of the duct respectively, with a width of 10 mm and the
inclined, lateral and vertical cracks connected with each other (see Fig. 17).
The damage to the south fan house was less severe. There were horizontal cracks on the wall
under the eaves on axis (B), with cracks on four corners of the window opening was classified as
medium damage, see Fig. 16(b). The duct was damaged severely and partially collapsed.
3.4 Collar house of the service shaft at Jinggezhuang Mine (intensity IX)
3.4.1 Layout of the structure
The plan dimension for main the span was 10.00×25.00 m, Fig. 18(a). The foundation was
on alluvial diluvium, which is composed of interbedded clayey soil and fine sand, and it did not
liquefy during the earthquake. The foundation had a continuous rubble footing. The wall was
built with No. 75 brick and No. 25 mortar. The roof was made of cast-in-place reinforced
concrete. There were two reinforced concrete bond beams, one was also used as the lintel.
Reinforced concrete frames were installed for the two vehicle exit gates.
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3.4.2 Damage
The inclined cracks on the gable wall on axis (2) were crisscrossed with each other,
Fig. 18(b); the wall partially broke into pieces and fell down. There were horizontal cracks on
the upper end of the high window opening and inclined cracks at the corners of the window
opening on the longitudinal wall. The cracks were severe on the projected part of the vehicle
exits at both ends (see Fig. 19).
3.5 Air compressor room at Tangshan Mine (intensity XI)
This is an example of less severe damage that occurred in an extremely strong earthquake
area.
3.5.1 Layout of the structure
The plan dimension was 16.00×10.00 m. The foundation had a continuous rubble footing
with an inwards projecting counterfort column on the brick wall. A cast-in-place reinforced
concrete roof was used and there was a reinforced concrete bond beam on the upper end of the
window opening. The foundation was on Type II soil.
3.5.2 Damage
After the magnitude 7.8 earthquake damage fell into the category of slight damage, but
damage to other buildings in the area was extremely severe. After the magnitude 6.9 earthquake
the damage was increased mainly as follows: the wall above the reinforced concrete bond beam
was displaced outward at the corners on axis (1) (B) with a maximum displacement of 50 mm
and the wall at the corners on axis (2) (A) were displaced inwards. There were horizontal and
inclined cracks on lateral walls on the both sides. There were inclined cracks at window corners
on the wall on axis (A) with horizontal and vertical cracks on its upper part. The exterior
appearance was still in good condition (see Fig. 20).
(Translators: Zhou Yuzhen and Li Wenrong)
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Table 1. Statistics of damage to single-story brick masonry workshops at Kailuan Coal Mine.
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0

2

1

1

4

6

4

1

1

6

9

0

0

9

Set

50

0

0

28.6

16.7

50

100

50

66.7

50

100

66.7

60

0

0

42.9

%

Collapse

0

2

0

2

2

0

0

2

1

1

0

2

5

3

3

11

Set

0

66.7

0

28.6

33.3

0

0

16.7

16.7

50

0

22.2

33.3

100

100

52.4

%

Severe Damage

1

1

0

2

1

1

0

2

1

0

0

1

1

0

0

1

Set

25

33.3

0

28.6

16.7

50

0

16.7

16.6

0

0

11.1

6.7

0

0

4.7

%

Medium Damage

Clarification of Damage

1

0

0

1

2

0

0

2

0

0

0

0

0

0

0

0

Set

25

0

0

14.2

33.3

0

0

16.6

0

0

0

0

0

0

0

0

%

Slight Damage

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Set

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

%

Basically Intact

Table 2. Statistics of damage to hoist houses, substations, fan houses and shaft collar rooms at Kailuan Coal Mine.
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Photo 1. Collapse of the gable wall, hanging and bent
ring beams of the hoist house for the service shaft at
Jinggezhuang Mine.

Photo 2. Damage to the gable wall of the boiler room at
Jinggezhuang Mine.

Photo 3. The counterfort columns in the hoist house of
the service shaft at Fangezhuang Mine did not fall down.

Photo 4. The top part of the corner column in the
material shed at Tangshan Mine was sheared and
displaced.

Photo 5. The lower portion of the columns in the metal
material shed at Majiagou Mine were sheared and
displaced.

Photo 6. There were severe cracks on the gable wall of
the bulldozer house at Fangezhuang Mine.
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Photo 7a. A general picture of the substation at
Jinggezhuang Mine after the earthquake.

Photo 7b. Damage to the second floor of the substation
at Jinggezhuang Mine.

Photo 7c. Damage to wall on axis (A) of the substation
at Jinggezhuang Mine.
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Figure 1. A picture of cracks in gable walls.
(a) A workshop at Zhaogezhuang Mine; (b) Mechanical and electrical repair workshop at
Zhaogezhuang Mine; (c) Refrigeration room at Fangezhuang Mine; (d) Enamel Plant at
Zhaogezhuang Mine; (e) Hoist house of the No. 1 shaft at Zhaogezhuang Mine
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Figure 2. A picture of cracks in gable walls.
(a) Mine car repair workshop at Fangezhuang Mine; (b) Lixin forging workshop at
Zhaogezhuang Mine; (c) Warehouse at Zhaogezhuang Mine; (d, e) Boiler room at Zhaogezhuang
Mine

Figure 3. A picture of cracks and collapse of gable walls.
(a) Lixin forging workshop at Zhaogezhuang Mine; (b) Turning workshop at Zhaogezhuang
Mine; (c) Casting workshop at Zhaogezhuang Mine; (d) Equipment storehouse at
Zhaogezhuang Mine; (e) Hoist house of the No. 1 shaft at Zhaogezhuang Mine
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Figure 4. Damage to the gable wall of the riveting and supports workshop at Zhaogezhuang Mine.
(a) Gable wall on the side with no bond beams; (b) Gable wall on the side with bond beam

Figure 5. The damage to gable walls.
(a) Office of the Road Maintenance Section at Jinggezhuang Mine; (b) Garage at Zhaogezhuang Mine;
(c) Grease storehouse at Fangezhuang Mine; (d) 35kv substation at Zhaogezhuang Mine; (e) Grouting
pump room at Zhaogezhuang Mine

Figure 6. Cracks in longitudinal walls.
(a) Hoist house of the No. 1 shaft at Zhaogezhuang Mine; (b) Lamp room at Zhaogezhuang Mine; (c)
Dumper room for refuse pile at Jinggezhuang Mine; (d) Partial wall space of the refrigerator room at
Fangezhuang Mine; (e) Boiler room at Jinggezhuang Mine
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Figure 7. The damage to longitudinal walls.
(a) Hoist house of the No. 3 shaft at Majiagou Mine; (b)
Partial wall space of the boiler room at Zhaogezhuang Mine

Figure 8. Outward displacement occurred at many places on longitudinal walls of the bulldozer room, drill room
and oil depot at Fangezhuang Mine.
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Figure 9. Inward displacement at the sill level on the longitudinal wall in the mine car repair shop at Fangezhuang
Mine.

Figure 10. Displacement near the end of the
longitudinal wall in one workshop at Jinggezhuang
Mine.

Figure 11. The damage to longitudinal walls.
(a) Riveting and supports shop; (b) 35kv substation; (c) Grouting pump room; (d) Tool storehouse
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Figure 12. Damage to the material storehouse at Fangezhuang Mine.

Figure 13. Damage to the substation at Jinggezhuang Mine.
(a) Plan; (b) Wall on axis A; (c) Wall on axis D
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Figure 14. Damage to the substation at Jinggezhuang Mine.
(a) Cross section for the first floor; (b) Cross section for the second floor; (c) Gable
wall on axis 2, 3; (d) Gable walls on axis 1; (e) Internal lateral partition wall

Figure 15. Hoist house for the No. 1 shaft at Majiagou Mine.
(a) Plan; (b) Damage to longitudinal wall on axis A; (c) Damage to gable wall
on north side; (d) Damage to gable wall on south side
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Figure 16. Qibaihu fan house at Tangjiazhuang Mine.
(a) Plan; (b) Damage to wall on axis A

Figure 17. Cracks on dock wall of Qibaihu north fan house at Tangjiahzuang Mine.
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Figure 18. Collar house for service shaft at Jinggezhuang Mine.
(a) Plan; (b) Damage to gable wall on axis 2

Figure 19. Damage to collar house of the service shaft at Jinggezhuang Mine.
(a) Longitudinal walls on axis E, G; (b) Longitudinal walls on axis A, C
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Figure 20. Damage to the air compressor room at Tangshan Mine.
(a) Plan; (b) Wall space on axis A; (c) Wall space on axis 1; (d) Wall space on axis 2
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DAMAGE TO THE COAL PREPARATION PLANT AT THE
TANGSHAN MINE IN THE KAILUAN COAL MINE AREA
Wang Dehua*

The Tangshan Coal Mine, the oldest large-scale coal mine in the Kailuan Coal Mine area,
was located in the center part of Tangshan City, which was approximately 2 km away from the
epicenter.
The Coal Preparation Plant of the Tangshan Mine (hereinafter referred to as the coal
preparation plant) was situated in the northeastern part of the industrial site of the Tangshan
Mine and was a large plant with an annual capacity of 1.8 million tons of clean coal. The large
multi-story plant buildings were composed of the main washing shop, the froth floatation shop
and other auxiliary structures with corridors connecting the shops.
This coal preparation plant was constructed in 1973 and no aseismic measures were
considered in the original design. Therefore, in the Tangshan earthquake the main structure of
the coal preparation plant was seriously damaged and the auxiliary structures such as the settling
tower supported by a brick column, and corridors for conveyors belts almost collapsed. After
the earthquake the main workshop was under construction for one year and then put back into
use.
1. Engineering Characteristics
1.1 Site condition
After the earthquake an engineering geological exploration was performed for the site
foundation of the coal preparation plant (Figs. 1 and 2). It was proved that the site area was
higher in the north and lower in the south and could be divided into two parts: Part (I) and Part
(II). Part (I) was a base rock area with a gentle slope and consisted of weathered rock as well as
surface clayey soil. Part (II) was an alluvial plain with an even surface composed of Quaternary
alluvium, clayey soil and fine sand mainly where the coal preparation plant was located.
Figure 2 is a geological section drawing across Part (I) and Part (II). The exploration showed
that the soil layer in this area consisted of sandy clay, light loam, fine sand and coarse sand
which were deposited along the river valley on the Permian sedimentary rock layer by a surface
stream. The characteristics of the bearing layer of the foundation are shown in Table 1; it was
ranked as Grade II site soil.
There was underground water between the light loam layer and the fine sand, the level of
which was 5 m under the surface.

* Shenyang Coal Mine Design and Research Institute
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1.2 Structural layout of the main workshop
The main workshop was a framed structure with an irregular shape, multi-span and multistory with different heights (Fig. 3) it was a poured-in-place reinforced concrete structure with a
240 mm brick enclosing wall outside. The concrete grade used for the frame was as follows:
No. 150 for the foundation and No. 200 for the beams, plates and columns. After the earthquake
it was indicated by a real test that the concrete grades were lower, No. 184 in average. The main
structure was constructed in the winter and the axis (D) frame was given a secondary pouring to
increase the strength.
The columns of the workshop were all 600×600 mm, except for the 800×800 mm-(D)
columns on axis (B).
The major loads on the frame were crushers, washers, vibrating screens, conveyor belts,
cranes and tool rooms, et al installed on various floors. In addition, at the 18.500 m level of axis
(B)-(C) a line of reinforced concrete buffer coal hoppers were hung; at the 4.00 m level between
axis (C)-(D) and axis (2)-(3) a reinforced concrete bunker was equipped; and at the 21.80 m
level on the top floor there was a reinforced concrete clean water pond on one side.
The buried depth of the foundation was –3.9 m and the allowable bearing capacity was
2 kg/cm2.
1.3 Structural layout of the froth floatation shop
The floatation shop was a regular frame structure in plan and elevation with multi-spans and
multi-stories From the point of view of an earthquake proof structure some unsuitable factors
such as staggered layers, open spans, unbalanced loading, etc., also existed. The plane
dimension of this shop was 45×21 m as shown in Fig. 4.
The poured-in-place reinforced concrete structure was adopted for this shop and a veneered
brick wall 240 mm thick was used as an enclosure. The grades of concrete used were No. 150
for the foundation and No. 200 for beams, plates and columns. But after the earthquake it was
indicated by a real test that the grade of concrete used was higher than No. 200 in average. The
sectional dimensions of the columns were 700×700 mm for the side columns; 600×600 mm for
the corner columns; 800×800 mm for the interior columns; most of the junior beams were
continuous.
The major loading on the frame was from the larger floatation machines seated on the two
floors with levels of 4.300 m and 11.000 m respectively. In span (A)-(B) on axis (6), (7), a
pendulum hopper was hung at a level of 11.000 m. Loading tracks were laid on the bottom floor
of span (A)-(B). No equipment load was arranged on the second floor, elevation of 4.300 m.
Therefore, the part below the level of 11.000 m of this span was an empty frame.
The buried depth was -3.9 m and the allowable bearing capacity was 2 kg/cm2.
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2. Damage
The Tangshan Coal Preparation Plant was located just at the edge of the epicenter area where
the intensity reached XI on the scale. A lot of buildings collapsed in the area near the plant,
however, the main structure of the plant was only seriously damaged.
After the earthquake no obvious ground fissures, water eruption, sand boils and foundation
subsidence was found at the site. Most foundations at the plant were laid on a clayey soil layer
5-6 m under the ground surface. For the main structure of the workshop no damage to the
foundation was found due to soil failure.
The damage to the frame structure mainly occurred at the ends of beams and columns near
the frame joints. The damage distribution and general damage rate are shown in Table 2. The
projecting small rooms, rain canopy and outside sediment tower of the collapsed top floor and
the destroyed equipment foundation are not included in Table 2.
The brick enclosing wall of the main washing shop was damaged more seriously than the
veneered brick filling wall of the floatation shop; mainly crossed shear cracks appeared on the
wall between windows. The veneered wall of the floatation shop was basically in good
condition, larger cracks were only found on the wall of the staircase, et al. The beam supporting
the brick wall of the floatation shop was damaged more seriously than the side frame beam not
supporting a brick wall.
2.1 Main washing workshop
Due to the complicated shape of the main workshop, the damage distribution and damage
pattern were also more complicated. Damage to the joints of the T-shaped beam was more
serious than that to the joints of the crossbeam. It was found that most of the joints at the ends of
the top floor columns of all frames were damaged. In general, the damage was serious in the
upper part and slight in the lower part, which was shown on axis (D) and on axis (B). In
addition, it was also obvious on axes (E), (F). The statistical results of damage to frame
members are listed in Table 3.
Photos 2-10 indicate the bend-shaped damage to the frame of the main workshop.
2.2 Floatation shop
The earthquake damage to the floatation shop was mainly distributed in the middle part and
bottom part of the frames on axes (5), (6), and (7). Damage to the frame on axis (6) was the
most serious. Lantern-shape damage to reinforcing bars at the ends of the columns near the
joints resulted in uneven subsidence of the floors. The statistical results of the damage to frame
members are listed in Table 4. Photos 11-15 show some typical damage records.
(Translator: Li Wenying)

395

Table 1. Characteristics of the bearing layers of foundations.

Order

Number
of Layer

Maximum
Thickness
(m)

Minimum
Thickness
(m)

1

(7)

6

1

2

(II-5)

1.8

0.9

clayey soil

3

(II-4)

2.2

1.1

fine sand or light loam

4

(II-3)

4.2

1.2

clayey soil

2.5-3

5

(2)

3.1

0.3

clayey soil

3

6

(1)

--

--

weathered sandy stone shale,
sandy shale

3

Allowable Bearing
Capacity (kg/cm2)

Description
manually back-filling

-2-2.8
2-3

Table 2. Statistics of damage to frame members on every axis of the coal preparation plant.

Main Shop

No. of
Damaged
Members

Axis (1)

Floatation Shop

No. of
Damaged
Members

9

Axis (1)

19

Axis (2)

40

Axis (2)

9

Axis (3)

51

Axis (3)

23

Axis (4)

58

Axis (4)

17

Axis (5)

47

Axis (5)

20

Axis (6)

48

Axis (6)

46

Axis (7)

27

Total

161

Total

Total
Members

363

253

Total Damage Rate

70%

Total
Members

271

Total Damage Rate

59%

Table 3. Statistics of damage to frame members of the main shop.
Second

Third

Fourth

Top

Total by
Axes

(A)

2

13

20

11

46

(B)

1

9

30

24

64

3

24

17

45

13

27

21

8

69

Floor Axis

(C)

Bottom

1

(D)
(E)

5

12

5

22

(F)

3

3

1

7

Total by
Floors

9

31

58

95

60
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Table 4. Statistics of damage to frame members of the floatation shop.
Third

Fourth

Top

Total by
Axes

4

19

Floor Axis

Bottom

Second

(1)

10

5

(2)

9

(3)

14

9

23

(4)

12

5

17

(5)

16

(6)

14

9

(7)

10

17

Total by
Floors

85

45

9

20

4

20

3

46
27

20

11
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Photo 1. The coal preparation plant after the earthquake.

Photo 2. Damage at the upper end of the column on the
bottom floor of axis (4)-(B) of the main shop.

Photo 3. Damage at the upper end of the column on the
bottom floor of axis (5)-(E) of the main shop.

Photo 4. Damage at the upper end of the column on the
second floor of axis (3)-(D) of the main shop.

Photo 5. Damage to the joint between the beam and
column at a level of 5.00 m.

Photo 6. Damage to the eaves at a level of 18.275 m at
axis (2)-(D) of the main shop.
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Photo 7. Damage to the joint between the beam and
column at a level of 18.500 m at axis (5)-(B) of the main
shop.

Photo 8. Damage to the column base on the second
floor at axis (2)-(D).

Photo 9. Damage to the column base on the 5th floor at
axis (2)-(A).

Photo 10. Damage to the frame beam at a level of
16.500 m of span (A)-(B) at axis (4).

Photo 11. Collapse of a small projecting room at the level above 15.100 m at
axis (6)-(7) of the floatation shop.
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Photo 12. Damage to the frame beam of span (A)-(B) at a level of
11.000 m at axis (6) of the floatation shop.

Photo 13. Damage at the upper end of the column on the
bottom floor at axis (4)-(B) of the floatation shop.

Photo 14. Damage at the upper end of the column on the
bottom floor at axis (6)-(B) of the floatation shop.

Photo 15. Damage to the connecting joints between columns on the
3rd floor and refuse bunker at axis (6)-(B) of the floatation shop.
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Figure 1. Supplemental drilling hole arrangement for
engineering geological exporation.

Figure 2. A-A geological section.
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Figure 3. Structural sketches of the main shop.

Figure 4. Structural sketches of the froth floatation shop (elevation: 4.300m)
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DAMAGE TO SINGLE-STORY MILL BUILDINGS
OF THE METALLURGICAL INDUSTRY1
Ding Zukan and Zhang Xiguang2

I. General Description of the Structure
Tangshan and Tianjin are the cities where all the metallurgical enterprises were centralized.
In Tangshan City there was a medium-sized Iron and Steel Company which was situated at the
foot of Jiajiashan Hill northeast of Tangshan City. The total area of the single-story mill
buildings was about 2,000,000 m. The seismic intensity at the plant site was X.
The metallurgical enterprises of Tianjin City included the steel-making plant, the rolling mill
and the non-ferrous metal works, etc. most of which were situated on both banks of the Haihe
River in Hedong District of Tianjin. Some workshops were in Beicang District and other
districts. The total area of the single-story mill buildings was about 500,000 m2. The seismic
intensity in the region of the plants and works was VII.
Both the Tangshan and Tianjin metallurgical enterprises were built in the early forties and
their production scale was small at that time. Their expansion was started in the early fifties, but
most of the workshops were built in the sixties or later on. The majority of the main mill
buildings built in the early forties and fifties had steel roof trusses (with corrugated iron roofing)
and a R.C. column structure. Most of the auxiliary mill buildings were brick and wood
structures (with clay tile roofing). Some had asbestos tile roofing and a light steel structure. The
majority of the main buildings built in the sixties or later were reinforced concrete structures and
a minority of them were steel structures or steel and R.C. combined structures; the auxiliary mill
buildings were usually R.C. structures and some were R.C. and brick-wall combined structures.
Some of the buildings built during this period had a heavy roof (prefabricated R.C. roof slab).
The exterior walls of the main mill buildings were mostly self-bearing brick walls, a few of them
had R.C. wall panels. For internal small rooms or exterior penthouses brick bearing walls were
mostly used. The majority of the buildings had a longitudinal skylight (Fig. 1), but a few used a
transverse skylight (Fig. 2). In the steel-making and rolling workshops, parts of the columns
along some longitudinal rows were often eliminated to form large column spacings to meet the
requirements of the production process. At that time, for a 18 m, or over, long lateral truss and
crane girder (Fig. 3) a steel structure was usually used while for one 12 m long a steel structure
or R.C. structure was used. For the workshops built mainly with a R.C. structure, some steel
elements (such as a steel skylight, roof truss and lateral truss, etc.) were also adopted in the high
temperature region.

1 Participants in the investigation: Ding Zukan, Zhang Xiguang, Peng Qizheng, Liu Mingjun,

Zeng Xiangfu, Guan Tianxu and Wang Lanting
2 Beijing Central Engineering and Research Institute of the Iron and Steel Industry
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II. General Description of Damage
No earthquake resistant measures were considered during the building of both the Tangshan
and Tianjin steel companies. When the earthquake took place damage occurred in varying
degrees.
(I) Tangshan Iron and Steel Company
Part of the plant area was situated on the step II terrace of the Douhe River. The subsoil was
better there and the No. 3 rolling plant, the medium sized rolling plant, the metal working shop
and oxygen station, etc. were built there.
Other parts of the plant area were situated on the step I terrace which had poorer subsoil,
where there was a clayey soil that was close to a silt layer. In 2-4 m depth below the ground
surface in some zones there was a layer of saturated loose fine and silty sand. Below 4 m was 45 m of thick silty clay. The liquefiable soil stratum was certified by the standard
penetration test. Situated in this area was the ironworks, the No. 1 steel plant, the No. 2 steel
plant, the No. 1 rolling plant and the No. 2 rolling plant.
At the Tangshan Iron and Steel Company there were 137 single-story mill buildings with an
area about 80% of the total area of the industrial buildings. The earthquake damage is shown in
Table 1 according to classification of the structural material. The earthquake damage to the mill
buildings of various structural types is also shown in Table 1.
1. All-steel structure buildings with light roofing
In the forties and in the early fifties composit structures of light roofing and light steel
sections was built. The bracing systems were complete. Buildings of this type suffered the
lightest earthquake damage. Their main structure elements were in good condition or had only
slight damage. The bracing systems were damaged to different degrees. But some walls
collapsed because the connection of the walls to the columns was not strong enough.
2. Light roof buildings with steel trusses and R.C. columns
Most of these buildings were built in the forties and in the early fifties when the grade of
concrete used for columns was lower (150 kg/cm2 or lower). With the exception of cracks or
moderate damage to columns, the other earthquake damage was similar to that of the all-steel
structure buildings.
3. Heavy roof buildings with steel trusses and R.C. columns
These buildings were built in the late fifties to the seventies. The bracing system for the
roofs of these buildings was complete (Fig. 4). The bracing between columns was with or
without top column bracing, but lower column bracing was usually stronger because it had to
resist the longitudinal braking force from the overhead crane. The earthquake damage to these
buildings was slight. A few of the pre-cast R.C. roof panels slipped due to failure of the welded
connections between the panels and the roof trusses (only few eave fascias fell); and some roof
and column bracings were damaged or destroyed. A few of the columns were cracked or
damaged. The brick enclosing walls were severely destroyed or collapsed. However, the pre-
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cast R.C. wall panels used in some mill buildings were only slightly damaged. The extension of
the No. 2 steel plant built in the seventies (Fig. 5) was this type of building. The extension area
was 12,800 m2. With the exception of the converter bay consisting of multistory frames, the
remaining bays were single-story buildings (the platform was built in the loading bay). The roof
trusses, crane girders and the top rigid frame of the converter bay were steel structures. The
columns and frames of the converter bay were R.C. structures. The roof consisted of 1.5×6 m
pre-cast R.C. roof panels. This building was basically intact even though it had undergone
strong intensity X shaking (Photo 1).
4. R.C. structure buildings
The roof bracing system of these buildings (Fig. 6) was not as complete as that of the abovementioned buildings. Transverse bracing was not erected for the frames of the skylight or the
top chords of the roof trusses. The vertical bracing at the ends of the trapezoid truss were
dominantly R.C. open web trusses. Transverse bracings were usually erected for the bottom
chords of the roof trusses. Longitudinal bracing of the bottom chords of the roof trusses were
erected for some buildings (when the overhead crane in the workshop was heavy duty with a
large hoisting capacity or when one or two columns along some longitudinal rows were
eliminated to form large column spacing). Usually, the lower column bracings were installed,
but weather or not upper column bracing was installed depended on column height. The
earthquake damage to these buildings was severe. Longitudinal collapse or severe longitudinal
inclination of the skylight frames, and longitudinal collapse of the roof truss (or roof girders)
occurred (some collapsed transversely). Severe cracking or damage occurred at the top of a
column or that part of a column within the crane girder height as well as near the bottom of the
lower part of the column. Collapse of the roofs and severe destruction of the main structure was
sustained by 1/4 of these buildings. Most of the brick enclosing walls were severely damaged or
collapsed.
5. Single-story brick buildings
These brick bearing wall buildings were used for power facilities such as the air compressor
station, pump station, central step-down substation, and transformer room attached to a
workshop, etc. One-half of such brick buildings with heavy roofs collapsed. As for brick
buildings with light roofs, only 1/5 of them collapsed.
(II) Tianjin metallurgical enterprises
Most of the works of the Tianjin metallurgical enterprises were situated near to the old
course of the Haihe River or in the location of the river cove in Hedong District. There was a
flood deposit area with weak geological conditions. The spreading of the soil for the plate
rolling plant was as follows:
Stratum I: The artificial soil (KC) was a yellowish-brown variegated clayey soil containing
broken bricks, tiles and slag, etc. with poor homogeneity.
Stratum II: New accumulation of strata (Q4) among which clayey soil occupied the place and
clay came second, it was yellowish-brown containing iron oxide, wet to very wet with high
plasticity to medium plasticity.
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Stratum III: Newly accumulated alluvial-lacustrine deposit stratum (Q4) consisting of sandy
silt and clayey soil, gray-brown, containing organic material, saturated with a high to very high
plasticity. The sandy silt was a source of liquefaction during the earthquake.
Stratum IV: The marine deposit stratum of the Holocene series of the Quaternary system (Q4)
was a gray-brown clayey soil containing organic substances and shells; wet to very wet with a
high to very high plasticity. There was no liquefaction in this layer.
Stratum V: Neopleistocene alluvial clayey soil stratum of the Quaternary system (Q3),
yellowish-brown to yellow-green containing iron oxide, wet with a medium plasticity to very
low plasticity, compact and stable soil, with no liquefaction in this layer.
The severe liquefaction in this area during the earthquake caused various earthquake damage
such as column inclination, wall cracking, roof collapse, etc. For example, the area of the
Tianjin plate rolling plant occupied 13.1 hectares and had 3,000 or more sandboils and
waterspouts, , i.e. 23 sand vents per hectare. The total sandboil volume was estimated at over
200 m3. The slab storage of this plant was an open air loading bridge type and the ground was
severely liquefied. The columns mostly inclined into the loading bridge (a few of them inclined
outside), which reduced the gauge of the cranes on top of the column a maximum of 42 cm.
Liquefaction in the area of the No. 3 steel plant was also severe and after the earthquake the
columns of the main building settled and inclined to some extent. After the earthquake the
ground fissure belt parallel to the old course of the Haihe River where the metallurgical repair
and spare parts plants were situated passed through the south plant area. The floor and walls of
the buildings of the boiler, wood model shop, dining room, etc., where the ground fissure passed
through cracked severely. A portion of the wood model shop toof (single-story brick-wood
structure) fell. But the geological condition in the Beicang area was rather good.
The classification statistics of damage to single-story buildings of 52 metallurgical
enterprises in Tianjin are shown in Table 2.
The main buildings of the Tianjin metallurgical enterprises, which were all-steel structures
with either light roofing (for example, the open hearth furnace shop of the No. 1 steel plant and
the medium rolling shop of the No. 4 rolling plant) or with heavy roofing (for example, the
striping shop of the No. 2 steel plant and the blooming shop of the No. 4 rolling plant) were in
good condition for main structures. Usually there was only such damage as cracking of the
welded seam in the joints of the roof bracing system or bending of the bracing members and
slipping of a few pre-cast R.C. roof panels.
Damage caused by the earthquake to main building structures of steel and R.C. combined
construction (for example, a part of sections of the main building of the No. 2 steel plant,
reheating furnace shop of the plate rolling plant, and soaking pit shop of the blooming plant) was
not severe. Usually the bracing system (including roof bracing and bracing between columns)
was damaged to some extent; between columns suffered most damage.
R.C. structures formed a major portion of the Tianjin metallurgical enterprises (e.g. No. 3
steel plant, blooming plant, plate rolling plant, refractory material plant, metal product plant,
metallurgical repair and spare parts plant, No. 2 steel plant, etc.). The spans of these buildings
were usually great (21-33 m). Bracing systems were installed for their roofs. This type of
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structure was also used for auxiliary buildings with spans of 15-18 m, but their roof bracing
system was weak. For example, the vertical bracings at the truss ends were erected for R.C.
trapezoid trusses with a span of 18 m for the mechanical repairing workshop of the No. 2 steel
plant, but only the ends of the buildings and their connection with trusses were weak (only 2 φ16
bolts per connection joint). Bracing between columns was erected for these R.C. structures. The
severe earthquake damage to these buildings was demonstrated mainly by cracking of some
members of skylight frames; cracking, even fracturing of "null force members" for the upper
chord of the trapezoid roof truss; horizontal or inclined cracking and other damage to columns;
cracking or local crushing of column brackets supporting low bay roofs; slipping of the pre-cast
R.C. roof panels or cracking of their longitudinal ribs; smashing of low bay roof panels from
falling off high bay suspended walls; pulling out of the connection joints as well as bending of
the members of the bracing system for the skylight frame, roof truss and column, etc. Roofs
collapsed in some shops (e.g. mechanical repairing shop of the No. 2 steel plant, transitional bay
of the main building of the No. 2 steel plant).
The majority of brick enclosing walls for the above-mentioned buildings collapsed during the
earthquake because of poor connection to columns, so they damaged equipment and roofs of the
adjacent penthouse and injured or killed persons. Some single-story auxiliary houses and
individual production plant buildings were reinforced concrete and masonry construction (brick
bearing column and brick bearing wall), of which the walls were cracked and destroyed locally
without collapse.
III. Some Examples of Damage
(I) No. 2 rolling plant of the Tangshan Iron and Steel Company
1. Arrangement of the buildings
This plant was situated on the step I terrace of the Douhe River. Before construction of the
plant there was a large pit resulting from excavating sand with various depth of 2-4 m where
surface water was accumulated in the rainy season. Then it was back-filled with waste slag,
cinders, etc. to be a flat plant site. The buried depth of the No. 2 rolling plant foundation was 2-3
m and it was situated on the pit. The geological profile is shown in Fig. 7.
The buildings at the plant were composed of two bays of the same height and the span of
each bay was 18 m. On the south side a group of penthouses was built with various heights and
spans (Fig. 8). Their transverse partitions were built close to external side walls of the (A) row
of the mill building. Afterwards, two new buildings with spans of 21 m (axis (1)-(11)) and 24 m
(axis (15)-(38)) were built on the northern side of the plant. A transitional bay was built between
the old and new buildings. At the eastern end the old building was expanded from axis (32) to
axis (38) with a transverse sunken-type skylight. Steel roof trusses were used for all the new
buildings and in the transitional bay transverse steel beams 3.4 m long were supported on the
columns of the new and old buildings. Steel crane girders were used for long column spacing of
18 m and 12 m. The rest of the main structures, both new and old buildings, were R.C.
structures (of which an arched truss with top chord of R.C. and bottom chord of the steel were
used for the 18 m bay in axis (1)-(32)). A shortcoming in the arrangement was that the
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transverse temperature expansion joint for the new 24 m building was not aligned with that of
the old building.
2. Damage
The upper parts of 15 columns were fractured or broken adjacent to the top face of the crane
girders (Photo 2), mainly at places where the penthouses were in the (A) row. The lower parts of
21 columns in the (B) row cracked horizontally or were broken within 1.5 m of the ground. The
concrete of the upper parts of two columns in the (B) row at the top face of the crane girders was
crushed (Fig. 8(e)). The upper parts of 19 columns in the (C) row were damaged somewhat
similar to those in the (A) row columns. The column capital in axis (16) was split (Fig. 8(d)).
Many columns adjacent to the expansion joints on axis (32) of AB, BC bays were staggered
(Photo 3). The tracks of the crane girders were sheared and staggered at axis (32). Three trusses
at axes (30)-(32) of the BC bay were pulled away transversely and one end fell down to the crane
girder (Photo 4, and Fig. 8(f)).
The brick chimney near (D) row of axis (11) collapsed to the southwest and smashed two
trusses on axes (10), (11) and the skylight frame of axis (11) as well as the roof panels (Photo 5)
were destroyed.
The walls of the main motor room in the penthouses on the southern side cracked severely
and other penthouses 1-4 all collapsed (Fig. 8(a) and Photo 6). Most of the small rooms in the
mill buildings collapsed or were severely damaged (Photo 7).
The connection of the steel beam of the transitional bay between the new and old buildings is
shown in Fig. 8(c). They were connected with steel angles and anchor bolts to the old building.
During the earthquake the bolts were broken, the angles slid, and the beam fell down. The steel
beam and the roofs (10 of 23 bays) of the transitional bay on axes (15-38) fell down (Photo 8).
(II) Medium section rolling plant of the Tangshan Iron and Steel Company
1. Arrangement of the building structures
The medium section rolling plant was composed of multi-span and single-story buildings that
were built in the late fifties. The plan and elevation were complex (Fig. 9(a)). The lower part of
the step column had two separate legs with horizontal web members. The upper part of the
column had a rectangular section. The lower column bracing was erected for each column row
between the expansion joints, but the upper column bracing was not erected. The roof trusses
(span 24 m) were R.C. (grade 300) trapezoid trusses. The R.C. open web trusses (C of Fig. 9(b))
were used as vertical end bracings of the roof trusses along each row of the building. They were
not erected for each pair of roof trusses, but were only located at both ends and middle of each
expansion zone. For the other column spaces there were erected R.C. ties. The horizontal
bracings were not erected for the top chord of the roof trusses. However, transverse horizontal
bracing was erected for each of the bottom chords of the roof trusses at both ends of each
expansion zone; and longitudinal horizontal bracing was erected for the bottom chords of other
roof trusses. The full-length steel ties were erected at the center of the bottom chords of the roof
trusses and at the centers of the top chords of the skylight frames.
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9 m Π type R.C. skylight frames were used. However, there was no skylight at each end of
the expansion zones. The vertical steel X-bracing was erected at both end skylights in each
expansion zone. The vertically placed R.C. side panels along the full length were welded with
the skylight frames. The wind frame was erected 4.5 m from the skylight and R.C. posts, ties
and purlins were used. The asbestos tiles were placed on the purlins for the wind plates.
The 12 m lateral trusses and 6 m and 12 m crane girders were R.C. and the 18 m lateral
trusses and crane girders were steel structures.
The roofing was 1.5×6 m pre-cast R.C panels. The plant was situated on the step II terrace of
the Douhe River; the site soil was grade II.
2. Damage
The damage to column rows are shown in Table 3.
The roof over 3 column spans on axes (19)-(22) in the main motor room collapsed, related
columns fractured, the column capitals broke and the penthouses attached to the outside of the
main motor room (distribution board room) completely collapsed (Photo 9).
The section of the lower part of the column in row (B) at axis (49) was enlarged during the
construction for some reason so its rigidity was more than other columns. As a result, the top of
the upper part of the column was split, the concrete at that part of the column (where the steel
lateral truss was supported) peeled off in a wedge form, the stirrups broke, the longitudinal
reinforcement bar bent (Photo 10), the steel lateral truss fell so its bottom chord was supported
by the brake truss of the steel crane girder; therefore the roof settled 63 cm supported by the
lateral truss but did not collapse. The 22 steel inserts in the skylight frames connecting to the
vertical X-bracings were loose or pulled out. There were 13 horizontal cracks on the posts of the
skylight frames above the side panels near (D) row.
The skylight frames and end wall plate of AB, BC bays from axes (48)-(56) inclined due to a
63 cm settlement of the roof in axis (49) of the (B) row.
There was other damage to the R.C. roof trusses such as cracks at the connection of the web
to chords, breaking at the bearings, and cracking of the inclined end members. The concrete at
the rib bearing of the R.C. roof panels was broken at 42 locations. The positions where these
earthquake damages occurred were situated mainly in ribs of the second roof panels from the
column row or just at the column row.
The tie beam in the eastern gable wall was not connected with the column so the whole gable
wall fell. The longitudinal walls on two sides of the building above the column tops fell in mass.
X-cracks occurred on the wall.
The new 2,016 m2 buildings in axes (56)-(63) had steel trusses and well-type skylights. The
buckling of members in the horizontal bracing at the bottom chord of the roof truss was observed
in two locations and the buckling of the tie at the top chord occurred in one location. No
earthquake damage was discovered in other positions.
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(III) Tianjin No. 2 steel plant
1. Arrangement of the building structures
The area of the No. 2 steel plant was about 25,000 m2 (Fig. 10(a)). The AB bay and CD bay
was a R.C. high-low span bent structure that was built in 1958. The side blown converter steelmaking plant buildings were single-story steel structures (Fig. 10(b), EG bay) built in 1969. The
top blown converter steel-making plant buildings were multi-story steel structures (Fig. 10(c).
EF bay) built in 1966 and 1975 respectively.
The distances between the new steel structure buildings and the R.C. structure buildings were
7 m and 8 m respectively. They were connected with light steel structures as a transitional bay.
Trapezoid steel trusses were used for the roof of the transitional bay, one end of which was
welded to the steel columns of the new building and the other end was connected to the end
vertical members of the R.C. roof trusses of the old building. On the roofs of the transitional bay
a 3 mm thick steel plate was supported on steel purlins and a gutter was formed at the side of the
old building. Brick walls were used for the old building and pre-cast R.C. panels were used for
the new building.
The No. 2 steel plant was situated on the overflow deposit zone of the old course of the
Haihe River. The underground water level is usually 0.6-1.6 m below the ground surface.
Within the range of the subsoil bearing layer there is a saturated loose clayey-silt (the standard
penetration resistance value N63.5 is 2-7 usually) which is a liquefyable soil stratum. The
thickness and buried depth of this soil stratum varied over the plant area. Other soil strata are
clayey soil, clay and silty soil respectively. According to the engineering geological drilling
data, the plant site belongs to grade III soil.
2. Damage
Almost the entire roof of the transitional bay between the old and new buildings fell and
broke the end vertical member of the R.C. roof truss, the pre-cast R.C. roof panel connected to
the gutter was pulled down (Photo 11).
The suspended walls of the high-low bay of the old building fell and smashed the roof panels
of the low bay. The wall panels at the end of the top blown converter building slipped and fell
down on the crane girders of the side-blown converter building. Because some X-bracing
between the columns of the top blown converter building was welded directly to the web of the I
columns without stiffener later so the web of the steel column cracked there. (Photo 12).
There were horizontal cracks of varying degrees at the bottom of the column for a part of the
R.C. columns in AB and CD bay and for columns of the (A) row were more severe.
(Translators: Zhou Yimin, Ding Zukan)
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Table 1. Statistics of damage to single-story mill buildings of the
Tangshan Iron and Steel Company.
Structural Material
Type of
Building

Severe

Moderate

Slight

Intact

Truss

Roofing

steel

steel,
wood

corrugated
iron,
asbestos
tile

3.67

--

--

0.34/9.3

1.67/45.6

1.66/45.1

R.C.

steel,
wood

corrugated
iron,
asbestos
tile

2.08

--

--

0.46/22.2

1.39/66.7

0.23/11.1

R.C.

steel

R.C.

4.68

0.04/0.8

--

0.43/9.2

4.01/85.7

0.20/4.3

R.C.

R.C.

R.C.

4.06

0.58/14.3

0.36/8.9

1.95/47.9

0.86/21.2

0.31/7.7

open air/loading
bridge

1.45

--

--

0.97/67

0.18/12.5

0.30/20.5

Total

12.27

0.62/5.0

0.36/2.9

3.81/31.1

6.44/52.5

1.04/8.5

R.C.

brick
buildings

Collapse

Column

steel
building

R.C.
buildings

Damage Degree (ten thousand m2/%)

Building
Area (ten
thousand
m2)

brick

steel,
wood

corrugated
iron, asbestos
tile, cement
tile

2.46

0.50/20.3

0.40/16.3

0.54/22

0.31/12.4

0.71/29

brick

steel

R.C.

0.310

0.099/32

0.093/29.9

0.082/26.3

0.014/4.7

0.022/7.1

brick

R.C.

R.C.

0.316

0.167/53.1

0.013/4.0

0.021/6.6

0.031/9.7

0.084/26.6

3.086

0.766/24.8

0.506/16.4

0.643/20.9

0.355/11.5

0.816/26.4

19.026

1.386/7.3

0.866/0.5

4.793/25.2

8.465/44.5

3.516/18.5

Total
Grand Total
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Table 2. Statistics of damage to single-story mill buildings
of the Tianjin metallurgical enterprises.

No.

Name

Degree of Damage (104 m2/%)

Building
Aea
(104 m2)

Collapse

Severe

Moderate

Slight

Intact

1

No. 1 steel plant

2.00

---

0.11/5.5

0.82/41.0

0.17/8.5

0.90/45.0

2

No. 2 steel plant

5.01

0.18/3.6

2.30/45.9

0.61/12.2

1.10/21.9

0.82/16.4

3

No. 3 steel plant

2.00

---

---

1.0/55.0

0.50/25.0

0.40/20.0

4

Ferroalloy plant

1.00

---

0.30/30.0

0.31/31.0

0.29/29.0

0.10/10.0

5

Blooming plant

2.80

---

0.25/8.9

0.70/25.0

1.10/39.3

0.75/26.8

6

Plate rolling plant

2.30

---

1.60/69.6

0.16/6.9

0.40/17.4

0.14/6.1

7

No. 1 rolling plant

3.10

---

0.29/9.4

1.07/34.5

1.34/43.2

0.40/12.9

8

No. 2 rolling plant

1.80

---

---

0.26/14.5

0.80/44.4

0.74/41.1

9

No. 3 rolling plant

2.60

---

0.22/8.5

0.55/21.2

0.83/31.9

1.00/38.4

10

No. 4 rolling plant

0.60

---

---

0.40/66.6

0.10/16.7

0.10/16.7

11

No. 5 rolling plant

0.90

---

---

0.20/22.2

0.60/66.7

0.10/11.1

12

Seamless tube plant

1.60

---

0.20/12.5

0.30/18.8

0.80/50.0

0.30/18.7

13

Cold strip plant

0.36

---

---

0.15/41.7

0.10/27.8

0.11/30.5

14

No. 1 cold drawing
plant

0.66

---

---

0.10/15.2

0.20/30.3

0.36/54.5

15

No. 2 cold drawing
plant

0.50

---

---

0.20/40.0

0.20/40.0

0.10/20.0

16

No. 3 cold drawing
plant

0.80

---

---

0.50/62.5

0.20/25.0

0.10/12.5

17

Refractory material
plant

3.60

---

0.40/11.1

1.60/44.4

0.60/16.7

1.00/27.8

18

Metallurgical
experiment plant

1.51

---

0.30/19.9

0.40/26.5

0.40/26.5

0.41/27.1

19

Metallurgical Research
Institute

1.50

---

---

0.10/6.7

0.40/26.7

1.00/66.7

20

No. 1 metallurgical
repairing and spare
parts plant

2.20

0.28/12.7

1.40/63.6

0.40/18.2

0.12/5.5

---

21

No. 2 metallurgical
repairing and spare
parts plant

0.90

---

---

0.50/55.6

0.20/22.2

0.20/22.2

22

Machine tools repairing
plant

0.20

---

---

---

0.10/50.0

0.10/50.0

23

12 plants of non-ferious
corp.

4.00

---

1.00/25.0

1.00/25.0

0.40/10.0

1.60/40.0

24

16 plants of bar and rod
corp.

7.50

---

1.50/20.0

2.00/26.7

0.50/6.7

3.50/46.6

49.44

0.46/0.98

9.87/19.96

13.43/27.17

11.45/23.16

14.23/28.78

Total
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Table 3. Statistics of damage to column rows.
Column Row

Position of
Damage

(A)

(B)

(C)

(D)

Horizontal cracking on lower part of column

18

7

11

6

Cracking on upper part of column

2

15

10

3

4

6

4

4

5

3

3

9

9

7

Split of column capital
Destruction of lower column bracings

2

Fracture of vertical bracings of the roof truss
Breaking of end vertical member of R.C. roof truss

3
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Photo 1. A building at the No. 2 steel plant was
basically intact.

Photo 2. Shearing fracture of the upper part of the
column.

Photo 3. Columns on both sides of the expansion joint
staggered.

Photo 4. The roof truss transversely pulled out and fell
down onto the crane girder.

Photo 5. The roof was smashed by an adjacent
collapsed chimney.

Photo 6. Collapse of the penthouses.
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Photo 7. Damage to the small rooms in the plant
building.

Photo 9. A broken column and collapsed roof at the
medium section rolling plant of the Tangshan Iron
and Steel Company.

Photo 11. The entire transitional bay roof collapsed at
the Tianjin No. 2 steel plant.

Photo 8. The transitional bay roof fell.

Photo 10. The column capital of (B) (49) was split and the
roof settled 63 cm at the medium section rolling plant of
the Tangshan Iron and Steel Company.

Photo 12. Cracking of the web of the steel column at the
X-bracing in the Tianjin No. 2 steel plant.
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Figure 1. Sketch of the longitudinal skylight.

Figure 2. Sketch of the transverse skylight.
(a) Sunken type; (b) “Well” type
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Figure 3. Sketch of the building with 18 m column spacing.
(a) “Through type” steel lateral truss; (b) “Deck type” steel lateral truss

Figure 4. Sketch of the steel roof truss, skylight frame and their bracing of the buildings of the Tangshan
Iron and Steel Company.
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Figure 5. Sketch of the building structure of the No.2 Steel Plant of the Tangshan Iron and Steel
Company.
(a) Plan; (b) Profile
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Figure 6. Sketch of the R.C. roof truss, skylight frame and their bracings for buildings at the Tangshan
Iron and Steel Company.

Figure 7. The geological data of the No. 2 Rolling Plant of the Tangshan Iron and Steel Company (Nnumber of blows standard penetration test).
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Figure 8a. Layout and damage of the No. 2 Rolling Plant of the Tangshan Iron and Steel Company.
A Row-Type S1: upper part of columns fractured horizontally near the location of a change in section or at the top of
crane girder; Type S2: upper part of columns fractured and bent outward; Type U3: the column capital split; Type
U4: shoulder beam split vertically; *2, 3; 35, 38 axes-lower column 800x1300 for the former (600x1300 for the
later), upper column 800x500 (600x500 for the later). B Row-Type P1: lower part of columns cracked horizontally;
within 0.3 m above ground; Type P2: lower part of columns fractured or horizontally cracked at 1.5 m (4Φ20 bars
exposed, and 2Φ25 ended); Type P3: on 12, 32 axes 2-3 diagonal cracks occurred. Concrete of upper part of
columns peeled off at the wing of the crane girder but few fractured. C Row-Type 1: upper part of column peeled
off at the face of the crane girder, column cracked horizontally; Type 2: concrete peeled off at the wing conduction;
Type 3: the column capital was split, lower column cracked; Type 4: upper part of column broke.

Figure 8b. Profile of the No. 2 Rolling Plant of the Tangshan Iron and
Steel Company.
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Figure 8c. Scheme of the transitional bay.

Figure 8e. Damage to the upper column in B Row.

Figure 8d. Damage to the column capital on 16 axis
of C Row.

Figure 8f. Damage to column capital in 31 axis of C
Row.

Figure 8g. Shearing rupture of the upper part of the
column caused by close bricklaying of transverse wall of
the penthouse with A Row.
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Figure 9a. Layout of the structure of the medium section Rolling Plant of the Tangshan Iron and Steel
Company.
P: Cracking on lower part of column; S: cracking on upper part of column, the column capital broke, brake
plate loosened, etc.; Q: cracking on bracket at crane girder; K: bracing between columns buckled or the joint
pulled out; : column capital on 49 axis of B row split, lateral truss fell on crane girder, related roof settled
63 cm. During repairs it was uplifted to the correct position.
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Figure 9b. Damage to the roof structures of the medium section Rolling Plant of the Tangshan Iron and Steel
Company.
A: bearing of the roof truss crushed; C: R.C. framed vertical supporting fractured; D: end vertical member of the
roof truss broke; Y: horizontal bracing of the roof truss buckled; F: cracking occurred at the connection of web and
chord in the roof truss; M: inserts loosened; T: “in skylight”; X: R.C. ties broke; B: concrete at the rib of the roof
panel was crushed; R: the roof panel for the skylight was crushed; N: the post of the skylight frame cracked; V: end
members of the roof truss cracked; P: concrete in the end wall panel for the skylight was crushed; Q: the end wall
panel of the skylight inclined.

Figure 10a. Sketch of the structures at the Tianjin No. 2 Steel Plant.

Figure 10b. Profile of side blown converter building at the Tianjin No. 2 Steel Plant.
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Figure 10c. Profile of top brown converter building at the Tianjin No. 2 Steel Plant.
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EARTHQUAKE DAMAGE TO MULTISTORY FRAME
FACTORY BUILDINGS AT COKING AND REFRACTORY PLANTS
Han Jiagu*

1. General Situation
After the Tangshan earthquake there were 39 multistory reinforced concrete (R.C.) frame
factory buildings at the Tangshan coking, refractory and cement plants that were investigated.
They were all situated in the Tangshan seismic zones of intensity IX and X. The frames were
generally 3-5 stories, single span or multi-span, and on some stories there were bunkers. The
walls of the factory building were divided into three types: fully filled wall, partly filled wall,
and open type. The earthquake resistance of these buildings was not taken into consideration in
the design. Of these 39 factory buildings 12 collapsed or were severely damaged, representing
31% of the total; 56% of the total number were lightly damaged or mainly intact. There were 21
factory buildings carrying brick filled walls and the walls of 10 buildings were destroyed during
the earthquake. The general condition of earthquake damage is shown in Table 1.
2. Characteristics of Earthquake Damage
The characteristics of earthquake damage to the multistory frame factory buildings is
summed up as follows:
(1) Beams
The earthquake damage to beams was generally 45° diagonal cracks that occurred at 1/3-1/4
points of the span. When damage was lighter there were 1 or 2 cracks that were 1 to 2 mm wide;
when damage was heavier the cracks passed across the whole section and concrete of the crack
edges chipped and spalled so the steel bars were exposed and some were bent. For example, the
beam of the 4th story frame in the composing shop of the Maoershan Chemical Fertilizer Plant
had a severe diagonal split with vertical dislocation at the 1/3 point of the span and the concrete
was spalled; and main steel bars were bent. The 2nd, 3rd and top floors had diagonal cracks at
the 1/3 points of the span. For heavier damage "V" or inverted "V" cracks formed, the width of
the crack was about 2 mm, and the surface concrete along the edges of the crack spalled
(Photo 1). The foregoing were all shear force failures.
Vertical cracks at beam ends (shear stress failure) were also a common type of earthquake
damage. In cases of lighter damage cracks only appeared at joints between the beam and
column; for heavier damage concrete along the cracks partially spalled. For example, the
vertical cracks were wider at the beam top. The concrete on the top surface of the beam partially
spalled at the beam ends of the 4th story of the transferring house at Qixin Cement Plant. The
* Anshan Coking-Refractory Material Design and Research Institute, Ministry of Metallurgical
Industry
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same happened to the frame beam ends in the dolomite shop at theTangshan Iron and Steel Plant
(Photo 2).
During the earthquake concrete broke and split at the two ends of the frame and steel bars
were exposed due to pounding between buildings. For example, such damage occurred to the
connection between the 3rd story frame beam of the transferring house and the silos at the
Guogezhuang Bauxite Mine.
(2) Columns
Circular horizontal cracks that appeared on column heads were a common form of light
earthquake damage. They generally occurred below the beam and were 1 to 2 mm wide. For
heavier damage the core part of the concrete was destroyed, the width of the cracks was over
2 mm and the concrete along the crack edges chipped and spalled.
Breaking and spliting is a severe earthquake damage to columns. The broken and split areas
were usually on the column head below the beam or about 1 m below and the concrete was
chipped and spalled. The main steel bars were bent and deformed. For example, the frame
columns in the coal washing house broke and split 1 m above the 2nd floor in the coking shop at
the Maoershan Chemical Fertilizer Plant (Photo 3).
When the column head was broken the steel bars were bent into a lantern shape; the concrete
was crushed. For example, such earthquake damage occurred 1 m below the beam on the top
story column of the kiln head house (rotary kiln) at the Guogezhuang Bauxite Mine (Photo 4).
Other severe earthquake damage to a column was column head splitting, it was generally a
diagonal split that reached directly to the core of the column, meanwhile, concrete was spalled,
main steel bars in the column were bent, and the main steel bars in the frame beam were pulled
out from the column head causing the frame to collapse. For example, the concrete at the
column head of the top story frame in the methanol house at the Maoershan Chemical Fertilizer
Plant split diagonally and the width of the crack was 1-3 cm. The main steel bars in the column
were bent and the superstructure was supported by the remaining concrete (Photo 5). The
column heads that were situated at (1) (A) and (1) (B) of the kiln head house (rotary kiln) at the
Guogezhuang Bauxite Mine had similar damage because of splitting at a level 10.830 m
(Photo 6).
There were two forms of earthquake damage at the column base. One was a horizontal
circular crack whose width was about 2 mm. The concrete around the crack was chipped and
spalled when the earthquake damage was severe. For example, such horizontal cracks occurred
on the 3rd story frame column of the shaft kiln house at the Guye Refractory Plant and on the
column base of every floor in the methanol house at the Maoershan Chemical Fertilizer Plant
(Photo 7).
Diagonal cracks or splits also occurred at the column base. Concrete at the broken part was
destroyed, concrete at the broken ends spalled and main steel bars were bent or broken. For
example, the two "L" formed cantilevered columns which protruded from the roof and the top
story columns in the industrial naphthalene shop at the Tangshan Coking Plant had a diagonal
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split at the column base, the crack width was 2 to 3 mm. Another column broken at the base and
the column inclined (Photo 8).
The most severe earthquake damage to columns was column breaking, which made the
columns lose their bearing capacity and collapse partially or entirely. The break mostly
happened 1 m above or below the joint. For example, the frame columns of the raw material
selecting house and the calcined bauxite selecting house of the bauxite calcining shop at the
Guogezhuang Bauxite Mine, and the dust separating house in the out transporting section of the
northern lime shop at the Tangshan Iron and Steel Plant, all had such damage (Photos 9 and 10).
(3) Brick filler walls
The brick filler walls investigated were all built between columns and had steel bars to
connect to the columns. The main cracks on the brick walls were horizontal cracks along the
upper and lower edges of the frame beams, and along the upper and lower lines of windows; and
X-shaped cracks between windows. For example, the brick filler walls between frame columns
in the coal washing house at the Maoershan Chemical Fertilizer Plant had X-shaped cracks at a
level of 13,500 m and horizontal cracks on the wall surface above and below the frame beam.
The brickwork became loose and partially fell and the wall inclined outward (Photo 11).
Collapse of the filler walls is the most severe earthquake damage to walls. For example, the
brick filler walls between frame columns all partially collapsed at the methanol house and gas
producing house of the Maoershan Chemical Fertilizer Plant (Photo 12).
If the wall inside the frame does not connect with the frame the upper part of the wall will
break away from the beam and displace or even collapse during an earthquake. But there were
many brick filler walls that only had light earthquake damage [see example of earthquake
damage (1)].
(4) Cast-in-place R.C. floor slabs
Except for one building that had little cracks on the connecting part with the steel stairs, the
floor slabs of the 39 factory buildings in the investigation were mainly intact. But due to the
anti-seismic separation joints between the frame structure and gantries or other buildings being
too small, the structures pounded together during the earthquake and collapsed partially or
entirely (Photo 13).
The above mentioned earthquake damage differed because of the differences between the
structures. For frame structures (for example, the Debenzoling house at the Tangshan Coking
Plant and the washing house at the Maoershan Chemical Fertilizer Plant) the plan of the structure
was regular, the type was simple and without brick filler walls; generally, the earthquake damage
to the upper part was severe and the lower part was light. For multistory frames (for example,
the Coal Transferring Station at the Tangshan Coking Plant) the upper stories had brick filler
walls but the lower story did not. The earthquake damage to the lower part was generally severe
and to the upper part was light. Otherwise, the upper part was more severe than the lower part
(for example, the frames of the tar-distillating house, Debenzoling house and composing house,
etc., at the Maoershan Chemical Fertilizer Plant). Earthquake damage to multistory frames in
which the heights were different for each span or between stories or some parts were protruding,
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type of build was complex. Damage occurred where the stiffness changed suddenly. For
example, the plan of the dedusting house in the out transporting section of the northern lime shop
at the Tangshan Iron and Steel Plant was in an L-shape and the 2nd story frame columns broke
and the building collapsed during the earthquake (Photo 14). The collapse of the kiln head house
(rotary kiln) in the calcining shop of the Guogezhuang Bauxite Mine was similar.
3. Damage Examples
(1) Calcining shop of the Guogezhuang Bauxite Mine
This shop was in Guogezhuang which is situated on the southwestern edge of the Kaiping
Basin in the northeast part of Tangshan; the site intensity was X. The geological condition was
relatively poor; the covering soil stratum had a depth of about 40 m but the soil was not
distributed uniformly on the site. The causative fault passed through the site. There were
powdery fine sand and soft plastic sub-clay layers between clayey soil layers. The site soil was
grade II. The underground water level was generally 12-14 m below ground. The allowable
bearing capacity of the foundation soil was 2 Kg/cm2.
Among the 6 multistory frame factory buildings of this shop 3 of them collapsed, 1 was
suffered medium damage, and 2 were lightly damaged.
(A) Kiln head house (rotary kiln)
(a) Structural arrangement
Built and operating in 1970, the building was a rectangular R.C. cast-in-place frame structure
that was an open type (without walls). Its span was 8 m and the column spacing was 7.5 m. The
two-story frame roof had a cantilever partial platform and a steel platform which protruded from
the roof. The columns on the 2nd story were not the same height. There was an operating room
that was a brick-concrete structure on one side with a 240 mm thick wall that was laid with grade
75 brick and grade 25 cement mortar. The R.C. single foundations under the columns were 2.5
m deep. As for the plan and profile drawing of the house, see Fig. 1.
(b) Damage
The concrete of the frame columns near the beam-column joints on the 2nd floor fractured
and dropped and the steel bars were bent in a lantern shape. The roof of the lower span at a level
of 11.374 m fell down on the kiln body. The side column head split and steel bars were pulled
out. The middle column split at the roof beam joint and the concrete fractured and the steel bars
were bent. The collapsed roof turned in a counterclockwise direction. About 3/4 of the brick
walls in the operating room on the 2nd floor collapsed and the R.C. roof slab warped and was
supported only by the remaining brick wall. Photo 15 shows the collapsed building.
(B) Calcined bauxite selecting house
(a) Structural arrangement
The building was built and operated in 1970. The four-story building was a R.C. cast-inplace frame structure (the end part had two stories) and partially had a brick filler wall (which
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was laid with grade 75 brick and grade 25 cement mortar) that was 240 mm thick. The 2nd floor
was equipped with R.C. hoppers. The section size of the frame column was 400×600 m and
400x400 mm, the beam size was 300×700 mm and 300×600 mm, and the thickness of the slab
was 80 mm. The R.C. individual foundations under the columns were buried 2.1 m deep
(Fig. 2). The foundation had concrete of grade 150 and the frame structure had concrete of grade
200. The steel bars were grade II and III. The plan and profile drawing of the building are
shown in Fig. 2.
Design load: The live load on the roof was 75 kg/m2. An overload coefficient was used at
level 11.500 m where there was a vibrating screen. The hopper hanging at a level of 5.300 m
had a volume of 17.22 m3. The unit weight of the high alumina bauxite stored in the hopper was
1.4 t/m3, the angle of repose for storage was 40° and the overload coefficient was 1.3.
Production was in progress during the earthquake. At that time 500 kg of material was on
the screen and the volume of the material stored in the hopper weighed 1 gt.
(b) Damage
The first story columns broke at the top, the upper frame completely collapsed and reclined
on the ground at an angle of 20°, but the brick filler walls were mainly intact (Photo 16).
(C) Raw material selecting house
(a) Structural arrangement
The building was a four-story R.C. frame structure which was cast-in-place and was built and
operated in 1970. It had an L-shape on the plan drawing, the spans were 7 m and 5 m, the
column spacing was 5 m and 4 m, thickness of the slab was 80 mm, the total height was 14 m,
and there was a brick filler wall (240 mm thick). The R.C. individual foundations under the
columns were buried 2.5 m deep. In the building there were R.C. storage tanks in which two
ends were connected with gantries (Fig. 3).
The concrete grade for the slab and beam was 200 and for the foundation was 150. The steel
bars were grade II and III. The brick filler walls were laid with grade 75 brick and grade 25
cement mortar; the wall was connected to columns with structural bars. The section of column
was 400x400 mm. During the earthquake the building was in use with fully filled material bins
but there was no stacking material in the building.
(b) Damage
The frame columns supporting the bunker all broke at the bottom of the bunker and in the
middle part of the column. The building collapsed (Photo 17). The brick filler walls at a level of
3.000-6.000 m all collapsed. The frame at a level of 6,000-14,000 m set on the ground at an
angle of 16° to the horizontal. The steel bars in the bunker wall were pulled out from the
columns. The remaining brick filler walls were only partially damaged at the windows; the
corner dropped or collapsed.
(D) Bauxite calcining house (square shaft kiln)
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(a) Structural arrangement
The house was built and operated in 1970. It was mainly used as a feeder system for the
square shaft kiln. The building was a four-story R.C. frame structure which was cast-in-place,
the span was 9 m, column spacing was 6 m, and the foundation was 2.5 m underground. The
building was arranged symmetrically about the center line of the gantry of the central feeding
conveyor belt. The two sides of the frame stretched out separately for 3.5 m at a level of 18.55
m. The frame columns were 600×600 mm. The thickness of each floor was 80 mm. At a level
of 5.400-11.400 m and above 26.200 m there were 240 mm thick brick filler walls, which were
connected to the columns with steel bars. The other floors had no brick filler walls (open type).
Eight steel hoppers hung at a level of 26.200 m. From the bottom to the top of the frame there
were steel stairs. For the plan and profile, see Fig. 4.
The concrete grade of the slabs and beams were 200 and for the foundation 150. The steel
bar grade was II and III. The quality of the construction was good.
Design load: The live load on the house roof was 75 kg/m2; the overload coefficient was 1.4;
the live load on the building floors was 400 kg/m2; the overload coefficient was 1.3. The unit
weight of the material stored in the bunker was 1.3 t/m3; the overload coefficient was 1.3; the
angle of repose material was 40°. During the earthquake the hoppers were 80% full. There was
no special loads on each floor.
(b) Damage
The frame beam of the 1st floor had light diagonal cracks near the bottom; the crack width
was 1-2 mm. There were light horizontal cracks on the bunker beam-frame column joints
(Photo 8).
(2) Tar-distillation house in the coking shop of the Maoershan Chemistry Fertilizer Plant
This shop was similar to a small-scale coking plant producing 40,000 tons of metallurgical
coke per year.
The plant was situated in Maoershan northeast of Tangshan about 35 km from the earthquake
epicenter. The site soil was grade II and III. The geological condition was bad, drilling to a
depth of over 40 m did not reach bedrock. In addition, there was a filled zone (original by a
canal) passing through the plant zone. During the earthquake water and sand spurted out in
some places.
(a) Structural arrangement
The tar-distillation house was composed of two parts: the distillation platform and the
operating room of the refining pump station. The distillation platform was a R.C. cast-in-place
frame structure which was 16.2 m high and without filler walls only the ground floor had brick
walls. The distillation platform was 2.75 m away from the operating room of the pump station (a
3-story brick-concrete structure). The two were connected by steel stairs. The size of the
platform column screen was 3×4 m, the section size of the columns was 300×300 mm, and the
R.C. single foundation under the columns was buried 1.2 m deep (Fig. 5).
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Anti-seismic measures were not considered in the original design. Material: The steel bars
used were grade I. The concrete grade for the foundation was 150 and 200 for the slab and
beam. The field measurement shows that the quality of brickwork and the grade of concrete
conformed to the design requirement.
(b) Damage
The operating room of the refining pump station collapsed and the distillation platform frame
was severely destroyed (Photos 19 and 20).
Horizontal cracks generally appeared at the beam-column joints. For heavier damage, the
concrete fractured and broke and steel bars were exposed after the M7.8 earthquake. The 3-story
operating room of the refining pump station collapsed during the M7.1 earthquake. Its brick wall
fell down on the 2nd story frame columns of the distillation platform; one column broke causing
the whole frame to incline.

Table 1. Statistics of damage to multistory frames at the coking and
refractory plants in the Tangshan area.
Intensity

Total Number
Investigated

Mainly
Intact

Light
Damage

Medium
Damage

Severe
Damage

Collapse

IX

14

2

4

4

4

0

X

25

4

12

1

2

6

39

6

16

5

6

6

100%

15.4%

41.0%

12.8%

15.4%

15.4%

Sum
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Photo 1. Diagonal splitting of the frame beam
ends in the composing shop at the
Maoershan Chemical Fertilizer Plant.

Photo 3. Frame columns split at the coal
washing house of the coking shop at the
Maoershan Chemical fertilizer Plant.

Photo 2. Vertical cracks on the frame beam
ends in the domolite shop at the
Tangshan Iron and Steel Plant.

Photo 4. Lantern-shape damage to
columns of the kiln head house (rotary kiln)
at Guogezhuang Bauxite Mine.
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Photo 5. The head of the frame column split
at the methanol house at the
Maoershan Chemical Fertilizer Plant.

Photo 7. Horizontal cracks at the foot of the frame
column at the methanol house at the Maoershan
Chemical Fertilizer Plant.

Photo 6. Splitting of the frame column
at the rotary kiln head at the
Guogezhuang Bauxite Mine.

Photo 8. The foot of the L-shaped column split at the top
floor of the industrial naphthalene house at the Tangshan
Coking Plant.
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Photo 9. Columns broke at the dedusting house of the
transporting section of the northern lime shop at the
Tangshan Iron and Steel Plant.

Photo 11. Damage to the brick filler wall at the coal
washing house at the Maoershan Chemical Fertilizer Plant.

Photo 10. Columns broke at the calcined bauxite
selecting house at the Guogezhuang Bauxite Mine.

Photo 12. The frame of the brick filler walls at the
gas producing house at the Maoershan Chemical
Fertilizer Plant partially collapsed.
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Photo 13. Earthquake damage due to the pounding
between the raw material selection house and the
gantry at the Guogezhuang Bauxite Mine.

Photo 14. Collapse of the dedusting house of the
transporting section at the northern lime shop at the
Tangshan Iron and Steel Plant.

Photo 15. The frame of the kiln head house
(rotary kiln) collapsed at the Bauxite calcining
shop at Guogezhuang Bauxite Mine.

Photo 16. Broken and collapsed columns of the
calcined bauxite selecting house at the Bauxite
calcining shop at Guogezhuang Bauxite Mine.
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Photo 17. The frame of the raw material selecting house
collapsed at the Bauxite calcining shop at the Guogezhuang
Bauxite Mine.

Photo 18. An outline of the bauxite calcining house
(square shaft kiln) in the Bauxite calcining shop after
the earthquake at Guogezhuang Bauxite Mine.

Photo 19. Damage to the tar-distillation platform
frame of the coking shop at the
Maoershan Chemical Fertilizer plant.

Photo 20. Collapse of the operating room at the
refining pump station of the tar-distillation house at
the Maoershan Chemical Fertilizer Plant.
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Figure 1a. Ground floor plan of the kiln head house (rotary kiln) in the
bauxite calcining shop at the Guogezhuang Bauxite Mine.

Figure 1b. Plan of the building floor at a level of 5.380 m.
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Figure 1c. Plan of the building floor at a level of 13.980 m.

Figure 1d. Section 2-2.
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Figure 1e. Section 3-3.

Figure 2. Drawing of the frame of the bauxite selecting house in
the bauxite calcining shop of the Guogezhuang Bauxite Mine.
(a) Plan at a level of 0.000m; (b) Plan at a level of 8.000m
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Figure 3. Plan and section of the raw material selecting house in the bauxite
selecting shop at the Guogezhuang Bauxite Mine.
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Figure 4a. Foundation plan of the bauxite calcining house (square shaft kiln) in the
bauxite calcining shop at the Guogezhuang Bauxite Mine.

Figure 4b. Plan at a level of 18.550 m.
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Figure 4c. Plan at a level of 5.480 m.

Figure 4d. Section 1-1.
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Figure 4e. Section 2-2.
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Figure 5. Plan of the tar-distillation house in the coking shop at the
Maoershan Chemical Fertilizer Plant.

444

DAMAGE TO POWER PLANTS IN THE TANGSHAN AREA
Zhong Suqiong, Bao Yunfang and Yang Jizhuo*

This article describes earthquake damage to the Douhe Power Plant and Tangshan Power
Plant in separate sections.
I. Douhe Power Plant
1. General conditions
The Douhe Power Plant was one of the large thermal power plants in North China and it was
also the largest power plant on the Beijing-Tianjin-Tangshan network. It was situated on the
west bank of the Douhe Reservoir in the northeast suburb of Tangshan about 20 km away from
the city. Its construction started in 1973 in two stages; the first stage was completed in 1975 and
had two units of 0.125 million kW turbo generators imported from Japan and two sets of 400 t/h
suspended boilers made by the Wuhan Boiler Plant. During the time of the shock the No. 1 unit
was shutdown for inspection with No. 2 ready for testing. Two sets of 0.25 million kW turbo
generators and two sets of 850 t/h suspended boilers, all imported from Japan, were to be
installed in the second stage of construction which was just underway when the shock hit; 180 m
R.C. chimneys were built separately in both construction stages. No seismic-proof measures
were considered in the structural design.
(1) Structural design of the main building
The main building was comprised of the turbine house, the deaerator bunker room and the
boiler house which had four sections separated by expansion joints. The building was 225 m in
length (Fig. 1).
A frame structure was adopted for the main building with prefabricated R.C. I-section flatweb exterior columns, a 24 m span pre-stressed arch roof truss, large-size R.C. roof slabs and a
9 m span monitor frame. The plant was equipped with two sets of 75t/20t bridge cranes that ran
on prefabricated R.C. T-girders. The decks, at an elevation of 5.000 m and 10.000 m, in the
turbine house were built with steel frames and poured-in-place R.C. slabs.
The first stage of construction for the deaerator bunker room consisted of a single span
multistory poured R.C. frame. The second stage consisted of a single and two-span multistory
prefabricated R.C. frame structure.
Prefabricated R.C. frames were adopted for the structural frame of the suspended boilers
(No. 1 and No. 2 boilers) in the first stage of construction; steel frames imported from Japan
were adoped for the No. 3 and No. 4 boilers in the second stage.
Prefabricated R.C. frames with exterior wall cladding were adopted for the elevator shaft.
* Beijing Electric Power Design Institute
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#75 brick and #25 mixed mortar were used for the interior walls and #100 brick and #25
mixed mortar were used for the exterior walls. The wall thickness was 240 mm. See Figs. 2 and
3 for sections of the main building of the 1st and 2nd stage. Photo 1 shows the outlook of the
plant before the quake.
(2) Geological conditions and foundations
The site soil was quaternary alluvium; the strata were comparatively regular and about 100 m
in depth. The geological profile is shown in Fig. 4.
Stepped isolated footings and foundations on prefabricated short piles were adopted for
frame columns. The elevation at the base of the foundation was -4.7 m, #200 concrete and grade
I and II bar were adopted, the thickness of the platform was 300 mm, and the pile cap was
anchored 100 mm into the platform. 350×350 mm prefabricated square piles were poured with
#300 concrete and reinforced with 8 φ16; the length of the pile was 5-6 m. Piles were driven into
the yellow-brown saturated silt stratum which was about 18 m thick and the bearing capacity for
the single pile was set at 60t through a static load test.
2. Damage
(1) General conditions
The Douhe Power Plant sat on an intensity IX area. The main buildings at the plant site were
heavily damaged and collapsed structures caused further serious secondary damage. Photo 2
shows the outlook of the plant after the shock. See Fig. 5 for earthquake damage to the plant
site.
(2) Subsoil and foundations
No sandboils, ground cracks, land tilting or cave-ins were detected in the vicinity of the plant
area. Investigations conducted after the shock noted that the soil under the foundation was
saturated compact silt stratum that was explored before the quake. After the quake a casing pipe
driving test using a hand pulled rammer conducted at the base of the piles showed that the actual
value of N was mostly over 30 blows, the same as before the quake. Table 1 shows a
comparison of the exploration tests and data before and after the quake. Two inspections were
made on May 31 and on August 22, 1976 at 11 settlement points in the plant area, the results of
the data showed that settlement caused by the shock was comparatively slight, about 3-4 mm.
After the shock axes 1-4 of the frames of the main building collapsed. The column
foundations on axis C showed cracks at axes 3 and 4 but the rest remained intact. Cracks
appeared at the column base and extended 45° downward to the second step of the column
foundation.
(3) Turbine house
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A. Collapse of the roof structure
The roof truss of the turbine house was supported on the frame column at one end and on the
frame bracket at the other end. The rooftop bracing is shown in Fig. 6. The actual roof load at
the time of the quake was 370 kg/m2.
The entire roof structure of the turbine house collapsed after two shocks. When the M7.8
shock hit the roof structure of the second stage construction from axes 13a to 20 collapsed; some
roof slabs of the first stage construction fell off but the roof trusses held on until the M7.1 shock
hit that same afternoon (Photo 3). The connecting steel plates and bolts were pulled off the
frame bracket that supported the roof truss the concrete was crushed on the bracket's cantilever
end (Photo 4).
B. Cracks on the frame columns
Columns along axis A were I-sectioned below the T-girder (crane girder). The concrete
strength was #300; sizes of the column section are shown in Fig. 7. Walls and finishings of the
1st stage construction were already done; walls of the 2nd stage construction were not laid yet.
Two sets of bridge cranes rested separately close to axis 3 and 9 when the shock hit. After the
quake cracks were observed on the inner flange of the I-section columns from a level 10.000 m
above to the shoulder rib. Slant and vertical cracks were observed on both the web rib and
shoulder rib and concrete at the joints was crushed. The most seriously cracked part was
between the elevation of 10.000 m and 12.000 m, the width of cracks was 0.03-0.01 mm, the
widest being 10 mm. Five upper column brackets were broken at their roots and those not
broken showed deformation. Embedded plates on column tops were pulled off, so were
embedded pieces on brackets for connection of crane girder, and the concrete there was crushed
(Fig. 7). Columns showed dislocation and column tops inclined 1-7 cm to the north. The
column top at axis 2, which did not have a roof truss yet, had an inclination of 17.7 cm. Damage
to the I-section columns is shown in Photos 5 and 6.
C. Collapse of the gable wall
An R.C. cross-beam system was used for the fixed end-wall of the turbine house. The
sections of beams and columns were 300×700 mm, and concrete strength was #200. Column
tops were connected to the upper chord of the roof truss to form a multi-span single frame. The
240 mm filler wall used #75 brick and #25 mixed mortar. After the quake the columns along
axis B were pulled down by the collapsed frame, the brick wall above the elevation of 10.000 m
collapsed as a whole, and connection welds between the columns and beams were broken.
D. Exterior wall on axis A
The 370 mm exterior wall covered the column by 120 mm, and 2 φ6 steel bars at every 8
courses of brick were extended from the column and laid into the brick joints. After the quake
all of the parapet wall fell off, mostly outward, crushing the combination conductors and housing
of the transformers. Diagonal cracks were observed on walls between window openings and a
few bricks fell off. Walls below an elevation of 10.000 m connected to the turbine deck only had
the finishing peel off and there were also many cracks (Photo 7).
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E. Other locations
Welds connecting steel beams of the turbine deck to the building and deaerator bunker room
were broken at an elevation of 5.000 m and 10.000 m. The poured-in-place R.C. slab at an
elevation of 10.000 m were cracked at some places by the fallen roof, but the deck itself was
basically undamaged.
The poured-in-place concrete pedestals of the 0.125M kW and 0.25M kW turbo generators
were undamaged in the quake.
(4) Multistory frame of the deaerator bunker room
The 1st stage of construction consisted of building axes 1 to 13. The framework was divided
into two parts by an expansion joint, column spacing was 7.5 m, and a 3 m bay was used at the
expansion joint. The full length of this section was 93 m (Fig. 8). The belt-end transfer cabin
cantilevered 3 m at an elevation of 37.000 m at axis 1 and the suspended weight was about 60 t.
24 mm filler walls were laid between the columns starting from 0.000 m along axis B and from
an elevation of 10.000 m along C up to the top of the building. The poured R.C. frame used
#300 concrete and grade II bar. The columns together with the longitudinal tie beam of the
multistory floors formed a flexible framework.
The actual load carried by the framework at the time of the quake was lower than the design
load. The actual load on the frame at axis 6 during the quake is shown in Fig. 9.
The 2nd stage of construction consisted of building axes 13a-31 where the No. 3 and No. 4
units were set. The framework was divided into two sections by an expansion joint. The column
spacing was 7 m with a 3 m bay at the expansion joint. The full length of this part of the
building was 132 m. The 2nd stage of construction had just progressed to the erection of
structural members and equipment when the shock hit and the actual load was only about 50% of
the design load. The progress of the erection of the structural members before the quake is
shown in Fig. 10.
After the quake the roof of the 1st stage work at axes 1-4 fell to the ground (Photo 8). The
frame at axis 5 at an elevation above 30.000 m collapsed. The frame at axes 6 and 7 from an
elevation above 30.000 m tilted to the south about 23 cm, and at axis 5 the longitudinal tie beams
were broken at the end (Photo 9).
In the secondary damage caused by collapse of the framework an 18 m truss of the coal
conveyor corridor fell down, the 1,125 m2 roof truss in the turbine house collapsed, and a set of
75t/20t bridge type cranes fell down. The gable wall at axis 1 was damaged, also seriously
damaged were the turbine deck and the boiler deck at axes 1-4. The over-bridge linking the
deaerator bunker room and administration building fell down, etc.
The earthquake damage to the broken frames at axes 5-7 and 7a-13 were nearly similar
(Fig. 11), they only differed in degree.
S-shaped cracks were detected on columns at axis 6 and 9 (see Fig. 12 and Photo 10). The
anchor length of the main bars of the beams into the columns was only 25 times the diameter
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(extended beyond the column centerline by 5 cm); the bars were broken mostly on one section.
Possibly, S-shaped cracks were related to the reinforcement and structure of the joint.
The main damage that developed longitudinally along the building was X-shaped cracks on
brick filler walls below an elevation of 19.500 m. The cracks on the walls along axis B were
worse than those along axis C (Fig. 13).
The prefabricated R.C. stair flights on axes 1-2 bay and axes 13-13a bay (3 m bays next to
expansion joint) all collapsed in the quake.
Joints in the multistory fabricated frame for the No. 3 unit were not completely finished so
when the quake hit the frame could not react as a whole system resulting in excessive tilting and
displacement. Surveying the site revealed that the longitudinal displacement (toward the No. 4
unit) of the column top was up to 57.8 cm. At the same time, the collapse of the turbine house
roof displaced the frame about 10 cm to the east. The hinged portal frame from above elevation
30.000 m all tilted to the south after the shock (Photo 11).
Diagonal and vertical cracks were observed at the ends of the transverse beams of the frame.
Most groove welds of bars at beam ends were broken and failed forming a crater. For example,
a vertical crack was detected at the beam end at an elevation of 16.800 m on the column along
axis B at axis 18. Seven of the 8 negative bending bars were broken, the breakage measured
12 cm and more and the broken bars dislocated 10 mm horizontally. At an elevation of 10.000 m
an individual beam developed camber and many cracks were detected at the beam-column
connection. The width of the cracks was 1.3-2.4 mm and the beam end dislocated vertically at
the crack about 7 mm.
At the No. 4 unit frame only part of the columns and longitudinal tie beams along axis B and
C were erected into place before the quake; large displacements took place after the quake. The
results obtained by surveying the site indicated that the maximum longitudinal inclination of
columns along axis C at axis 22 was 77.5 cm with most of the others above 60 cm. The
transverse inclination of columns at axis 27 (inclined to the east) was 32 cm and the rest
averaged 12 cm and above. Columns along axis C were erected only to an elevation of 16.800 m
so the inclination was less; longitudinal inclination (toward the north) of columns at axes 21-31
was 56 cm. Horizontal circular cracks were observed on columns at an elevation of 0.00010.000 m due to excessive inclination. Many of the groove-welded bars at the base of columns
were broken; of the 14 φ25 bars in each column at least 7 were bent and broken, the most
damaged columns had 10 broken bars.
There are two kinds of column joints: column to foundation with short studs and column to
column. The former was more seriously damaged (Photo 12) and the latter was basically intact.
The beams and the brackets on the columns were rigidly connected. The connections were
located at the beam section where the internal stress was at its greatest. In general, the negative
bending bar at the beam end had 8-14 φ32, the positive bending bar was positioned as
structurally required and, generally, 2-4 bars would be extended into the column; groove welds
were used for connection of bars.
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The bearing load of the bracket was considered under the two following conditions: those at
an elevation of 10.000 m and 30.000 m were calculated to take the total shear of the beam end
and those at an elevation of 16.800 m to take only 50% with the test taken up by the 2nd
grouting and the step joint.
After the quake many of the positive and negative bending bars of the beam end at the rigid
connection were broken, mostly the groove weld. At axes 13a-22 40% of the transverse frame
beams had their negative and positive bending bars broken with a weld crater. Transverse
dislocation occurred. Local damage was observed on brackets and transverse beam ends.
Damage to brackets were mostly detected on the outside of embedded steel plates and a few
brackets had concrete that peeled off and bars that were exposed at the end; concrete at the beam
support was crushed.
The longitudinal beam had a section of 300x650 mm. Generally, 3 φ25 were positioned on
top of the beam; during construction the dead weight of the longitudinal tie beam was borne by 2
φ32 short bars extended from the frame column through welding plates to the lower bars. After a
2nd pour of concrete at the connection the total shear of the beam end would be taken up by a
step joint. Damage to such connections would be less if the 2nd pour had been completed and if
the walls were well laid. Otherwise, the damage would be much worse. The step supports at the
joint generally cracked and most of the cracks were vertical. Tensile bars in longitudinal tie
beams were generally broken at the groove weld, and a crater pulled apart 20-50 mm (Photo 13).
The compression bars at the beam end were undamaged.
(5) Suspended boiler frame
Two sets of 400 t/h intermediate reheat suspended boilers were erected in the 1st stage of
construction. The structure was a R.C. frame 45 m in height. The operating deck elevation was
10.000 m. Below the deck a 240 mm wall was laid with #75 brick and #25 mixed mortar to form
an enclosure from elevation of 10.000 m up to the roof. The frame was topped with
prefabricated R.C. roof slabs. In-between the boilers a tower-like elevator shaft was built and
enclosed with R.C. claddings; the size of the shaft was 4m×4m×56.7m.
The boiler frame was a freestanding structure (Fig. 14). It was 9 m away from the bunker
room and the two structures were connected by a simply supported platform at an elevation of
10.000 m; the boilers were suspended from a plate girder, the suspension rod was 5 m in length,
no special sway system was adopted and the plate girder was simply supported on the frame
columns. The economizer and pre-heater at the rear of the boilers were placed on top of 9 R.C.
columns; the top elevation of the columns was 5.400 m and steel tie beams were used at the
column tops.
The design loads for the structure consisted of equipment load, overhaul load of 800 kg/m2
for the deck, and a wind load of 40 kg/m2.
The frame was a fabricated structure (Fig. 15). Beams and columns were in straight sections;
tenon joints for columns, rigid connection step joints for brackets on beams and columns and
groove welds for connection of bars were adopted; the type of connections were the same as
used in the fabrication of the framework. The concrete strength for the frame was #300, the
reinforcement was grade II steel, and the 2nd pour concrete was #400.
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After the quake boilers and frames and the elevator shaft appeared to be still in shape (Photo
14). The shaft frame was basically intact but there was a 25 mm displacement to the north as a
whole. The steel bridges connecting the shaft to the No. 1 and No. 2 boiler house at 4 elevations
(26.000 m, 29.000 m, 39.000m and 48.800m) and steel bracing connecting it to the deaerator
bunker room were distorted, the embedded steel plates were pulled out and the footbridges were
out of alignment.
The collapse of frames in the deaerator bunker room at axes 1-4 caused secondary collapse of
prefabricated R.C. beams and slabs of connection decks at axis 1-4. Axes 6-9 connection decks
had 4 pieces of prefabricated slabs fall off, at other decks staggering was observed between
beams and brackets with an individual beam that tilted. Guard panels on decks around the boiler
were crushed by the boiler's rigid beams.
The boiler frame as a whole tilted to the northeast, the No. 1 boiler part had a greater tilt than
the No. 2 boiler part. The maximum displacement of the column top measured 114 mm and the
number of column tops with displacement exceeding the allowable H/750 (H-height of structure)
amounted to 27% of the total number of columns.
The 9 columns supporting the rear economizer (elevation of column top was 5.400 m) and
the steel beam were in simple support connection and after the quake the anchor steels of the
embedded steel plates were cut by shear; the maximum displacement of the column top was up
to 160 mm; an individual column at an elevation of 10.000 m had crushed concrete at the tenon
joint.
Cracks were observed on 5 beams of the No. 1 boiler frame and on 2 beams of the No. 2
boiler frame at 1/3 span (Photo 15). The cracks on beams had a maximum width of 4 mm and
the rest were 1-1.5 mm.
Most of the beam-to-column connections were damaged. The 2nd pour of concrete at the
beam end connection was pulled apart, the cracks generally measured 3-5 mm the widest being
15 mm; reinforcement at the beam end connection broke at groove welds. Of the 28 connections
to be inspected at the site, 7 had unbroken bars (25%), 9 with bars all broke (32%) and 12 with
bars partly broke (43%). Since greater displacement appeared on top of the frame, beams at a
higher elevation had greater damage. Beams at an elevation of 39.300 m had the greatest
damage; 54% of the beams had broken bars, 18% at an elevation of 29.600 m had broken bars,
and all the breakage was detected at the groove weld. The on-site inspection also discovered that
approximately 50% of the welds were not qualified. From an elevation of 21.300 m and below
the displacements were much smaller and no broken bars were observed.
II. Tangshan Power Plant
1. General conditions
The Tangshan Power Plant was situated in the north suburb of Tangshan City. It sat on an
intensity X area. It consisted of two plants, the old plant and the new plant. The old plant had 4
sets of generators (No. 0-No. 3) and 5 sets of boilers (No. 0-No. 4). The old plant was completed
in 1942; the total power generated was 56,000 kW. The new plant was constructed in 3 stages
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and it had 6 generators and 5 boilers. The No. 4 and No. 5 units of the 1st stage of construction
of the new plant (capacity: 25,000 kW each) and the No. 3 unit of the old plant were put into
operation in 1958. The No. 6-9 units of the 2nd stage of construction of the new plant (capacity:
50,000 kW) were completed and put into operation in 1960 and 1974. All the boilers were of an
indoor type.
The plant had 3 R.C. chimneys 80 m and 100 m in height. The cooling towers used a
secondary circulating water supply system. There was one induced-draft cooling tower and 3
hyperbolic cooling towers and they were arranged east and west of the main building. The
chimneys and water towers were all completed after the fifties.
The plant was situated north of Dacheng Hill. The plant ground was filled earth 2 m in
depth, below it was quaternary alluvium and sandy clay, at –5 m to –7 m was a sand stratum with
different grain sizes about 5 m thick, and further down was the air-slaked limestone rock base.
The ground water table generally was at -3 to -4 m. The elevation at the base of the foundations
of the main building was -5.00 m to -7.000 m. The bearing stratum was fine sand and medium
sand, and the allowable bearing capacity of the ground was 1.5-2.0 kg/cm2. The foundation of
the chimney was placed on sandy clay at -3.000 m and the bearing capacity was 1.8 kg/cm2. The
allowable bearing capacity of the ground at the cooling tower area was 1.2 kg/cm2. The old plant
used a pile foundation but the new plant sat on natural ground.
The No. 1 and No. 2 units of the old plant were built in the forties. Their construction
included poured-in place R.C. frames, steel roof trusses, prefabricated R.C. small-sized ribbed
roof slabs, and a 490 mm brick wall with small window openings. The No. 0 and No. 3 units
were completed in 1956 and they were constructed in the same manner. The plant building
adopted a seismic design of earthquake intensity VII degrees.
For the new plant the 1st and 2nd stage of construction used aseismic design of intensity VII.
But in the 3rd stage of construction the earthquake intensity was considered at VI degrees,
hence, no aseismic design was used. In the 1st stage of construction the column spacing was
5.6 m, the span of the turbine house was 23.63 m and the span of the boiler house was 24.852 m.
In the 2nd stage of construction the column spacing was 5.6 m, the span of the turbine house was
24 m and the span of the boiler house was 25 m. In the 3rd stage of construction the column
spacing was 7.0 m, the span of the turbine house was 24 m and the span of the boiler house was
27 m. Poured-in-place R.C. structures were used for the main frames (Fig. 16).
Roof structure of the turbine house and boiler house: 1st stage - steel truss and purlins,
prefabricated small-sized roof slab with 3.1 m span; 2nd stage - steel roof truss, prefabricated
large-sized roof slab; 3rd stage – pre-stressed R.C. roof truss, prefabricated R.C. large-sized roof
slabs; #75 brick and #25 cement mortar were used for exterior walls.
The deaerator bunker room and coal bunker room of the three stages of construction were all
poured-in-place R.C. structures. The concrete strength was 200 and the steel grade was I and II.
See Fig. 17 for loads on the framework.
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2. Damage
The Tangshan Power Plant was situated in an intensity X area. As a whole, the earthquake
damage was not serious at the plant site. Except for heavy damage to parts of roof structures the
frame structure was basically intact. Of the original 91.492 m of building area 15% collapsed or
was seriously damaged, 43% was slightly damaged and 41.5% was basically undamaged. See
Fig. 18 for earthquake damage to buildings and structures.
(1) Old plant
The main structures were basically intact; a number of structural elements had slight cracks
and brick walls collapsed at a few locations. At the No. 0 unit the turbine house filler walls at
both ends of the roof trusses collapsed and R.C. frame columns of the fixed end gable wall were
cut by shear and showed apparent horizontal cracks. Apparent displacement of an equipment
pedestal at the No. 1 unit was observed; it was pulled apart from the deck by 3 cm. A portion of
the gable wall at the fixed end of the boiler house collapsed and had many cracks; the haunch
plate girder of the bunkers had serious cracks.
(2) New plant
A. Roof structure
After the quake the roof structure of the 1st stage of construction was basically intact. 64%
of the roof area of the boiler house collapsed. The roof structure of the 2nd stage of construction
had less root bracing than that of the 1st stage. After the quake, at axes 14-25, the roof structure
of the turbine house completely collapsed except for the bay next to the expansion joint (Photo
16); all of the brackets on the frame supporting the roof trusses were broken and the
reinforcement pulled out. At the boiler house only deformation of the roof bracing was
observed; a few roof slabs had local damage and the rest basically remained intact. The roof
structure of the turbine house (3rd stage of construction) completely collapsed; the roof structure
of the boiler house was at a greater height and larger in span than that of the previous two stages
and it had a monorail crane attached to the lower chords of the roof trusses, but the roof structure
was basically intact after the quake.
B. Other structures
The framework of the deaerator and bunker rooms was basically intact and only a few beams
and columns showed slight cracks.
The damage to brick walls was more serious. The gable above the elevation of the lower
chord of the roof truss fell off completely. The collapse of the exterior wall and parapet at the
turbine house crushed the combination conductors. The gable wall at the extension end of the
turbine house tilted outward and its tip displaced 1.5 m (Photo 17). Pedestals and decks of the
No. 4 and No. 5 turbine units had 3-4 cm difference in settlement after the quake.
C. Framework of boilers
All boiler frames except that of No. 9 used a steel structure and no serious damage was
detected in the inspection after the shock. The No. 9 boiler was a set of 200 t/h indoor
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suspended boilers, it had an independent fabricated R.C. frame, the columns were tenon jointed,
beam-to-column joints used rigid bracket joints and groove welds were used for steel beams at
supports (Fig. 19). The top of the column was hinged where connected to the plate girder of the
boiler frame and was independent of the plant frame; the foundation soil was sandy clay, the
buried depth of the foundation was -3.5 m, the load bearing capacity of the ground was 20 t/m2
and the rock base was 15 m below the ground.
Except for slant cracks (maximum width 3 mm) observed at beam ends on axes K1-K3 at an
elevation of 17.900 m on both sides of the boilers, the rest were undamaged and the groove
welds were also undamaged.
(Translators: S.Y. Zhou and Q. Li)
Table 1. Comparison of soil analysis data before and after the quake.
Silt

Before the Quake

After the Quake

natural volume wt. (g/cm3)

2.06

2.12

dry volume wt. (g/cm3)

1.77

1.785

natural void ratio

0.513

0.508

relative density

0.934

0.933

saturation (%)
average grain size (mm)
ground water table

86.2

96

0.13

0.13

6.65-7.45
(surveyed in July 1974)

6.5-7.0
(surveyed in August 1976)
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Photo 1. A view of the Douhe Power Plant before the quake.

Photo 2. The Douhe Power Plant after the quake.

Photo 3. Collapse of the turbine house roof at the Douhe
Power Plant.

Photo 4. A damaged bracket of the turbine house roof
truss at the Douhe Power Plant.
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Photo 5. Damaged I-section column of the turbine
house at the Douhe Power Plant.

Photo 6. Damage to joint of I-section column of the
turbine house at the Douhe Power Plant.

Photo 7. Damage to axis A exterior wall of the main
building Douhe Power Plant.

Photo 8. The axis 1-4 frame of the deaerator bunker
room of the Douhe Power Plant collapsed.
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Photo 9. Longitudinal tie beam of the frame at the deaerator
bunker room of the 1st stage construction at the Douhe Power
Plant.

Photo 10. A damaged poured-in-place frame column of the deaerator
bunker room at the Douhe Power Plant.

Photo 11. The hinged portal frame of the No. 3 unit
collapsed at the Douhe Power Plant.

Photo 12. A broken joint of the prefabricated frame
column and short foundation stud at the Douhe Power
Plant.
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Photo 13. A broken groove weld on the joint of the
frame of the main building at the Douhe Power Plant.

Photo 14. The boiler and elevator after the quake.

Photo 15. A crack in the middle of a boiler frame of the
first stage construction at the Douhe Power Plant.

Photo 16. The roof of the turbine house collapsed in the
2nd and 3rd stage construction at the Tangshan Power
Plant.
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Photo 17. A tilted gable at the extension end of the
turbine house at the Tangshan Power Plant.

459

Figure 1. Plan of the main building at the Douhe Power Plant.

Figure 2. A section of the main building of the 1st stage of construction at the Douhe Power
Plant.
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Figure 3. A section of the main building of the 2nd stage of construction at the Douhe Power Plant.

Figure 4. Geological section of the Douhe Power Plant are [R] = bearing capacity kg/cm2.
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Figure 5. Damage to various buildings at the plant site of the Douhe Power Plant.
1. R.C. frame structure; 2. R.C. frame single-story building; 3. R.C. and brick composite building; 4.
Pre-stressed pole and tubular steel frame; 5. R.C. corridor; 6. R.C. underground corridor; 7. R.C.
cylindrical dust collector; 8. R.C. Chimney
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Figure 6. Layout of the turbine house roof bracing at the Douhe Power Plant.
(a) Layout of bracing of the upper chord of the roof truss; (b) Layout of bracing of the lower chord of
the roof truss; (c) Layout of the horizontal bracing of the monitor.
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Figure 7. Typical cracks observed on columns of the turbine house at the Douhe Power Plant prepared on
site (width of cracks in mm).
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Figure 8. A section of the 1st stage of construction of the deaerator bunker room at the Douhe Power Plant.

Figure 9. The actual load diagram of the frame at axis 6 in the quake of the deaerator
bunker room at the Douhe Power Plant. [p(t), q(t/m) (live load), g(t/m) (dead load). The
bunker was filled with 30% of the coal load capacity during the quake]
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Figure 10. The progress of erection of the fabricated frame of the 2nd stage construction before the quake at
the Douhe Power Plant.
1. Beam located, bar welded, joint waiting for grouting; 2. Progress same as 1, beam fell of during quake; 3.
Column prepared for connection; 4. Beam located, bar on top not welded, not grouted; 5. Progress same as
4, beam fell off during quake; 6. Brick wall set up

Figure 11. Cracks on axis 8-12 frame of deaerator room at the Douhe Power Plant.
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Figure 12. Cracks on axis 6 frame of the deaerator bunker room at the Douhe Power Plant. (crack width in
mm; no cracks were observed on columns and beams of frame from elevation 19.500 m above)

467

Figure 13. Cracks on filled walls along axis B frame of the deaerator bunker room at
the Douhe Power Plant.

Figure 14. A section of the boiler of the 1st stage construction at
the Douhe Power Plant.
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Figure 15. A sketch of the boiler frame of the 1st stage construction at the
Douhe Power Plant.

Figure 16. Layout of the Tangshan Power Plant.

469

Figure 17. Loads on the frame of the main building at the Tangshan Power Plant.
(a) Axis 29 deaerator room frame. Loads: wt. of structure, dead load of deaerator, wt. of water, dead load of crane,
live load of crane, wind load, work or erection load on floors; (b) Axis 30 coal bunker room frame. Loads: wt. of
structure, wt. of coal, live load of equipment, snow load, wind load, concentrated load in t, distributed load in t/m.
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Figure 18. Damage to the Tangshan Power Plant.
1. R.C. frame structure; 2. Brick and concentrate composite construction; 3. Steel and
R.C. frame; 4. R.C. coal; 5. Induced draft cooling tower (R.C. structure); 6. Hyperbolic
cooling tower; 7. R.C. chimney; 8. R.C. framed single-story building
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Figure 19. No. 9 boiler frames at the Tangshan Power Plant.
(a) Boiler frame and loads; (b) Axis K1 frame; (c) Axis K2 frame; (d) Axis K3 frame; (e) Axis K1-K3 frame.
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DAMAGE TO POWER PLANTS IN THE CITY OF TIANJIN
Shi Guobin*

There were four power plants in Tianjin. Junliangcheng, Yangliuqing, and the Tianjin No. 1
power plants were in operation when the shock hit. The Dagang Power Plant was just completed
and ready for the installation of equipment; structures of the plant were not yet in a state for
undertaking the full design load. The seismic design intensity was VII degrees, hence, no
apparent damage was detected after the quake. Earthquake damage to the former three power
plants will be briefed in the following.
I. Tianjin No. 1 Power Plant
This plant was situated in the city in Hedong District. It sat on an intensity VII area.
The construction of the old plant started in 1937. It was designed and built by the Japanese
and equipped with two sets of turbo-generators and two boilers. In the early fifties three stages
of construction took place successively and were completed in 1960. Seven turbo-generators
and eight boilers were equipped and the total capacity was 155,000 kW (see Fig. 1 for the plan
and section of the plant).
The plant site, facing the Haihe River on the west, sat on the old riverbed of the Haihe River.
It was a piece of flat land seated on quaternary alluvium and shallow sea deposit. The ground
was Class II soil. The surface soil was backfill 1-3 m in depth and further down was loam or
clay strata. The geological formation is shown in Fig. 2. Seismic design had not been
considered for the structures of both the old and new plants,.
1. Arrangement of building structures
The old plant adopted steel frames, a steel and R.C. composite floor structure, steel roof
trusses and purlins with wire mesh reinforced thin concrete slabs and 490 mm self-supporting
walls of both the exterior and interior were connected to the steel structures with tie rods.
All three stages of the extension buildings used poured R.C. frame structures; the 1st and 2nd
stages used steel deck trusses and door-shaped steel monitors, the 3rd stage switched to R.C.
inverted triangular trusses and R.C. monitors. Prefabricated large-size roof slabs were used for
all three stages. Bracing for all of the roof structures, especially the monitors, was inadequate.
At the boiler house, next to the expansion joint, only one set of V-shaped vertical cross-bracing
was at the middle of two end bays of monitor frames; at the turbine house only one vertical
cross-brace was used at each end bay in the plane of monitors. 370 mm or 240 mm exterior
brick filler walls were laid between columns with 120 mm covering the column, the interior
walls were 240 mm brick walls. #75 brick and #25 mixed mortar were used for all walls. No
bonding or connecting measures were used for walls to columns, beams and floors. At the boiler
* Northwest Electric Power Design Institute, Ministry of Water Conservancy and Electric
Power
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house, steel columns and steel wind trusses were used for the gable wall on the extension end;
490 mm brick self-supporting walls were laid below the elevation 7.000 m operating deck, and
240 mm filling walls were laid above elevation 7.000 m. At the turbine house brick piers and
R.C. wind frames were adopted for the gable wall at the extension end; 490 mm walls were laid
below elevation 7.000 m and 370 mm walls above this elevation. The gable walls on extension
ends were all laid with #75 brick and #25 mixed mortar.
The buried depth of foundations was -4.000 m. A R.C. raft foundation was used for the old
plant, the bearing capacity was about 10 t/m2. A pile foundation was adopted for the extension
plant (prefabricated R.C. pile, 12 m in length), independent foundations were adopted for the
columns, the bearing capacity of the cayey soil stratum was 20 t/m2. Below the foundation base
there was some local soft silt layer at a depth –5 m to –8 m with the bearing capacity under
8 t/m2.
The construction quality of the old plant was quite good but the latter three stages of
construction had poor quality due to the rush of construction which was carried out in winter.
During the 1966 Xingtai magnitude 7.2 quake and the 1967 magnitude 6.3 Hejian quake in
Hebei Province, the plant site was greatly shaken. At the plant, part of the parapets collapsed,
brick walls at the expansion joint were staggered and crushed, cracks were observed on members
of monitor frames at the turbine house of the third stage construction, the gable at the extension
end of the boiler house had no connection to the roof slabs and it was tilted outward 2-3 cm after
the quake.
The main building was appraised after the Hejian quake and it was judged that the transverse
frame structure could meet the requirement of a VII degree seismic design but for the
longitudinal frame structure, no bracing or aseismic walls, nor seismic framework had been
considered in the original design. It was unsatisfactory as an aseismic structure. Measures had
been taken to strengthen the buildings at local parts: parapets were lowered to 300 mm, R.C.
brackets supporting roof trusses of the turbine house were hooped with steel sections, upper
chords and nodal points of R.C. monitor frames of the turbine house were fixed with steel parts,
and section steel ties were added to connect the gable to the roof structure along the whole length
of the upper chord of the roof truss at the extension end of the turbine house. Also, ties were
adopted to connect the gable to the upper chord of the roof truss at the extension end of the
boiler house.
2. Damage
The frame, roof structure and walls of the old plant showed no apparent earthquake damage.
The bearing structure of the extension buildings was basically intact; part of the brackets
supporting roof trusses of the turbine house, though strengthened by steel hoops, still developed
cracks with crushed concrete and exposed steel. The R.C. brackets supporting the elevation
12.500 m steel deck of the bunker room mostly showed fine slant cracks. The top of the
expansion joint between plants, built in the 2nd and 3rd stage construction, widened about 3 cm
it may have been caused by the settlement and tilting of the 3rd stage construction. No apparent
damage was observed on roof trusses of extension plant buildings, but distorted steel bracing
was often detected at each expansion joint and individual bolts were pulled off (Photo 1). Some

474

R.C. bracings were pulled off and anchor bolts of the embedded piece for anchoring the bracing
were pulled out and/or broken (Photo 2). The damage was more serious at monitors where
horizontal circular cracks were observed at the foot of most R.C. monitor columns of the turbine
house and some of them had crushed concrete and exposed steel. Monitor frames of the boiler
house of the 2nd and 3rd stage construction inclined 30 cm toward the extension end with
bracing broken and twisted, and the 240 mm brick end wall of the monitor collapsed. Four
temporary guy wires were installed to prevent the monitor frames from falling after the quake.
Miraculously the endangered monitor frames were jolted back into position during the
magnitude 6.4 Ninghe quake.
The interior walls of the plant buildings were basically undamaged but the exterior walls
were much damaged. The damage generally occurred on the top part (many cracks, bricks were
crushed or partially collapsed); the middle part had a lot of cracks and the lower part had slight
damage or was basically intact. The most seriously damaged walls were on axis F, the wall at
axis 21-22 collapsed completely from above elevation 7.000 m (Photo 3); walls in other bays
showed different degrees of damage. The 240 mm parapet along axis C showed a lot of cracks
and partly collapsed (Photo 4). The 3rd stage of construction where the quality of mortar was
very poor, much of the parapet fell and in turn crushed more than 20 pieces of roof slabs of the
turbine house. 370 mm filler walls along axis A and B were less seriously damaged except for
local cracking at the joints between the old and new buildings. Expansion joints of different
stages of construction originally had a designed space of 20 mm which were usually filled with
debris, generally, they were compressed and broken after the quake.
The gable of the boiler house at the extension end mostly collapsed above the level of the
lower chord of the roof truss (the uppermost wind truss) and many cross cracks were distributed
over the surface of the wall with crushed mortar and the wall tilted outward (Photo 5). The gable
wall on the extension end of the turbine house was basically intact but the gable showed slight
bulging and collapsed during the magnitude 7.1 aftershock.
Due to the non-uniformity in tension of guy wires the seven chimneys, 2 m in diameter and
taller than the roof of the boiler house by 22 m, tilted at different inclinations in various
directions. The No. 4, 5 and 6 chimneys were the most seriously displaced; No. 5 had the
greatest displacement; a single bolt was broken and the concrete crushed at the foundation of the
chimney. During the inspection after the quake it was discovered that one of the guy wires of
this chimney was defective before the shock hit, it had a slight crack and this wire broke during
the quake and caused the chimney to tilt (Photo 6).
II. Junliangcheng Power Plant
The Junliangcheng Power Plant was situated west of Tianjin and about 20 km from the city.
It sat on an intensity VII area. The two stages of construction were completed in 1966 and 1969
respectively. The capacity of the turbo-generators was 200,000 kW. It was equipped with 4
turbo-generators and 4 boilers. See Fig. 3 for the plan and section.
The ground was quite flat. The soil belonged to shallow sea deposit, the strata was
comparatively regular and the ground was Class II soil; there was not much variation in
thickness and buried depth of the different strata. See Fig. 4 for the geological profile.
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No seismic design was considered for the 1st stage construction. After the Hejian quake of
Hebei Province hit in 1967 strengthening measures were taken for structures.
1. Arrangement of building structures
First stage of construction. Poured R.C. frame structures were used for the plant buildings,
prefabricated I-section R.C. columns with flat-ribbed webs were used along axis D, and largesize prefabricated rib slabs and poured longitudinal tie beams were adopted for floors at axis B
and C frames. Steel roof trusses and prefabricated large-size roof slabs were used for turbine
and boiler houses.
Second stage construction. A prefabricated R.C. structure was used, pre-stressed R.C. Hframe sections were adopted for the axis B-C frame, columns were tenon-jointed, and steel
supported step joints were used for connecting longitudinal tie beams to columns. An exposed
bracket rigid joint was adopted at the connection of the column to the longitudinal tie beam
along axis A. Prefabricated large-size ribbed floor slabs were used for the floor structure, and no
fixed connections were considered for beams to floor slabs. The boiler house had an open
structure in the 2nd stage construction but the No. 3 and No. 4 boilers were ordinary indoor-type
230 t/h boilers. No strengthening measures were taken for the No. 3 boiler and seismic bracing
was added for the No. 4 boiler proper. Pre-stressed R.C. arched roof trusses, a door-shaped R.C.
monitor frame, and large-size roof slabs were adopted for the turbine house roof structure in the
2nd stage construction. A fire in 1975 injured the roof structure and the monitor. To reduce the
dead load a single-sloped steel monitor frame was adopted instead and the rooftop was changed
to reinforced aero-concrete slabs.
A poured R.C. frame and 240 mm filling walls were adopted for the gable wall at the fixed
end of the plant building (the wall was laid with 120 mm backing the columns), the height of the
wall sections all exceeded 8 m, and φ4 wall-to-column ties were spaced at 1,000 mm. R.C. Isection columns and a steel wind truss were adopted for the gable wall at the extension end of
the turbine house, and filler walls were laid with aero-concrete cinder blocks. A steel frame clad
with reinforced aero-concrete wall plates was adopted for the boiler house at its extension end.
Exterior walls were 240 mm brick filling walls with 120 mm covering the columns, φ4 wallto-column ties were spaced every 1,000 mm, 200 mm reinforced aero-concrete cinder blocks
were used for all interior filler walls between columns and under beams, and 240 mm brick walls
were adopted for independent interior walls laid on the ground and floor. No ties were installed
for connecting wall-to-column or to floor in the 1st stage construction, φ4 ties spaced every
1,000 mm for wall-to-column connection were added in the 2nd stage construction. Most
interior walls were 6-7 m in height and #75 brick and #25 mixed mortar were adopted for all
walls. The strength of the aero-concrete cinder blocks was a little lower than for bricks.
After the 1967 Hejian quake in Hebei Province strengthening measures were taken for the
2nd stage construction such as, lowering the height of the parapet and strengthening bracing to
the roof structure, and a full height R.C. quake-resistant wall was erected along axis B from axes
11-12. Also strengthened was the parapet along axis A of the 1st stage construction. According
to the seismic computation, the transverse frame of the 1st and 2nd stage construction could meet
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the requirements of seismic design of intensity VII but the longitudinal frames were far from
satisfactory to stand such an earthquake intensity.
In the 1st stage construction an R.C. strip foundation was adopted for columns along axis A
and D, and an R.C. raft foundation and prefabricated R.C. piles were used for frames on axis B
and C. In the 2nd stage construction an independent foundation and pre-stressed R.C.
prefabricated piles (length: 16 m) were used. The buried depth of the foundation was -5.5 m;
soil at the base of the piles was hard yellow clay and the allowable bearing capacity of the
ground base was 16 t/m2.
Before the quake the No. 3 and No. 4 boilers had already switched to crude oil. When the
quake hit the bunkers for the No. 3 and No. 4 boilers had no stored coal (coal storage capacity
was 560t for each boiler).
2. Damage
The main load bearing structures of the plant buildings were basically intact. Slant cracks
were detected at beam ends and 1/4 points of the beam span on longitudinal tie beams along axis
B at elevation 12.500 m and 18.500 m (the beams were independent of the deck). Cracks on
poured-in-place tie beams of the 1st stage construction were more serious, concrete at the bottom
of the beam end was crushed and steel was exposed, a crack width of about 0.5 mm encircled the
whole beam section. Damage to the tie beam of the 2nd stage construction was comparatively
slighter, only fine cracks were observed at the secondary pouring of the step joint where the old
and new concrete was joined. Similar cracks were observed at the poured-in-place simply
supported beams at elevation 12.500 m and 18.500 m from axes 1-2 along axis C. Brackets
supporting the roof truss of the turbine house on the column at axis B-8 developed a slant crack
along the setscrew of the roof truss and concrete around the crack was crushed and steel was
exposed. A small steel structure compartment with corrugated iron roof sheets was built on top
of the No. 3 boiler between steel columns of the boiler frame and column at axis C. Walls were
finished with mortar on wire mesh. The I-steel section joists of its floor were supported on
elevation 25.300 m R.C. tie beams which connected the boiler's steel columns and columns on
axis C. After the quake an embedded steel plate in the tie beam for welding the I-steels arched
up and part of the welds broke which caused vertical cracks encircling the beam under the I-steel
joists; the width of cracks was about 1 mm. At the same time, embedded steel plates used to fix
steel studs onto the floor were pulled up, the steel studs were used to fix the wire mesh and were
about 2 m in height. Concrete on the floor around the studs were broken into holes.
The roof structure was basically intact. Partial bracing deformation, with aconnection bolt
pulled off, was observed in both stages of construction but no damage was detected on the R.C.
vertical bracing and horizontal tie rods of the 2nd stage construction. The asphalt built-up
roofing at axis 1-2 of the turbine house was badly cracked. No measures were taken to connect
the gable of the fixed end of the boiler house to the roof structure at axis 1 (roof truss and smallsize roof slabs). After the quake the small roof slabs were displaced outward, the largest
displacement measured 5-6 cm at the corner close to axis D. The roofing was seriously damaged
and the gable tilted outward and cracks were observed on it.
Damage to exterior walls was comparatively slight. Tilting and cracking of the gable were
also observed in the turbine house since there were no connections between the gable wall and
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columns at axis A and B on the extension end of the turbine house. Walls on both sides of the
2 cm expansion joint, of the 1st and 2nd stage construction were crushed from pounding, and the
top part of the wall at axis A collapsed. The 120 mm of brick covering the R.C. columns mostly
cracked and locally collapsed along axis B from above the roof of the turbine house (Photos 7
and 8). The parapet along axis C and D tilted outward.
Damage to the interior walls was comparatively heavier. The finishing on the aero-concrete
cinder block filler walls between columns peeled off and the walls cracked along the mortar
joints. Interior partition walls on the floors at elevation 18.500 m on the axis B-C mostly
collapsed. Column spacing walls at elevation 28.000 m on axis C mostly cracked and the wall
between axes 5-8 mostly collapsed. The other walls, transverse or longitudinal, on the ground or
at upper floor levels showed cracks and tilted outward. It was estimated that 90% of the interior
walls were more or less damaged. The aero-concrete cinder block walls were more seriously
damaged than the brick walls.
No gap had been provided for the floor finishing at the expansion joints in the 1st and 2nd
stage construction. All floor finishing on both sides of the expansion joint was broken after the
quake.
III. Yangliuqing Power Plant
The plant was situated 13 km west of Tianjin City. It was in an intensity VII area. The two
stages of construction were completed separately in 1972 and 1974. It was equipped with 4
turbo-generators and 4 boilers, the total capacity was 375,000 kW. See Fig. 5 for the layout of
the plant building.
The ground was quite flat. The soil was mainly composed of river alluvium and sea deposits.
The soil strata were quite regular and were classified as Class II soil. See Fig. 6 for the
geological profile. Seismic design of intensity VII was adopted.
1. Arrangement of building structures
The 1st and 2nd stages adopted fabricated structures. I-section columns with flat ribbed
webs were used along axis A of the turbine house, the deaerator bunker room at axis B-C used
H-frame sections. Tenon-joints for columns were usedand steel supported step joints for
connecting longitudinal tie beams to frame columns. The floors were built with prefabricated
double-T channel slabs welded onto girders and the slabs were also welded to each other. The
floor was finished with cement mortar.
Pre-stressed R.C. arched roof trusses, through-type R.C. monitor frames and prefabricated
large-size roof slabs were used for the roof structure of the turbine house.
The boiler house was an open structure. It had suspended boilers on a prefabricated R.C.
boiler frame. The beams and columns were in rectangular sections, tenon-joints were adopted
for columns, exposed brackets and rigid joints were used for beam-to-column connections; part
of the tie beams employed steel brackets. The boiler frames were independent of the building
frames. The operating deck between axis B and C and the local top deck were simply supported.
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Both end walls of the turbine house were R.C. structures. The exterior walls were 240 mm
brick filler walls with 120 mm covering the columns. The height of the parapet was 1 m. The
interior walls were 240 mm brick and aero-concrete cinder block walls and #75 brick and #25
mixed mortar were used for the walls. The 200 mm aero-concrete cinder block wall had lower
strength.
Independent foundations and prefabricated R.C. piles were used for the plant building and
boiler frames. The length of the piles was 14 m and 15 m, the buried depth of the foundations
was -5.00 m, and the bearing capacity at the base of the piles was about 20 t/m2.
2. Damage
The damage to the plant building was comparatively slight and no anomalies were observed.
The roof structure was basically intact; a few broken welds at the connection plate of an
individual lower chord of the roof truss was observed and some crushed concrete with steel
exposed at the connection end of a R.C. vertical bracing to the roof truss was also observed.
The column tops at axis K1 and K2 of the No. 2 R.C. boiler frame had been given a second
pour concrete because of defective work; horizontal circular cracks were observed at this pour
joint. Horizontal cracks were observed on top of the concrete of the tie beams at the joints where
the beams were connected to the steel plates of the steel brackets on columns of the No. 2, 3 and
4 boiler frames, and the width and length of the cracks increased with the height of the beam
elevation. The steel plate connecting the No. 2 boiler frame column to the tie beam support at
elevation 22.500 m had a broken weld, the concrete was crushed and steel bars were exposed at
the beam end (Photo 9). The R.C. beam supporting the ventilation fixtures rested on elevation
18.00 m brackets on the No. 2 and 3 boiler frame columns; the connecting welds of the beam
next to the No. 2 boiler frame column and the beam end next to the No. 3 boiler frame column
were pulled apart with crushed concrete and exposed steel at the bottom of the beams. The steel
deck between the No. 3 boiler frame and column on axis C was pulled off and sagged about 5 cm
at the column on axis C.
The exterior walls were basically intact, only through cracks were observed at the lower part
of the walls (370 mm in width) between the windows. These walls were at elevation 18.000 m
and along axis B. No abnormal conditions were observed on walls along axis A though the
construction was the same. Cracks were observed on parapets along axis C.
Cracks were greater in number on the interior walls than on the exterior ones but no collapse
occurred. The more seriously damaged interior walls were those of the two-storied small
compartment at elevation 23.100 m between axis K and C columns where the No. 4 boiler was
stationed. Wide X-cracks were observed on the filler walls 6 m in height on the east and west
sides; damage was heavier on the west wall and on the lower story. The walls on the north and
south were undamaged; one of the brackets on the axis C column supporting the small
compartment had the concrete cover crushed and steel exposed. Besides, multitudinous cracks
were observed on the aero-concrete cinder block walls of the centralized control room of the No.
1 and 2 boilers and the relay room at elevation 8.00 m, axis B-C, with part of the walls bulging
outward and damage was even more serious at the east and west sides and at the corners. At the
plant, nearly all the walls built with aero-concrete cinder blocks had their finish peel off.
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A small ventilator room 5m(w) x 3.5m(h) of brick-concrete construction was built on the
roof of the B-C frame, axes 17-19. After the quake slant cracks developed on the east and west
exterior walls and interior partition walls and those on the west wall were more serious; the
cracks cut through the wall thickness and the width of the cracks was 2-3 cm.
There was a settlement joint between the elevation 8.000 m cantilever platform at axis A
column and the turbo-generator pedestal, but the floor finish was not provided with a joint as
required. After the quake the floor finishing was crushed and broken along the joint.
(Translators: S.Y. Zhou and Q. Li)
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Photo 1. Bent steel bracing of extension building,
at the Tianjin No. 1 Power Plant.

Photo 2. R.C. bracing of turbine house, Tianjin No.
1 Power Plant.

Photo 3. Damage to the wall at axis F of the plant
building at the Tianjin No. 1 Power Plant.

Photo 4. The parapet at axis C of the plant building
cracked and collapsed at the Tianjin No. 1 Power Plant.
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Photo 5. The gable wall at extension end of
the boiler house partially collapsed at the
Tianjin No. 1 Power Plant.

Photo 6. The steel chimney inclined at the
Tianjin No. 1 Power Plant.

Photo 7. The wall on axis B cracked at the
Junliangcheng Power Plant.

Photo 8. Local collapse of the wall on axis B
at the Junliangcheng Power Plant.
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Photo 9. A damaged beam connection of the No. 2 boiler
frame at the Yangliouqing Power Plant.
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Figure 1. Plan and section of the Tianjin No. 1 Power Plant.

Figure 2. Geological profile of the Tianjin Power Plant site. R – allowable
bearing capacity (kg/cm2); E – elasticity modulus (kg/cm2)
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Figure 3. Plan and section of the Junliangcheng Power
Plant.

Figure 4. Geological profile of the Junliangcheng Power Plant site. allowable bearing capacity
(kg/cm2); a – compression factor (cm2/kg)
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Figure 5. Plan and section of the Yangliuqing Power Plant.

Figure 6. Geological profile of the Yangliuqing Power Plant site.
1. Clayey soil, allowable bearing capacity R=1.5kg/cm2, elastic modulus E=90kg/cm2; 2. Clay,
R=2.0kg/cm2, E=50kg/cm2; 3. Clayey soil, R=1.1kg/cm2, E=70kg/cm2; 4. Clayey soil,
R=1.8kg/cm2, E=70kg/cm2; 5. Clay, R=2.2kg/cm2, E=100kg/cm2; 6. Clayey soil, R=2.2kg/cm2,
E=140kg/cm2
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DAMAGE TO SUBSTATIONS IN THE TANGSHAN AREA
AND THE CITY OF TIANJIN1
Fang Hao2

I. General Features
There were eighty-six 35 kV and above substations in the Tangshan area and in the city of
Tianjin including fifty 35 kV substations, twenty-nine 110 kV substations, and seven 220 kV
substations. After the quake, according to the degree of damage, an estimation was made as
follows: 25 substations were basically intact (29.1%); 9 were slightly damaged (10.5%); 31
suffered medium damage (36%); 16 were seriously damaged (18.6%); and 5 collapsed or were
destroyed (5.8%).
The substations in the Tangshan area were mostly concrete-brick structures and the
earthquake damage was quite heavy. Of the 38 substations under the Municipal Electricity
Supply Bureau of Tangshan (6 substations in the Chengde area not included) 33 were heavily
damaged and 5 were slightly damaged and their enclosure walls mostly collapsed. Of the 33 that
were heavily damaged, 5 had complete collapse of the roof and walls, 8 had local collapse of the
roof and walls, and 20 had cracks on walls and local collapse of walls but the roof still stayed on.
Another statistic made according to location of substations in the Tangshan area in different
earthquake intensity areas was as follows: all 4 substations in the intensity XI area collapsed; of
the 9 in the intensity X area 2 collapsed, 5 had locally collapsed roofs and 2 had cracked walls
but the roofs held on; of the 5 in the intensity IX area 2 had locally collapsed roofs and 3 had
cracked walls but the roofs stayed on; of the 7 in the intensity VIII area 1 collapsed and the rest
had cracks on the walls but the walls remained standing; of the 6 in the intensity VII area the
damage was the same as in the intensity VIII area; of the 2 in the intensity VI area 1 had cracks
on one wall corner and the other was not damaged at all.
Different degrees of damage were observed at the 48 substations in Tianjin; those in Hangu
District (about 29 km away from the epicenter) and in Ninghe County had the heaviest damage.
It was estimated that 26 were basically intact, 14 had medium damage and 8 were heavily
damaged (Huangsuo, Louzhuang, Hangu, Dongnanjiao, Tiangang, Xianshuigu, Zhangguizhuang,
and Dasuzhuang substations).
Damage to 30 main substations in the Tangshan area and the city of Tianjin could be listed
according to their location intensities.
1

2

This paper was written based on the information provided by the Tangshan Power Supply
Bureau, the Tianjin Electric Bureau, the Tianjin Power Transport and Transformation
Company, the Beijing Electric Power Design Institute and the Tianjin High-Voltage Power
Supply Substation.
Northwest Electric Power Design Institute, Ministry of Water Conservancy and Electric Power
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The investigation indicated that all collapses took place in the intensity VIII to intensity XI
areas. Photo 1 shows the collapsed roof of the control room at the Lujiatuo Substation; at some
substations the wall collapsed and the roof cantilevered out. Photo 2 shows the switch room at
the Xibeijiao Substation with a collapsed gable wall, but the roof cantilevered.
In spite of damage to buildings the outdoor switchgear framework, supports and foundations
of equipment were basically intact and mostly not damaged, only slight tilting of an individual
framework caused by deformation of the ground was observed. They were put into operation
again after minor repairs.
Listed according to topographical and geological features, the substations such as Junken,
Buogezhuang, Bijiaqu and Tandi were located along the seaside with intercrossing rivers and
channels. The ground cracked and fissured after the quake and large displacement occurred.
Though the earthquake intensities registered were VII and VIII, the buildings had more cracks
and greater inclinations than those located in the intensity IX area. For example, Leting
Substation which was situated in the intensity VII area sat next to a large pond; the largest
ground fissure measured 2 m, the ground developed a massive cave-in and slid toward the pond
and raised the bottom level of the pond up from -5 m to -2 m; buildings in the vicinity of the
pond were heavily cracked and the main structure tilted up to 10° (Photo 3, Fig. 1).
II. Examples of Damage
1. Lujiatuo Substation
Lujiatuo Substation was situated northeast of the city of Tangshan, south of Guyezhen and in
the neighborhood of Yingezhuang. It was in an intensity IX area.
The ground was quite flat. From the ground level downward to a depth of 50 m the soil was
basically fine sand strata with alternate strata of quaternary fluvial outwash and sea deposit. It
was Class II soil.
This was a 220 kV key substation in the northeast Tangshan area. It was equipped with one
set of 220/121/38.5 kV and 120,000 kVa transformer; sets of 110/38.5/11 kV and 50,000 kVa
and 31,500 kVa transformer each, and also with a set of 50,000 kVa compensators. It mainly
supplied electric power to Linxi Mine, Lujiatuo Mine, etc. of the Kailuan Mine.
The three stages of construction for this substation were completed and put into operation in
1960, 1971 and 1975 respectively.
(1) Arrangement of building structures
The original control room, 10 kV distribution room and equipment room had brick bearing
walls, poured-in-place R.C. floors and roof slabs. The new control room was close to the east
end of the original main control room. Seismic design of intensity VII was considered.
Composite reinforced brick piers were adopted in combination with bearing walls (100 brick and
50 mortar). Steel roof trusses and prefabricated R.C. channel slabs welded to steel trusses at 3
points were used for the roof structure; there were tie rods between roof slabs and their
connection to the walls. An R.C. bond beam was on top of the walls and under the roof
structure, and horizontal bracing was installed on both the upper and lower chords of roof
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trusses. The building had a good monolithic quality (Fig. 2). A plain concrete strip foundation
was set at -2.70 m.
(2) Damage
Walls on three sides (south, west and north) of the original main control room collapsed
(Photo 4), the fallen girder of the poured-in-place R.C. roof struck two large holes through the
cable mezzanine and the entire roof structure fell on the control panels, but the cable mezzanine
floor stood with only minor cracks. The end wall of the new control room developed serious 45°
cracks; the composite brick piers were basically intact. The building still remained as a whole,
only the fallen roof of the original control room crashed on the new control room and damaged
its suspended ceiling (Photo 5). The roof of the 10 kV distribution room partially collapsed
because of broken bearing walls. The side walls of the compensator room tilted outward and
cracks were observed on the gable walls (Photo 6).
2. Jiaanzi Substation
This substation was situated in the north suburb of Tangshan on the west side of Jiaanzi
Village. It was the 110 kV key substation in the Tangshan area and also the liaison substation of
the Tangshan-Beijing-Chengde district network. It was equipped with a set of 15,000 kVa and a
set of 31,500 kV transformers. It mainly supplied electric power to industries and coal mines in
the north suburb of Tangshan. The site was in an intensity IX area.
(1) Arrangement of building structures
The control room was in a one and a half story composite structure. It had brick bearing
walls, R.C. thin-webbed T-girders and large-size roof slabs. The distribution room and attached
rooms were a two-story composite structure with brick bearing walls and poured R.C. roof and
floor slabs. The wall construction consisted of a 370 mm exterior wall and a 240 mm interior
wall of #75 brick and #25 mixed mortar. Brick and stone strip foundations were set at an
elevation of -1.40 m. The ground was of Class II soil (Fig. 3).
(2) Damage
Both side walls of the main control room collapsed outward from above the elevation of the
poured cable mezzanine floor; two of the thin-webbed T-girders fell and crushed the poured
floor slab at one end. Tie beams of the floor slab were also broken. The other end of the Tgirders thrust outward and sat on the broken wall, the tie beams of the side walls also fell and
broke. The gable wall and roof of the equipment room collapsed (Photo 7).
The gable wall of the 6 kV distribution room collapsed completely from above an elevation
of 4,000 m and its lower part was heavily cracked. The brick wall on the ground floor and the
poured R.C. floor slab were basically intact. All of the 120 mm enclosure walls with pilasters
collapsed.
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3. Bijiadian Substation
The 110 kV Bijiadian Substation was situated north of Guye in the Tangshan area. It was a
terminal substation. The ground was quite flat and in an intensity IX area. The substation was
equipped with a set of 31,500 kVa transformers.
(1) Arrangement of building structures
The main building was a single-story composite structure with 370 mm brick bearing walls
and a poured R.C. roof slab. Brick and stone strip foundations were set at -1.250 m. The ground
was Class II soil (Fig. 4).
(2) Damage
The upper part of the 10 kV distribution room mostly collapsed, and part of the roof fell and
broke (Photo 8). Serious cracks were observed on the gable wall and side walls of the control
room (Photo 9). 45° cross-cracks were observed on the gable wall at axis 1 and 2 and horizontal
cracks on the top and bottom of window openings on the side walls along axis A and D of the
110 kV main control room that was newly built in 1973.
4. Ganyao Substation
This substation was situated in Ganyao Commune of Lubei District northeast of the
Tangshan Power Plant. It was in an intensity X area. Two sets of 7,500-15,6000 kVa
transformers were at the substation which was built in 1971.
(1) Arrangement of building structures
The main building was a 3-story composite structure with brick bearing walls and poured
R.C. beams and slabs. The transformer room was on the 1st floor, the switch room on the 2nd
floor and the main control room on the 3rd floor. In one wing was the 110 kV main control
room with brick bearing walls and a prefabricated R.C. roof slab on R.C. roof girders; in the
other wing was the 10 kV distribution room with brick bearing walls and a poured R.C. beamslab roof. The ground was Class II soil.
(2) Damage
The brick walls in the control room and distribution room (Photo 10) in the two wings and
those on the upper stories (Photo 11) collapsed. The walls in the other buildings of the
substation, such as the office, dormitory, store room and enclosure walls all collapsed.
5. Dongnanjiao Substation of Tianjin
This 110 kV substation built in 1954 was situated in the southeast suburb of Tianjin. It was
in an intensity IX area.
The ground was quite flat and on an old riverbed with a high ground water table. The ground
was Class III soil (clayey soil and clayey silt strata).
(1) Arrangement of building structures
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The main control room and switch room was a single-story composite structure with brick
bearing walls and a poured R.C. roof. The 490-620 mm walls were laid with #150 brick and
#75-100 mixed mortar. See Fig. 5 for the plan and section.
(2) Damage
Full length cracks up to 100 mm in width were observed on walls along axis 5 between axes
B to C at an elevation of 4.500 m to 5.300 m (Fig. 6a). Vertical cracks ran upward on walls
between axes 1-3 along axes B, C and E with a maximum width up to 120 mm (Figs. 6b, 6c and
6d). Many horizontal and slanted cracks were observed on the axis 1 wall between axes B and C
(Fig. 6e). Walls on axes C and E between axes 1 and 2 mainly developed vertical cracks with
widths up to 40 mm (Figs. 6f and 6g). Many cracks were observed on walls on axes 2, 3, 4 and 5
between axes B, C and D with a maximum width up to 50 mm (Fig. 6h).
The floor of the control room cracked near axis 2. The side next to the restroom settled
18 cm. Rooms between axes 3-5 tilted to the left. Also detected were several cracked walls in
the rest of the rooms. The entire building was devastated.
Translators: S.Y. Zhou and Q. Li)

Table 1. Main structure damage to substations.
Roof Structure
Classification of
Damage

Masonry Wall

Poured Structure

Prefabricated
Structure

Bearing and
Non-Bearing

Basically intact

3

8

3

Slight damage

2

2

2

Medium damage

1

1

5

Heavy damage

3

2

12

Collapse

5

3

8

14

16

30

Total
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Photo 1. The control room collapsed
at the Lujiatuo substation.

Photo 2. The gable wall of the switch room
collapsed at the Xibeijiao substation.

Photo 3. Tilting at the Leting substation
was caused by deformation of the ground.

Photo 4. The rear wall of the control room
collapsed at the Lujiatuo substation.

Photo 5. The ceiling of the new control
room collapsed at the Lujiatuo substation.

Photo 6. The side wall tilted and cracked the gable wall
at the compensator room at the Lujiatuo substation.
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Photo 7. The control room collapsed
at the Jiaanzi substation.

Photo 8. The 10 kv distribution room
collapsed at the Bijiadian substation.

Photo 9. The side wall of the control room
was heavily cracked at the Bijiadian substation.

Photo 10. The main control room
collapsed at the Ganyao substation.

Photo 11. The main building of the Ganyao
substation collapsed above the 2nd floor.
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Figure 1. Topographical deformation of the ground at the Leting substation after the
quake.
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Figure 2. Plan and section of the main control room at the Lujiatuo
substation.
(a) Plan (elev. ±0.00 m)

Figure 3. Plan and section of the Jiaanzi substation.
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Figure 4. Plan and section of the Beijiadian substation.

Figure 5. Plan and section of the Tianjin Dongnanjiao substation.
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Figure 6. Damage to the Dongnanjiao substation of Tianjin (width of crack in mm).
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DAMAGE TO SINGLE-STORY BUILDINGS
OF THE MACHINERY INDUSTRY*
1. General
After the Tangshan earthquake an investigation was made of the damage to single-story
buildings of the machinery industry in Tangshan, Tianjin and Beijing. The number of buildings
investigated is shown in Table 1.
(1) Structural characteristics of buildings
The structural type of plants in the machinery industry can be divided into mainly three
categories: 1) framed structures with pre-cast R.C. columns, frequently used in large and
medium size plants with bridge cranes; 2) framed structures with brick columns (walls),
frequently used in small size plants, medium and small size power stations and warehouses; and
3) composite frame structures with R.C. columns (a few with steel columns) in the middle rows
and middle span, and brick buttresses in the side spans (or load-bearing walls) or with R.C.
columns in the main span and brick columns in other spans. Plant buildings with an all steel
structure were seldom seen.
The plan of these buildings was relatively simple in shape, generally rectangular. When the
plan was of a Π-shape or L-shape expansion joints were usually installed to separate different
sections of the building, but the width of the joint was relatively small. Plant buildings were also
classified as single-span plants, multi-span plants of equal height and multi-span plants with
unequal heights. Most plants with R.C. columns had a roof system without purlins while those
with brick columns had a roof system with purlins. Large-size roof slabs were mostly used on
roofs without purlins; hollow slabs were used at a few plants. Light roofs of air-entrained
concrete slabs were only used at a few plants. Asbestos tiles, corrugated steel, and clay tiles
were generally used in roof systems with purlins and R.C. single-channel tiles were used in a few
systems.
Reinforced concrete skylight frames Π-shaped were used in most of the plant buildings
investigated; steel skylight frames were used in a few plants, some semi-buried skylights and
plain skylights were also used. One of the cross-sections of the R.C. Π-shaped skylight frame
projecting on the roof was T-shaped (Type J107 and JT2101 skylight frame), another was
rectangular shaped (Type 6410) and all were made of concrete 200 kg/cm2 in strength. Mostly
the skylight roof was the same as the roof of the whole plant. The lower beam of the skylight
frame was made of pre-cast R.C. beams welded together with the struts of the frame. Vertical
bracing of the skylight frames was usually installed at the two ends of the skylight unit. Single
angles (L60x5) were used for the cross bracing of Type J107 and JT2101 skylight frames welded
with the struts of the frame. M-shaped bracing was used in Type 6410 frames and was
connected with bolts to the struts of the frame. For a load-bearing roof an arch truss and thinwalled beams were mostly used. R.C. sawtrusses and composite trusses were also used. Steel
sawtrusses were also used in some of the plants. R.C. trusses were often used in plant buildings
* Earthquake Engineering Research Division, Ministry of Machinery Industry
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with a span ≥18 m; and composite trusses and roof beams were mostly used in plant buildings
with a span ≤15 m. Most of the R.C roof trusses and roof beams were monolithic, only a few
were pre-cast. Wood (or wood-steel) roof trusses, triangular steel roof trusses or thin-walled
R.C. beams were generally used in plants with brick columns (walls). Usually, a roof truss, or
beam, was welded to the columns. At the connection of a large-size roof slab and truss or beam
three-point welding was required, but this was not always done.
In the plant buildings investigated, the cross-section of R.C. columns in a bent varied with
the height. When the height was ≤800 mm the columns were usually of a rectangular section;
when ≤1,600 mm an I-section was often used; when >1,200 mm most were double-columns.
When the height was smaller I-section columns were of a solid type; when it was greater pre-cast
columns with openings in the web were often used. Thin-walled I-section columns were used in
a few plant buildings. Double-columns were mostly connected by horizontal web members; a
few had oblique web members. Pre-cast web members were usually used in large double
columns. The upper part of the columns in R.C. plant buildings were mostly rectangular
sections, a few were I-sections, or I-sections with a thin web. Composite columns (steel column
in the upper and R.C. column in the lower) were used in some plant buildings, especially high
and large plants (e.g. the 6,000 ton hydraulic machine workshop at the Tianjin Heavy Machinery
Plant). R.C. hollow columns were only used in a few buildings. Most of the load-bearing brick
columns were not reinforced. The brick buttress columns were of three types: those projecting
outside the buttress wall; those projecting inside the buttress wall; and those projecting both
inside and outside. Brick columns were all of a rectangular section.
Brick walls were used for these plant buildings, generally 240 mm or 370 mm thick, but at a
few plants large R.C. panels or asbestos panels were used. Reinforced bond beams were usually
incorporated in the brick walls and reinforcing bars were also used to connect the brick wall with
R.C. columns, but sometimes poor connections were found. Most of the brick gable walls at the
plants with R.C. columns were not load bearing, but at small plants load-bearing walls were also
used instead of a load bearing bent. Gables at plants with brick columns were all bearing walls,
some of the wind-resistant columns were erected up to the top of the plant but some were not.
The wind-resistant columns in the gable of R.C. plants were mostly R.C. columns and those in
the medium and small size plants were brick columns. There was usually no reliable connection
between the roof members and the bearing gable wall and the wind-resistant brick columns.
In general, the roof bracing members were made of steel sections except for the vertical
struts at both ends of a trapezoidal R.C. truss and the upper and lower struts in some plants.
Round steel bars were used for the horizontal roof bracing in a few small plants. Bracing
between columns was generally made of steel sections, R.C. bracing was used in a few plants.
The plant buildings investigated were mostly pre-cast assembled structures, therefore, they
were poor in integrity and a majority were not designed for earthquake resistance. But, the
safety factor of some plants (such as plants with larger cranes) was large but some were small
(such as plants with cranes of a small capacity or those without cranes). In addition, there was a
great difference in the quality of the connections and workmanship in these plants.
Most of the plants investigated were located on Type II and III site soil and part of the plants
were on Type I site soil.
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(2) Earthquake damage statistics
Statistics on damage to 467 plants investigated are listed in Tables 2-5.
2. Description of Damage
(1) Damage to skylight frames
a. Damage to R.C. skylight frames was mainly in the longitudinal direction
i) Fracture or failure of struts in the skylight frame
The damage pattern happened first in the area of intensity VIII (on Type III site soil). The
fractures were all located at the bottom of the strut where the T-section connected with the
rectangular section. The bottom of the fractured strut remained on the upper chord of the roof
truss. In the intensity areas above X, collapse of the skylight frames and the roof system
occurred but the struts fractured in the longitudinal direction.
ii) Longitudinal cracks occurred at the connection of the strut and the side plate or the
middle angle
A wide range of such cracks generally occurred in the skylight formed by a large-size R.C.
side plate welded to the strut. In Tianjin, an area of intensity VIII, such a damage pattern
occurred generally, as shown in Photo 1; in Beijing, an area of intensity VI-VII, some such
damage also occurred. The width of cracks ranged from 0.2 mm to several millimeters. In some
cases the concrete in the skylight was loosened and fell off and the reinforcement was exposed.
There were 122 skylight frames in the repair workshop of the Tianjin Tractor Plant, all of which
were T-sections. After the quake the struts in 83 frames cracked badly at the connection with the
side plate.
iii) Buckling failure of the vertical bracing on both sides of the skylight
Such damage patterns were first seen in areas of intensity VI. In areas of intensity VII and
above a lot of such damage occurred. Based on the statistics of 6 machinery plants in Tianjin, in
the area of intensity VIII, there were 72.4% vertical bracings in 504 skylight frames that suffered
buckling failure (Photo 2).
iv) Damage to the connection joint between the strut and the vertical bracing
Such damage patterns mostly occurred on the J107-type T-section skylight frame. It
happened in the area of intensity VI and more generally in the areas of intensity VII and VIII.
Joint failure always accompanied the buckling failure of the bracing. Figure 1 shows several
types of such failure.
The ratio of damage to the bolted connection joint between the vertical bracing and the Type
6410 skylight frame was relatively low.
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b. No obvious damage to the settled-type skylight was found
Figure 2 is a sketch of the settled-type skylight and Table 6 shows a comparison of damage
to the two types of skylight at the Tianjin Large-Size Machinery Plant indicating that damage to
the settled-type skylights was slighter.
c. Damage to the steel skylight frame was slight
Damage to steel skylight frames was much less than to the R.C. skylight frames. A lot of
steel skylight frames were basically intact after the quake, but in some cases the steel frames
inclined longitudinally and some even collapsed with the roof. For example, in the impact
extrusion workshop at the Tianjin Tractor Plant the steel skylight frame inclined seriously after
the quake due to the large spacing of the vertical W-shaped bracing (66 m). Some ten days after
the quake, the above-mentioned skylight frame suddenly collapsed with the roof.
(2) Damage to the roof system
a. Damage to roofs with purlins was slighter than to those without purlins
The roof of the No. 4 metal processing workshop at the Tangshan Metallurgical and Mining
Machinery Plant was composed of R.C. slabs with channeled tiles on it. The workshop was
basically intact after the quake except that the parapet wall fell down. The damage to the roof
with purlins was mainly sliding of the tiles. In individual cases, purlins with channeled tiles fell
down due to the poor connection between the roof truss and the purlins.
The two damage patterns of roof systems without purlins were damage to the whole system
and damage to the members of the system. No cases showing overall inclination or collapse of
the roof existed in the area of intensity VII. Only a few roofs in the area of intensity VIII
collapsed and the main damage was due to the M7.1 aftershock. For example, there were
133,898 m2 of roofs (827 trusses) at 24 workshops at the Tianjin Large-Size Machinery Plant,
and roofs on 11 trusses of 6 workshops (total area: 1872 m2) collapsed amounting to 1.33% of
the trusses and 1.4% of the total area. Of the 11 collapsed trusses 8 were induced by the
aftershock amounting to 73% of those that collapsed. The damage in the intensity IX area was
similar to that which occurred in the intensity VIII area, but the damage occurred more generally
and seriously. About half of the roof systems in the intensity X area collapsed and suffered
serious damage. Using the Tangshan Metallurgical and Mining Machinery Plant as an example,
there were 47,304 m2 of roof in 12 workshops, and 16,472 m2 of the roof (35%) collapsed and
7,488 m2 of the roof was seriously damaged. Based on the statistics of damage to roof trusses
there were 126 (30%) out of 415 trusses that collapsed and 49 trusses (12%) were seriously
damaged. Except for those that collapsed, some of the R.C. trapezoidal trusses inclined
longitudinally, as shown in Photo 3. Only the Tangshan Toothed Wheel Plant was surveyed in
the area of intensity XI. There were 5 workshops with a heavy roof system at the plant. After
the quake 4 workshops completely collapsed in a lateral direction, half of the roof of one of the
workshops collapsed longitudinally and the other half that also inclined was damaged quite
seriously.
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b. Damage to roof slabs occurred more generally
Among the damage patterns of the members of the roof system, damage to roof slabs
generally occurred. Cracking and loosening happened mainly at the support of ribs of the slab
and at the end of the truss (Photo 4). Also, offset of roof slabs occurred due to connection failure
at the truss and beam and even a few slabs fell off the support of the skylight frame or the truss.
At expansion joints the adjacent slabs were sometimes crushed due to pounding. When the
upper wall or roof slab in the higher span fell down due to earthquake vibration it led to collision
with the roof slab in the lower span (Photo 5). The roof beam damage pattern that was
frequently observed was cracking of concrete at the end of the beam and exposure of the
reinforcement. More serious was the damage to the connection between the beam and top of the
column, or that the beam shifted on the column top (Photo 6), or that the beam fell down,
induced by the collapse of the skylight frame or fracturing of the upper column (Photo 7). The
damage that was frequently observed to the arch truss was cracking at the arch end and cracking
of the struts supporting the roof slabs (Photo 8). Serious damage that was seldom seen was
cracking and crushing of concrete under the rib of the first roof slab on the upper chord panel or
at the end panel and buckling of bars (Photo 9). The upper chord of arch trusses at individual
plants fractured under the vertical bracing of the skylight frame. The damage that was frequently
observed to trapezoidal trusses was the failure of the vertical member at the end and the first
panel of the upper chord (Photos 10 and 11). The damage pattern of the roof bracing was mainly
buckling of members and failure of joints. Damage to the bracing of trapezoidal trusses was
serious and generally occurred at the R.C. vertical member at both ends of the truss and
longitudinal bracing members. Some joints were pulled apart and vertical members were
overturned also, some braces were bent and fell down (Photo 12). In some cases such damage to
trapezoidal trusses was made worse due to the failure of the bracing.
In summary, there were several characteristics of damage to the roof system in the singlestory machinery plants.
(i) Damage to the lightweight roof system was less than to the heavyweight roof system.
Photo 13 shows a comparison of damage to two adjacent plants, one with a light roof (intact) and
the other with a heavy roof (collapsed).
(ii) Damage to the roof with bracing rationally arranged was slight. For example, in a
workshop at the Tangshan Xijia Power Plant the north part of the bracing system was built in
1957. The steel roof trusses were covered with small ribbed slabs and the bracing system was
strong enough. The roof of this part was intact after the quake. The middle part was built in
1960 and the steel roof trusses were covered with large-size slabs but no bracing system was
installed. The roof of this part collapsed completely in the quake. The south part was built in
1972 and the pre-stressed R.C. trusses were covered with large-size slabs and the bracing system
was not perfect. The roofs collapsed completely except for those having lateral bracing.
(iii) Damage to plants with a low center of gravity roof was less than to those with a high
center of gravity. Generally speaking, damage to roofs with thin-walled beams was less than to
roofs with trusses, and damage to roofs with arch trusses was less than to those with trapezoidal
trusses. Damage to plants without skylights was less than to those with skylights; damage to
plants with shaft skylights and those with settled-type skylights were relatively slight also. For
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example, in the rivet welding workshop of the Tangshan Cement Manufacturing Machine Plants
there were two bents of trusses in the workshop of equal height. One was an R.C. arch truss 18
m in span and the other was a composite R.C. trapezoidal truss 24 m in span, and the roof
bracings of these two bents were not consistent with earthquake resistance requirements (lateral
bracing and vertical bracing were installed in the lower chord in the second panel at two ends).
After the quake, the large-size roof slabs in the first panel at both ends in the 18 m span fell
down. Most of the roof in the 24 m span collapsed and the few remaining trusses inclined
longitudinally; the damage to the roof was much worse than to that of the 18 m span (Photo 14).
(3) Damage to R.C. columns
a. Column tops
Damage to the column occurred at several tens of centimeters below the top and often
occurred to columns with bracing, partition walls, and at the connection with a working platform
or living rooms or at the corner of the building. At plants of different heights a little damage to
the column top also occurred. When the damage was slight the welded seam cracked and cracks
occurred on the concrete surface. When the damage was serious the welded seam failed, buried
members were pulled out, concrete was crushed, and even the whole column head fractured.
The slight damage mostly occurred in areas of intensity VII-VIII and the heavy damage in areas
of intensity IX-X (Photo 15). Fracturing of the column top frequently led to falling down of the
roof truss (Photo 16), and this appeared in the area of intensity VIII or greater. However, in
some cases, although the column top was crushed for a height of tens of centimeters with the
main reinforcing bars buckled the roof truss still remained on the column (Photo 17).
b. Upper columns
Damage that was frequently observed was horizontal cracking that appeared at the bottom or
on the top surface of the crane beam (Photo 18). At the Tianjin Large-Size Machinery Plant in
the area of intensity VIII there were 27 single-story workshops with R.C. columns. Except for 5
workshops the spacing of the transverse partition walls was less than 60 m, of the remaining 22
workshops there were 11 in which such cracks occurred. The more serious damage was wider
cracks, crushing, peeling off of concrete in the compression zone and exposure and even
buckling of reinforcement. Such damage also occurred in the areas of intensity VIII-X
(Photo 19).
The rupture at the bottom of the upper column was extremely serious and mostly occurred in
the area of intensity X e.g., at the processing workshop (Photo 20), the assembling workshop and
the cast workshop at the Tangshan Cement Manufacturing Machine Plant. Such damage was
also observed in the areas of intensity VIII and IX.
c. Plants with high and low bents
The characteristic damage to columns at plants with both high and low bents was that
horizontal cracks occurred in the upper and lower part of the roof support in the lower bent.
Such damage was generally found in the area of intensity VIII. For example, of the 8 plant
buildings with high and low bents at the Tianjin Large-Size Machinery Plant, horizontal cracks
occurred in 6 buildings. Most seriously, concrete in the compression zone was crushed and the
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longitudinal reinforcement buckled. In addition, the bracket supporting the roof in the lower
bent often cracked in tension and the embedded parts were demolished.
d. Beam shoulders
Splitting failure often occurred in the beam shoulder. Such damage occurred mainly in areas
above intensity VIII. For example, a whole row of columns in the rivet welding workshop at the
Tianjin Power Generating Equipment Plant suffered such damage except for several columns
near the gable wall at the end (Photo 21).
e. Lower columns
Damage to the bottom part of lower columns occurred in areas above intensity VIII.
Horizontal cracks occurred in the tension zone when the column was only slightly damaged;
crushing of concrete in the compression zone and exposure and buckling of reinforcement
occurred when the column was seriously damaged (Photo 22). Some of the columns completely
fractured at the bottom leading to collapse of the plant buildings. This occurred mainly in the
area of intensity X-XI. For example, in the area of intensity XI the columns in 6 workshops out
of 10 at the Tangshan Toothed Wheel Plant fractured at the bottom part leading to collapse of the
building. At plant buildings with a large array of columns, but with no column bracings
installed, diagonal cracks, exposure and buckling of reinforcement sometimes occurred at the
bottom of the column.
f. Double-columns
Damage to double-columns occurred in areas of intensity VIII to X. Photo 23 shows
crushing of a double-column under a crane beam in the steel casting workshop at the Tangshan
Metallurgical and Mining Machinery Plant in the area of intensity X.
g. Web of columns
Cracking of webs with openings or webs with horizontal elements occurred in areas of
intensity VIII-X. Diagonal cracks (Photo 24) or vertical cracks (Photo 25) occurred between
openings of the web as well as cracking at both ends of a horizontal web member (Photo 26).
Such cracks generally appeared on the columns at the Tianjin Large-Size Machinery Plant
located in the area of intensity VIII.
h. Bracing of columns
Damage to bracing between columns started in the area of intensity VIII i.e., mainly buckling
and fracturing of bracing members and joint failure. Buckling of the bracing member was
always accompanied by pulling out of another member (Photo 27). Some members were
fractured in tension (Photo 28). The damage pattern of joints was a pulling apart or shearing of
the welded seam on the gusset plate (Photo 29), pulling out or shearing of the anchored bars, etc.
The investigation showed that damage to bracing of lower columns was more serious than to
the bracing of upper columns; damage to the bracing of middle row columns was more serious
than to the bracing of exterior row columns; damage to the bracing of columns independent of
the exterior longitudinal wall was more serious than to the bracing of columns connected to the
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wall; and damage to column bracing with a large slenderness ratio was more serious than to that
with a small slenderness ratio.
Longitudinal cracks usually occurred at the connection between the bracing and the column
and also at the top of the low embedded wall or working platform. Such damage occurred in all
areas of intensity VIII to X. The concrete cracked when slightly damaged, and concrete was
crushed and reinforcement buckled when seriously damaged (Photo 30). The lower joint of the
lower column bracing was easily damaged. Damage to the column was serious when the
connection of the column and its bracing was above the ground level of the workshop. Damage
to the column top where the connection of the upper column bracing was located, always led to
the collapse of the roof. On the Type III soil in areas of intensity VIII or above horizontal cracks
often occurred on column shafts and especially at the column bottom when no bracing was
installed between columns. In this case, some columns would incline longitudinally or fracture
and even collapse.
i) Wind resistant columns
Damage to wind resistant columns was accompanied with damage to the gable wall. The
damage patterns were failure of the connection between the column and the roof truss and
cracking of the section at the various locations or cracking at the lower column bottom (Photo
31).
In addition, in the area of intensity VIII, due to the large displacement induced by the roller
support on the transverse expansion joint, the column in the higher bent was cracked by
pounding (Photo 32).
(4) Damage to walls
a. Bearing walls
In areas of intensity above VIII horizontal cracks occurred at the window ledges or the
plinths of the longitudinal wall in single-story plants with brick columns, and when severely
damaged the wall would be dislocated, crushed, or even collapsed. In some cases vertical cracks
appeared at the connection between a longitudinal wall and a gable wall or a transverse wall.
Oblique cracks or X-cracks mostly occurred on longitudinal walls with large openings and on
gable walls or transverse walls. Bearing gables or the triangular tops were often damaged
causing the collapse of the roof in the first panel (Photo 33). Gable walls with brick wind
resistant columns mostly inclined outward or even collapsed.
b. Enclosing walls
No damage was found to exterior walls made with R.C panels but brick walls suffered
damage to different extents. In areas of intensity VI-VII cracks occurred on the wall and the top
of the wall inclined outward; the top of the gable wall at individual plants fell down. In areas of
intensity VIII-IX the main damage to walls was that many gable walls (top portion) and parapet
walls collapsed. In the case when a spandrel beam was not connected firmly to a column, a large
area of wall would collapse with the spandrel beam. Collapse of filler walls between the high
and low bents would break the roof on the lower bent and equipment in the plant. Based on
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statistics made by the Tianjin Machinery Industry organizations, there were 137 plant buildings
out of 148 that had walls that collapsed amounting to 92.6% of the total. Based on the damage
survey in the area of intensity VIII, out of 65 plant buildings with high and low bents there were
34 buildings with roofs on the lower bent that broke due to falling of a filler wall. In areas of
intensity X-XI walls were mainly damaged by shear and large areas of the walls collapsed.
There are two types of exterior walls. One is placed outside the exterior columns and the
other fills the space between the columns. The damage pattern of the former was vertical cracks
at the corners of walls and collapse of the wall corner. The cracks were generally wide in the
upper section and narrow in the lower section (Photo 34); diagonal cracks and inclined cracks
occurred on gable walls; gable walls that did not have a spandrel beam always inclined outward
or bulged or even collapsed (Photo 35). Damage to parapets on longitudinal walls first started in
areas of intensity VI. Inclined cracks or diagonal cracks often occurred and when seriously
damaged the walls were dislocated, crushed and peeled off. In addition, horizontal cracks also
occurred at the eave line, at spandrel beams on the top story or at the elevation of the window
ledge.
Damage patterns of the inserted wall between the higher and lower bent were mainly
outward inclination and collapse (Photo 36).
A spandrel beam enclosed in the wall had a significant effect on enhancing the earthquake
resistance. However, if the spandrel beam was not enclosed or not connected firmly with the
column it made the damage to the wall more serious. When the cross-section of the spandrel
beam was small and its reinforcement was not sufficient shear cracks often occurred at the
corners.
Damage to exterior walls in which the columns were embedded was less than to walls
installed outside the exterior columns (Photo 37). Damage to a plant with embedded walls was
generally more serious. For example, one of the workshops at the New Harbor Ship Building
Plant was a building with three spans (higher bent in the middle and lower bents on both sides).
Walls were embedded between the columns in the exterior row and no bracing was installed
between the columns except for the middle row of columns. The roofs on both side-spans
collapsed and column tops in the exterior row were seriously damaged, but the embedded
columns and walls were only slightly damaged; bracing members between columns in the middle
row and the joints were seriously damaged; columns were fractured horizontally at the bottom
and some of them inclined seriously in the longitudinal direction (inclination of columns in the
exterior rows was smaller) and the roof in the middle span survived.
(5) Conclusions
If the plan and elevation of a building were irregular the damage to the building was more
serious. When a small building was attached to a larger building the damage to both was
heavier. A working platform connected to the columns of a plant always made the damage more
serious. For example, in one of the workshops at the Tianjin No. 1 Machine Tool Plant the top
of a column connected to a R.C. platform for the mixing machine was damaged (the surface of
the platform approached the column top) making an arch roof truss fall down and the roofs on
both sides fell also but the columns were intact (Photo 38).
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Partition walls installed between the columns, whether they were up to the column top or not,
would increase the damage to a plant building with R.C. columns. While in a building with
brick columns a partition wall which was built up to the column top would generally lessen the
damage, but walls which were not built up to the column top would make the damage more
serious.
When the center of rigidity of the plant did not coincide with the center of gravity the
damage to the plant would be more serious. For example, in a warehouse at the Tangshan
Cement Manufacturing Machinery Plant the opening at one end was connected to an outdoor
store building. During the quake the columns at the opening fractured, the roof beam fell down
and the wall at the other end was seriously damaged (Photo 39).
When one end of the plant was exposed (without a wall) and attached to a small house the
damage to the plan would be more serious. For example, in the cleaning workshop at the Tianjin
Tractor Plant pounding of the R.C. column near the expansion joint against the transverse wall
and the roof of the attached building caused the column adjacent to the attached building to
fracture and become off-set.
At plants with an irregular plan the damage at the expansion joints between sections was
caused by pounding.
Damage to plant buildings with multi-spans of various spacing was more serious also.
The following are the factors that affected earthquake damage based on the statistical
information:
a. Effect of the site and foundation
The investigation showed that damage to similar buildings would be quite different when
located on different sites on different foundations in the same area of intensity. For example,
damage to the Metallurgical Circular Saw Plant, Standard Parts Plant, Diesel Engine Auxiliaries
Plant, Tangshan Building Ceramics Plant, and the Tangshan Cement Posts Plant which were all
located at the bottom of Dacheng Hill in Tangshan City was very slight because the bedrock on
which these plants were built was on shallow soil was relatively firm. However, in the same
area of intensity the damage to the Tangshan Metallurgical and Mining Machinery Plant was
much more serious than to that of the Metallurgical Circular Saw Plant which were only a few
hundred meters apart although the structures in both plants were similar. Comparison of damage
to these two plants can be seen in Table 7.
b. Effect of the section of the plant building
The statistics showed that damage to plant buildings with multi-spans of equal height was
more serious than to single-span buildings; damage to plant buildings with unequal height spans
was more serious than to buildings with equal height spans even when the structures of both
buildings were similar. Table 8 shows a comparison of damage to buildings of different profiles
at the Tangshan Metallurgical and Mining Machinery Plant.
c. Effect of a crane truss
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A crane truss lessened the damage to a plant building. For example, at the maintenance
garage of the Fengren Railway Station (Fig. 3) the upper columns in rows (B) and (C) fractured
in the quake, the bracing members of the lower columns cracked, and the roof in the middle span
collapsed, but in the portion where the crane trusses parked and in the side span where transverse
partition walls existed (5 panels total) no upper columns fractured and no roof collapsed.
d. Effect of strengthening prior the quake
Generally, damage to plant buildings that had been strengthened prior to the quake was
greatly lessened. Before the Tangshan earthquake the walls, roof bracing and welding between
the large-size roof slabs and the truss of the main production buildings at the Tianjin Power
Generating Equipment Plant had been strengthened. No collapse of walls and roofs were found
after the quake, greatly reducing the percentages of buildings that were seriously damaged and
moderately damaged and increasing the percentage of those that were basically intact (Photo 40).
Production was soon restarted at the plant. Table 9 is a comparison of damage to several plants
showing that the effect of strengthening was significant.
3. Case Examples
(1) No. 4 metal processing workshop and metallic structure workshop at the Tangshan
Metallurgical and Mining Machinery Plant
a. Details of the building structure
Foundation: Type II soil, sandy clay; cup foundation for columns, buried depth, -2.0 m.
Structure: No. 4 metal processing workshop - steel triangular roof trusses in spans (A)-(B)
and (B)-(C), R.C. corrugated roof slabs; R.C. columns (lower columns, I-section; upper columns,
rectangular section) with crane beams. See Fig. 4 for bracing arrangement. 240 mm brick
exterior wall; three R.C. spandrel beams were installed at elevations of +6.0, +10.0 and +14.2 m
respectively. No spandrel beam was installed in the gable wall.
A R.C. I-beam with a thin web was used in the transition span (span (C)-(D)); a skylight and
pre-stressed large-size R.C. slabs were on the roof.
Metallic structure workshop: pre-stressed arch roof truss in spans (D)-(E) and (E)-(F), R.C.
triangular skylight frames, pre-stressed large-size slabs on the roof. R.C. columns with crane
beams (lower column, I-section; upper column, rectangular section). See Fig. 4 for bracing
arrangement. 240 mm exterior wall, three R.C. spandrel beams were installed at elevations of
+6.0, +10.9 and +14.9 m respectively. No spandrel beam was installed in the gable wall.
b. Damage
The roof in span (D)-(E) fell down completely and the trusses fell in span (E)-(F) (Photo 41).
In span (C)-(D) the partition wall was crushed, and part of the roof cracked. The roof over the
living room collapsed. The parapet wall and the gable top above the spandrel beam on the side
wall in both workshops all collapsed. Both ends of the longitudinal wall in the No. 4 metal
processing workshop cracked slightly. X-cracks were frequently found on the wall between
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windows in the middle at the metallic structure workshop, and vertical cracks often occurred on
the wall between windows. The cracked wall between the windows sometimes bulged outward
for a maximum of 50-60 mm. The upper spandrel beam fractured at the corner.
The bracing of columns in the two workshops mostly buckled. The bracing in the middle
row of columns was seriously damaged while those in the exterior rows were slightly damaged.
Bracing between the upper columns buckled; horizontal bracing of roof trusses also buckled.
Concrete in the column top on axis (D) was crushed and the bracket of the column
supporting the roof in the lower bent on axis (E) was cracked in tension.
(2) No. 2 metal processing workshop at the Tianjin Large-Size Machinery Plant
a. Details of the building structure
Foundation: Sandy clay, Type II soil; cup foundation for columns, buried depth -2.5 m.
Structure: Type G211 pre-stressed arch roof truss, Type G103 R.C. large-size roof slabs,
R.C. skylight frames of T-section in span (C)-(D) (Fig. 5). R.C. columns, the upper columns of
which were rectangular in section, and the lower columns were I-section. See Fig. 5 for the
arrangement of bracing of the roof. The gable wall was 370 mm; the side wall was 240 mm; and
the grade of mortar was #25. Walls in axis (B) were infilled between the columns and others
were placed outside the columns. Three R.C. spandrel beams were installed on the wall (two at
the elevation of +3.6, +7.2 m and the other one was enclosed); spandrel beams on top (in the
higher span at 12.7 m, in the lower span at 10.05 m ) were not enclosed. The parapet wall on the
gable wall and the side wall was 1.65-1.70 m high.
Construction at the end of the pre-stressed arch roof truss was weak. The steel plate
supporting the roof slab was buried in plain concrete. There was one φ32 U-shaped bolt in the
slab at the column top connecting to the roof truss and no anchor bars were installed. During the
quake the cranes in the three bents were all parked between the columns in axes (16)-(17).
b. Damage
About 7-8 m height of the gable wall collapsed. Three panels of the roof over the living
rooms were destroyed by the fall of the gable wall. The whole eave wall in axis (E) collapsed
destroying the transformer room. The bracket of columns supporting the roof system in the
lower bent in axis (C) was crushed and cracked. Concrete at the end of the arch truss was
crushed and cracked. In span (D)-(E) the column tops and beams in rows (16) and (17) were
damaged; stirrups straightened, main bars bent and concrete was crushed and fell down. Two
roof trusses fell down, the end of one fell on the crane beam and the other end still remained on
the column top, destroying the crane beam and bringing down 36 roof slabs between rows (15)(18) and one roof slab between rows (14)-(15).
In axis (C) cracks occurred on the brackets of 17 columns out of 21 at the connection of the
higher and lower bents.
In span (B)-(C) circular cracks occurred on the wind resistant columns in row (1), and the
wind resistant columns opposite the living room wall were split at various sections. A lot of roof
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slab ribs were damaged. The skylight bracing was pulled out from the joints. Tie members on
the column tops of rows (16)-(17) and (17)-(18) in axis (C) were buckled. The column shoulder
in row (16) connected to the bracing cracked, the width of which was 30-50 mm and the length
was 1.65 m. In axis (E) the concrete of the column tops connected to the bracing in rows (15)
and (16) was crushed and became loose (Photo 42). Column bracing buckled out-of-plane.
(3) Chassis workshop at the Tianjin Tractor Plant
a. Details of the building structure
Foundation: Type III soil, cup foundation.
Structure: The structure is outlined in Fig. 6. Steel roof trusses and large-size roof slabs in
span (A)-(B); steel roof trusses, steel skylight frames and large-size roof slabs in span (B)-(C).
Pre-stressed trusses, pre-stressed thin-web I-beams, R.C. skylight frames (Type 6410) and largesize roof slabs in spans (C)-(W). Pre-stressed I-beams with thin webs, R.C. skylight frames
(Type 6410) and large-size roof slabs in rows (1)-(8).
Spacing of columns in spans (A)-(B), (B)-(C), (1)-(5), and (5)-(8): 6 m.; upper columns,
rectangular in section; lower columns, I-section. Spacing of columns in spans (C)-(W): 12 m;
R.C. columns, rectangular in section. No cranes were installed in span (4)-(B), but step-wise
columns were still used in axis (A).
Expansion joints, 20 cm in width, were installed between the longitudinal spans and
transversal spans respectively. Two and three expansion joints, 30 mm in width, were installed
in the higher bent and the lower bent respectively along the longitudinal direction.
At the intersection of span (A)-(B) and rows (27)-(29) there was a corridor upon which
cantilever beams were put and no expansion joint was installed.
The offices in the workshop were in a two-story brick R.C. structure. Cantilever beams were
installed on the floor and roof in order to separate them from the longitudinal wall in the
workshop. The width of the isolation joint was 20 mm.
Horizontal bracing was installed between the upper chord and the lower chord in the second
panel from the end of spans (A)-(B) and (B)-(C). Vertical bracing was placed at the two ends
and in the middle of the trusses. A through tie rod was put between the upper chords and the
lower chords respectively. A bracing member was installed on the upper chord in the first panel
at both ends of the workshop to connect with the top of the wind resistant column. In the
remaining spans no roof bracing was put on the pre-stressed roof beam. For the steel and R.C.
skylight frames horizontal bracing of the upper chord and vertical bracing at the two sides were
installed at both ends of the expansion section in the workshop. Cross bracing was used for steel
skylights and W-shaped bracings were used for R.C. skylights.
In spans (A)-(B), (B)-(C), (1)-(5), and (5)-(8) bracing between the upper columns and lower
columns was installed in the middle of the expansion section and no bracing was installed
between the upper columns at both ends of the section. In the 12x12 m column array no bracings
were installed between the columns.
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The exterior wall was a 240 mm brick wall supported by a foundation beam. The bearing
wall and exterior wall of the office area were 240 mm brick walls also, built on a strip
foundation. In spans (A)-(B) and (B)-(C) three R.C. spandrel beams were installed at elevation
+4.8, +8.4 and +10.88 m respectively; in spans (1)-(5) and (5)-(8) two R.C. spandrel beams were
installed at +4.8 and +8.4 m respectively.
b. Damage
The strut of the R.C. skylight frame, 2.4 m high, was crushed and cracked at the lower jamb.
The strut of the R.C. skylight frame, 1.2 m high, also cracked at the lower jamb. The vertical
bracing of the R.C. skylight frames and steel skylight frames were deformed or pulled apart.
The block wall between the higher bent and the lower bent on axis (C) collapsed destroying
50 roof slabs on the lower bent (15)-(40). Further, in the M6.9 aftershock 9 roof slabs in rows
(11)-(15) were crushed. Those in row (A) pounded against the corridor destroying 4 roof slabs.
On axis (A) the columns in rows (27)-(29) pounded against the corridor, the upper columns
fractured inclining inward with a maximum displacement of the column top of 10 cm. The
connections between the steel roof trusses and columns in rows (27)-(29) were damaged,
concrete on the column top was crushed, the support was offset, the bolt buried in the column top
was bent, the plate supporting the roof truss shifted outward and the lower chord was bent and
deformed (Photo 43). Tie bars at both ends of the truss in rows (29)-(30) fell down. In the M7.8
Tangshan earthquake column brackets in rows (18)-(31) were split; in the M6.9 earthquake the
splitting extended to rows (12)-(35) and the length of some cracks started from the bottom of the
upper column to the middle of the lower column. Two columns located in the corridor in rows
(27) and (29) were seriously cracked.
In the 12x12 m column array 18 concrete columns in rows (19)-(31) on axes (E)-(J) were
cracked diagonally at the bottom, about 10 cm from the ground surface; the reinforcement was
exposed and bent and the damage ratio of columns was up to 50%. The same damage pattern
occurred to 7 columns in rows (34)-(41) amounting 23% of the total; and to 3 columns in rows
(9)-(19) amounting to 10% of the total. One to six horizontal cracks occurred on the column at a
distance 10-100 cm above the ground surface and some of the cracks passed through the whole
section. Damage was found to be serious in the middle region of the workshop, but slight in the
east and west region. Damage to the middle columns was serious and those on the sides and at
the expansion joint was slight. No diagonal cracks were found on the columns on axes (C) and
(W) except for horizontal cracks along the column. In the M6.9 earthquake the opposite side of
the above columns was crushed but most of the reinforcement was not exposed, and at the same
time, the damaged side of the columns was made heavier. There were 27 columns in rows (19)(31) amounting to 77% of the total, and 8 in rows (31)-(41) amounting to 27%, and 18 in rows
(9)-(19) amounting to 60%, suffering diagonal damage at the bottom induced by these two
earthquakes. After the M6.9 earthquake horizontal cracks on the column also increased and
more columns at the expansion joint suffered damage also.
In axis (C) horizontal cracks appeared at the roller support at the bottom of the upper column
in rows (16)-(33) due to pounding of the end of the roof beam.
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Horizontal cracks also occurred along the height of most columns on axis (W) (26 columns
amounting to 74% of the total).
Serious horizontal cracks occurred on part of the roof slabs on axis (W) due to pounding
against the office panels. At the expansion joint roof slabs collided with each other leading to
cracking of concrete. Nearby, one of the upper jambs of the skylights fell down.
Almost all parapet walls on axis (A) collapsed. On axis (B) column bracing in rows (25)(26) buckled. Most of the parapet walls on axis (W) collapsed internally crushing the roof slabs
of the workshop. Damage to the panels in rows (19)-(31) was serious. At the transverse wall the
end of the roof beam cracked or the bracket crushed in tension.
(4) No. 2 Metal processing workshop at the Tangshan Metallurgical and Mining
Machinery Plant
a. Details of the building structure
The workshop was a building with composite bents, the structure of which is outlined in
Fig. 7. Wood roof trusses were installed on the central span of the building and cross bracings
were put between the trusses. On the roof there were wood sheathing, tar felts and asbestos tiles.
In the side spans there were cast-in-situ R.C. girders with hollow brick tiles with ribs closely
arranged on the roof. No reliable connections were installed between the tiles and rafters as well
as the gable wall.
In the central span there were cast-in-situ rectangular R.C. columns and crane beams. No
bracings were designed for the columns. The longitudinal wall in the side span was 240 mm
thick. The girders were supported by brick buttresses. Crane beams were made of steel sections.
At both ends of the workshop there were bearing gable walls without wind-resistant columns.
There was one R.C. spandrel beam at the elevation of the crane beam.
b. Damage
The column bracket at the connection of the higher bent and lower bent was damaged and the
buried members in the roof of the lower bent were pulled apart causing the whole roof system on
both side spans to collapse (Photo 44). Most of the columns in the two rows on axes (B) and (C)
fractured at the bottom.
The gable wall at both ends collapsed completely. The roof in the first panel at both ends of
the main span collapsed. The spandrel beam on the west gable wall was hanging at the end of
the R.C. crane beam.
(5) Processing workshop at the Tianjin Gong-nong Electric Machinery Plant in Hangu
a. Details of the building structure
Foundation: Weak foundation soil; bearing stratum was silty soil; allowable capacity was 8
ton-force/m2; underlying layer, black sandy soil; allowable capacity was 12 ton-force/m2
belonging to Type III soil.
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Structure: The workshop was a building with composite bents (Fig. 8), a 370 mm exterior
wall and bearing reinforced brick columns in the wall. Large-size roof slabs were placed directly
on the 370 mm gable wall and no beam was laid on the wall top and no connection was made
between the slabs and the wall. Two R.C. spandrel beams were placed at elevations of +4.0 and
+6.5 m. The window was 1.5 m wide.
The central columns were 400x600 mm R.C. columns. Bracings were installed between
columns in the second panel from the ends and only for lower columns, Type L100. R.C. crane
beams were of T-section.
b. Damage
The roof system in the central span (B)-(C) collapsed completely. Columns on axis (B)
inclined to the north while those on axis (C) inclined to the south. Roof slabs near the east gable
in both side spans fell down.
Horizontal cracks generally occurred on the brick columns on axes (A) and (D) (Photo 45).
Longitudinal walls inclined to the north and south; the maximum inclination was 22°. Brick
columns in rows (4) and (9) on axis (D) fractured at a distance of about 1 m from the ground
surface with cracks 50 mm in width. Cracks of different extents were found on other brick
columns.
The sloping thin-web girder was pulled out from the support at about 200 mm and splitting
was found at the ends. The pull-out distance from the support decreased gradually from the
center of the workshop to the gable wall at both ends.
Horizontal cracks were found at the bottom of the central columns. Concrete at the bottom
of the columns in row (9) on axis (B) was crushed and loosened and steel bars were bent.
Through parallel cracks occurred on the gable wall in span (C)-(D) about 200 mm wide below
the roof slab. The east gable wall inclined to the east and part of the roof slabs fell down.
(Translator: Lu Rongjian)
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Table 1. Number of plants investigated.
VI

VII

VIII

IX

X

XI

Tangshan

Tangshan

Total

Intensity
Area

Beijing

Tianjin

Tianjin

Tanggu

Hangu

Kailuan
Mining
District

No. of plants

4

7

32

4

5

5

13

3

73

No. of plant
buildings

43

19

187

20

22

19

100

57

467

Table 2. Statistics on damage to plant buildings in areas of different intensities.
Intensity

Number
Investigated

Collapsed

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Basically
Intact

VI

43
(100%)

—

—

—

7
(16.3%)

36
(83.7%)

VII

19
(100%)

—

3
(15.8%)

5
(6.3%)

7
(56.8%)

4
(21.1%)

VIII

207
(100%)

8
(3.9%)

55
(26.5%)

74
(35.8%)

36
(17.4%)

34
(16.4%)

IX

41
(100%)

10
(24.4%)

19
(26.4%)

6
(12.6%)

1
(2.4%)

5
(12.2%)

X

100
(100%)

42
(42.0%)

28
(28.0%)

18
(1.8%)

10
(10.0%)

2
(2.0%)

XI

57
(%100)

42
(73.7%)

7
(12.3%)

4
(7.0%)

2
(3.5%)

2
(3.5%)

Total

467
(100%)

102
(21.8%)

112
(24.0%)

107
(2.9%)

63
(13.5%)

83
(17.8%)
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Table 3. Statistics on damage to single-story plant buildings with R.C. columns.
Intensity

Number
Investigated

Collapsed

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Basically
Intact

VI

36
(100%)

—

—

—

7
(19.4%)

29
(80.6%)

VII

7
(100%)

—

1
(14.3%)

1
(14.3%)

5
(19.4%)

—

VIII

141
(100%)

7
(5.0%)

36
(25.5%)

54
(28.3%)

27
(19.1%)

17
(12.1%)

IX

10
(100%)

—

7
(70.0%)

2
(20.0%)

1
(10.0%)

—

X

45
(100%)

16
(35.6%)

11
(24.4%)

15
(33.3%)

3
(6.7%)

—

XI

32
(100%)

21
(65.6%)

5
(15.6%)

8
(9.4%)

1
(3.1%)

2
(6.3%)

Total

271
(100%)

44
(16.2%)

60
(22.1%)

75
(27.7%)

44
16.2%)

48
(17.7%)

Table 4. Statistics on damage to single-story plant buildings with brick columns.
Intensity

Number
Investigated

Collapsed

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Basically
Intact

VI

3
(100%)

—

—

—

—

3
(100%)

VII

11
(100%)

—

2
(18.2%)

4
(36.4%)

1
(9.1%)

4
(36.4%)

VIII

35
(100%)

1
(2.9%)

9
(25.7%)

11
(31.4%)

3
(8.6%)

11
(31.4%)

IX

23
(100%)

9
(39.1%)

6
(26.1%)

3
(13.1%)

—

5
(21.7%)

X

44
(100%)

21
(47.7%)

14
(31.8%)

3
(6.8%)

6
(13.7%)

—

XI

14
(100%)

12
(85.8%)

1
(7.1%)

—

1
(7.1%)

—

Total

130
(100%)

43
(30.1%)

32
(24.6%)

21
(16%)

11
(8.5%)

23
(17.8%)
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Table 5. Statistics on damage to single-story plant buildings with mixed bent columns.
Intensity

Number
Investigated

Collapsed

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Basically
Intact

VI

4
(100%)

—

—

—

—

4
(100%)

VII

1
(100%)

—

—

—

1
(100%)

—

VIII

31
(100%)

—

10
(32.2%)

9
(29.0%)

6
(19.4%)

6
(19.4%)

IX

8
(100%)

1
(12.5%)

6
(75.0%)

1
(12.5%)

—

—

X

11
(100%)

5
(45.4%)

3
(27.3%)

—

1
(9.1%)

2
(18.2%)

XI

11
(100%)

9
(81.8%)

1
(9.1%)

1
(9.1%)

—

—

Total

66
(100%)

55
(22.7%)

20
(30.3%)

11
(16.7%)

8
(21.1%)

12
(18.2%)

Table 6. Comparison of damage to the Π-shaped skylight and the settled-type
skylight at the Tianjin Large-Size Machinery Plant.
Type of Skylight

No. of Plant Buildings

Description of Damage

Damage Ratio

Π-shape R.C.

4

struts cracked; joints pulled
apart; bracings buckled

100%

settled-type

6

intact

0

Table 7. Comparison of damage to plant buildings with light roof and
brick columns at the Tangshan Metallurgical Circular Saw Plant
and Tangshan Metallurgical and Mining Machinery Plant.
Total

Collapsed

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Basically
Intact

No. of
Buildings

5
(100%)

0

0

1
(20%)

3
(60%)

1
(20%)

Area (m2)

3,540
(100%)

0

0

460
(13%)

1,980
(56%)

1,100
(31%)

No. of
Buildings

19
(100%)

8
(42.1%)

8
(42.1%)

0

3
(15.8%)

0

Area (m2)

15,002
(100%)

7,312
(48.7%)

5,680
(37.2%)

0

2,010
(14.1%)

0

Name of Plant
Metallurgical
Circular Saw
Plant
Metallurgical
and Mining
Machinery
Plant
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Table 8. Damage to plant buildings with R.C. columns and different profiles at the
Tangshan Metallurgical and Mining Machinery Plant.
Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Basically
Intact

0

1
(16.7%)

4
(66.6%)

1
(16.7%)

0

10,061
(100%)

0

2,160
(21.5%)

7,460
(74.1%)

441
(4.4%)

0

No. of
buildings
investigated

4
(100%)

1
(25%)

1
(25%)

0

2
(50%)

0

area (m2)

18,816
(100%)

5,892
(31.3%)

6,912
(36.7%)

0

6,012
(32%)

0

No. of
Buildings
investigated

4
(100%)

1
(25%)

3
(75%)

0

0

0

area (m2)

19,982
(100%)

4,032
(20.2%)

15,950
(79.8%)

0

0

0

Section of Plant Building

single-span

multi-span of
equal height

multi-span of
unequal
height

Total

Collapsed

No. of
buildings
investigated

6
(100%)

area (m2)

Table 9. Statistics on damage to strengthened and non-strengthened plant buildings.
Total

Collapsed

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Basically
Intact

No. of
Buildings
Investigated

21
(100%)

1
(4.8%)

16
(76.2%)

4
(19%)

0

0

area (m2)

111,136
(100%)

6,084
(5.5%)

83,740
(75.3%)

21,312
(19.2%)

0

0

No. of
Buildings
Investigated

18
(100%)

0

11
(61%)

5
(27.8%)

2
(11.1%)

0

area (m2)

131,593
(100%)

0

71,509
(54.4%)

39,985
(30.4%)

20,099
(15.2%)

0

No. of
Buildings
Investigated

14
(100%)

0

1
(7.1%)

2
(14.3%)

3
(21.4%)

8
(57.2%)

area (m2)

46,313
(100%)

0

3,024
(6.5%)

15,770
(34.1%)

17,014
(36.7%)

10,505
(22.7%)

Name of Plant
Tianjin
Tractor
Plant

Tianjin
Large-Size
Machinery
Plant
Tianjin
Power
Generating
Equipment
Plant

Remarks
not
strengthened
prior to the
quake
not
strengthened
prior to the
quake

strengthened
prior to the
quake
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Photo 1. The middle strut (T-section) of the
skylight frame in a workshop at the
Tianjin Boiler plant fractured.

Photo 2. The M-shaped vertical bracing of
the skylight buckled in the impact extrusion
workshop of the Tianjin Tractor Plant.

Photo 3. The roof truss at the cast steel
workshop of the Tangshan Metallurgical and
Mining Machinery Plant inclined to the west.

Photo 4. The rib of the roof slab near the
gable wall cracked at the model workshop of
Tianjin Large-size Machinery Plant.

Photo 5. The collapse of the roof slab in the higher
span induced the bending of the steel roof truss in the
lower span (Tanggu Xinhe Shipbuilding Plant).

Photo 6. Sliding of the roof beam at the top
of the column in the lower span
(Tanggu Xinhe Shipbuilding Plant).
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Photo 7. Collapse of the skylight frame
led to the collapse of the roof beam
(Tianjin Engineering Machinery Plant).

Photo 8. Cracking of the strut supporting the roof slab at
the end of the arch truss (Tianjin No. 3 Casting Plant).

Photo 9. Damage to the end joint of the arch truss
(Tianjin Tractor Plant).

Photo 10. The vertical member at the end of the
trapezoidal roof truss ruptured near the spandrel beam
(Tianjin Power Generating Equipment Plant).

Photo 11. The upper chord of the trapezoidal truss
fractured (Tangshan Metallurgical and Mining
Machinery Plant).

Photo 12. The continuous horizontal bracing and the
vertical bracing at the end bent fell down (Tangshan
Metallurgical and Mining Machinery Plant).
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Photo 13. Damage to the old workshop with a
light roof was slight and the adjacent new
workshop with a heavy roof collapsed
completely.

Photo 15. Damage to the column top at the welding
workshop (Tangshan Metallurgical and Mining
Machinery Plant).

Photo 17. Pounding failure at the
column top at the repair workshop
(Tianjin Engineering Machinery Plant).

Photo 14. Damage to the rivet welding workshop of the
Tangshan Cement Manufacturing Machine Plant.
(a) The 24spm-span trapezoidal roof truss collapsed.
(b) The 18spm-span arch trusses were intact.

Photo 16. Damage to the top of the central column at the
iron casting workshop (Tangshan Metallurgical and
Mining Machinery Plant).

Photo 18. Cracking of the upper column on the top surface
of the crane beam at the repair workshop (Tangshan
Metallurgical and Mining Machinery Plant).
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Photo 19. Crushing of concrete and bending
of reinforcing bars of the upper column on
top of the crane beam in the higher span
of the tool workshop (Tianjin Tractor Plant)

Photo 20. Fracturing of the upper column
at the processing workshop (Tangshan
Cement Manufacturing Machine Plant).

Photo 21. The beam shoulder supporting the roof truss
in the lower bent at the Tianjin Power Generating
Equipment Plant cracked.

Photo 22. The lower column in the middle row was
crushed and reinforcing bars were bent in a workshop at
the New Harbour Shipbuilding Plant, Tanggu.

Photo 23. A vertical member of the double-column at
the steel casting workshop was crushed (Tangshan
Metallurgical and Mining Machinery Plant)

Photo 24. A web plate of the I-column in the welding
workshop cracked at the opening (Tangshan
Metallurgical and Mining Machinery Plant).
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Photo 25. Column braces in the middle row were bent
and vertical cracks occurred between openings of the
web (New Harbour Ship-building Plant, Tanggu).

Photo 26. A horizontal web member of the doublecolumn at the hydraulic workshop cracked (Tianjin
Engineering Machinery Plant).

Photo 27. Bending of column bracing in the steel
casting workshop (Tangshan Metallurgical and Mining
Machinery Plant).

Photo 28. Fracturing of column bracing by tension in
the extrusion workshop (Tianjin Tractor Plant).

Photo 29. Pulling off of the upper column bracing
(Tangshan Metallurgical and Mining Machinery Plant).

Photo 30. Peeling of concrete at the lower column
bracing in the middle row of the welding workshop
(Tianjin Engineering Machinery Plant).
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Photo 31. Outward inclination of the gable
wall and fracturing of the wind resistant column
(Tianjin Boiler Plant).

Photo 32. Damage to the column in the upper bent due
to pounding of the roller support in the assembling
workshop (Tianjin Tractor Plant).

Photo 33. Collapse of the load bearing gable wall
caused the roof of the No. 2 workshop to collapse
(Tangshan Metallurgical and Mining Machinery Plant).

Photo 34. The corner of a wall in the welding workshop
collapsed (Tangshan Metallurgical and Mining
Machinery Plant).

Photo 35. Collapse and bulging of the gable wall in the
welding workshop (Tangshan Metallurgical and Mining
Machinery Plant).

Photo 36. The roof of the lower bent collapsed caused
by the falling of the filler wall of the higher bent (Tianjin
Tractor plant).
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Photo 37. Embedded walls were basically intact at the
workshop (Tangshan Cement Manufacturing
Machinery Plant).

Photo 38. The top of the column connected to the
platform in the casting workshop was damaged in the
quake and the roof truss fell down (Tianjin No. 1
Machine Tool Plant).

Photo 39. One end of the warehouse was exposed. The
columns at the end fractured and the roof collapsed
(Tangshan cement Manufacturing Machine Plant).

Photo 40. The strengthened gable walls of the
assembling workshop of the Tianjin Power Generating
Equipment Plant were basically intact after the quake.

Photo 43. The upper column fractured, the column top displaced inward, the lower
chord of the steel truss buckled, and the anchorage parts at the top of the column were
destroyed due to pounding of the corridor on the workshop (Tianjin Tractor Plant).
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Photo 44. The bracket supporting the roof was damaged; the roof of both side
spans collapsed completely (Tangshan Metallurgical and Mining Machinery Plant).

Photo 45. Damage to the reinforced brick column of the north exterior
wall at the processing workshop (Gong-Nong Electric Machinery Plant).
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Figure 1. Damage to the connection joint between the skylight frame and the bracing.

Figure 2. Construction of the settled-type skylight.
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Figure 3. Maintenance garage at the Fengrun Railway Station.
(a) Plan; (b) Profile section
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Figure 4. Sketch showing the structure of the No. 4 metal processing workshop and the metallic structure
workshop at the Tangshan Metallurgical and Mining Machinery Plant.
(a) Plan; (b) Profile
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Figure 5. Sketch showing the structure of the No. 2 metal processing workshop at
the Tianjin Large-Size Machinery Plant.
(a) Plan; (b) Bracing arrangement in plan
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Figure 6. Sketch showing the structure of the chassis workshop at the Tianjin Tractor Plant.
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Figure 7. Sketch showing the structure of the No. 2 metal processing workshop at the Tangshan Metallurgical
and Mining Machinery Plant.
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Figure 8. Sketch showing the structure of the processing workshop at the Tianjin
Gong-Nong Electric Machinery Plant.
(a) Plan; (b) Profile
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DAMAGE TO MULTI-STORY PLANT BUILDINGS
OF THE CHEMICAL INDUSTRY 1
Ni Jimiao2

1. General Features
Multi-story frame R.C. structures were mostly used for plant buildings of the chemical
industry in the Tangshan area and Tianjin City. After the quake 46 of these buildings had been
surveyed mainly by the Damage Survey Group of the Ministry of the Chemical Industry (Table
1). These buildings can be divided into the following approximate categories: (1) framed
buildings with filler walls; (2) framed buildings without exterior walls; (3) framed buildings
without floor slabs; (4) framed buildings with a composite (brick-concrete) structure on the top
story; (5) framed buildings with an abrupt vertical change in stiffness; and (6) framed buildings
with a higher center of gravity.
In the Tangshan earthquake the multi-story plant buildings of the chemical industry mostly
suffered different degrees of damage in the areas of intensity VII and above. The damage to
plant buildings in areas of different intensities was as follows:
Area of intensity VII: Buildings were basically intact, only small cracks occurred on a few
filler brick walls in the frame. The composite structure on the top story of the framed plant
building suffered slight to moderate damage.
Area of intensity VIII: Most of the buildings were basically intact (Photo 1); part of the
buildings were slightly to moderately damaged and some individual buildings collapsed (Photo
2). Most of the filler walls were slightly to moderately damaged; part of the building collapsed.
The composite structure on the top story of the plant was moderately damaged or partly
collapsed.
Area of intensity IX: A few buildings were slightly to moderately damaged; most buildings
were seriously damaged (Photo 3) or even collapsed. Some seismically designed plant buildings
remained intact. Filler walls were mostly damaged and some collapsed. Most of the composite
structures on the top story of the buildings collapsed or partly collapsed.
Area of intensity X: The frame with filler walls and a composite structure on the top story
generally suffered serious damage and a few collapsed (Photo 4).
The characteristics of damage to different types of plant building are as follows:

1 Most of the information in this paper was provided by the No. 6 Design Institute, Ministry of

the Chemical Industry; related information about the Tianjin Alkali Plant and Tianjin
Chemical Plant was provided by these plants.
2 Chemical Engineering Design Corporation, Ministry of the Chemical Industry
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(1) Framed buildings with filler walls
In the area of intensity VII the frame remained intact, and only a few fissures occurred on the
filler walls. In the area of intensity VIII the frame was basically intact also, but in some cases
vertical cracks occurred at the beam-ends and horizontal or inclined cracks occurred at the
column end while larger cracks were on the filler wall. An individual frame collapsed (Photo 2).
In the areas of intensity IX and X buildings mostly suffered serious damage or collapse. The
damage was mostly crushing of concrete at the end of a column or in the beam-column joint,
bending of reinforcing bars, relatively large offset occurred at the column ends and in some
stories fracturing of the column and collapse of the building (Photo 4). A few plant buildings
only suffered slight damage in the area of intensity IX and individual frames designed for
intensity VII survived the quake.
(2) Framed buildings without exterior walls
In the area of intensity IX the damage to all the buildings with cast-in-situ R.C. floor slabs
was failure of the column top or the beam-column joint, but the beam itself was intact (Photos 5
and 6). There was only one exception where damage to the beam occurred induced by cracking
at the connection of the floor slab and the beam. No such damage patterns were found in the
areas of intensity VII and VIII.
(3) Framed buildings without floor slabs
In areas of intensity VIII and above the damage patterns of framed buildings without floor
slabs included damage to the beam end and damage to the beam body when the beam had
shoulders, however, the columns were basically intact (Photos 7 and 8). With the increase in
intensity of shaking the number of cracks on the beam would increase and widen and concrete
would peel off and reinforcement would be exposed.
(4) Framed buildings with a composite structure (brick-R.C.) on the top story
Figure 1 is a sketch of this type of plant building. In the area of intensity VII more serious
damage to the composite structure on top had occurred e.g., cross-cracks or inclined cracks
occurred on the wall between windows or on the corner wall next to the window. In the area of
intensity VIII certain cases of collapse happened but the frame basically remained intact. In
areas of higher intensities the composite structure generally collapsed or partly collapsed while
most of the frames only suffered slight damage (Photos 9 and 10).
(5) Framed buildings with an abruptly varied vertical stiffness
These were two buildings at the Kaiping Synthesized Chemical Plant located in the area of
intensity X. One was a 4-story frame building 22.11 m high. At elevation 11.00 m the frame
hanged from 3 to 2 spans. The column of the 2-span section of the frame fractured at the bottom,
leading this frame structure to fall on top of the 3-span section (Photo 4). The other building was
the acid workshop, a 3-story frame building with a high central portion of 2 spans and lower side
spans 7 m high. The elevation of the central part was 14 m higher than the side spans (Fig. 2).
In the quake the portion of the structure that was higher than 7 m collapsed to the north
completely.
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The ACET station of the Tianjin Chemical Plant, located in the area of intensity IX, was a 3story frame building 18 m high. The first story had exterior walls while the second story
(elevation 5.0 m) and the third story (elevation 7.3 m) did not. In the quake the third story
collapsed and the second story inclined (Photo 11).
(6) Frame buildings with a higher center of gravity
This type of building was heavy in the upper stories and light in the lower stories (Fig. 3)
because the upper stories were usually loaded with heavy equipment or used for storing
materials. After the quake the columns of the frame in the first story were fractured and the
equipment and materials on the upper stories had fallen down and the frame was overturned.
The main building of the ACET workshop at the Tianjin Chemical Plant was a 4-story frame
building (Fig. 3) with a grid foundation under which was a sand layer 2 m thick beneath which
the foundation soil was soft clay. The cross-section of the middle columns was 500x700 mm
and that of the exterior columns was 500x500 mm. Reinforcing bars in the longitudinal direction
were in continuous beams. Seven silos, three 35-ton hoists and three groups of large electrodes
were installed on the fourth story. In the quake the whole building collapsed to the south along
the longitudinal axis (Photo 12).
In area of intensity VIII a coke silo at the Tianjin Alkali Plant collapsed due to shear failure
of columns (Photo 13) while in the area of intensity IX a limestone silo at the Tianjin Chemical
Plant overturned and the R.C. support of the silo fractured (Photo 14).
2. Damage Cases
(1) The new vapor absorption workshop at the Tianjin Alkali Plant
a. Arrangement of the structure
The Tianjin Alkali Plant was located in Tanggu District in Tianjin City in the area of
intensity VIII. The new vapor absorption workshop was a 13-story R.C. frame building 52 m
high rigidly connected in both directions. Along axis A a 2-story corridor for the pipeline was
built and attached to the workshop. The workshop was completed in 1959 and was not
seismically designed (Fig. 4).
The workshop was built on a natural foundation soil of soft clay. A raft foundation, 2 m in
depth, was used. The profile of the foundation soil is shown in Fig. 5. The calculated total load
on the foundation base, the area of which was 20x29 m, was 7,593 tons.
In the middle of the workshop four cast iron tanks 47 m high and each 327-435 tons in
weight were installed from the ground through the openings in the floors. Around the tank on
each story there were wood floor slabs, but in both side spans of the workshop there were R.C.
floor slabs. On the 2nd story of the side span to the west there were two tanks each 85 tons in
weight containing raw materials. The concrete used for the frame was 200 Kg./cm2 in strength
and the reinforcement was Grade I steel. The field wall was laid with hollow bricks 250 mm
thick and cement mortar 50 Kg/cm2 in strength.
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Since the completion of the workshop the concrete of the building had bulged and
reinforcement corroded due to the corrosive alkaline atmosphere suffered by the building for a
long time. A relatively large differential settlement had occurred in the foundation before the
quake and until 1965 the building had an inclination of 1.5% to the south; after that iron blocks,
more than 1,000 tons in weight, were placed to the north of the building in order to compensate
the settlement in the south. As a result, about 40% of the inclination was restored. After the
Tangshan earthquake the survey found that the foundation settled again by 14 cm in average.
By measurements taken in 1966, the natural period of the workshop was 1.2 sec. and the
predominant period of the foundation soil was 0.45 sec.
b. Damage
The stories above the 8th floor collapsed completely between axes (2)-(4) of the main part of
the building; the upper two stories between axes (1)-(2) collapsed; the staircase shaft in the upper
nine stories and the three stories of the workshop between axes (4)-(5) collapsed and most of the
broken beams and columns fell to the ground scattered near the building (Photo 2) or piled up on
the floor (Fig. 6). The exterior columns and beams that had not yet collapsed on the upper
stories inclined inward. Columns in the upper stories were mostly fractured at the bottom while
the members in the lower stories were damaged more seriously.
It was found in the post-quake investigation that the strength of the concrete used for the
building was slightly lower than 200 Kg/cm2 and that the spacing of stirrups in the column was
relatively large, usually φ6-φ8 @ 200-350 mm. No stirrups were in the beam-column joint area.
(2) The chloral workshop at the Tianjin Chemical Plant
The Tianjin Chemical Plant was located in Hangu District in Tianjin in the area of intensity
IX.
a. Arrangement of the structure
The chloral workshop was a 5-story frame cast-in-situ R.C. building that was completed in
1960 and not designed for earthquake resistance. The spacing of columns was 3.5x3.5 m, but in
the side span (1)-(2) the spacing was 3 m. The cross-section of columns was 400x400 mm in the
1st to 4th stories, and 300x300 mm in the 5th and 6th stories. The cross-section of the
longitudinal beams was 300x400 mm; the transversal beams were generally 300x500 mm and
200x400 mm in axis (5). A sketch showing the structure of the building is shown in Fig. 7.
The brick filler walls were laid with 1:2.5 lime mortar. The thickness of the walls was 240
mm in the 1st and 5th story and 300 mm in the 2nd to 4th stories.
An R.C. raft foundation was used. The buried depth of the foundation was 3.1 m, the area of
the foundation bottom was 26.4x14.1 m with a 30 cm thick layer of rocks and mortar under the
foundation. The foundation was laid on soft clay belonging to Type III soil. The profile of the
foundation soil is shown in Fig. 8.
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The main equipment was installed on the 2nd floor (8 distillation tanks and 2 chlorinator
tanks about 50 tons each); on the third floor there were several coolers that were not so heavy;
the loads on the 4th and 5th floors were small. Corrosion of the frame was relatively serious.
b. Damage
After the quake the ground deformation at the plant was large. Settlement of buildings at the
plant was generally great; the workshop settled uniformly 30 cm. Soil in the vicinity of the plant
heaved somewhat.
Filler walls in the frame were generally damaged in the 2nd story and 1st story (Photo 15),
and damage to the walls in the 2nd story and on the staircase was most serious. A lot of crosscracks occurred on these walls and part of them collapsed. Damage to walls on the 3rd story was
slight and walls on the 4th and 5th stories were basically intact.
Damage to columnsin the 2nd story was most serious. Both ends of a column were generally
sheared and offset and reinforcement in the column was bent. When both ends of the corner
column fractured the column axis dislocated up to 12-15 cm. Beams of the frame were basically
intact.
(3) The fatty alcohol workshop at the Kaiping Synthesized Chemical Plant
The Kaiping Synthesized Chemical Plant was located in Kaiping, a small town in the suburb
of Tangshan City in an area of intensity X. The fatty alcohol workshop was not designed for
earthquake resistance. It was completed in 1976 with all equipment installed. At the time of the
Tangshan earthquake it was not yet in operation.
a. Arrangement of the structure
The workshop was a multi-story framed cast-in-situ R.C. structure built on Type II
foundation soil. The column array was 6x6 m. The east span was 4 stories and the other spans
were 2 stories. Next to the east span there was a staircase, the plan area of which was 3.2x6 m
(Fig. 9).
The cross-section of all columns was 400x400 mm; transverse beams in the frame were
300x600 mm; and longitudinal beams were 250x250 mm. The strength of the concrete used was
200 Kg/cm2 for columns and 150 Kg/cm2 for beams.
The 240 mm thick exterior walls were built into the frame. In the middle of the exterior wall
on each story an enclosed spandrel beam 240x240 mm in cross-section was installed. A pre-cast
beam was put in the foundation supporting the wall. Column footings were used. The elevation
of the foundation base was -2.3 m.
b. Damage
The workshop was seriously damaged in the quake. The part of the building that was 4
stories collapsed completely with the staircase (5 stories), Photo 16. Damage to the beamcolumn joints and both ends of columns were relatively serious. On the west side two corner
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columns suffered serious damage at the joint on the 2nd floor. A relatively large offset occurred
between the upper and lower stories leading to obvious inclination of the 2nd story (Photo 17).
Filler walls were seriously damaged and some of them collapsed. On the east side the walls
collapsed together with the frame; on the west side oblique or cross-cracks occurred at the
window or door opening of most of the filler walls, especially for walls on the first story. On the
south side most of the walls on the first story collapsed leaving some triangular remains next to
the column; oblique or cross-cracks occurred on all walls between the windows on the second
story. On the north side damage to the walls on the first story was more serious than to those on
the 2nd story. The lower part of the walls between the windows on the first story were all
thrown down, and the walls on the two sides of the door opening were seriously crushed and
collapsed; in the upper part serious cross-cracks and cracks around the wall occurred. On the
second story a portion of the walls had oblique cracks. Partition walls were generally damaged
or collapsed.
A portion of the frame having four stories and the staircase (between axes (1/1) and (2))
collapsed completely to the east with the top story falling to the ground 14 m away from axis (2).
The floor slabs on different stories fell in turn (Fig. 10) and both ends of the columns failed in
shear, and concrete in the joint region was crushed as well. In the part having two stories (axes
(2) to (5)) the exterior columns were still intact; concrete of the middle columns bulged at about
80 cm from the bottom and fell down; reinforcing bars buckled. Damage to the top of corner
columns was most serious and two corner columns in axis (5) were fractured in shear at the end
and shifted about 12 cm to the east. The damage to exterior columns in row A was more serious
than to those in row C. Exterior columns generally fractured horizontally. Concrete of the
column top in the middle row, except for those in axis (2), peeled off to different extents,
reinforcement was exposed, and horizontal cracks also occurred on the columns. In the 2nd
story the columns cracked around the top, concrete peeled off, and reinforcing was exposed.
Damage to the columns in row C was more serious than to those in row A. Damage to the beamcolumn joints in the 2nd story was heavier; concrete in the joint region of two corner columns
was crushed with bent reinforcement. For columns in the exterior row damage to the joint region
in row A was heavier and concrete was generally broken and reinforcement was exposed. The
columns in the middle row were better. No damage to the joint region was found in the top
story.
(Translator: Lu Rongjian)
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Table 1. Statistics on damage to multi-story plant buildings of the chemical industry.
Damage Degree
Intensity

VII

VIII

IX

X

Name of
Plant

No. of
Buildings

Basically
Intact

Qian'an
Fertilizer
Plant

4

4
100%)

Dagu
Chemical
Plant

4

3
(75%)

Tianjin
Alkali Plant

12

6
(50%)

Plants in
Tianjin
urban area

4

3
(75%)

Guye
Fertilizer
Plant

7

Tianjin
Chemical
Plant

8

Kaiping
Chemical
Plant

3

3
(100%)

Kaiping
Synthesized
Chemical
Plant

4

3
(75%)

Slightly
Damaged

Moderately
Damaged

Collapsed

1
(25%)
5
(42%)

1
(8%)2)

1
(25%)
2
(28%)

1
(12%)1)

Seriously
Damaged

5
(72%)
2
(25%)

2
(25%)

3
(38%)

1
(25%)

Remarks: 1) The newly built boiler house, 20 ton/hr capacity, at the Tianjin Chemical Plant was
designed for intensity VII; pile foundation.
2) The 13-story framed building at the Tianjin Alkali Plant in the area of intensity VIII
collapsed, an unexpected case.
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Photo 1. The frame of the new south building
was basically intact and filler walls cracked at the
Tianjin Alkali Plant.

Photo 2. The 13-story frame of the new north building
of the Tianjin Alkali Plant collapsed.

Photo 3. A beam-column joint of the frame was
damaged and a filler wall cracked at the Gas workshop,
(Guye Fertilizer plant).

Photo 4. The broken column in the 4th story of the
mirabilite workshop fell on the 2nd floor (Kaiping
Synthesized Chemical Plants).

Photo 5. Damage to the joint of the frame at the tar
workshop (Guye Fertilizer Plant).

Photo 6. Shear failure at the column top of the frame at
the methyl alcohol workshop (Guye Fertilizer Plant).
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Photo 7. Cracking of the frame beam with
spalling of concrete at the synthesis workshop
(Guye Fertilizer Plant).

Photo 8. Shear cracks on the frame beam at the
synthesis workshop (Tianjin Alkali Plant).

Photo 9. Part of the composite structure of the top story
of the repair workshop (Tianjin Chemicals Plant).

Photo 10. The R.C. composite structure on the
frame of the chrolation workshop collapsed
completely (Tianjin Chemicals Plant).

Photo 11. The top story of the ACET station collapsed;
the second story inclined (Tianjin Chemicals Plant).

Photo 12. Collapse of the ACET workshop
(Tianjin Chemicals Plant).
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Photo 13. Columns supporting the coke silo
fractured at the Tianjin Alkali Plant.

Photo 14. The support of the limestone silo fractured
and the silo overturned (Tianjin Chemicals Plant).

Photo 15. The beam-column joint of the frame
of the chloral workshop was damaged seriously; the
filler wall bulged (Tianjin Chemicals Plant).

Photo 16. Serious damage to the fatty alcohol
workshop and collapse of the staircase (Kaiping
Synthesis Chemicals Plant).

Photo 17. A column at the northwest corner of the fatty
alcohol workshop was damaged.
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Figure 1. Sketch showing the frame building with a
composite (brick R.C.) structure on the top story.

Figure 2. Sketch showing the frame structure of the acid
workshop at the Kaiping Synthesized Chemical Plant.
(a) Elevation; (b) Plan

543

Figure 3. Sketch showing the structure of the ACET workshop at the
Tianjin Chemical Plant.
(a) Elevation; (b) Plant
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Figure 4. Sketch showing the structure of the new vapor
absorption workshop at the Tianjin Alkali Plant.
(a) Elevation; (b) Plan
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Figure 5. Log diagram of the foundation soil.

Figure 6. Sketch showing collapse and pile-up of the
damaged beams, columns, etc. (A axis).
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Figure 7. Sketch showing the structure of the chloral workshop.
(a) Elevation; (b) Plan

Figure 8. Profile of the site soil at the Tianjin Chemical
Plant (in the north-south direction).
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Figure 9. Sketch showing the structure of the fatty alcohol workshop
(Kaiping Synthesized Chemical Plant).
(a) Elevation; (b) Plan

Figure 10. Part of the frame between axis 1, 1-2 collapsed.
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DAMAGE TO SINGLE-STORY MILL BUILDINGS
OF THE TEXTILE INDUSTRY IN TIANJIN
Yu Qingrong*

I. General Situation
All together there were thirteen mill buildings and fifteen workshops. The main bearing of
this type of mill building were commonly assembled bents composed of bracket columns (Tshaped columns, L-shaped columns), double-beams (i.e. bracket beam and concurrently wind
beam), triangular roof trusses in a saw tooth shape and prefabricated roofing. The gable walls
were sometimes used as bearing walls and the adjacent frames were omitted; some were only
used as exterior walls and the adjacent roof truss was still acting as a load bearing structure.
There were also two types of eave walls in the front and at the back; one was used to support the
roof trusses and the other was used only as the bearing wall of the neighboring auxiliary
building. Besides, reinforced concrete columns were set up to support the superstructures, such
as wind beams, roof trusses etc., and most columns were on reinforced concrete independent
bases. Besides single-story mill buildings for textile work there were also rigid frames with roof
trusses of two hinged arches. This paper emphasizes the earthquake damage to such mill
buildings.
During the Tangshan earthquake this kind of mill building suffered different degrees of
damage. According to the damage degree the features of earthquake damage can be illustrated
as follows:
1. Seriously damaged mill building
The ground surface cracked, uplifted or subsided. Bracket columns settled unevenly and the
column shaft tilted and broke. The gable wall on both sides cracked and tilted outwards, the top
of the gable wall collapsed, and roofing of the side span dropped down. Wind beams broke and
were pulled out at the support, dropped down, and caused part of the roofing to drop down. The
internal walls of the neighboring auxiliary building were seriously cracked and partially
collapsed. The workshop for picking wool and carbonization of the Tianjin Wool Strip Mill
suffered this type of earthquake damage.
2. Moderately damaged mill building
This kind of mill building made up the major portion. The earthquake damage features of the
mill structure were as follows:
(1) Bracket column
Usually horizontal cracks occurred at the base of the column roughly within 30 cm of the
ground, some concrete at the four corners were broken and peeled off, reinforcing bars bulged
* Tianjin University
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out and bending deformation of the main reinforcement occurred. The number of columns
which suffered this kind of cracking was large. In some workshops it was more than 80%.
Horizontalcracks also occurred often in the column beneath the bracket; concrete at the top
end of some brackets cracked or peeled off.
(2) Double wind beams
Earthquake damage mainly occurred at the support of the beam end. At the supports of
double beams the majority had diagonal cracks.
(3) Roof truss in a saw-toothed shape
Damage was mainly found at the supports at the ends of the trusses; a few cracks occurred at
the lower side of the top or ring cracks occurred at the elevation of the window ledge of the
skylight.
(4) Gable wall
When the gable walls, in a saw-toothed shape, at both ends were not load bearing walls the
majority tilted outward, cracked, and even the peak of the gable wall collapsed. While for
bearing walls, the majority tilted outwards or collapsed resulting in roof slabs and wind beams
pulling out and falling.
(5) Front and back eave walls
When the roof truss was supported on top of the front and back eave walls (not on a bond
beam) earthquake damage was mainly eave walls tilted outwards or the truss was pulled off of
the wall and dropped.
When a roof beam in a saw-tooth shape was supported on a column top, or on a simple beam
linking the factory building with an auxiliary building the simple beam tilted outward, vertical
cracks occurred at the column cap, concrete peeled off, reinforcing bars were exposed and
horizontal cracks occurred at the joint with the eave wall.
When an inclined beam (saw-tooth shape) was supported on double beams which spanned
from column to column they were moderately damaged but there were still horizontal cracks
through the neighboring eave wall.
3. Slightly damaged mill building
No sandboils and waterspouts were found on the ground. The main bearing structure was
intact. The peak section of the gable wall at both ends cracked and partially collapsed, for
example at the Printing Workshop in Tianjin. The Second Printing and Dyeing Mill used a
scheme of inclined beams; the inclined beams pulled out and the eave walls tilted outwards.
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II. Examples of Damage
1. Tianjin Woolen Strip Mill
The Tianjin Woolen Strip Mill was located in Hedong District north of Jintang Highway on
the east bank of the Yueya River and west of the old channel of the Haihe River. The general
layout of the mill is shown in Fig. 1. The engineering geology of the mill region is listed in
Table 1, according to the 1958 exploration report.
During the earthquake ground fissures occurred in the eastern part of the mill region and
passed through in a north-south direction. The maximum width of each fissure reached up to
50 cm (Photo 1), the narrowest one was several centimeters. There were more than 1,000
sandboils and waterspouts in the entire mill region and at the Woolen Strip Workshop there were
92 (during the 1967 Hejian earthquake there were also sandboils and waterspouts in the northern
part of the mill region).
The buildings that were located on the band of ground fissures from south to north were the
Workers University (two-story brick structure), the workshop for picking wool and carbonization
(single-story reinforced concrete mill building with a saw tooth roof), the newly built duster
room (half underground foundation, slab of reinforced concrete with a bearing structure of brick
walls), the storehouse for clean wool (single-story mill building jointly supported by reinforced
concrete columns and brick walls), etc. and all were damaged. Among them the damage
situation of the workshop for picking wool and carbonization was as follows:
The workshop for picking wool and carbonization consisted of reinforced concrete roof
trusses in a saw-tooth shape, inverted T-shape roof slabs, double beams, bracket columns with
independentfootings. The size of the column array was 12x10.5 m and the column section was
0.8x0.8 m (the plan figure is shown in Fig. 2). The auxiliary building was wall bearing, the roof
had small beams and small plates of an inverted T-shape. The roof had two layers of asphalt felt
and three layers of asphalt on 100 mm of thick asphalt hull.
During the earthquake the ground fissures passed through the workshop from south to north.
The width of the ground fissure outside the auxiliary building south of the workshop reached up
to 50 cm (Photo 1). The concrete ground in the workshop cracked and the widest crack reached
up to 30 cm (Photo 2). There were several hundred locations of sandboils and waterspouts on
the workshop grounds; the diameters of the sandboils were 1-6 m (Photo 3). The ground
uplifted, columns mostly subsided and tilted, in some cases torsion occurred, the east gable wall
tilted outwards up to 300 mm, a row of columns on the eastern side tilted outwards and seriously
subsided, and at the level of the inner ground the column footings cracked. The original level
ground of the whole workshop was like a wave after the shock.
Vertical cracking and concrete crushing occurred at the (inclined) edge of the main beam
support. A pair of double beams was destroyed due to concrete crushing at the (inclined) edge
and the roof cover of two column arrays fell. But the steel plate of the main beam support was
still on the column bracket; the anchor bars of the steel plates were pulled out from the main
beam concrete (Photos 4 and 5).
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Ground fissures passed through the southern auxiliary building. The width of the cracks on
the wall reached up to 50 cm, the maximum subsidence of the wall was 30 cm, and the external
wall tilted outwards and partially collapsed (Photo 6). The roof of the auxiliary building at that
location (reinforced concrete small beams, inverted T-plates) dropped down. The partition wall
between the southern auxiliary building and the workshop was also seriously cracked and was on
the verge of collapsing (Photo 7). The eastern and western gable walls were all cracked and the
majority of the tops of the gable walls collapsed; the portion that most frequently collapsed was
the top triangular portion (see Photo 8).
2. Tianjin No. 4 Cotton Textile Mill
The mill was located on the south-west bank of the Haihe River in Hexi District, the general
layout of the mill is shown in Fig. 3. The geological situation of the soil layers in the mill region
is shown in Table 2, according to the soil penetration report in 1978.
During the earthquake ground fissures, sandboils and waterspouts occurred in the mill
region.
The Second Spinning Workshop had timber trusses in a saw-tooth shape. The elevation of
the lower chord of the roof truss was 4.0 m, and the roof system consisted of wood boarding,
thermal insulating layer and asbestos tiles. The upper portion of the gable wall was not sawtoothed but was flat topped. The size of the column array was 5.4 m (NS)x4.3 m (EW) and the
area of the workshop was 102.6x68.8 m. It was built in the 1940’s.
After the earthquake eight lines of ground fissures from east to west passed through the
workshop; and the eastern and western gable walls, the middle bearing gable wall, and the floor
slab cracked. The widths of the gable wall fissures resulting from ground fissures had a
maximum of 20-30 mm. At the joint of the western gable wall and roof of the western auxiliary
building there were horizontal fissures; the upper portion of the gable wall tilted outwards
roughly 10 mm but did not drop down. There were sandboils and waterspouts under a column
slightly subsided.
The Second Cloth Workshop consisted of reinforced concrete bents in a saw-tooth shape
with double lines of wind beams and a 370 mm thick exterior bearing brick wall. The roof cover
consisted of a thin slab, a foam concrete thermal insulating layer and an asphalt felt layer. The
western end was a bearing gable wall. The size of the column array was 7.5x8.6 m, the section
of column was 400x300 mm, and the area of the workshop was 120x60 m, built in 1964.
During the earthquake sandboils and waterspouts occurred at the workshop. Different
degrees of horizontal cracking occurred on 80% of the middle column footings at the workshop
and among them the concrete at four corners peeled off on a few column footings; on many of
the column footings the concrete peeled off at corners and the reinforcement bars were exposed.
The western gable wall tilted outwards and collapsed, and at seven locations double beams
dropped down and the roof cover was destroyed (Photo 9).
Simple beams had been put on a row of columns on the southern side, the simple beams
inclined, column caps inclined and cracked, the concrete of individual column caps cracked and
peeled off and reinforcing bars were exposed. The southern wall tilted outwards. There were
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horizontal cracks that passed through the southern wall at the roof of the auxiliary building
(before the earthquake it was found that the simple beam inclined due to the thrust of the tripod
so horizontal tension bars were added, see Photo 10). Simple beams on the top of a row of
columns on the northern side tilted northwards and the northern wall tilted outwards. There were
vertical fissures at the joints of oblique beams and pillars on the top of a few tripods. The tripod
displaced in a longitudinal direction up to a maximum of 80 mm; the tail portion was pulled out
from the beam surface. There were many oblique fissures that passed through the surface of the
oblique beam at the tripod of the western gable wall.
(Translators: Zhong Nanping and Chen Dasheng)

sandy silt

clay

sandy silt

sandy silt

1

2

3

4

0.5-4.50

0.26-2.56

.15-1.5

0.9-1.8

Thickness
of Layer
(m)

* Not passed through

Type of
Soil

No. of
Layer

-11.23*

-2.17 to -3.49*

1.51 to -2.70

2.51-3.27

Depth of
Bottom Layer
(m)

23.4-33.8

24.8-27.9

41.8-42.2

25-33.9

Water
Content
(%)

1.856-2.03

1.844-1.918

1.742-1.772

1.762-1.912

Unit Weight
(g/cm3)

2.7-2.73

2.67-2.71

2.74-2.77

2.68-2.75

Specific
Gravity

0.642-0.967

0.762-0.848

1.2-1.255

.771-1.038

Porosity
Ratio

15.4-22.8

17.0-20.7

20.8-26.6

14.7-20.9

Plasticity
Limit
(%)

Soil Characteristics

5.8-14.4

9.42-13.5

18.3-22.1

9.6-16.3

Plasticity
Index
(%)

0.56-1.17

0.5-0.71

0.69-1.17

.47-1.18

Liquidity
Index
(%)

0.026-0.044

0.072-0.018

0.055-0.076

.006-.048

Compressibility
Factor
(cm2/kg.f)

Table 1. Exploration data of engineering geology at the Tianjin Woolen Strip Mill. Underground (static) water table: 1.10-2.15 m.
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Depth of
Bottom
Layer
(m)
1.0

1.3

2.7

4.5

5.0

Thickness
of Layer
(m)
1.0

0.3

1.4

1.8

0.5

clayey
soil

clayey
soil

clay

clayey
soil

Type of
Soil
misc.
fill

Description
of Soil
yellowish-brown,
wet, soft, mainly
clayey soil, a lot of
brick slag
yellowish-brown,
saturated, no
stratification,
contained ferric
oxide
yellowish-brown,
saturated,
relatively hard,
clayey soil
intercalation,
contained ferric
oxide
yellow, saturated
soft plastic, no
stratification,
contained mica,
ferric oxide,
partially sandy,
easy to liquefy
brownish-gray,
saturated, soft
plasticity,
contained many
silts, highly sandy
1.79

1.89
1.91

29.5
31.2

1.82

Unit
Weight
(g/cm3)

29.5

34.9

Water
Content
(%)

0.86
0.86

0.98

1.02

Porosity
Ratio

13.5
12.2

25.8

15.5

22
30

15

19

0.18
0.16

0.31

0.17

Soil Characteristics
Inner
Friction
Plasticity
Angle
Cohesion
Index (%) (degree)
(kg force/cm2)

.025
0.018

.049

.053

Compressibility
Factor
(cm2/kg force)

74
102

40

35

Compressibility
Modulus
(kg force/cm2)

Table 2. Geological situation of soil layers at the Tianijn No. 4 Cotton Textile Mill.

3.0-3.3
4.0-4.3

2.0-2.3

1.0-1.3

Sampling
Depth (m)
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Depth of
Bottom
Layer
(m)
6.0

9.0

9.5

11.0

Thickness
of Layer
(m)
1.0

3.0

0.5

1.5

silty
loam

sandy
loam

clayey
soil

Type of
Soil
sandy
loam

Description
of Soil
brownish-gray,
saturated, plastic,
contained many
silts, no
stratification,
liquefiable
brownish-gray,
saturated, bad
plasticity, no
stratification,
contained mica, a
few organic
matter, highly
sandy
brownish-gray,
saturated, bad
plasticity,
contained mica, a
few rotten plants
brownish-gray to
gray, saturated,
flow plasticity,
slight
stratification,
contained mica, a
few organic matter
36.5

32.7
31.4

Water
Content
(%)
29.8

1.79

1.87
1.88

Unit
Weight
(g/cm3)
1.91

1.08

0.93
0.9

Porosity
Ratio
0.83

16.8

13.7
12.1

17

29
24

0.18

0.07
0.11

Soil Characteristics
Inner
Friction
Plasticity
Angle
Cohesion
Index (%)
(degree)
(kg force/cm2)
8.0
24
0.12

Table 2. Continued.

.102

0.02
0.02

Compressibility
Factor
(cm2/kg force)
.023

21

92
88

Compressibility
Modulus
(kg force/cm2)
77

9.5-9.8

4.5-6.8
8.0-8.3

Sampling
Depth (m)
5.0-5.4
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13.5

13.75

0.25

Depth of
Bottom
Layer
(m)
13.2

0.3

2.2

Thickness
of Layer
(m)

clayey
soil

silty
sand

Type of
Soil
clayey
soil

Description
of Soil
brownish-gray to
gray, saturated,
soft plasticity,
slight
stratification, part
sandy loam
intercalation,
contained mica, a
few shells
gray, saturated,
relative dense, no
stratification,
contained a few
shells
gray, saturated
and plasticity,
clear stratification,
clay intercalation,
a few organic
matter

Water
Content
(%)
32.7
32.7
Unit
Weight
(g/cm3)
1.89
1.85
Porosity
Ratio
0.91
0.94

Soil Characteristics
Inner
Friction
Plasticity
Angle
Cohesion
Index (%) (degree)
(kg force/cm2)
12.6
23
0.13
12.7
23
0.18

Table 2. Continued.

Compressibility
Factor
(cm2/kg force)
.055
0.025

Compressibility
Modulus
(kg force/cm2)
34
72

Sampling
Depth (m)
11.0-11.3
13.0-13.3
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Photo 1. Ground fissures were near the workshop for
picking wool and carbonization at the Wool Strip Mill.

Photo 2. Level ground cracked and dislocated at the
workshop for picking wool and carbonization at the
Wool Strip Mill.

Photo 3. Sandboils and waterspouts at the workshop for
picking wool and carbonization at the Wool Strip Mill.

Photo 4. Double beams dropped in the workshop for
picking wool and carbonization at the Wool Strip Mill.

Photo 5. Similar to Photo 4 (near sight of the bracket).

Photo 6. An external wall tilted outwards, cracked, and
partially collapsed at the southern auxiliary building of
the workshop for picking wool and carbonization at the
Woolen Strip Mill.
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Photo 7. The southern wall of the workshop for picking
wool and carbonization at the Wool Strip Mill was
seriously damaged.

Photo 8. The gable wall of the workshop for
picking wool and carbonization at the
Woolen Strip Mill was damaged.

Photo 9. Double beams on the western gable
wall dropped down the Second Cloth Workshop
of the No. 4 Cotton Textile Mill.

Photo 10. On the southern side of the Second
Cloth Workshop a row of column caps and
a simple beam were damaged.
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Figure 1. Layout of the Tianjin Woolen Strip Mill.

Figure 2. Plan of the workshop for picking wool and carbonization.
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Figure 3. Layout of the Tianjin No. 4 Cotton Textile Mill.
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DAMAGE TO FLAT SLAB FLOOR STRUCTURES
IN TANGSHAN CITY
Yang Wenzhong*

A. Introduction
Before the Tangshan earthquake there were 6 buildings with flat slab floors; one was built in
1935 and the others were built after 1949 (listed in Table 1). Three of these building were 2
stories high, two were 4 stories high and the other one was to have 7 stories but only 5 stories
had been built. They were used mainly as warehouses but some were used as offices or
workshops. The plans were rectangular. There were two structural types, one was a composite
structure with two rows of interior columns and exterior load bearing walls, and the others were
structures with multiple rows of columns, interior and exterior, and self-supporting exterior
curtain walls. In some buildings a flat slab was used for the second floor and an ordinary frame
structure with same column layout as in the bottom story were used in the upper stories. In a
great majority of these structures the rooms were spacious and only in a few were there small
amounts of masonry inner partition walls or large areas of window openings on exterior walls.
Reinforced concrete bond beams were generally used on curtain walls and sometimes reinforced
concrete columns were used. The site conditions of these buildings ranged from a soft
foundation to bedrock. Masonry strip foundations were used for exterior walls and inner
partition walls while masonry or reinforced concrete independent footings were used for
reinforced concrete columns. The embedded depth of a footing was generally 1.15 m under
natural ground level. Reinforced raft foundations were used in some cases.
Three flat slab floor buildings collapsed during the earthquake while the other three buildings
were moderately damaged. The damage conditions of 4 buildings are listed in Table 1 and the
other two buildings are described in the damage examples in this paper and in the paper
“Damage of cold storage warehouses in Tangshan and Tianjin” of this chapter.
From Table 1 it can be seen that there were the following characteristics of damage to flat
slab floor structures in Tangshan City.
1. Brick walls
Buildings with a large ratio of length to width had diagonal cracks in the transverse walls.
Transverse end walls had the main damage. Horizontal cracks appeared often on interior
transverse. On longitudinal walls the horizontal cracks at the upper and lower edges of window
openings were the main damage. In flat slab floor structures with a small ratio of length to width
(nearly square) the horizontal and diagonal cracks on longitudinal and transverse walls were
essentially the same. In addition, horizontal cracks often appeared along the lower edge of
reinforced concrete bond beams. Attached self-supporting exterior walls were easily overturned.

* Urban Construction Bureau of Tangshan
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2. Reinforced concrete columns
On damaged columns horizontal cracks appeared below the column caps or above the
column footings, or concrete broke away and reinforcement was exposed. Some columns were
intact or nearly intact.
3. Flat slab floors
There was only minor damage to the flat slabs except that some floors broke or collapsed due
to the collapse of the supporting columns. The lesser damaged sections of floor were mainly
located between the supports and cracks developed along the longitudinal direction of a slab. In
addition, the collapse of the upper structure often damaged the lower flat slab floors.
4. Gird and constructional columns
Reinforcing bond beams and columns in brick walls as well as horizontal and vertical cracks
often existed and adjacent brick walls also often cracked diagonally and partially collapsed.
5. Foundations
The foundations suffered little damage but when there was unequal settlement or when
ground fissures occurred the masonry strip foundations often settled and cracked and vertical
cracks appeared on the walls.
B. Damage Example: Library at the Tangshan Mining and Metallurgy Technical College
The library consisted of reading rooms and book storage. It was situated at the east end of
the college and on the south side of the east gate. During the Tangshan earthquake the causative
fault passed through the campus and the college was situated in an area of intensity XI and most
buildings at this college collapsed. The west and middle parts of the reading rooms collapsed
overall while at the east end the pre-cast frame structure was seriously damaged and was on the
verge of collapsing (Photo 12).
All site soils above the bedrock in the Tangshan urban district consisted of quaternary
deposit or diluvium layers 0-300 m thick. There was a sharp change of thickness near the fault,
which was obviously controlled by fossil landform. The college was situated near the sudden
change in thickness of layers (Fig. 5) where interfaces of bedrock were higher in the east and
lower in the west and in the eastern part of the campus escarpment formed.
1. Layout of structures
The library was built in October 1975. It was a 1,146 m2 cast-in-situ flat slab floor structure
with columns arranged in two rows with load bearing exterior walls in which the dimensions of
the column layout was 4x3.75 m and the height of the story was 2.25 m (Fig. 6). The designed
live load of the floor was 400 kg/m2 with a load factor of 1.3. The areas of the window openings
on the east, west and north sides were rather large (dimensions of openings were
1,400x750 mm). The width of the settlement joint between the reading room and the book
storage was 30 mm.
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The steel bars of the reinforced concrete columns are shown in Fig. 6. Slabs 120 mm thick
and rectangular column caps were poured as a whole with grade 150 concrete. At the exterior
walls on every floor 370x350 mm bond beams were poured with the slabs. The exterior walls
were built with #75 bricks and #25 mortar, vertical and horizontal beams, 250x250 mm crosssection were poured bond beams and extended into the parapet walls.
The building was situated on an area of Class II site soil with permissible bearing capacity of
18t f/m2. The foundations of the columns were independent footings poured with #100 crushed
stone concrete and that of the walls were strip footings of rubble stone built with #50 mortar
1,730 mm wide at the bottom. Reinforced concrete independent footings were also used for the
vertical beams in the walls (Fig. 7). At the time of the earthquake there were no live loads on
various floors.
Before construction of the library steel samples had been tested and the strength was
somewhat low. Also, the quality of construction of the brick walls and bond beams was very
bad.
2. Damage
The bottom story collapsed; all the columns were broken by shear force; exterior walls were
also broken by shear force. The 2nd floor fell onto the first floor (Photo 13, dotted lines in
Fig. 6). The upper structure that fell displaced and twisted as a whole.
There were severe horizontal cracks at the levels of the upper and lower edges of window
openings on the 2nd story exterior walls. Diagonal cracks were on walls between windows.
Horizontal cracks appeared along the lower edge of the bond beams on the south eave wall and
some diagonal cracks also appeared. The damage to the 3rd and 4th stories was similar to that of
the 2nd story but lighter (Photos 16 and 17). Many cracks with a maximum width of 10 mm
could be found at joints between column caps and floors. Besides horizontal cracks on the south
eave wall of the 4th story many serious diagonal cracks were also found but they were controlled
by the R.C. beams in the walls (Photo 18).
There was no obvious damage to footings and the central heating ducts were smooth and
intact.
(Translator: Jin Guoliang)

Intensity
XI

Name of
Engineering
Tool Workshop
at the
Locomotive and
Vehicle Factory
(2 stories high)

Year
Built
1935

Building
Area
(m2)
1,432

Class
of Site
Soil
II

Type of
Foundation and
Depth (m)
Stone strip foundation and independent footings.
Level of bottom
of footings was
-2.08 m entirely.
Condition of Structures
East part was a grinding machine
workshop with tall cast-in-site R.C.
beam and slab roof (5 940×400
mm haunched girders) and load
bearing brick walls. West part was
two row columns and load bearing
exterior walls, reinforced concrete
flat slab floor structure, 2 stories
high. Bottom story was a machine
repair workshop and the 2nd story
was an office and fitter's workshop
(Fig. 1). Exterior walls, 482 mm
thick were built with #50 bricks
and #50 cement-lime mortar, and
there were 127×600 mm brick
buttress piers between windows
and at corners of the building. At
axis 2 the inner partition wall was
508 mm thick. Two row circular
columns 356 mm in diameter in the
1st and 2nd stories with main reinforcements
8 φ30+4φ16, and 4φ17 with
stirrups φ12@75, φ12@304 mm.
Longitudinal reinforcements in the
columns were entirely discontinued
at 1 m above the floor with a lap
length of 600 mm. The roof was
covered with a slag insulating layer
90 mm thick.

Condition of Damage
At the grinding machine workshop
load bearing exterior walls collapsed
and the roof fell down (Photo 1). In
part of the flat slab floor structure
exterior walls cracked and collapsed
along the level of sills, floors and
roof slabs broke off along a longitudinal direction (at these sections in
slabs reinforcements, part of which
reached the plastic limit remain to
connect). Slabs were supported on
the ground and column just like an
umbrella and they encircled the
column on the bottom story from
east, south, and north directions
(Photos 2 and 3). Columns on the
bottom story entirely inclined
toward the inside of the building but
column caps inclined entirely
toward the outside of the building.
At the roots the columns broke off
so that concrete seriously broke
apart and reinforcements were
exposed and yield. On footings of
columns the concrete also broke off
and reinforcements were exposed
(Photo 4). The columns on the 2nd
story broke off 1 m above the floor
and fell over toward the north with
roof slabs entirly. At broken joints
of columns ends vertical reinforcements in the lower part spread all
around while vertical reinforcements
in the upper part were in a tensile
plastic stage (Photos 5 and 6).

Table 1. Damage to flat slab floor structures in Tanghan.
Classification
of Damage
collapsed
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Intensity
X

Name of
Engineering
End Product
Warehouse of
the Northwest
Well Grain
Depot (2 stories)

Year
Built
1965

Building
Area
(m2)
1,167

Class of
Site
Soil
I

Type of
Foundation and
Depth (m)
Strip footings
were used under
exterior walls
while R.C.
independent
foundations, the
level of which
was -1.15 m,
were used for
inner columns.
Condition of Structures
In cast-in-situ R.C. a 2 story flat
slab floor warehouse with two
rows of columns and load bearing
exterior walls was used on the
bottom story and an inner frame
structure was used on the upper
story (Fig. 2). Door and window
openings on exterior walls (with 2
reinforced concrete girds) were
rather much, cantilever staircases
were set up on gable walls. The
better part of the building was
situated on bedrock of Dacheng
Hill but the part at the northwest
corner was situated on the edge of
ditch (filled with deep waste rock
and soil), at which the foundation
was R.C. footing with a "L" form
connecting ground beam, 8-16 m
deep. During the earthquake 210t
and 200t grain were stored and the
building was fully loaded on the
1st and 2nd stories respectively.

Table 1. Continued.

Condition of Damage
Diagonal cracks appeared on gable
walls while cracks stretching
upward to the corner of the building
and connecting to the diagonal
cracks on gable walls along the
upper and lower edges of window
openings also appeared. At corners
the walls inclined or fell off; large
diagonal cracks were found.
R.C.structures were intact except
that concrete broke down,
reinforcements were exposed or
vertical hair cracks appeared (Photo
7). At the northwest corner the
ground outside the building settled
about 50 cm while inside the
building the ground settled in
varying degrees, and at the
settlement position on part of the
exterior walls vertical cracks
appeared. Damage to the whole
warehouse was obvious i.e., upper
was light damage and lower was
serious.

Classification
of Damage
moderately
damaged
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X

Intensity

Name of
Engineering
Main building of
the office of the
Cement Design
Institute (7
stories high)

Year
Built
1976

Building
Area
(m2)
840
Class of
Site
Soil
II

Type of
Foundation and
Depth (m)
R.C. floating
foundation
poured with
cross-beams.
The level of
footing was
-2.00 m.
Condition of Structures
The bottom story of this building
had a reinforced concrete flat slab
floor and the other stories had an
inner frame structure with cross
beams floors; 7 stories high.
370 mm thick load bearing walls
(built with #75 bricks and #50
mortar) with 16 R.C. constructional columns, in which there
were 2 φ6 steels extending into the
walls up to 500 mm along the
height of the column average 480
mm were used. On every floor
there was gird poured with the
floor and contraction joints were
arranged between the main building and west and north halls (Fig.
3). Cross-sections of parts of the
columns on the 1st story of the
entrance hall were octagon while
on other stories they were rectangular. Marks of concrete in all
elements were #200. Above the
2nd story at axis E a 240 mm thick
inner partition wall was set up.
Before the earthquake construction
was carrying on, the walls on the
6th story were built to 1 m high
(dotted line in the cut away view of
Fig. 3) and the reinforcements in
the constructional columns were
binded.

Table 1. Continued.

Condition of Damage
The main building as a whole was
complete, i.e. entrance hall columns,
column saps and slabs were
fundamentally intact (Photos 8 and
9). The 2nd story columns and slabs
were also fundamentally intact but
the 1st and 2nd story walls were
seriously damaged and on other
stories the damage was light. On the
6th story east and west eave walls,
1 m high, breaking and overturning
of the canopy at the northwest
corner of the 1st story, break down
at roots and inclined towards west.
On the 1st story exterior walls were
seriously damaged, i.e. a large part
of the north wall and part of the east
wall collapsed, many diagonal
cracks appeared on south and west
walls, in the former bricks broke
into pieces and fell off and walls and
constructional columns cracked or
cracked circularly along bottoms of
girds. The constructional columns at
the northeast corner broke down and
a column 1 m away from the top
protruded 6 cm toward the east and
a horizontal crack was 1 cm wide.
At joints between other corner
columns and girds concrete fell off,
reinforcements were exposed, or
seams between the columns and post
built brick walls appeared, etc. On
the 2nd story parts of the east
spandrel walls collapsed and part of
the west walls that collided with the
bulging buttress of the west side hall
sank and partially cracked. Many
horizontal and diagonal cracks
appeared on inner partition walls.

Classification
of Damage
moderately
damaged
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XI

Intensity

Name of
Engineering
Old warehouse
at the Huaxin
Textile Mill (2
stories high)

Year
Built
1950

Building
Area
(m2)
1,630
Class of
Site
Soil
III

Type of
Foundation and
Depth (m)
The wall
foundation was
strip, but R.C.
independent
footings were
used under the
columns. The
level of the
bottom of the
foundation was
-2.98 m.
Condition of Structures
This building was a flat slab floor
2-story structure with columns
arranged in two rows with load
bearing exterior walls situated on
the east coast of the Douhe River.
Load bearing exterior walls (built
with #50 bricks and #25 limecement motar) in which reinforced
concrete constructed columns (1st
story 559×508, 2nd story 559×457
and corner column 559×559 mm)
were set up along axes of columns,
were poured with girds in 2 stories
as a whole. At axes 4 and 7
254 mm thick inner partition walls
were built (Fig. 4). R.C. circular
columns, the diameters of which
were 559 and 457 mm respectively
on the 1st and 2nd stories, were
poured with column caps and
floors as a whole. There were R.C.
exterior staircases at the southwest
corner and R.C. corridors and
canopies at the west side. All
concrete elements in the warehouse
were poured with #150 concrete.

Table 1. Continued.

Condition of Damage
All columns, flat slab floors and
girds, etc. were intact (Photo 10).
Exterior corridors and canopies
were intact except for parts of
concrete that broke away at corners.
Damage to walls were obviously
serious at the bottom and light at the
top and serious in the south and light
in the north. On the bottom story
exterior walls generally cracked
vertically from the ground to
windowsills 10 cm from the
constructional column sides. The
average width of seams reached
1 cm. A few diagonal cracks were
found on walls between two
windows. The exterior walls on the
2nd story were fundamentally intact
but on constructional columns of
exterior walls X-cracks appeared in
the range of window openings
especially on the column of the
south end gable wall and corner
column (Photo 11). The north gable
wall and constructional columns
cracked horizontally along upper
and lower levels of window
openings on the 2nd story and part
of the concrete broke away. Many
horizontal and diagonal cracks
appeared on inner partition walls,
which separated from columns an
average of 10 cm, and part of bricks
fell away. The foundation at axis D
in the east part produced unequal
settlement, i.e. the settlement at the
southeast corner reached 10 cm and
a 2 cm wide penetrating crack on the
inner ground along axis C appeared.

Classification
of Damage
moderately
damaged
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Photo 1. The roof of the grinding machine room at the tools workshop of the
locomotives and vehicles factory collapsed.

Photo 2. Slabs broke in the east and north side buildings of the machine
repair room at the tools workshop of the locomotives and vehicles
factory.
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Photo 3. Damage to south of the tools workshop of the locomotives and
vehicles factory.

Photo 4. Concrete broke on a column footing on the 1st story of the machine
repair room at the tools workshop of the locomotives and vehicles factory.
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Photo 5. In machine repair room of the tools workshop of locomotives and
vehicles factory the columns in the 2nd story broke off and roof slabs fell
and piled up on each other.

Photo 6. Columns in the 1st and 2nd stories of the machine repair room
at the tools workshop of locomotives and vehicles factory broke off.
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Photo 7. A side view of the west end of the product
warehouse of the Northwest grain depot after the
earthquake.

Photo 8. The Southern portion of the main building and
the west side hall of the Cement Design Institute are
intact after the earthquake.

Photo 9. Columns in the entrance hall, column caps and floors on the 1st story
of the main building of the Cement Design Institute are fundamentally intact.
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Photo 10. Columns, column caps and floors on the 1st story of the old
warehouse of Huaxin Textile Mill are intact after the earthquake.

Photo 11. The south gable wall of the old warehouse of
the Huaxin Textile Mill partially broke.

Photo 12. A west side view of the reading rooms at the
Tangshan Mining and Metallurgy Technical College
after the earthquake.
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Photo 13. The library building above the 2nd story at the
Mining and Metallurgy Technical College entirely fell off on
the ground.

Photo 14. The northwest wall of the library at the Mining
and Metallurgy Technical College displaced northward.
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Photo 15. The 1st story column of the library of the Mining and Metallurgy
Technical College displaced toward the northeast.

Photo 16. A column base on the floor of the library at the Mining and
Metallurgy Technical College cracked.
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Photo 17. The column caps in the 4th story of the library at the
Mining and Metallurgy Technical College cracked.

Photo 18. Diagonal cracks on the south eave wall in the 4th story of
the library at the Mining and Metallurgy Technical College.
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Figure 1. Plan of the 1st story and structural sketch of the tools workshop of the Locomotive
and Vehicle Factory.

Figure 2. Plan of the bottom story of the end product warehouse of the
Northwest Grain Depot.
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Figure 3. Plan of the 1st story (raft foundation was used in the dotted line area) and
structural sketch of the main office building of the Cement Design Institute.

Figure 4. Plan of the 2nd story and structural sketch of the old warehouse of the
Huaxin Textile Mine.
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Figure 5. Changing depths of bedrock.

Figure 6. Plan of the 2nd story and structural sketch of the library of
the Tangshan Mining and Metallurgy Technical College. (dark
dotted line in the figure is the position after the earthquake.)
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Figure 7. Sketch of the foundation structure.
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DAMAGE TO THE TANGSHAN 1ST FLOUR MILL
Zhou Qijing1 and Zhu Yaoling2

A. General Condition
The Tangshan 1st Flour Mill was situated in an area of intensity X about 200 m northwest of
Fenghuang Hill in Lubei District in Tangshan City. It had a flour manufacturing shop (main
workshop), a wheat moisture storehouse, a primitive wheat storehouse and an end product
warehouse (auxiliary buildings); the general layout is shown in Fig. 1.
This mill was built in 1964 and was put into production in 1965. Before the earthquake the
daily output was 11,000 bags, which was more than the 5,000 bags per day from the original
design. The foundation material was limestone so the damage to the buildings was light, except
that on the bottom story of the masonry wheat moisture storehouse the brick columns broke off
causing the storehouse to fall to the ground (Photo 1). Although the other buildings were
damaged, production was recovered shortly after repairs and strengthening. This paper
emphasized the damage conditions of the flour manufacturing shop (Photo 2).
1. Layout of the building structure
The flour manufacturing shop was a cast-in-situ reinforced concrete frame structure, 5-stories
high with a design intensity of VIII.
The plan, elevation and section view of the mill are shown in Fig. 2. Brick filler walls
240 mm thick were used with R.C. bond beams at the upper and lower edges of the windows.
The columns of the mill building had reinforced concrete independent conical footings which
sat on limestone. On the tops of the footings there were joining beams with a cross-section of
250x500 mm and 2 φ16 reinforcements at the top and bottom of the beams connecting all of the
footings. They were also used as ground beams under filler walls.
The cross-section dimensions of the columns are shown in Fig. 2 in which 7.5-8.3 cm2
vertical steel bars and φ8 @ 300 mm stirrups on the 1st story and φ6 @ 300 mm on other stories
were used. There was no stirrup at the core of the column joint but at the ends of transverse
beam (φ6 @ 250 mm) stirrups were used at ends of longitudinal beams (φ6 @ 300 mm stirrups)
and at individual positions (φ6 @ 350 mm) stirrups were used.
At the beam-column joints (longitudinal and transverse directions) only two bottom bars, the
areas of which were 1/3-1/4 the area of negative steel bars extended into the joints. The bond
length of these steel bars was only 15-20d ('d' is the diameter of the steel bar).
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2. Material and load
#200 concrete, #3 steel bars, #75 bricks and #25 mortar were used. On the 2nd story of the
flour manufacturing shop there were 6 double roll flour milling machines each weighing
approximately 2.5t; on the other stories the equipment was lighter. The load on the structure of
the mill building was mainly self weight and the total load on each floor was 212.7t for the 5th
floor, 438.5t for the 4th floor, 405.9t for the 3rd floor, 453.7t for the 2nd floor, and 514t for the
1st floor.
B. Damage
Cracks mainly appeared on columns but no cracks were found on beams and at joints
between beams and columns. The tops of central columns on the bottom story cracked
horizontally at the level of lower edges of beams and on column footings 100 mm from the
ground; on the 2nd story the cracks on the tops of columns were only found at the lower edges of
hunches of beams, but they were lighter than on the 1st story. On the 3rd story the position of
cracks were the same as on the 2nd story but the cracks were thinner; on other stories there was
no obvious damage. The cracks on columns in the exterior walls appeared at the upper and
lower edges of windows. They were serious on the bottom story while they decreased in the
upper stories. At axes 4 and 6 these columns were seriously damaged as vertical steel bars bent
and concrete broke; the cracks are shown in Fig. 2, Photo 3 and Photo 4. The damage to
longitudinal brick filler walls mainly appeared between windows on the 1st and 2nd stories, and
regular cross-cracks also formed. On transverse filler walls cross-cracks partly formed (Fig. 3),
some of which became peripheral cracks along the frames, but the walls above the 3rd story were
intact.
The landing beam L1 of the staircase on the 1st story cracked and fell off because during
construction a timber block was mixed into concrete, then, the upper and lower part of the stairs,
landing beam L2 and walls on the intermediate landing were seriously damaged (Fig. 4).
In summary, the flour manufacturing shop was lightly damaged and manufacturing was
resumed after strengthening. In June 1977 after the strengthening of the mill building the
measured fundamental periods of the building were 0.25 sec (transverse) and 0.21 sec
(longitudinal).
(Translator: Jin Guoliang)
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Photo 1. Brick columns on the bottom floor of the wheat
moisture storehouse broke off, and the whole building
fell to the ground.

Photo 2. After the earthquake the flour manufacturing
shop was essentially intact.

Photo 3. Damage to walls and columns in the 1st and 2nd
stories.

Photo 4. Damage to side columns in bottom story.
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Figure 1. General layout of the Tangshan Flour Mill.

Figure 2. Structural sketch of the flour manufacturing shop.
(a) Plans of foundation and bottom story; (b) East elevation
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Figure 3. Cracks on filled wall.

Figure 4. Damage to the staircase on the bottom floor.
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DAMAGE TO COLD STORAGE BUILDINGS IN THE
TANGSHAN AREA AND TIANJIN CITY
Yu Xige*

1. General Description
After the Tangshan earthquake fourteen cold storage buildings in the areas of Tangshan and
Tianjin were investigated; nine were multi-story buildings and five were single-story buildings.
They were used for refrigerating meat. In the original designs of these buildings no
consideration had been given to earthquake resistance.
Among the nine multi-story cold storage buildings only the 4,000-ton cold storage building
of the Tianjin First Refrigeration Plant was a steel frame structure with reinforced concrete floor
slabs. The eight others had cast-in-place R.C. flat slabs with brick exterior walls and brick or
lightweight concrete partitions. All the adjacent but structurally independent stairs, elevator and
transit hall buildings were constructed either with reinforced concrete or brick bearing walls with
R.C. beams and floors.
Of the five single-story cold storage buildings two were cast-in-place R.C. flat slab
structures, two were pre-cast R.C. frames and one was a brick and reinforced concrete structure
(brick bearing walls, R.C. columns and floors).
Of the fourteen cold storage buildings investigated the 4,500-ton cold storage at the
Tangshan Refrigeration Plant (seismic intensity XI), completely collapsed from the second floor
up. The roof of the Tangshan Export Cold Storage (seismic intensity X) partly collapsed.
Horizontal cracks were found below the capitals of some of the flat slab columns on the 5th floor
of the 10,000-ton cold storage at the Tianjin Second Refrigeration Plant in the region of intensity
VIII.
The other eleven cold storage buildings that were inspected in regions with a seismic
intensity of VII, VIII and X either suffered minor damage or remained intact after the
earthquake.
The non-bearing exterior brick walls of the multi-story cold storage buildings, which had
been provided with R.C. bond beams at every floor and tied to the floor slabs met with damage
of various degrees. Since no appropriate measure was adopted to tie the exterior wall to the roof
structure it caused the upper part of the 1,000-ton cold storage of the Tangshan Export
Refrigeration Plant to suffer more severe damage and partly collapse (Photos 1 and 2). Before
the earthquake vertical cracks were found along the corners and horizontal cracks were under the
eave of the exterior walls at the 6,000-ton cold storage and 4,500-ton cold storage buildings at
the Tianjin First Refrigeration Plant, and at the 10,000-ton cold storage building at the Tianjin
Tanggu Export Refrigeration Installation; these cracks were all widened after the earthquake.
* Design Institute, Ministry of Commerce
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But no cracks were detected on the exterior walls of the single-story buildings in the regions of
intensity VII and VIII.
At the time of the earthquake no live load was acting on any of the stairs, elevator and transit
hall buildings in the multi-story cold storage buildings investigated. Most of the buildings were
basically intact except for some cracks at the ends of columns or on the walls.
In several cold storage buildings that were situated in regions higher than intensity VII there
were leaks in the ammonia circulating pipe system at welds, at joints of pipe segments of
different diameters and at rigid supports under walls.
2. Case Study
(1) 4,500-ton cold storage at the Tangshan Refrigeration Plant
A. Architectural and structural layout
This building was built in 1959 and was situated west of Shengli Bridge on the Douhe River.
The local observed seismic intensity was XI.
The building site was originally a low and depressed land that was filled with earth during
construction of the cold storage building. The soil was designated as Type III according to the
current Chinese Aseismic Design Code, which meant rather weak soils such as high water
content, loose sands, soft clay or silt, etc. Independent footings for the columns and strip
foundations for the exterior walls rested on the filled ground and both were provided with 90 cm
thick compacted 3:7 lime-clay footings. After the earthquake ground cracks appeared at the site
in directions approximately parallel to that of the Douhe River indicating that the ground moved
towards the river (Photo 3 and Fig. 1).
This cold storage, like most of the multi-story cold storages in China nowadays, consisted of
a main storage building, stairs, elevator and transit hall, ammonia compressor room, ice plant,
transformer and switchboard station, truck loading platform and a slaughter house. The main
storage was a 6-story building that had an attic and a basement. The total height above the
ground surface was 21.3 m. The lower five floors were cast-in-situ R.C. flat slabs with equal
story heights of 4.2 m. The 2.4 m high attic was added on top of the main storage at a later date
with cast-in-place columns and a pre-cast ribbed slab roof. The columns of the attic were
connected to those of the flat slab floor by welding together their main reinforcements. The
framing plan of the main flat slab was 6m x 6m and the cross-section of the columns was
700mm x 700mm. There were six spans in the east-west direction and five spans in the northsouth direction. The stairs, elevator and transit hall were located in the southeastern corner
(Figs. 2a and 2b).
The grades of structural concrete were: cellar and first floor columns, 300; second floor
columns, 200; third and upper floor columns, 150; and floor slabs, 150. The thickness of the
floor slab was 150-250 mm.
The design live loads were: floor slab of the ice plant, 2.5 tons per square meter; floor slab of
the cold storage room and freezing room, 2 tons per square meter; and the top slab of the
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freezing room, 2.35 tons per square meter. The thickness of the exterior brick walls was 240 mm
or 370 mm and it was self-supporting and separated structurally from the floor system, it was
stuffed with rice husks as thermal insulators. On every floor R.C. bond beams were constructed
and connected the exterior wall to the floor slab. The spacing of tie beams on the first floor was
3 m and was 6 m on the other floors. Tie beam reinforcements were extended 220 mm into the
ring beams.
The stairs, elevator and transit hall were a brick and reinforced concrete mixed structure with
brick bearing walls and reinforced concrete floors. The total height of this building was 5 stories
and was 19.6 m above the ground surface. The elevator machine room was 2.4 m higher. The
design load for the floor was 1 ton per square meter and 0.4 tons per square meter for the stairs.
The ice plant was an independent single-story cast-in-situ R.C. frame structure. The
ammonia compressor room and transferor and switchboard station were single-story brick and
reinforced concrete mixed structures.
At the time of the earthquake the third and fourth floors of the main storage building were
fully loaded with commodities, about 1.6 tons per square meter and half of the storage rooms on
the second floor were also similarly loaded. The freezing rooms on the first floor and the zero
degree (centigrade) storage in the cellar were nearly empty. The rice husks in the attic were
roughly about one meter thick, equivalent to 120 kg per square meters of floor area. It was
evident that when the earthquake occurred all the loads were practically concentrated in the
upper part of the main storage building. There was no applied load in the stairs, elevator and
transit hall.
B. Damage
The main building of this cold storage completely collapsed above the second floor and
(Photo 4). All columns of the second story were broken either under their capitals or at the foot
along horizontal or inclined planes, and most of them were cracked along the construction joints
near the floor and fell down in a northeast direction. On the second floor some 20 square meters
of the floor slab was crushed by fallen structural elements that collapsed on the upper floors
while the unaffected portion was seriously cracked in the middle strip of the southern span. The
first floor slab failed by punching shear along the perimeter of the basement column capitals. All
of the columns on the first floor did not collapse; those in the central portion remained in fairly
good condition but some of the columns at the edges in the western portion were badly cracked
at sections just under the column capitals.
The first floor slab, columns and exterior wall of the basement had little or no damage.
Capitals of the collapsed columns still retained their original shape but the attached floor slab
had been punched through.
The stairs, elevator and transit hall building went through the disaster without complete
collapse but the bearing walls were severely damaged (Photo 4); numerous large vertical or
inclined cracks had developed.
The single-story ammonia compressor room, ice plant and transformer switch board station
all collapsed.
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(2) 10,000-ton cold storage at the Tianjin Second Refrigeration Plant
A. Architectural and structural layout
This storage building was located on Hongqi Road in Nankai District of Tianjin.
Construction began in 1974 and was completed just before the earthquake but was not put into
operation. The local seismic intensity was VIII.
The soil conditions below the ground were as follows: 1.3-2.5 m backfill; 2.5-8.3 m clayey
soil and silty clayey soil being deposits of the recent Epoch, Quaternary Period; 8.3-27.3 m
clayey soil, sandy loam, powdered fine sand etc., alluvial deposits of the Pleistocene Epoch,
Quaternary Period.
The site soil was designated as Type II according to the current Chinese Seismic Design
Code, which meant soils of medium strength and moderate compressibility. Pre-cast reinforced
concrete piles 14.5 m in length were driven under the main cold storage and the stairs, elevator
and transit hall buildings.
This installation was comprised of one main cold storage building, two stairs, elevator and
transit halls, railway and truck loading platforms. The structural plan and section of the
installation are shown in Fig. 3.
The main cold storage was a 6-story structure. The lower 5 stories were of a cast-in-place
R.C. construction with equal story heights of 4.8 m each. There was an attic with cast-in-place
R.C. columns and pre-cast R.C. beams and a slab roof. The frame of the main cold storage was
6m x 6m, and the cross-section of the columns was 700mm x 700mm. The edge panel of the flat
slab was a cantilever strip 3 m in width. The grade of concrete of columns on the three lower
floors was 300; floors 4-6 was 200. The thickness of the slab was 22 cm with the exception of
the attic which was 16 cm thick. The grade of concrete of the floor slab was 200.
The exterior walls of the main storage building were brick and were structurally independent
of the main building frame; 550 mm thickness of rice husks was stuffed in-between the exterior
wall and inner R.C. wall slab for insulation. Bond beams were provided at every floor in the
exterior wall and were tied to the floor system by triangular section R.C. beams spaced at 6 m.
The structure of the 7-story stair, elevator and transit hall building on the southern side was a
cast-in-place R.C. frame with non-bearing walls. The columns and walls of the northern transit
hall building were cast-in-place in slip forms. The columns were reinforced and the walls were
plain concrete. The construction of beams on various floors followed the completion of the
construction of the columns and walls. The layout and floor heights of both the north and south
transit hall buildings were the same, and they were both connected to the exterior walls of the
main storage building. The floor slabs of the transit halls were pre-cast elements. The outer
columns were in alignment with the axis of the exterior wall of the main storage building.
There were no commodities stored in this building when the earthquake occurred.
B. Damage
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The flat slabs in the main storage building survived the quake without severe damage but
horizontal cracks developed under the capitals or near the floor of four columns along axis (13)
and three columns along axis (21) on the 5th floor. In the attic a number of welds were omitted
due to negligence during the construction process which caused some parts of the beam and slab
to fall down (Plate 5); some of the columns were forced to incline 1-5 cm out of alignment on the
top.
Several vertical cracks were found on the exterior walls of the main storage building. In the
design and construction of this building no aseismic joint was provided between the exterior wall
of the main storage and transit halls so the exterior wall of the main storage cracked vertically at
the junction. A portion of the eave collapsed and fell down. Cracks were also observed on the
exterior wall under the eave.
Partitions in the cold storage were built with brick walls 120 mm thick lightweight concrete
blocks 200 mm thick. No provision was made to join the exterior wall with the floor or column
in the design. After the earthquake the interior walls of the third to fifth floors were partially
collapsed or severely damaged and cracks were found on the interior walls of the first and
second floors.
In the southern transit hall building there were cracks on the beams of the third floor frame
and at the ends of the supporting beam of the stairs on the second floor. The nonbearing
enclosure wall suffered minor architectural damage; the plaster cracked and fell down in some
places and the wall cracked and separated from the columns in the frame.
In the north transit hall building the walls built with plain concrete were seriously cracked
between the windows as shown in Photo 6. Plaster on the wall also cracked and partly fell off.
(Translator: Hu Zongyi)
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Photo 1. Collapsed roof trusses and roof slabs at the
Tangshan Export Cold Storage.

Photo 2. Collapsed roof slabs and a crumpled wall on
the upper portion of the Tangshan Export Cold Storage.

Photo 3. Ground fissures on the building site of the
Tangshan Refrigeration Plant.

Photo 4. The main cold storage building collapsed and
the transit hall building was severely damaged at the
Tangshan Refrigeration Plant.
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Photo 5. A beam and slab of the roof fell onto the top
floor, 10,000-ton cold storage at the Tianjin 2nd
Refrigeration Plant.

Photo 6. Heavy cracks on the wall between windows at
the Northern transit hall, 10,000-ton cold storage,
Tianjin 2nd Refrigeration Plant.
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Figure 1. Sketch showing ground fissures at the building site
of the Tangshan Refrigeration Plant.

Figure 2a. 1st floor plan of the 4,500 ton cold storage at the
Tangshan Refrigeration Plant.
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Figure 2b. I-I section of the 4,500 ton at the Tangshan Refrigeration Plant.

Figure 3a. 1st floor plan of the 10,000 ton cold storage at the
Tianjin 2nd Refrigeration Plant.
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Figure 3b. I-I section of the 10,000 ton cold storage at the Tianjin 2nd Refrigeration Plant.
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EARTHQUAKE DAMAGE TO MULTISTORY REINFORCED CONCRETE
1
RIGID FRAME MILL BUILDING IN TIANJIN
2

3

Shi Yaoxin and Dai Guoying

A. General Condition
Multistory reinforced concrete rigid frame mill buildings were widely used in Tianjin. They
were mainly used at manufacturing plants of electronics, instruments and meters, lights, prints,
oceanic chemicals, petrochemicals and other industries and were also used for warehouses of
international trade and commerce departments.
In Tianjin most of the multistory mill buildings were rigid frame and inner rigid frame
structures, and a few of them were brick-reinforced concrete and lift slab structures. Most of the
multistory rigid frame mill buildings were three stories or less (about 70%), a few of them were
four or five stories and one was up to 13 stories (total height 54 m).
About 70% of the multistory rigid frame mill buildings in Tianjin were full pre-cast
structures which were composed of cast-on-site pre-cast columns and pre-cast in factory beams
and slabs. The joints of the beams and columns were rigid; i.e. the upper reinforcing bars in the
beams were welded for continuity and the reinforcing bars in the columns were also welded for
continuity and then the concrete was poured in the joint. In 70% of these mill buildings rigid
joints were used in longitudinal and transverse directions.
Partly pre-cast rigid frame structures were always constructed with cast-on-site beams and
columns; and 28% of slabs were pre-cast at the factory. The joints of beams and columns were
poured after assembly. Approximately 2% were fully cast-in-place rigid frame structures.
Solid clay brick walls 240 mm thick were generally used as curtain walls and inner partition
walls. There were some short bars between the walls and frame columns connecting them
together. In most of the mill buildings there were few with no inner partition walls. The
windows on the walls were generally placed just below the frame beams.
For multistory rigid frame mill buildings in Tianjin a complete static design had always been
done but after 1974 most were designed according to earthquake resistant requirements of
intensity VII. Some that were built in the 1950’s and early 1960’s were designed as continuous
beams and columns and were deficient in hoop reinforcing now required by he current design
code.

1 This paper was written according to the materials provided by the Tianjin Municipal Institute

of Architectural Design and Chinese Academy of Building Research.
2 Tianjin Municipal Institute of Architecture Design
3 Chines Academy of Building Reserach
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B. Outline of Earthquake Damage
(A) General condition
In Tianjin after the Tangshan earthquake and aftershock the damage to more than 40
multistory rigid frame mill buildings was investigated. These totaled an area of about 70% of
that built after the 1950’s. Most of these mill buildings were located in urban Tianjin
(earthquake intensity VII to VIII). The statistics of degree of damage are shown in Table 1. A
comparison of data of similar mill buildings in a similar intensity region for the February 4, 1975
Haicheng earthquake of magnitude 7.3 are also shown in this table.
From Table 1 it can be seen that damage was moderate or more to about 38% of the
multistory rigid frame mill buildings in Tianjin while damage to only 10% of those in a region of
similar intensity during the Haicheng earthquake was moderate and more. Besides, at the
Tianjin Chemical Works located in Hangu District (intensity IX) a lot of multistory rigid frame
mill buildings were seriously damaged; the calcium carbide workshop, the acetylene station and
the synthetic workshop collapsed. At the Tianjin Alkaline Factory located in Tanggu District
(intensity VIII) a new evaporating and absorbing building (13 story rigid frame) also collapsed.
These buildings are not listed in Table 1.
The main characteristics of damage to multistory rigid frame mill buildings in Tianjin were
as follows:
(1) The damage to buildings with brick filler walls was light in the upper stories and serious
in the lower stories. Of the 15 with moderate or more damage 5 with few filler walls, five stories
high had damage concentrated at the second story, or second and third stories, and in 10 rigid
frames with 3-stories the damage was concentrated in the first story or first and second stories.
The damage to the filler walls was severe in the lower stories and was light in the upper stories.
(2) The destruction of columns was the main damage to moderately and above damaged
multistory rigid frame mill buildings. Damage to beams was light and that to columns was
severe. The damage at the top of columns was more severe than at the bottom and damage to
exterior columns was most severe.
(3) The damage was closely dependent upon the configuration of the structures (main rigid
frames, staircases, and elevator shafts). For example, the plans of the structures of the No. 11
workshop at the Tianjin 754 factory and the assembly workshop of the Bohai Radio Factory in
Tianjin were the same. But the Bohai Factory had an expansion joint between it and the
masonry-reinforced concrete structures at the ends of the workshops (the staircases, the elevator
shafts and living rooms) while the Tianjin Factory did not. After the earthquake the frame
columns and masonry-reinforced concrete walls of the latter were seriously damaged (Photo 1),
while the former was basically undamaged; only light pounding broke the thin concrete cover
plates over the 8 cm joint (Photo 2).
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(B) Columns of frames
1. X-shaped cracks occurred on columns
For example, serious x-shaped cracks and diagonal cracks occurred on the columns in the
two central rows on the second story of the No. 11 workshop at the No. 754 Factory in Tianjin
(Photo 3). Concrete broke (coarse aggregates were river gravel), the main reinforcement of
columns buckled, and necking and breakage of hoop reinforcement occurred.
2. Concrete at tops and bottoms of columns fractured
For example, concrete at the tops and bottoms of rigid frame columns on the second story of
the middle south building of the Tianjin Second Woolen Mill fractured and a similar phenomena
happened at the tops of some columns of the third story and to a few columns of the first story
(Photo 4). In general, the damage at the top of a column was more serious than at the bottom.
3. Diagonal cracks and x-shaped cracks at the top of columns
For example, this phenomenon happened to most of the exterior columns in the printing and
bindery workshop of the Tianjin People's Printing Factory (Photo 5). These types of cracks also
happened to the rigid frame columns in the first story of the gable wall in the ceramic warehouse
at the Beicang warehouse of the Tianjin Light Industry and Arts Import and Export Company
(Photo 6).
4. Horizontal cracks occurred on exterior columns at the sill level
For example, horizontal cracks occurred on almost all the exterior columns on the second to
fourth stories at the sill level in the five-story printing and bindery workshop at the Tianjin
People's Printing Factory.
5. Damage to beams and column joints
In general, there were two types of damage. In the first type the concrete of the column at
the bottom of a beam cracked through the joint. For example, at the printing and bindery
workshop of the Tianjin People's Printing Factory there was such damage at almost all the corner
columns (Photo 7). In the second type many minute diagonal cracks appeared on the joint, for
example at the joint of the first story corner column in the gable wall of the ceramic warehouse
of the Beicang warehouse at the Tianjin Light Industry and Arts Import and Export Company.
6. Typical damage to brackets of exterior columns of pre-cast structures of mill
buildings
One type of damage was a fracture of the anchor reinforcement to the built-in plate on the top
face of a bracket and a crack in the concrete of the bracket. Another type was a diagonal crack
in a bracket. There was such damage to the bracket of the exterior columns in the multistory
building of the Chenglinzhuang warehouse at the Tianjin Textile Fabric Company and in the
Beicang ceramic warehouse.
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7. The damage of built-in fitting connecting longitudinal beams to columns of pre-cast
rigid frame mill building
This type of damage is shown in Photo 8.
(C) Beams of rigid frames
In general, the damage to beams in rigid frames was light even in seriously damaged
buildings. The damage to beams of rigid frames only occurred in a few structures such as in the
three span six-story building of the Tianjin Textile Fabric Company. Inclined cracks occurred in
the bottom of beams of the transverse rigid frames in the middle span of the first story, and they
were small at the upper part and large at the lower part and some extended above mid-height of
the beam. The inclined cracks on beams of rigid frames formed an inverted V-shape. As
another example, vertical cracks at the ends of beams of rigid frames appeared and concrete at
the ends of beams cracked seriously due to inadequate anchor length of the bottom bars in the
four-story refinement workshop of the Tianjin Synthetic Chemical Factory.
(D) Brick filler wall
Damage to brick filler walls, especially curtain walls, occurred to many buildings. The
number of seriously damaged and moderately damaged buildings equaled 37.5% of the total
number investigated, while the number of those that were lightly damaged equaled 27.5% and
the total damage ratio reached about 65%.
In buildings the damage to filler walls was in accordance with the distribution law "serious in
the upper part and light in the lower part" but when damage to columns of rigid frames in any
story was serious the damage to brick filler walls of that part was generally serious also. For
example, the damage to columns and filler walls on the third story of the printing and bindery
workshop of the Tianjin People's Printing Factory. For any single filler wall the damage had the
following characteristics:
(1) When the damage to a filler wall without an opening was light the contact between the
filler wall and joint of the beam and column was compressive but there was no diagonal crack on
the wall, such as there was on the filler walls of the two end gable walls of the No. 1 warehouse
of the No. 09 unit in Tianjin. When the damage was more serious cracks occurred between the
perimeter of the wall and the beams and columns and x-shaped cracks appeared on the wall.
When the ratio of width to height of the wall was larger a segment of a horizontal crack appeared
in the central part of the wall, and then diverged to the four corners. This type of damage was
found in the lower stories of mill buildings.
(2) The damage to a filler wall with an opening was determined by the dimension and
position of the opening. When the opening was not large and was situated at the central part of
the wall the damage was similar to that of a wall without an opening. When there was a flat and
wide opening close below the beam, approximately horizontal cracks appeared on both sides of
the opening (Photo 6) but X-shaped cracks appeared on part of the wall under the opening.
When the height of the opening was large not only did horizontal cracks appear on the top of the
wall on both sides of the opening but diagonal cracks also occurred on the wall.
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(E) Staircase and elevator shaft
Most of the staircases and elevator shafts were masonry structures. When they were
connected to a rigid frame structure damage to the masonry included x-shaped and diagonal
cracks on the wall (along the stair direction). Diagonal cracks on the wall at the level of top of
doors and windows was comparatively serious.
If the damage to the wall of the elevator shaft was light then horizontal cracks or diagonal
cracks appeared on the lower part of the wall (Photo 9). If the damage was serious then the wall
collapsed and the roof of the elevator shaft fell down.
C. Examples of Damage
(A) Central south building of the Tianjin Second Wool Mill
During the Tangshan earthquake the central south building of the Tianjin Second Wool Mill
was seriously damaged. After partial strengthening it was reused but during the magnitude 6.9
earthquake on November 15, 1976 it collapsed.
1. General geological features
The Tianjin Second Wool Mill was situated in Heping District in Tianjin. Before
construction in 1931 the site of the factory was a water pool 2.8-5.1 m deep. Around 1933 the
pool was filled with earth to its present level. Bore hole data within 24.5 m depth are shown in
Table 2.
Prospecting showed an orderly arrangement of the foundation soils. The bottom of the layers
was flat and the soils were uniform. The foundation soil was Type II-III of the design code.
At the factory the original ground level was about 4 m below the present ground surface, and
the static ground water level was 1.1 m below ground surface.
The footings of the reinforced concrete single columns in the mill building were placed on an
earth-filled layer of ground (the level of the foundation was 1.15 m).
2. Arrangement of structures
The central south building was a three-story cast-in-site reinforced concrete rigid frame mill
building. The first story was used as a fabric weaving mill, the second story was used for drying
yarn, and the third story was used for storage of semi-finished products of yarn. The plan and
profile of the structures are shown in Fig. 1. The dimensions of cross-sections of the rigid frame
beams and columns are listed in Table 3.
This building was designed and constructed in 1958. The rigid frame was designed as a
continuous beam-column system without giving consideration to earthquake resistance. The
design load on the roof was 200 Kg.f/m2 while the floor was 800 Kg.f/m2. During the earthquake
there was no load on the roof and only 100 Kg.f/m2 floor load, which was estimated according to
the distribution of machine tools and storage of the yarn.
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The internal part of this building was open. Only in the third story there was a transverse
filler wall built of hollow bricks, while in the longitudinal direction there was a filler wall
between columns with windows 2.4 m high running the full length of the building. The
thickness of the wall was 240 mm and the mortar was #4.
In collapsed mill building the concrete was #150 as measured after the earthquake. From a
collapsed column three specimens of reinforcing bars were taken. For one of these (un-notched
bar) the elastic limit could not be measured but the strength limit reached 8,000 Kg.f/m2 and for
the other two the test elastic limits were 3,800 K g.f/cm2 and strength limits were 4,500
Kg.f/cm2.
3. Damage
During the magnitude 7.8 Tangshan earthquake and the magnitude 6.9 Ninghe aftershock the
intensity in the area at this factory was VIII. In the factory not only was this building seriously
damaged but other buildings and structures were also damaged to different degrees. The
sandboils and waterspouts that occurred were extremely serious at the factory; the number of
waterspouts was 65, and two ground fissures (east-west and south-north direction) passed
through the factory area.
The rigid frame structure of the central south building was seriously damaged; the damage to
columns on the second story was most severe. 45% of column heads and 22.5% of column
footings were seriously damaged and the concrete of columns fractured, hooks of hoop
reinforcement were straightened, and main bars were exposed and buckled. There was residual
displacement in the stories. 62.5% of column tops in the top story were damaged to different
degrees while only one column footing was damaged; and columns in the first story were lightly
damaged. The positions (top or bottom of column) of damage (fracture, peripheral cracks) of
columns on every story are shown in Fig. 2. The damage to rigid frame beams was very light
and a vertical crack appeared only at the bottom end of one beam.
Curtain walls of this building were seriously damaged. On the top story parapet walls at the
back and filler walls at the front were seriously damaged and collapsed. The filler wall at the
back on the second story in large part was seriously damaged and collapsed, but the filler walls
at the back and front eave walls were lightly damaged above the second story.
Production work stopped while the central south building was being restored. The procedure
was to strengthen damaged column tops, to strengthen damaged column footings, and to
strengthen the whole column if top and bottom were both damaged. For general cracks guniting
or plastering was used for restoration. The strengthening locations on columns of every story are
shown in Fig. 3; 23 columns were strengthened in all.
During the magnitude 6.9 Ninghe earthquake the strengthened central south building
collapsed as a whole in the direction of the back (Photos 10 and 11), and one end of the mill
building displaced 1 m while another end displaced 0.3 m. The main reinforcement was twisted.
When collapsed portions were removed, it was found that columns on the first story were broken
in an s-shape and one column collapsed only 0.8 m from its original position, but strengthened
columns on the second story fell down in one piece.
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The southwest building by the central south building was a two-story cast-in-site reinforced
concrete rigid frame mill building, the structural plan of which was similar to the central south
building. During the magnitude 7.8 earthquake the southwest building was seriously damaged,
and after strengthening this building was seriously damaged during the magnitude 6.9
earthquake but did not collapse. Figure 4 shows the records of measured displacement at the
tops of rigid frame columns in the southwest building.
(B) Ceramic warehouse of the Tianjin Light Industry and Arts Import and Export
Company
1. Geological features
The ceramic warehouse near the railway station was situated in the Beicang industrial region
in the north suburban area of Tianjin. In the region of the warehouse the topography was level.
There was about 2 m of farmland soil or back-filled soil and under this surface layer clay and
clayey soil layers were alternately distributed. There was a layer of muddy clayey soil 5-6.4 m
underground. The distribution of the foundation soils and related indexes are listed in Table 4.
The site soil was Type II-III of the design code.
2. Structure of the building
The ceramic warehouse was a three-story pre-cast reinforced concrete rigid frame structure.
The plan is shown in Fig. 5. The dimensions of the rigid frames are listed in Table 5.
This warehouse was built in 1975 and at the same time three others were also built. They
were in use before the earthquake. In this building transverse structural frames carried loads.
The columns were pre-cast at the site and the joints of beams and columns were rigid
connections constructed with concrete brackets and laminated ledger beams, while the joints of
beams and columns of longitudinal frames were rigid connections constructed with welded steel
brackets and laminated ledger beams. There were no internal partition walls in the warehouse
and exterior curtain walls were built with solid bricks 240 mm thick and #50 mortar in the first
story and #25 in the other two stories. The windows were just under the bottom of the beams
and the dimension of the windows on the eave walls and gable walls were 1.2 x 3.8 m.
A reinforced concrete raft foundation with a 400 mm thick slab and 1,400 mm deep beams
was used. The depth of the embedded foundation was 2.3 m under the interior ground and the
difference between the levels of the exterior ground and interior ground was 0.3 m.
The design floor load was 1.5 t.f/m2 and in the warehouse the actual load was 0.8 t.f/m2
during the earthquake.
3. Damage
The No. 1 and No. 2 Warehouses each consisted of two single buildings, i.e. 4 single
warehouses in all. The damage to the north part of the No. 2 Warehouse was most serious and it
was classified as moderate damage. The damage to the other three single warehouses was
similar but they were classified as light damage.
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Damage to the north part of the No. 2 warehouse mainly occurred at the two end gable walls
(Fig. 6, Photos 12 and 13). X-shaped and diagonal cracks occurred on 4 frame columns at the
center of the gable wall in the height range of the windows (1.2 m). Damage to columns beside
the door was most serious (Fig. 7), and the width of the crack reached 2 cm. In the frame the
dislocation of the crack on the columns was 1.8 cm and the main reinforcement bars of the
column buckled. In addition, there were several horizontal cracks (maximum width was
0.5 mm) on the column 0.2-1.5 m above the floor. The damage to the corner column on the first
story near the joint of the beam and column is shown in Fig. 8.
The damage to the gable wall on the first story was also serious. Serious breaks occurred on
walls either with or without entrances, but no collapse occurred (there were small tie bars
between the walls and columns). Comparatively large cracks occurred between the gable wall
and frames on the second story and there were inclined cracks on the wall, but the gable wall on
the top story was fundamentally intact.
In addition, on the first story inclined cracks occurred near the anchor bars of embedded
plates on the tops of brackets of side columns in two longitudinal rows. Longitudinal frames and
brick filler walls were fundamentally intact, but only partition walls on the first story were
lightly damaged.
(Translator: Jin Guoliang)
Table 1. Comparison of degrees of damage.

Earthquake

Assigned
Intensity
(degree)

Collapsed
Buildings
(%)

Seriously
Damaged
Buildings
(%)

Moderately
Damaged
Buildings
(%)

Lightly
Damaged
Buildings
(%)

Fundamentally
Intact
(%)

Total
Buildings
(%)

Tangshan
Earthquake

VII
(Tianjin)

1
(2.5)

5
(12.5)

9
(22.5)

3
(7.5)

22
(55)

40
(100)

Haicheng
Earthquake

VII, VIII

1
(3.22)

2
(6.45)

8
(25.81)

20
(64.52)

31
(100)

Note: Material about the Haicheng earthquake was excerpted from "Haicheng Earthquake
Damage" compiled by the Institute of Engineering Mechanics of the China Academy,
Earthquake Publishing House, 1979.

Dept
h
(m)

1.8

3.5

4.5

6.5

8.5

15.0

15.3

21.0

22.0

23.0

24.5

Layers

1

2

3

4

5

6

7

8

9

10

11

plastic

moderately
dense

plastic

Manner

clayey soil

sandy loam

fine sand

clayey soil

clay

clayey soil

sandy loam

clayey soil

clay

Soil Type
mixed
back-filled
soil
alluvial
back-filled
soil
13

gray-yellow, containing
mire, iron and shells
gray-yellow, containing
mire, iron and grass
yellow-gray, containing mire
and iron
gray, containing mire and
iron
gray, containing mire and
organic matters
gray, containing mire,
organic matters and shells
gray-black, containing mire
French gray, gray-yellow,
khaki, yellow-gray,
containing mire and iron
yellow, containing mire,
iron, grass and rocks
yellow, containing mire,
iron, grass and rocks
brown, containing mire and
iron

2.0

13

Description of Soil
various color, containing
mire, iron and lime scream

15.0

14

17

20

16

20

10

10

23.0

20.0

18.0

5.0
6.0
7.0
8.0
9.0
11.0

23
10
16

4.0

20

3.0

Depth
of
Specimen
s
(m)

Allowabl
e
Bearing
Capacity
(t.f/m2)

30.2

23.8

25.6

36.6

25.7
30.5
23.8
27.7
34.7
32.2

27.4

30.6

29.1

Water
Conten
t
(%)

1.89

2.04

2.05

1.78

1.99
1.86
1.91
1.92
1.85
1.88

1.94

1.85

1.87

Unit
Wt.
(g/cm2)

0.88

0.64

0.63

1.11

0.72
0.96
0.75
0.80
0.96
0.91

0.81

0.91

0.87

Void
Rati
o

10.5

10.3

11.9

19.3

14
11.6
9.5
9.9
10.7
12

17.7

11.2

14.1

Index of
Plasticit
y

Table 2. Geology at the central south building.

0.8

0.7

0.5

0.8

0.6
1.1
0.8
1.1
1.7
1.2

0.4

1.2

0.8

Index of
Liquidit
y

0.01

0.01

0.03

0.04

0.03
0.02
0.02
0.02
0.04
0.05

1.03

0.03

0.02

Compressio
n
Coefficient
2
(cm /kg.f)

Main Indexes

206

100

59

46

67
134
71
79
54
33

68

54

83

Modulus of
Compressio
n
(kg.f/cm2)

0.34

0.24

0.20

0.34

0.03
0.10
0.13
0.12
0.20
0.16

0.3

0.07

Cohesion
(kg.f/cm2
)

30

31

22

21

23
28
30
25
22
23

13

24

Internal
Friction
Angle
(degree
)

603

604

Table 3. Dimensions of cross-section of beams and columns in the
central south building of the Tianjin Second Wool Mill.

K-1

K-2

Story

Column

Beam

1

300×350

250×500

2

300×300

250×500

3

300×300

250×450

4

350 (300)×350

250×500

5

300×300

250×500

6

300×300

250×450

Note: The item with ( ) is for an edge column; the mean thickness of the cast-in-site floor slab
was 8 cm.

1.10

2.05

2.50

4.00

5.00

6.40

12.5

1

2

3

4

5

6

7

plastic

soft
plastic
soft
plastic

plastic

plastic

plastic

loose

Manner

clayey soil

mud, clayey
soil

clay

clayey soil

clay

clayey soil

back-filled
clayey soil

Soil Type
khaki, containing
bricks. khaki,
containing mire, iron
and bricks
black brown,
containing mire, iron,
bricks and grass
gray green, containing
mire, iron, bricks and
grass
yellow-gray,
containing mire, iron,
and spalls
gray, containing mire
and iron
gray, containing mire
and iron
gray, containing mire
gray, containing mire
and iron
gray, containing mire,
shells and spalls
gray yellow, containing
mire, iron and spalls

Description of Soil

12.0

10.0

16.0
22.0

8.00

6.00

4.50

10.0

14.0

2.00

-----------

3.00

1.00

Depth of
Specimen
(m)

11.0

Note: 1) Unit of every index is the same as in Table 2.

Depth
(m)

No.of
Layer

Permissible
Bearing
Capacity
(t.f/m2)

27.3

33.4

29.1

37.3

38.8

27.7

26.3

29.1

Water
Content
(%)

1.977

1.864

1.906

1.837

1.819

1.935

1.979

1.892

Unit
Wt.
(g/cm3)

0.757

0.946

0.830

1.040

1.10

0.780

0.755

0.862

Void
Ratio

15.8

13.4

11.4

16.1

18.0

11.0

17.7

16.7

0.56

1.15

1.06

1.11

0.99

0.97

0.30

0.58

Index of
Liquidity

Main Indexes
Index of
Plasticity

Table 4. Boring log at the ceramic warehouse.

0.6

1.1

1.1

1.1

1.0

1.0

0.3

0.6

Consistence

0.029

0.027

0.012

0.040

0.067

0.029

0.025

0.50

Compression
Coefficient
(cm2/kg.f)

605

606

Table 5. Dimensions of cross-section of beams and columns at the ceramic warehouse.
Story

Columns

Beams

Central rigid frame

1
2
3

400×400
400×400
400×400

300×850
300×850
200×550

Edge rigid frame

1
2
3

400×400
400×400
400×400

300×850
300×850
200×550
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Photo 1. Serious damage to eaves at the No. 11
workshop of the No. 754 factory in Tianjin.

Photo 3. Damage to the rigid frame column at the No.
11 workshop of the No. 754 factory.

Photo 2. Impact at settlement joint at the assembly
workshop of the Bohai radio factory.

Photo 4. Serious damage to the top of the column of the
rigid frame on the third story of the emergence workshop at
the Tianjin second woolen mill.
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Photo 5. Damage at the top of the edge column at the
printing and bindery workshop of the Tianjin printing
factory..

Photo 7. Damage to the joint of the beam and column
of the rigid frame at the printing and bindery workshop
of the Tianjin Printing Factory.

Photo 6. Damage at the top of the rigid frame column of the
gable wall on the first story of the ceramic warehouse at the
Beicang warehouse of the Tianjin Light Industry and Arts Import
and Export Company.

Photo 8. An example of damage to a longitudinal beam
and column joint of a rigid frame.
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Photo 9. A horizontal crack on the lower part of the
wall of the elevator shaft.

Photo 11. Damage to rigid frame columns on the
first floor of central south building at the Tianjin
second wool mill.

Photo 10. Collapse of the central south building at the
Tianjin Second Wool Mill.

Photo 12. Damage to rigid frame columns beside the door
on the gable wall of the ceramic warehouse.
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Photo 13. Damage to rigid frame columns of the gable
wall of the first story of the ceramic warehouse.
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Figure 1. Structural plan of the central south building at the Tianjin Second Wool Mill.

Figure 2. Positions of damage of rigid frame columns in the
central south building of the Tianjin Second Wool Mill.

612

Figure 3. Strengthening of columns in the central south building at the
Tianjin Second Wool Mill.

Figure 4. Records of measured displacements of rigid frame
columns of the southwest building at the Tianjin Second Wool
Mill. (vertical displacement/horizontal displacement; unit: mm)
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Figure 5. Structural plan of the ceramics warehouse of the Arts
Import and Export Company.

Figure 6. Record of damage to the gable wall in the north part of the No. 2
warehouse in the ceramics warehouse.
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Figure 7. Record of damage to the frame column of the
gable wall on the first story of the ceramics warehouse of
the Arts Import and Export Company. (unit: mm)

Figure 8. Record of damage at the joint of the corner
column on the first story of the ceramics warehouse of the
Arts Import and Export Company. (unit: mm)
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DAMAGE TO LIFT-SLAB STRUCTURES IN BEIJING AND TIANJIN
Dong Shilin1, Shi Binghua1 and Yang Fuhai2

A. General Features
At the time of the Tangshan earthquake there were 6 lift-slab structures plus one that was
under construction in Beijing, and a similar six in Tianjin. After the earthquake 12 completed
buildings were investigated. They included 4 warehouses, 3 markets, 3 chemical installations,
and 2 multistory mill buildings for light industry built in 1968. The floor area of these buildings
was more than 33,000 m2 and the highest was 5 stories or about 23 m high. They had unbonded
pre-stressed reinforced concrete slabs, ordinary reinforced concrete slabs, or a crossbeam system.
Poured-in-place column caps, load bearing keys, shear blocks and other forms were used, and
floors had both uniform loads and large concentrated loads. The architectural layouts of an open
pattern, inner spacious pattern, and a pattern with inner partition walls were used. Except that
there was no curtain wall in 2nd union installation solvent retrieve pump house of Beijing
Dongfanghong oil refinery and chemical fertilizer decompose evaporate workshop of the capital
steel mill and that the curtain walls were built on floors in Tianjin Great Wall radio factory, in
other 9 buildings there were out built curtain walls and girds connecting with floors.
One half of the 12 lift-slab structures were situated in Tianjin in an intensity VIII area and
the other 6 were in Beijing in an intensity VI area. Anti-earthquake design was not considered
except at the 902nd warehouse of the Tianjin Telecommunication Bureau where after the
earthquake the main structure was basically intact only the staircases, elevator shafts and curtain
walls were damaged to various degrees. In Tianjin the curtain walls in one structure collapsed,
in two the walls were seriously damaged, one was slightly damaged, and two were basically
intact while in Beijing the curtain walls, staircases and elevator shafts of 6 such buildings were
all fundamentally intact. Independent cantilever columns in 2 lift-slab structures under
construction were not damaged at all. At the chemical fertilizer lift-slab structure of the Beijing
Xiangyang Chemical Plant with large concentrated loads no damage was found. The damages
are shown in Table 1.
In Table 1 it can be seen that the main characteristics of damage to lift-slab structures in
Beijing and Tianjin were as follows:
(1) Except for 1-3 circular cracks that appeared on columns in the top story of the 902nd
warehouse of the Tianjin Telecommunication Bureau, the columns of other lift-slab structures
were all intact.
(2) Floors of the lift-slab structures were all intact even those with large openings or with
large concentrated loads.
1
2
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(3) The curtain walls of lift-slab structures were damaged to various degrees.
B. Examples of Damage
(A) 902nd Warehouse of the Tianjin Telecommunication Bureau
1. Layout of the building structure
This warehouse was situated on the 8th Latitude Road of Hedong District in Tianjin. The
soil at this warehouse was Class II consisting of 1.5-2.5 m of loose miscellaneous fill and below
it was quaternary deposit cohesive soil. The soil was uniform without unfavorable soft soil.
During construction the miscellaneous fill was cleared away and plain fill compacted by layers
was employed. Concrete poured crossbeam foundations with embedded depth of 2.5 m were
used for the main structures of the warehouse but reinforced concrete strip foundations were
used under the curtain walls. The plan and profile of these structures are shown in Fig. 1.
In this warehouse 300# pre-cast reinforced concrete columns were used with cast-in-site
concrete slabs, and 300# concrete poured-in-place column caps at joints between floors and
columns were used. 240 mm thick exterior walls were built with #100 brick and #50 mortar and
each floor and the roof slab were connected to the walls by φ6 connection rebars @200 mm.
There was no earthquake separation between the staircases of the original warehouse with the
inner frame structure.
Quality was affected because the walls were built and column caps were poured in winter.
Besides, due to limitation of construction conditions the column caps at the roof were not poured
according to the design requirements.
2. Damage
During the earthquake this warehouse was not being used and there were no goods in it.
After the earthquake the floors of the 2nd and 3rd stories were intact and cracks due to
differences of lifting did not expand; 1-3 0.05-0.1 mm wide horizontal circular cracks about 2070 cm above the floors generally appeared on columns in the top story. The filler concrete at
joints between slabs and columns fell off and displacement was found between slabs and load
bearing keys (Photo 1).
Brick curtain walls at this warehouse were seriously damaged, i.e. diagonal cracks with 1 cm
width appeared on the north gable wall and vertical cracks were found at the connection of
longitudinal and transverse walls. A V-shaped crack was found at the corner of the longitudinal
and transverse walls at the top of the 3rd story and part of the corner collapsed.
There were horizontal cracks at the levels of the upper and lower edges of window openings
on two longitudinal walls and this phenomenon was more serious on the 3rd story than on the 1st
and 2nd stories (Photo 2). Obvious X-shaped cracks were found on most of the walls between
two windows and they were more obvious on the 1st story than on the 2nd and 3rd stories. Since
the connection rebars at the sides of slabs were not thoroughly anchored to the bond beam 2 cm
seams were produced between bond beams and slabs on the 2nd and 3rd floors.
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The connection of the two warehouses on the south gable wall, which was also the side wall
of the staircase of the adjacent original warehouse, diagonal cracks appeared and the walls were
seriously damaged so that part of the eave walls and parapet walls collapsed and the asphalt felt
roofing separated due to tension.
(B) Chenlinzhong Warehouse of the Tianjin Branch of the China Textile Import and
Export Corporation
1. Layout of the building structure
This warehouse was situated in Chenlinzhuang in the Hedong District of Tianjin. The site
soil at this warehouse was Class II consisting of 1.0-2.0 m of filled clayey soil and filled fly ash
at the surface, and quaternary deposit clayey soil below; the layers were uniform without
unfavorable soft soil. During construction the filled clayey soil and fly ash were cleared away
and replaced with plain soil compacted in layers to the design level. R.C. crossbeam foundations
were poured to a 2.0 m depth. The plan and profile of the structure are shown in Fig. 2.
Pre-cast reinforced #300 concrete columns, #300 concrete pre-cast at site reinforced concrete
slabs and 400# concrete poured-in-site column caps at joints between the slabs and the columns
were used. The original design considered earthquake resistant requirements of intensity VII.
Between the northeast and southwest corner columns of the warehouse, earthquake resistant
walls 200 mm thick were poured with 150# concrete from preset holes in slabs (Fig. 2), but on
the 3rd story they were not poured due to difficulty of construction. Curtain walls 240 mm thick
were built with 100# bricks and 50# mortar and on every story all the floors and roof slabs were
connected to bond beams.
2. Damage
This warehouse was situated on the east side of the Tianjin urban district in an area of
intensity VIII. At the time of the earthquake this warehouse was not being used and there were
no goods in it. After the earthquake there was no damage to slabs, columns and joints of the
main structure. On post-poured earthquake resistant walls some 45° oblique cracks with a
maximum width of 0.1 mm appeared and they were more serious on transverse walls than on
longitudinal walls. Figure 3 is a sketch of cracks on transverse earthquake resistant walls at the
southwest end.
The story height of this warehouse was high and longitudinal walls were 60 m long but there
was no connection between these walls and the main structure except for the connection rebars
into slabs. After the earthquake the walls were seriously damaged, i.e. the west gable walls on
the 2nd and 3rd stories collapsed entirely, and the wall on the 1st story mostly collapsed and on
the remaining wall there were oblique cracks 5 cm wide (Photo 3). The north longitudinal wall
that connected with the west gable wall partly collapsed. There were X-shaped cracks on the
south and north longitudinal walls between windows and horizontal cracks level with the upper
and lower edges of window openings. Bond beams in exterior walls with rebar connection at
sides of floors collapsed with the walls and turned and separated outward. Photo 4 shows
turning and separating of the bond beams at the 2nd floor of the west gable wall; the maximum
torsion angle was up to 30°.
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The landing beam of the staircase at the east end of the warehouse was simply supported on
brackets of the reinforced concrete buttress pier of the east gable wall. After the earthquake the
brackets were broken and adjacent walls pounded each other and broke down (Photo 5). A
portion of the pre-cast slabs of the staircase collapsed and cracks on the walls were serious.
After the earthquake all the walls were removed and rebuilt, 240x360 mm buttresses were
added, window openings became smaller, and a bond beam was added under the windows.
Earthquake resisting walls on 3 stories were added, the rebuilding work was finished in the last
ten days of October but the new brick walls collapsed again during the Ninghe earthquake of
magnitude 6.9 on 15 November of that year.
(Translator: Jin Guoliang)

Plan dimension: 20.0×42.0 m, Class II
site soil, crossbeam reinforced concrete
foundation; column layout: 5.5×5.5 m;
cross-section: 500×500 mm, 4 stories
high; thickness of slabs: 18 cm,
poured-in-place column caps, 240 mm
brick curtain walls only built to 3rd
floor. Design load: 2,000 kg.f/m2.
Main structure was built during the
earthquake.
Plan dimension: 10.2×27.8 m, Class II
site soil, independent column
foundations; column layout: 6.0×6.0 m;
cross section: 400×600 mm, 3 stories
high; thickness of slabs: 10 cm, steel
keys and steel brackets, 370 mm thick
brick curtain walls; design loads:
concentrated loads, manufacturing
carried on during earthquake.
Plan dimension: 9.5×51.3 m, Class II
site soil; pile foundation: independent
column footings and joining beams.
Column layout: 6.0×6.0 m; crosssections: 400×600 mm, 3 stories high;
thickness of slabs: 20 cm. Great
concentrated loads on slabs with many
openings, shear block joints 240 mm
thick brick curtain walls only on 1st
story; design loads: 20-26 t equipment
loads. This building was used during
the earthquake.

Butyl Octane-Cobalt
Catalyst Warehouse of the
Beijing Xiangyang
Chemical Plant

2nd Union Installation
Solvent Retrieval Pump
House of the Beijing
Dongfanghong Oil
Refinery

Condition of Structures

Paper Warehouse of the
Publishing Office in
Beijing

Structure

Structures were
not damaged and
equipment did
not displace

No damage

No damage

Damage to Main
Structure

Brick curtain walls on 1st story were intact.

Thin horizontal cracks were found at joints
between walls and side beams on 2nd and 3rd
stories, and walls separated themselves from
beams.

370 mm thick brick walls on 1st story were
fundamentally intact but on 2nd story V-shaped
cracks appeared on walls at four corners, west
wall inclined, obvious X-shaped cracks and
diagonal cracks were found and individual walls
between two windows cracked into pieces.

Damage to Auxiliary Structures

Table 1. Damage to lift-slab structures.

Intact

Lightly
damaged

Lightly
damaged

Degree of
Damage

619

Plan dimension: 19.6×31.6 m, Class II
site soil, independent column footings;
column layout: 6.0×6.0 m; crosssection: 400×400 mm, there was a
settlement joint between this building
and the Huashi Xinhua Bookshop, 4
stories high; thickness of slabs: 18 cm,
poured-in-place column caps, brick
curtain walls; design load: 400 kg.f/m2,
the building was used during the
earthquake.
Plan dimension: 19.6×33.1 m, Class II
site soil, independent column footings;
column layout: 6.0×6.0 m, crosssection: 400×400 mm, 4 stories high;
thickness of slabs: 18 cm, poured-inplace column caps, brick curtain walls;
design load: 400 kg.f/m2, the building
was used during the earthquake.

Plan dimension: 9.0×17.5 m, Class II
site soil; column layout: 5.0×6.0 m;
cross-section: 400×600 mm, 3 stories
high, this building was connects with
reinforced concrete tower through steel
trestle. Shear block joints. Brick
curtain walls only on the 1st story;
design load: 300 kg.f/m2, maximum
concentrated load: 10 t, production
stopped during the earthquake.

Beijing Huashi Xinhua
Bookshop

Decompose Evaporate
Workshop of the
Chemical Fertilizer Plant
of the Capital Steel Mill

Condition of Structures

Beijing Huashi
Department Store

Structure

Structures were
intact, equipment
did not displace.

Intact but only
on 3rd and 4th
stories of the
warehouse traces
of white wash
falling off
around the
poured-in-place
column caps was
found.

Intact

Damage to Main
Structure
Damage to Auxiliary Structures

Brick walls on the 1st story were intact.

There were horizontal cracks at the upper edges
of the windows on the north walls between two
windows of the warehouse on the 3rd and 4th
stories, and horizontal hairline cracks were found
at the lower edges of windows on the north walls
between two windows of the bookshop on the 3rd
and 4th stories. Horizontal cracks appeared
between brick partition walls and floors, and
horizontal hairline cracks only appeared on
gypsum partition walls on the 4th story, the
others were fine.

Obvious horizontal cracks appeared between
inner partition walls and floors on the 3rd and 4th
stories and between walls on staircases and top
floors. Oblique cracks were found at the upper
edges of doors and window openings on the 1st
story.

Table 1. Continued.

Intact

Lightly
damaged

Lightly
damaged

Degree of
Damage
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Plan dimension: 21.6×26.2 m, Class II
site soil with 3.2 m high basement;
column layout: 6.3×5.2 m; crosssection: 400 ×400 mm, one side of this
building was connected to the original
market but without joining and
earthquake separation. 3 stories high;
thickness of slabs: 18 cm, load bearing
key joints, 240 mm thick brick curtain
walls. Design load: 40.0kgf/m2. This
building was used during the
earthquake.
Plan dimension: 10.0×19.6 m, Class II
site soil, with basement; column layout:
6.0×5.2 m; cross-section: 400×400 mm,
6 stories high; thickness of slabs: 18 cm
with load bearing key joints. 240 mm
thick brick curtain walls; design load:
800 kg.f/m2. During the earthquake
the 3rd and 5th stories were used and
others were not. After the earthquake
measuring periods were TL=0.3 sec.
and Tt=0.38 sec.

Tianjin People's Library

Condition of Structures

Workers, Farmers and
Soldiers Market in Tianjin

Structure

Floors, columns
and joints were
all intact and no
settlement was
found on
foundations.

Floors, columns
and joints were
intact, the crack
due to lifting
error and the
displacement
from over
loading on 3rd
story did not
develop further.

Damage to Main
Structure
Damage to Auxiliary Structures

A 2 m long oblique crack 2-3 mm wide from the
top of the middle part to the right lower corner of
the transverse wall on the 1st story, X-shaped
cracks on walls between two windows on the 2nd
story, upper and lower horizontal cracks on
individual walls and oblique cracks at window
openings were found but cracks on the 3rd story
and above were rare. The books on bookshelves
overturned entirely on the 3rd story while on the
6th story bookshelves swung out about 1 m but
did not overturn due to obstruction of end plates.

There were diagonal cracks on walls between two
windows of the longitudinal walls on the 1st
story and throughout were hairline horizontal
cracks at lower edges of window openings. The
seam between this building and the old building
expanded 2-3 mm, more than the original seam
before the earthquake. Corners of parapet walls
were lightly damaged, and hairline horizontal
cracks were found on roofs of walls.

Table 1. Continued.

Lightly
damaged

Lightly
damaged

Degree of
Damage
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Plan dimension: 20.6×43.94 m (divided
into two parts), Class II site soil,
reinforced concrete cross beam
foundation. Column layout: 6.0×6.0 m,
cross-section: 450×450 mm, 4 stories
high; thickness of slabs: 15 cm with
poured-in-place column caps. 240 mm
thick brick curtain walls with 240×
270 mm brick buttresses; design load:
500 kgf/m2. Part of this building was
used during the earthquake. After the
earthquake measuring periods were
TL=0.54 sec. Tt=0.5 sec.
Plan dimension: 21.2×41.4 m, Class II
site soil, cross beam reinforced
concrete foundations; column layout:
6.6×5.0 mm; cross section: 400×
500 mm, 5 stories high; thickness of
slabs: 20 cm with load bearing key
joints, 240 mm thick brick curtain
walls; design load: 800 kg.f/m2.
During the earthquake this building
was not used. After the earthquake
measuring periods were TL=0.85 sec.
and Tt=1.0 sec.

Color television attached
building of the Tianjin
Great Wall Ratio Factory

Condition of Structures

Top Hat Workshop of the
Tianjin Hattery

Structure

Floors, columns
and joints were
fundamentally
intact.

No damage was
found on floors,
columns and
joints and no
abnormal
phenomenon was
found at prestressed anchors
and joints.

Damage to Main
Structure
Damage to Auxiliary Structures

There were two horizontal cracks under the sills
of longitudinal walls on the 2nd-5th stories and
on part of the walls there were flat X-shaped
cracks. Longitudinal joining beams between
columns broke away from the joints. There were
diagonal cracks on west transverse walls on the
2nd-4th stories from the bottom to the top of the
story, on east transverse walls on the 1st story,
and on walls of elevator shafts of a corner
building on the 1st-5th stories. On most inner
transverse partition walls of the building
horizontal and X-shaped cracks appeared.

There were oblique and horizontal cracks at
connections of ends of longitudinal and
transverse walls on the 2nd and 3rd stories and
oblique cracks at the upper edge of door and
window openings. Between walls and floors on
the 4th story there were circular hairline
horizontal cracks and on walls of staircases at
two ends on every story oblique cracks were
found and this phenomenon was more serious on
lower stories. The walls at connections between
this building and the office building bumped each
other and were destroyed. One of the elevator
shafts over the roof of the building partly
collapsed.

Table 1. Continued.

Lightly
damaged

Lightly
damaged

Degree of
Damage
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Plan dimension: 18.5×47.0 m, Class II
site soil, crossbeam reinforced concrete
foundations; column layout: 5.5×5.5 m;
cross-section: 500×500 mm, 3 stories
high; thickness of slabs: 22 cm.
Poured-in-place column caps, 240 mm
thick brick curtain walls; design load:
1,800 kg.f/m2. During the earthquake
this building was not used. After the
earthquake measured periods were
TL=0.4 sec. and Tt =0.43 sec.
Plan dimension: 21.0×57.0 m, Class II
site soil, cross beam reinforced
concrete foundations; column layout:
6.0×6.0 m, cross-section: 500×500 mm,
3 stories high; thickness of slabs: 20 cm
with poured-in-place column caps,
240 mm thick brick curtain walls;
design load: 1,500 kg.f/m2, during the
earthquake this building was not used.
After the earthquake measuring periods
were TL=0.52 sec. and Tt =0.63 sec.

Tianjin Chenglinzhuang
Warehouse of the China
Textile Import and Export
Corporation

Condition of Structures

902nd Warehouse of the
Tianjin
Telecommunication
Bureau

Structure

See damage
example (2)

See damage
example (1)

Damage to Main
Structure
Damage to Auxiliary Structures

See damage example (2).

See damage example (1).

Table 1. Continued.

Moderately
damaged

Moderately
damaged

Degree of
Damage

623

624

Photo 1. Offset between roof slabs and load bearing
keys at the 902nd warehouse of the Tianjin
Telecommunication Bureau.

Photo 2. Horizontal cracks along the upper and lower
edges of window openings at the 902nd warehouse of the
Tianjin Telecommunication Bureau.

Photo 3. Walls at the Chenlinzhuang warehouse of the
Tianjin branch of the China Textile Import and Export
Corporation collapsed.

Photo 4. Turning and separating of the bond beams on
curtain walls of Chenlinzhuang warehouse of Tianjin
branch of China Textile Import and Export Corporation.

Photo 5. Cracks on curtain walls at the Chenlinzhuang
warehouse of the Tianjin branch of the China Textile
Import and Export Corporation.
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Figure 1. Structural plan of the 902nd warehouse of the Tianjin Telecommunication
Bureau.

Figure 2. Structural plan of the Chenglinzhuang warehouse at the Tianjin
Branch of the China Textile Import and Export Corporation.

Figure 3. A sketch of cracks on the earthquake resistant walls of
the Chenglinzhuang warehouse at the Tianjin Branch of the China
Textile Import and Export Corporation.
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CHAPTER 4: INDUSTRIAL STRUCTURES
AND EQUIPMENT

EARTHQUAKE DAMAGE TO SHAFTS
1
AND ROADWAYS IN KAILUAN
Zhao Yucheng2

Built in 1878 the Kailuan Coal Mine is one of China's major coal production bases with a
mining history of nearly 100 years. Its mining area covers 625 km2, it is approximately 45 km
long from the east boundary to the west boundary, and approximately 10 km wide at its northeast
part spreading out gradually to the southwest. When the Tangshan earthquake occurred there
were eight coal mines in the Kailuan mine area among which seven were in production and the
other one was under construction and was nearly completed. They were all large-scale coal
mines. The maximum seam strike in the mine field was 10 km in length (mining had been
carried out by some mines along the strike for 8.5 km), the maximum width of inclination was
4.5 km, and the maximum area was 36.6 km2. The maximum vertical mining depth reached
more than 1,000 m. All the coal mines were developed by means of shafts and partial crosscuts
and most of them used a central and peripheral ventilation system or central and diagonal
ventilation system, except for one or two which used a retrograde ventilation system.
The coal measures in the Kaiping coal field came into being in the carboniferous period. The
structural form of the coal field is a syncline with unsymmetrical limbs at both sides with its axis
dipping to the southwest. The thickness of the overlaid alluvium varied from several meters to
several hundred meters, the maximum reaching 620 meters. There are 5-7 mineable coal seams
with a maximum thickness of 23.0 meters; Most are gently inclined, some are moderately
inclined and a few are steeply inclined or vertical and reversed. The fault structure is well
developed in the area. The normal underground water inflow at the coal mines varies from 6.43
to 85.76 m3/min. There are both high and low gaseous mines in this coal area.
The mine area is located in a region that was classified as intensity IX to XI during the
Tangshan earthquake. When the earthquake occurred the persons working underground first
found themselves in a blast of wind which raised a cloud of dust, then they heard a sound coming
from a distance toward the floor which became louder and louder like muffled thunder or noise
1

This paper was written based on the investigation reports, drawings and information that was
provided by the Planning and Design Institute of the Ministry of Coal Industry; Yanzhou,
Xi’an, Shenyang, Chongqing and Wuhan Coal Mine Design and Research Institute; Shanxi,
Anhui and Hebei Coal Mine Design Institute; and Xu Weiguo took part in the writing work.
An additional investigation during the writing was supported by the Kailuan Coal Mine.

2

Xian Coal Mine Design and Research Institute

627

of heavy machines. In no time the surrounding rock began to shake and people could hardly
stand. This was followed by swaying motion. Some people tumbled down and others had to
lean against the walls and props. There were nearly 10,000 people working underground in the
mine when the earthquake occurred. In spite of all the difficulties such as cut-off of power and
failure of all the equipment, they succeeded in returning on foot to the surface with the light of
mine lamps through the pedestrian inclines, the stairways in air shafts, main shafts and service
shafts.
The mine’s water inflow increased greatly after the earthquake. The mines were flooded by
the rapid rise of water levels due to the cut-off of power for pumping and the failure of the
underground drainage system. It was the most serious water accident in the history of China's
coal industry; the underground water accumulated in the 8 mines after the earthquake and
reached a maximum of 16.6893 million tons flooding 70% of the production levels and 58% of
the coal faces.
An investigation was made of earthquake damage to the shafts and roadways in the mine area
after the underground water had been drained away.
1. Vertical Shafts
A total of 24 shafts were investigated after the earthquake. These shafts had net diameters
varying from 3 m to 7.7 m, and depths from about 100 m to more than 600 m with linings
varying from 300 mm to 1,200 mm in thickness. The shafts were of entirely different
engineering qualities. Most of them were built with plain concrete or reinforced concrete, a few
were built with brick or stone-block before 1949 (the oldest was built in 1878) or built of
shotcrete with bolting in recent years (the latest was built in 1975). Some of the shafts went
through alluvium 160 m in thickness and some penetrated the alluvium with layers of silt and
fine sand at the upper part near the surface, which appeared liquidated during the earthquake.
Out of the 24 shafts investigated 18 were damaged to different degrees, but no shaft was
damaged too seriously to be rehabilitated and reopened for production. The damaged sections of
shafts were mostly located within 50 m below the shaft mouth top. There were only 4 shafts
with damaged sections beyond 50 m below the shaft mouth accounting for 22.2% of all the
damaged shafts. Damage that occurred to the shafts during the earthquake could be classified
into three major forms:
a) Slitting or circular cracks, fractures and dislocations in the shaft lining:
There were 11 shafts damaged in this form accounting for 61.1% of all those that were
damaged. The fractures mostly took place in the alluvial deposit of the Quaternary period and
occurred at the lining joints or weak points where holes were located. Due to the fractures in
shaft linings the centerlines of the shafts were dislocated, the maximum reaching 300 mm. The
shaft guides and guide beams were crooked in places where fractures occurred in the shaft
linings.
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b) Vertical cracks:
There were 5 shafts damaged in this form accounting for 27.8% of all those that were
damaged. Some of the cracks reached 20 mm in width and 20 m in length and some
intermittently extended 220 m covering a surface area of 720 m2. The vertical cracks in the
lining of the shaft mostly occurred more in the upper section, less in the lower section; more in
the alluvial deposit section, less in the hard rock stratum section; more in the section near
connection roadways, less in the complete lining section; more in the section built of brick and
stone block, less in the section of concrete. In sections where more cracks occurred it was
usually found that the lining had peeled off, the shaft installations were damaged, crooked, and
even fallen down the shaft.
c) X-shaped cross cracks:
There were 2 shafts damaged in this form accounting for 11.1%. The cracks reached 5 mm
in width and 7 m in length.
In some shafts when the linings in the sand strata were damaged water and running sand
began to flow in. In some cases, the water leaking through the shaft lining increased by 40 times
compared to that before the earthquake. The water leakage also increased in some shafts that
were not damaged. Some examples of damage that occurred during the earthquake are described
below:
(1) Xujialou New Shaft at Tangjiazhuang Mine
This shaft was completed in May of 1971 with a net diameter of 7.7 m and a depth of
442.72 m. The shaft penetrated 92 m of alluvium and was sunk using a freezing method with a
freezing depth of 110 m. The shaft wall was made of concrete. The thickness of the lining was
500 mm for a section 13.23 m below the shaft top, which was designed with a single-layer
vertical steel reinforcement of φ25mm; and circular steel reinforcement of φ20 mm. The lining
thickness was 1,200 mm for the next section of the shaft (500 mm for the inner-layer, 700 mm
for the outer-layer); and the lining thickness became 500 mm again for the section of shaft below
the surface of the base rock. The structure above the shaft top was a multi-rope hoist tower
which was 49.5 m in height and approximately 8,000 tons in weight. Located in a bed of fine
sand the box-shaped base of the tower was 7 m in depth and clearance was kept between the base
and the shaft.
After the earthquake the entire hoist tower tilted and subsided due to liquefaction. In
addition, cracks occurred at the joint of the shaft liner which was 5 m down from the shaft top;
slanting cracks occurred in the section of the shaft 4-13.23 m down from the shaft top. Circular
cracks occurred at the joint of the single layer lining with the double layer lining which was
located at a depth of 13.23 m from the shaft top. The maximum width of the cracks was
300 mm. After the earthquake the shaft dislocated 110 mm in the northwest direction (Fig. 1).
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(2) Aijiaquan South Shaft at Tangjiazhuang Mine
This shaft, completed in 1959 using a freezing method, had a net diameter of 5 m, a depth of
195.71 m, and penetrated 117 m of alluvium. The lining of the shaft was made of concrete
600 mm thick. Without hoist equipment and a staircase, this shaft was only used as the air return
shaft for the Xujialou New Shaft.
After the earthquake the airway connecting the shaft 5.7 m below the shaft top was broken.
The opening of the airway was also seriously damaged. Circular fractures were found 10.20 m
down from the shaft collar where the concrete was peeled off 0.8 m in height from the east side
of the shaft wall. A slanting crack towards the northeast direction reached 3 m in length and
cracks in the west and south sides of the shaft wall were 200-300 mm in width, respectively.
The shaft was dislocated 200-300 mm horizontally in the northeast direction (Fig. 2). The
fractures of the shaft were located in the fine sand layer which liquefied during the earthquake.
As a result, water and running sand flowed through these fractures. The water outflow reached
as much as 1 m3/min and the quantity of the outflowed running sand totaled up to 10 m3, which
partially blocked the connection between the pit bottom and the bottom roadways. Subsidence
that occurred on the surface was 0.7 m in depth and nearly covered a surface area of 30 m2.
(3) Service Shaft at Fangezhuang Mine
This shaft was completed in 1958 using a freezing method. With a net diameter of 6.5 m and
a depth of 340.6 m it penetrated an alluvium of 78.62 m, which was an abundant aquifer and was
mainly composed of fine and medium sands, pebbles and clay. The shaft wall was made of
No. 170 concrete with a thickness of 600 mm.
The engineering quality of this shaft was relatively poor and grouting operations had been
carried out many times to block the water flowing through the liner joints. The average water
outflow rate was 0.634 m3/h before the earthquake.
After the earthquake circular pieces of the surface layer around the shaft peeled off
completely at the joint of the shaft collar and shaft lining, which was located in the thick aquifer
sand strata. Many water leaks were found in the shaft wall in places that were respectively 3.9
m, 8.0 m, 40.7 m, 43.3 m and 45. 3 m down from the shaft collar; and the water-flow into the
shaft greatly increased to 26.55 m3/h, 41.8 times more than before the earthquake. The leaking
water contained sand that totaled to about 30-odd kilograms in 24 hours. Local bulges of 20-30
mm were found on the shaft wall in places near the liner joint 40 m down from the shaft top.
(4) Main Shaft at Fangezhuang Mine
With net diameters of 5.0 m and 5.5 m in alluvium and in base rock respectively, this shaft
was 379.25 m in depth of which 81.59 m penetrated the alluvium. This shaft was completed in
1958 using a freezing method. The shaft wall in the section of alluvium was made of No. 170
concrete with a thickness of 850 mm and that in the section of base rock was lined with No. 170
concrete blocks.
In order to improve the poor engineering quality of this shaft an additional shaft lining had
been established from the shaft top to a depth of 107 m. As a result, the net diameter of the
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upper shaft section was reduced by 0.5 m. The water leakage from the shaft wall was basically
blocked after the additional lining was established.
After the earthquake some cracks occurred in the shaft wall 17 m down from the shaft top
and the water leaking from the cracks contained a small amount of fine sand. Due to its smaller
diameter and its thicker lining the main shaft was not damaged as seriously as the service shaft,
which was also of poor engineering quality and was located in the same geological conditions.
(5) Service Shaft at Lujiatuo Mine
This shaft was 480.4 m in depth and the section above 160 m was 5.7 m in diameter and the
section below 160 m was 6.2 m in diameter. Constructed by using the freezing method in
February of 1960, this shaft penetrated an alluvium of 59.69 m and the freezing depth was 75 m.
The thickness of the shaft wall was 900 mm in the topsoil and the inner lining was 250 mm.
During construction the freezing result was not satisfactory because the freezing hole deviated
too much. As a result, water inrush occurred in the shaft at a depth of 62 m on April 1, 1960.
The shaft was then flooded and blocked by the inrush of water with large quantities of sand,
gravel and pebbles. At the same time large sink holes formed on the surface and wooden cribs
and 3 concrete mixers were trapped in the sinkholes, and the head frame tilted over.
Construction had to be stopped, and the concrete mixers were not recovered.
According to the geological report put forward later on, the sinkholes on the surface were
more or less in the shape of two eccentric hoppers. The northern one was 15 m from east to west
and 21 m from north to south with its bottom west of the center. The western one was 13 m from
east to west and 16.5 m from north to south with its bottom south of the center. These two
sinkholes connected at the northwestern corner of the shaft where the depth reached as deep as
60 m. In the sinkhole area the sand bedding became thinned out and loose because sand had
been washed away. The bedding of clayey soil was inclined, faulted, fractured and even blended
with sand. Before the resumption of construction concrete piles were driven into the strata
around the shaft.
When the construction started again with the freezing operation some longitudinal cracks
were found in the shaft wall 8-60 m below the surface. The most serious crack in the shaft was
located 34 m down from the shaft and was 12 mm in width and 26 m in length. In view of the
above-mentioned facts an additional shaft lining 250 mm thick was established from the shaft
collar to a depth of 160 m so the net diameter of the shaft was reduced from 6.2 m to 5.7 m. At
the same time φ25 mm, reinforcing bars were added both vertically and circumferentially to the
section from the shaft collar to a depth of 79 m.
This shaft was seriously damaged by the earthquake. Many slanting cracks of different
lengths occurred in the shaft lining from the shaft top down to a depth of 65 m, especially at the
lining joint which was located at a depth of 13.6 m where horizontal fractures occurred; steel
bars were revealed, and the shaft was dislocated to the southwest by 12 mm and to the north by
30 mm. Water containing sand flowed out of the fractures which amounted to 0.1 m3/min. At
places where the joints of form work were located and where the overlapping joints of the steel
reinforcements did not comply with the requirements, the concrete lining was peeled off and the
steel bars were revealed (Photo 1).
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(6) Air Shaft at Lujiatuo Mine
Constructed in 1963, this shaft had a net diameter of 4.5 m and a depth of 102.55 m of which
48.68 m penetrated the alluvium. The thickness of the shaft wall was 500 mm for the section
above a depth of 60 m and was 400 mm for other sections. There were three openings connected
to the shaft collar. The first one was the east hot airway which had a circular cross-section of
4 m in diameter. The second one was the south hot airway which had a square cross-section of
3.4 m for each side. The third one was an arch travel way with a bottom width of 1.4 m and a
height of 2.2 m. Being close to each other these three openings had a severe adverse effect on
the strength of the shaft wall. The spaces outside the linings of the airways and the shaft collar
were filled with rocks and sand that were not compacted enough. The top layer around the shaft
was a bedding of sand which was 19.12 m thick and was liquefied by the earthquake.
This shaft was seriously damaged during the earthquake. Cracks were concentrated near the
two airways in a section 4-9 m from the shaft top where the horizontal cracks and x-shaped
cracks were crisscrossed. Cracks occurred most seriously at the inlets of the airways where the
shaft wall was fragmented. Circular cracks were found in places 9 m down from the shaft top
where the shaft was fractured and dislocated by 130 mm to the southeast. The damaged section
was located there. Water with sand came out of the cracks reaching as much as 0.1m3/min. The
sand that accumulated in the shaft from the date of the earthquake to November 15, 1976
amounted to about 6 m3.
(7) No. 3 Shaft at Tangshan Mine
This shaft had a net diameter of 4.877 m and a depth of 672 m. The upper section of the
shaft which was constructed in 1924 was about 389 m; the lower section of the shaft was
constructed in 1938. The alluvium was 15 m thick and the shaft lining was built with stone
blocks and bricks 400-600 mm thick. This shaft was of poor engineering quality with large
amounts of timber and other waste materials that filled the space outside the shaft lining. The
timber rotted with the passage of time and a clearance of 300-500 mm occurred between the
shaft lining and the surrounding rock. The maximum clearances reached more than 1 m. Repair
work was carried out in 1974, before the earthquake and cracks were found in the shaft lining so
cribs were added to support and reinforce the junction of the 7th level which had been fractured
under pressure.
This shaft was damaged much more seriously after the earthquake. Totaling 220 m in length
the damaged area of the shaft lining covered 720 m2, the largest damaged area out of all the
shafts of the Kailuan coal mines. Cracks in the shaft lining were mainly vertical with lengths
from 10 to 20 m and widths from 10 to 20 mm respectively, resulting in peeling-off of the shaft
lining in many places. At a depth of 383 m and near the junction of the 7th level and the pit
bottom, the shaft lining bulged 200-300 mm with a length of 20 m and the maximum crack was
100 mm in width. Both sides of the roadway bulged 500-600 mm. The guide beams were
crooked and tilted with their bolts fractured by the bulges of the shaft wall. The maximum
deflection of the shaft guide reached 142 mm and that of the guide beam reached 140 mm. In
addition, the guide beams were deformed in many places for instance, there were two guide
beams above the 4th level that tilted towards the south, twelve guide beams between the 5th and

632

6th levels that tilted towards the north and there were ten guide beams between the 7th and 9th
levels that tilted as well.
(8) Xinfeng Shaft at Tangshan Mine
This shaft had a net diameter of 6.2 m, a depth of 629 m, and was sunk by the freezing
method. The alluvium was 160 m thick. A multi-rope hoist was used and the hoist tower above
the ground was 40.25 m in height. In order to prevent the tower from subsiding unevenly, a
reverted cone cell foundation was used for the tower, which was connected closely with the shaft
lining at a depth of 10 m below the surface. The thickness of the shaft lining was reduced
downwards within a range of 13 m below the tower foundation. The maximum thickness was
1,000 mm and became 950, 850, and 700 mm in succession. The shaft lining was made of
concrete reinforced with double layer steel. A shaft crib was established at the end of this
section of lining below which the shaft lining was constantly kept to be 500 mm thick.
This shaft was located about 2 km west of the macro-epicenter. During the earthquake
circular fractures occurred on the tower near the tower gate, and the upper part of the tower
subsided about 6 m into the shaft of the lower part of the tower. During the examination made
after the earthquake no damage such as cracking or peeling-off was found on the shaft lining
although some of the wood plugs and iron covers on the cement grouting holes used for water
sealing had been shaken down by the earthquake and water flowed out from the holes.
(9) No. 4 Shaft at Majiagou Mine
This shaft was 4.6 m in diameter and 359 m in depth. The upper section of the shaft was
constructed before 1949 and the shaft was extended in 1975 from a depth of 257 m to the
existing depth. The shaft lining from the surface down to 103 m was made of poured-in-place
concrete and was 800 mm thick. The shaft lining from 103 m to 257 m was built with quarry
tiles and was 770 mm thick. The shaft lining below a depth of 257 m was made of shotcrete with
rock bolts. The shotcrete was 200 mm thick and reinforced with steel mesh. The vertical steel
reinforcements were φ16-18 mm, at 918 mm and the circular ones were φ8-10 mm at 350 mm.
This shaft penetrated rock formations that were mainly composed of stable sandstone, shale,
limestone and mixture of sandstone and shale. It also penetrated a layer of shale and 8 coal
seams from a depth of 257 m down to 359 m. The coals were loose and soft with relatively welldeveloped beddings and joints.
During the earthquake a vertical crack 1.3 m in length and 10 mm in width occurred in the
shaft near the surface and the lining peeled off there. At a depth of 20 m down from the shaft top
there was a circular crack. At a depth of 103 m the arch apex of the junction of the shaft and the
horizontal roadway was damaged under pressure and the shaft lining bulged for an area of 0.2
m2. At a depth of 247 m (10 m above the junction of the 3rd level and the horizontal roadway)
the quarry tiles fell off an area of 0.6 m2 which was 0.2 m in depth. At a depth of 257 m, where
there was also a junction of the shaft and a horizontal roadway, the shaft lining and the arch apex
of the roadway peeled off for an area which was 1 m in width, 1.2 m in length and 1.3 m in
depth. No serious damage was found in the shaft lining below a depth of 257 m because it was
built by rock-bolting with shotcreting of good quality.
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2. Pit Bottoms and Roadway Junctions
As the hub of underground transportation, a pit bottom is rather crowded with roadways, and
chambers and roadway junctions which have relatively large sectional areas and are connected
with each other. Coal mines in the Kailuan area adopted many different types of pit bottoms
with depths varying from 100 m to 1,000 m for multi-level production. The pit bottoms are
generally surrounded by stable strata and are mostly supported by a stone block arch lining.
Before the earthquake the underground pressures were relatively low and the pit bottoms were
well maintained. After the earthquake only slight damage occurred in the pit bottoms and no
serious damage occurred on the nearby roadways except for some deformations, cracks, peelingoff and floor heaves which were found at the junctions of shafts and pit bottoms, roadway
junctions, section-changing points and slope-changing points. Spalling of the roof occurred in
local places. The flooded pit bottom was put into normal use again after the earthquake once the
accumulated water had been drained away, the deposited mud, sands, waste timbers and other
things cleaned up and local roof spallings and floor heaves treated.
(1) Junctions of the shafts and pit bottoms
At Tangjiazhuang Mine the pit bottom of level 2 was constructed before 1949. It was
located at a depth of 223 m from the surface and had not been repaired for a long time before the
earthquake. Out of all the damage that could be found after the earthquake the relatively serious
one occurred at the junction of the shaft and the pit bottom where the wall collapsed 5.5 m in
length and 1.5-2.0 m in height.
At Majiagou Mine the junction of level 5 of the No. 3 shaft was located at a depth of 348 m.
During the earthquake the columns between the guide beams of the upper and lower parts of the
junction became deformed and the columns at the upper western part of the northern side beam
were dislocated by 200 mm towards the south.
At the Tangshan Mine the eastern side of the junction of level 11 (638 m below from the
surface in the No. 6 shaft) was damaged where the wall corner was seriously broken with cracks
150 mm in width and 2 m in length (Photo 2); the erected sectional steels became deformed and
contact wire suspension beams for electric locomotives were buckled under pressure (Photo 3).
(2) Pit bottom roadways and their junctions
At the pit bottom of level 2 at the Tangjiazhuang Mine (225 m below the surface) the
junction of the connection roadways penetrated Seam 11 and was supported by an arch lining of
bricks in which fractures occurred during the earthquake resulting in local collapses. The arch
lining peeled off an area of 0.5 m in length and 0.5 m in width after the earthquake at a roadway
junction located on the floor of Seam 11 out of the locomotive garage.
At the pit bottom of level 2 at the Lujiatuo Mine (629 m below the surface) the arch-lined
roadway for the empty track was 4.1 m in width and 3.25 m in height. Of its length, 30 m was
supported by rock bolting and shotcreting on the rock wall composed of fractured shale. 70 m
was supported by arch lining of stone blocks for the rock wall composed of fine-grained
sandstone that would swell with moisture. During the earthquake peeling-off occurred for only

634

3 m along the roadway supported by rock-bolting with shotcreting while roof-spalling occurred
on the roadway supported by an arch lining of stone blocks.
The pit bottom of the service shaft at Fangezhuang Mine was located at a depth of 340 m
from the surface. During the earthquake the two roadway junctions supported by an arch lining
of stone blocks were damaged; nearly all the fractures and peeling-offs occurred at the arch
apexes of the section-changing points. One of the peeling-offs reached 0.33 m in depth.
In level 8 at the Majiagou Mine (635 m below the surface) the junction of the main and
service roadways in the east wing were 3.3 m in height. The maximum span was 6.2 m and the
pillar protruding into the junction was 0.5 m in width at the end. Because the rock wall was
composed of sandstone that was relatively fragmented with beddings, joints and cracks,
sandblasting and rock bolting with shotcreting were used during roadway construction. The
junction was flooded after the earthquake and when the accumulated water was drained out on
October 14, 1976 the junction was generally found intact but two cracks both 1.5 m in length and
120 mm and 10 mm in width, respectively, were found on the main haulage roadway 5 m and
8 m apart from the junction. According to records these two cracks existed before the
earthquake but were enlarged during the earthquake. In the middle cross-cut of level 8 at the
Majiagou Mine (i.e. horizontal roadway driven in rock strata.), the arch lining of stone blocks
mostly remained intact after the earthquake and flooding, except that some horizontal cracks 20
mm in width occurred along the upper joints of the arch lining. The arch apex became deformed
locally and a few stones fell.
On level 11 at the Tangshan Mine (638 m below the surface) the junction of the main
haulage roadway and the No. 19 cross-cut had a maximum span of 8.9 m and was located in
shale with intercalated coal seams. The rock wall was relatively fragmented. In April of 1976
roof spalling 3 m thick occurred when the existing arch lining and side walls of the main haulage
roadway were being demolished for driving of a cross-cut. After the roof spalling had been
treated, cement-sand grouted steel re-bars with 150 mm of shotcreting were used for roadway
support. As a result of good engineering quality the junction remained intact during the
earthquake in spite of the poor geological conditions.
3. Underground Chambers
Underground chambers include pump houses, substations, locomotive garages, winder
rooms, explosive magazines, car dumper rooms, skip-loading rooms, coal bunkers, water sumps,
etc. at different levels of a mine. Earthquake damage to underground chambers mainly appeared
as follows: sagging of the arch apex, cracks, increase in water dripping, peeling-off of lining,
local spalling, cracks, bulges, peeling-off and local collapse of side walls as well as floor lifting,
etc. Despite the larger cross-sections and various forms of the chambers, the equipment in them
were not damaged by the collapse of chamber roofs.
On level 2 at the Tangjiazhang Mine the car lift chamber on the empty track of the pit bottom
was located at a depth of 22.5 m from the surface. During the earthquake cracks 20-30 mm in
width, 3 m in length and 1.2-1.4 m in height appeared on the side walls at the section-changing
point of the chamber wall. On level 2 in the No. 2 shaft of the Tangjjiazhuang Mine the pump
room and substation chamber, (pre 1949), were located in Seam 11 and had shale as the floor.
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Floor buildings were found. The pump room was 5 m in width, 3.5 m in height and 22 m in
length and was supported by a multi-center arch lining of stone blocks. After the earthquake it
was found that the pump room wall collapsed locally in two places on the side near the coal
seam floor. The collapses were nearly 2 m in height calculated from the chamber floor, and 4.2
m and 3.5 m respectively in length, thus generating vertical cracks of 10-20 mm on one of the
side walls and the stone block lining of the adjacent niche. Some of the stone blocks were
crushed under pressure. The wall on the other side of the niche had transverse cracks. The
substation was 4 m in width, 3 m in height and 50 m in length. It was lined with bricks in the
shape of a multi-center arch and plastered with a layer of cement mortar. During the earthquake
the mortar peeled-off for an area of 9.9 m in length and 0.5-1.3 m in width; the bricks partly fell
off when the floor bulging occurred.
The east explosive magazine on level 8 of the Linxi Mine was located in the pillar of Seam
12 with a depth of 498 m from the surface. The chamber was 2.5 m wide and 2.1 m high lined
with stone blocks. The chamber had already been damaged before the earthquake by dynamic
pressures and conditions worsened during the earthquake. Some of the stone blocks were broken
into pieces and peeling-off was found in the arch neck. The winder chamber for the blind shaft
between level 8 and level 10 had a net width of 12 m, lined with stone blocks in the shape of a
semi-circular arch which was 750 mm thick and of poor engineering quality. Two cracks were
found after the earthquake on the apex of the lining arch; one was dripping water, but they had
little influence on the normal use of the chamber. The room for persons on duty at the upper end
was a niche 2.5 m in width lined with stone blocks in the shape of a semi-circular arch. During
the earthquake cracks 3-5 m in length and 50 mm in width occurred on the top of the arch lining.
Sagging of 30 mm with water dripping was found in places.
On level 2 (629 m below the surface) of the Lujiatuo Mine the chamber for the pump and
substation was divided into two parts; one was 8 m long, 4.8 m wide and 4.2 m high which
penetrated a fault and fractured rocks and the other was 30 m long, 6.2 m wide and 4. 2 m high,
both were of semi-circular arch sections. The surrounding rock was composed of sandstone that
would swell with water. The chamber was supported by cement-sand grouted screw-thread steel
re-bars (φ12) and shotcreting 100-200 mm thick. Due to its good engineering quality the
chamber stood undamaged during the earthquake except for peeling-off of the shotcreting in
local places. The east sump on level 2 was 1,000 m long, 3.7 m wide and 2.8 m high surrounded
by sandy shale and calcareous-cemented sandstone which would swell with water. The opening
of the sump was supported by an arch lining of stone blocks for 40 m, the other part of the sump
was supported by rock-bolting with shotcreting. When the accumulated water had been drained
away after the earthquake it was found that the opening was blocked up as the result of serious
deformation of the arch lining, roof-spalling and floor-lifting.
At Fangezhuang Mine the pump room and the substation for the initial production period
were supported by a brick lining. After the earthquake the brick lining was partly crushed and
small pieces kept falling off. The winder houses of the S1, S3 and N2, N3 mining districts were
all located on the rock floor of Seam 12, which was 151 m below the surface. After the
earthquake cracks were found locally on the walls of all the winder houses.
At Majiagou Mine the pump room on level 2 (195 m below the surface) was 10.5 m in net
width, 7 m in height and 18 m in length and was supported by a semi-circular lining of bricks.
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Located in sandy shale and fine-grained sandstone, but intersecting Seam 12 this chamber, with a
record of being flooded in 1954 was kept in good condition before the earthquake. After the
earthquake the roof arch sagged in places where there were cracks, showing obvious uneven
surfaces; the end wall bulged 200-300 mm, each corner of the wall was crushed and small pieces
fell off. The junction of the electrical control room and the pump room was seriously damaged
with pieces falling off of the brickwork.
On level 5 of the Majiagou Mine the winch chamber of the No. 11 blind shaft (348 m below
the surface) was located near a fault with its wire-rope way penetrating a fractured zone. The
winch chamber was 11.5 m wide, 6 m high and 13 m long and had vertical walls of stone blocks
and a semi-circular arch roof lined with tamped concrete, both were 1.0 m thick. The space
behind the wall liner was filled with concrete 250 mm thick. The wire-rope way was 4.4 m in
net width, 3.85 m in height and 39 m in length also with vertical walls and a semi-circular arch
roof. This chamber was constructed in 1961 and had been kept in good condition before the
earthquake. During the earthquake several cracks occurred in the roof arch, fractures and
peeling-off occurred in the wall lining. The lining of the electrical control room had many
horizontal cracks and most parts of the side walls of the wire-rope way fell in. In addition,
serious floor lift was found with a maximum height of 0.025 m (Photo 4).
The water sumps on level 8 at the Majiagou Mine were 635 m below the surface. The
northern sump was 277.8 m long surrounded by sandy shale and alumnus shale. Its east part,
obliquely intersecting the strike of the rock strata, ran parallel with Fault F1 while its middle part
crossed over the fault which had a throw of 40 m. During the earthquake the northern sump was
slightly damaged for 70 m, seriously deformed for 52 m and roof spalling occurred for 25 m.
The southern sump was 331.2 m in length and was surrounded mainly by sandy shale and partly
by aluminous shale. It crossed over Fault D1, which had a throw of 10-15 m. The southern
sump was slightly damaged for 41 m, seriously deformed for 25 m and roof spalling occurred for
7 m.
In the No. 1 shaft of the Tangshan Mine the creeper chamber at the pit bottom on level 9 was
508 m below the surface. It was 3.4 m in net width and was supported by a brick lining 360 mm
thick. After the earthquake there was a crack 30 mm wide and 2.7 m long with peeling-off at the
top of the roof arch.
At the Tangshan Mine the winch room of the No. 4 blind shaft was located on the roof of
seam 12,508 m below the surface. The passageway to the winch room was 40 m long with a
sectional area of 5-6 m2. During the earthquake, after the power supply was cut-off for 3 or 4
minutes, a large quantity of water together with coal and timbers occupied the passageway and
winch room with a maximum of 1 m in thickness. Coal also accumulated on the main roadway
for more than 1 m thick. In addition, large quantities of water and coal which amounted to 700800 tons poured into the No. 4 shaft. After the earthquake a hole outflowing with water was
found in the floor of the passageway. The diameter of the hole was about 0.5 m and the water
flowing out from it carried coal and wood (Photo 5). The hole was underlain by the coal heading
in Seam 12, which was worked out before 1949. Circular cracks 50-100 mm in width occurred
in the vicinity of the junction of the winch room and the passageway. The rear wall of the winch
room bulged 0.2 m over an area of 2.5 m2, and the main roadway linings of the pit bottom on
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both sides of the passageway had several horizontal cracks and were crushed and peeled off in
places.
The No. 6 blind shaft winch room at the Tangshan Mine was 508 m below the surface and
was 11.3 m in net width, 5.5 m in height and 14 m in length. It was supported by an arch lining
of stone blocks with a thickness of 900 mm. The chamber remained intact after the earthquake
except that the hoist girder became buckled under pressure.
Explosive magazine 506 of the Tangshan Mine was 486.8 m in total length, 3 m in net width
and 2.4 m or 2.6 m in height with vertical walls and a semi-circular arch roof. Located in sandy
shale and fine-grain sandstone it was constructed in February 1974 using a method of smoothsurface blasting followed by rock-bolting and shotcreting for 476.8 m of its total length. Both
roof and side walls were supported by rock-bolting with shotcreting. The space length and the
array pitch of the metal bolts were both 0.8 m and the thickness of shotcreting was 100-150 mm.
Due to the good engineering quality the magazine remained undamaged after the earthquake and
the following flood.
Coal bunker 110 of the Tangshan Mine was located at a depth of about 550-600 m from the
surface with a net diameter of 10.5 m and a volume of 150m3. The bunker was constructed using
smooth-surface blasting followed by rock-bolting and shotcreting with metal mesh installed over
the surface. The bunker roof was supported by flanged beams arranged in radial form and by
rock-bolting and shotcreting with metal mesh. As a result of good engineering quality, the
bunker roof was survived in good shape in spite of being flooded for 6 months after the
earthquake. The shotcrete on the bunker wall peeled-off only at three places.
4. Main Roadways
Main roadways, i.e. excavations for transportation and ventilation on each working level,
were mostly cross-sections of a semi-circular arch or a multi-center arch supported by rockbolting with shotcreting, a concrete arch lining, stone blocks or bricks. Main roadways were
normally driven in stable and hard strata to avoid big pressures and were generally maintained in
good condition. But some of the main roadways ran through faults and were partly located in
soft and fractured rock or coal strata. Some of the main roadways also had sections with poor
engineering quality. An investigation made after the earthquake, when the accumulated water
had been drained away, showed that most of the main roadways were maintained intact on the
whole without obvious earthquake damage. Some damage such as cracks and sagging in the
arch roof, peeling-off, fracture of the roof under pressure, spalling of the roof, bulges and cracks
of side walls, bulges on the floor, etc. occurred only in local sections of the main roadways.
At Tangjiazhuang Mine the southern cross-cut on level 4 was 389 m deep from the surface,
1,200 m in length, 3.7 m in net width, and 2.5 m in height supported by a semi-circular arch
lining of stone blocks. It penetrated coal seams No. 6, No. 7 and No. 9. Under the pressure
produced by the earthquake some bulges occurred on both walls and cracks occurred on the roof
arch for a length of 40 m from Seam No. 7 to No. 9 with a cross-sectional area somewhat more
than before the earthquake.
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At Zhaogezhuang Mine the No. 1 cross-cut of the eastern main roadway on level 9 was
790 m down from the surface, and penetrated Fault F3. The floor lifted 0.35 m approximately in
over 150 m. Both side walls bulged for about 0.5 m, and the roof spalled for 40 m.
At Majiagou Mine the haulage roadway in the east wing of level 8 was located at a depth of
491 m below the surface, was 1,134.1 m in length, 2.5 m in net width and 2.5 m in height. The
haulage roadway was supported by a semi-circular arch lining of stone blocks with a thickness of
250 mm and it penetrated a strata composed of fine-grained sandstone, siltstone, sandy shale,
aluminous shale and coal seams. The geological structure was complicated because there were
13 faults with a maximum throw of 40-50 m, and a minimum throw of 20 m. The roadway had
been damaged and deformed slightly in some places before the earthquake. After the earthquake
392.9 m was slightly damaged, 159.6 m was obviously deformed and 14.9 m suffered from roofspalling, accounting for 34.60%, 14.10% and 1.30% of the total length of the roadway
respectively (Photo 6).
At Majiagou Mine the main haulage roadway in the east wing of level 8 was located at a
depth of 638 m below the surface, was 1,035 m in length, 3.2 m in net width, and 2.9 m in height
with a semi-circular cross-section. The roadway was supported by rock-bolting with shotcreting
for 620 m, and by a arch lining of stone blocks for 415 m. Of the 620 m supported by rockbolting with shotcreting, 300 m was surrounded by relatively stable sandstone and sandy shale,
320 m was surrounded by fractured sandstone and shale which was loosely cemented, welljointed and well-bedded. This 320 m roadway penetrated 3 faults (each having a throw of 20 m)
and some small faults and obliquely penetrated 3 coal seams. As for the method of roadway
support, shotcreting without bolting was adopted for sections in the stable strata. Imbedded
metal rods 12 mm in diameter and 1.5 m in length were added with shotcreting of 30-50 mm in
thickness in the fractured strata, and mesh of re-bars was further added with metal rods and the
shotcreting for that in the fractured strata. The roadway supported by rock-bolting with
shotcreting remained relatively intact after the earthquake without roof-spalling and serious
deformation except for some slight damage such as peeling-off and falling-off of small pieces
and cracks which were found in the shotcreted area in few places. The maximum peeling-off of
the shotcreted layer covered 1.5 m2 and the maximum length of crack was 10 m. Despite all of
the damage the roadway could still be used.
The east wing service roadway on level 8 at the Majiagou Mine was 638 m deep with a semicircular cross-section. The roadway was 3.5 m in net width, 2.7 m in height and 260 m in length
surrounded by rocks composed mainly of shale. It traversed a zone of folding consisting of
sandy shale and limey shale, and ten times cut the coal seams which were 0.2-0.4 m in thickness.
The surrounding rocks were well bedded, well jointed, and rather fractured under high strata
pressures. The roadway was supported by expanding metal rods with shotcreting 100 mm thick.
Meshes of re-bars were added to the shotcrete over the sections of the roadway penetrating
fractured strata. Cracks and peeling-off had been found in the roadway lining before the
earthquake and they became much worse as a result of the earthquake. The roadway was
damaged for 103.6 m of which cracks in a large area and serious peeling-off of the roof and
walls occurred in 17 places covering 52 m; cracks and peeling-off to a slight extent occurred
locally covering 51.6 m, respectively, accounting for 20% of the total length of the roadway.
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The main haulage roadway on level 11 of the Tangshan Mine was 638 m deep from the
surface. The working personal stated that no roof-spalling occurred before they withdrew from
underground. After the accumulated water was drained away roof-spallings were found at 6
places in the roadway. The roadway of the west wing was driven in rock which was soft and
would swell after absorbing water; it was seriously damaged with roof-spalling for up to 40 m
(Photo 7). On the haulage roadway in the south wing of level 11 a 500 m section was
investigated after the earthquake. It penetrated fractured siltstones and soft coal seams and was
supported by steel arch ribs. Due to the fact that siltstones would swell after absorbing water, an
arch lining of stones had been employed with a 20 m coal pillar left at each side of the roadway
when it was constructed in 1965. But the roadway was still damaged and had to be repaired 3
times during its service time before the earthquake because of the great strata pressures of the
surrounding rocks and the dynamic pressures produced by the mining districts. In 1973
additional arch ribs were added reducing the support spacing from 0.5 m to 0.25 m, and the
roadway was still subject to frequent repair. After the earthquake and the flood the cross-section
of the roadway became deformed into a U-shape in some places, with some lap joints swollen
and fractured and some rock bolts were broken and had fallen. All of the 500 m of roadway
under investigation had floor heaving of 0.5-0.7 m. In the south wing of level 11 the arch-lined
No. 2 cross-cut was seriously deformed by the earthquake and its cross-section changed from
8.5 m2 to 5.2 m2. On the main haulage roadway of the south wing on the same level it was found
that the surrounding rock was dislocated, the roadway damaged and the lined water ditches
fractured and dislocated at the west pump room entrance of the No. 3 cross-cut and in the
vicinity of the No. 68531 borehole and the roadway junction. This was near Fault F4 and Fault
F5. The throw of Fault F5 was approximately 300 m and whether it was active or not remained
to be further investigated. The roof-spalling of the south No. 2 cross-cut occurred before the
earthquake, but has not been repaired. On the main haulage roadway on level 11 and level 12
(735 m below the surface) it was found that after the accumulated water had been drained away
that the roadway was deformed in some places, and cracks, peeling-off, bulges and spalling-off
occurred in the lining arch, bulges occurred in the side wall, heaves occurred in the floor and
mine cars had tipped over and left the track (Photos 8 and 9).
5. Roadways in Mining Districts
Roadways in mining districts included the rise (dip) headings, cross-cuts, bunkers, inclined
connections and main (tail) gates, etc., which were supported generally by rock-bolting with
shotcreting, steel arch supports, trapezoidal H-steel supports, or wooden supports, and
occasionally by trapezoidal supports of reinforced concrete or arch linings of stone blocks. Rise
(dip) headings were mostly driven in rock or half in rock and half in coal. The mother gates
were also mostly driven in rock except for the gates of coal faces which were all driven in coal.
During the earthquake dust was blowing and rocks were falling but no serious roof-spalling
occurred and all the working personnel were evacuated to safety.
According to the investigation carried out at Fanggezhuang Mine, the damage to roadways in
mining districts was mainly the deformations under pressure, local lining peeling-offs, roofspallings and floor-heaving. The same conditions were found at other mines. Take Majiagou
Mine for example, the No. 8293 gate in the secondary slice of Seam 9 on level 8 had a net
section area of 4.7 m2 and used steel arch supports. After the accumulated water caused by the
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earthquake had been drained away it was found that the supports had toppled over, their
fasteners were broken and rock bolts fell off. Most of the supports needed repair. The gates of
the No. 5355 coal face had trapezoidal sectional areas that were supported by a steel rail frame.
Peeling-off occurred on both walls during the earthquake.
Although damage to roadways in the mining districts was not serious the damage increased
during the earthquake. Take Linxi Mine for example, of its total 11,360 m of roadways in
mining districts 2,050 m were in disrepair before the earthquake accounting for 18.1% of the
total length. The figure increased to 2,860 m after the earthquake, which accounted for 25.22%
of the total length.
6. Coal Faces
Earthquake damage to coal faces was also relatively slight without large areas of roofspalling. But the conditions of some coal faces worsened because they had been flooded
afterward for a relatively long period of time. For example, at 60 coal faces of the 5 mines only
a small number of coal faces suffered damage to side walls and falling of small rocks from roofs.
Even at Tangshan Mine, which was located near the causative fault, roof-spalling was found at
only 3 coal faces among the total 14 coal faces according to the investigation carried out when
the underground water had been drained away. The problems that presented themselves in the
coal faces after the earthquake were breaking of wooden props, deformation of metal props
(maximum ofr 200 mm), and toppling of some metal props. In addition, slabbing occurred on
some ribs; metal meshes were ripped in small areas with rocks falling through, etc. All the
above-mentioned problems could be handled without much difficulty. Although the coal faces
in the existing 7 productive mines had been flooded for a long period after the earthquake, they
were restored to normal production after the falling rocks were cleared, supports strengthened,
electrical appliances replaced and mechanical parts of equipment repaired.
(1) The No. 5184 fully-mechanized coal face in the south wing of level 11 at the Tangshan
Mine (mining coal from the secondary slice of Seam 8) had a mining length of 95 m and height
of 2.4 m. It was found after the earthquake, when the accumulated water had been drained away,
that a number of hydraulic supports had become ineffective, metal meshes were partly ripped,
rocks fell into the coal faces and slabbing occurred on the ribs. The conveyor gate had local
roof-spallings for a length of about 150 m which almost entirely needed to be repaired. This coal
face was in the vicinity of Fault F5 and suffered more serious damage compared to other coal
faces.
(2) The No. 5355 fully-mechanized coal face in the south wing of level 11 at the Tangshan
Mine had a mining length of 150 m. The coal seam was 2.5 m thick and its roof was gray shale
0.1-0.5 m thick and the roof and floor were sandstone. When the accumulated water was drained
away it was found that the coal face remained undamaged except that the shake roof was broken
and peeled off and some rocks fell from the roof onto the coal face. After the accumulated water
had been drained out it was found that the two side coal walls had slid down.
(3) The No. 5282 mechanized coal face in the south wing of level 11 at the Tangshan Mine
(mining coal from the 4th slice of Seam 8) had a mining length of 160 m and mining height of
2.2 m. A mechanical set of type MLQ-80, a transport set of type 160, and a hinged girder with

641

metal props were used. It was found after the earthquake that when the accumulated water had
been drained away that the roof plates of the transport set fell down, rocks were on the head of
the transport set, metal meshes were partly ripped, rocks rolled, slabbing occurred, and some
metal roof girders were bent, but the wood rack was intact.
(4) The No. 9671 fully-mechanized coal face at Linxi Mine had a mining length of 140 m, a
mining angle of 25° and mining height of 2.8 m. The mining machine of type EDWX-170-L and
support of type EK70-800ED were used. Coal face supports included 96 sets. After the quake
the supports sank about 100 mm, some supports leaked and deformed, slabbing was serious, and
the conveyor was full of coal pieces. When the accumulated water had been drained out it was
found that 87 sets of supports had never been submerged. After repairing the coal face the
normal production was recovered a month later.
(5) The No. 8293 coal face at Majiagou Mine was located on level 8 and mined coal from the
2nd slice of Seam 9. The coal face was 30 m long, the mining height was 2 m, and the mining
angle was 30-35°. The coal layer was 4.3 m thick, mined layer by layer and often by pick axe.
The pick axe roof layer was carbon shale or clay, the pressure was moderate. Wood supports
were used for the coal face; the maximum support span was 6.3 m, the minimum was 4.3 m.
After the quake they were submerged and when the water had been drained out it was found that
the lower part of the coal face had collapsed 15 m long.
(Translator: Lu Rongjian)
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Photo 1. Exposed re-bars in the broken lining of a
service shaft at Lujiatuo Mine.

Photo 2. The corner of the eastern side-wall at the
junction of Level 11 cracked (No. 6 shaft of the
Tangshan Mine).

Photo 3. An upward view of the contact wire suspension
beam for the electric locomotive the junction of Level 11
(No. 6 shaft of the Tangshan Mine).

Photo 4. Lifting of the floor occurred in the wire-rope way in
the No. 11 blind shaft winch room on Level 5 (Majiagou Mine).
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Photo 5. Water flowing out of a hole occurred on the
passageway floor of the No. 4 blind shaft winch room
(Tangshan Mine).

Photo 6. Deformation and cave-in of the haulage
roadway in the eastern wing on Level 7 (Majiagou
Mine).

Photo 7. Collapse of the air-bridge at the west wing of
the main haulage roadway on Level 11 (Tangshan
Mine).

Photo 8. Large quantities of coal dropped through the
metal supports into the south No. 2 cross-cut of Level 11
(Tangshan Mine).

Photo 9. Mine cars tipped over on the main roadway of
Level 11 (Tangshan Mine).
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Figure 1. Damage to the wall of the Xujialou new shaft at Tangjiazhuang Mine.

645

Figure 2. Damage to the Aijiaquan south shaft at Tangjiazhuang Mine.
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DAMAGE TO DERRICK FRAMES AND SHAFT TOWERS
1
AT THE KAILUAN COAL MINE
Liu Hongyun2

I. Derricks
After the Tangshan earthquake damage to 27 derricks at the Kailuan Coal Mine and one
derrick at the Guogezhuang Alumina Mine were investigated; 15 were steel frame derricks, 2
were R.C. frame derricks, 8 were steel-brick composite derricks and 3 were brick derricks.
These derricks were not designed for earthquake resistance.
Damage to the various types of derricks is listed in Table 1 and Table 2.
Damage statistics showed that the degree of damage to the derricks depended on their
structural type and materials. Damage to steel derricks with six columns and R.C. derricks was
less compared to others and no collapse or serious damage to these derricks was found; most of
the damage was slight or derricks were basically intact. Damage to steel-brick composite
derricks and brick derricks was more serious. Brick structural parts of 8 steel-brick composite
derricks were all destroyed; moderately damaged derricks amounted to 75% and the sum of
seriously damaged and moderately damaged amounted to 87.5%. Of the 3 brick derricks 2 were
moderately damaged. Damage to the brick derricks with supporting brick columns was more
serious than to the box-shaped and the cylindrical shaped derricks.
(1) Steel derricks
Most of the steel derricks at the Kailuan Coal Mine were built in the 1950’s and located in
the areas of intensity IX to XI. Most of the derricks had six columns and the members were
mainly welded or occasionally riveted. Supports of the derrick were located on the locking plate
or on the beam of the locking plate. An R.C. foundation was installed for the inclined frame of
the derrick and the columns of the derrick were fixed on the foundation with anchor bolts.
During the quake the pit head gear of the steel derricks was generally intact; damage to
vertical frames of derricks occurred and damage to the base of inclined frames of derricks also
occurred.
Damage to vertical frames of derricks mostly occurred in the truss below the diaphragm.
The patterns of damage were mainly buckling deformation of columns and web members;
bending deformation of vertical frames of derricks toward the inclined frame; failure of bracing
1
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members in bending or fracture at the end of members; fracture of bolts or rivets in shear at
joints.
The main damage patterns of inclined frame foundations were: cracking; fracturing; offset or
crushing of concrete; (damage occurred generally in a range 500 mm under the top of the
foundation i.e. within the second layer of concreting and cracks were inclined or near horizontal
in direction) the bottom of the inclined frame displaced toward the vertical frame and
displacements generally occurred with a maximum up to 160 mm. Bolts at the bottom of a
column were loosened or pulled out and at the same time the steel plate at the bottom of a
column was pulled out; few bolts at the bottom of columns on the foundation were fractured by
shear.
After the quake the maximum permanent horizontal displacements at the top of the pit gear
of steel derricks were measured and the results are listed in Table 3.
1. Derrick of the No. 1 shaft, Tangshan Coal Mine (intensity XI)
Outline of the structure: The derrick was a steel structure with 6 columns; the upright frame
was 3.2×3.94 m in area; the distance between the base of the inclined frame and that of the
upright frame was 22.19 m (from center to center); elevation at the center line of the winding
pulley was 35.0 m (Fig. 1). 2−L 120×10 steel sections were used as columns. 2−L 90×8
sections were used as web members in the first panel; in the upper panels 2−L 65×6 were used.
I-beam sections were used in the inclined frame. The upright frame was supported on the steel
beam on the locking plate. A concrete foundation was used for the inclined frame.
Geological condition: Within the range of 6.0-7.5 m under the surface was a loam layer of
allowable bearing capacity of 20 ton-force/m2. Under the above layer was a cemented mass of
sandstone of allowable bearing capacity of 25 ton-force/m2. The foundation of the inclined
frame was located on the loam layer.
Earthquake damage: The derrick of the No. 1 shaft at the Tangshan Coal Mine was one of the
cases where damage to the steel derrick was more serious. Damage mainly occurred to the
upright frame and the foundation of the inclined frame. The pit head gear and structure of the
inclined frame were relatively intact.
Within the height of the diaphragm of the inclined frame the vertical frame deformed in the
direction of the inclined frame. Maximum deformation was located near the lower frame
opening; in the panels above and below relatively large in-plane buckling deformation and
bending of the bracing members of the truss occurred. Where the maximum deformation
occurred, web members were fractured at the ends and columns were buckled in an S-shape (Fig.
2); web members in the panel under the diaphragm were also bent. After the quake the
maximum horizontal displacement of the pit-head gear platform was measured as 40 mm
transversally and 80 mm longitudinally.
R.C. foundation: Cracking occurred in the range of 500 mm under the surface of the
foundation, i.e. within the second layer of concrete. A 32 mm diameter anchor bolt at the bottom
of the inclined frame was pulled out 14 mm together with the bottom plate and the bolt was bent.
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Two bottom plates of the inclined frame displaced in opposite directions for 10 and 30 mm
respectively, and in the perpendicular direction for 10 and 40 mm respectively.
2. Derrick of the No. 2 shaft, Tangshan Coal Mine (intensity XI)
Outline of the structure: It was a riveted steel derrick with six columns. The elevation at the
center line of the winding pulley was 30.0 m. The distance between the base of the inclined
frame and that of the upright frame was 20.0 m (center to center); the distance between the two
feet of the inclined frame was 12.0 m. The upright frame was supported on the beam of the
locking plate in the shaft. An R.C. foundation was used for the inclined frame.
Geological conditions: Same as at the No. 1 shaft.
Earthquake damage: Damage to the derrick of the No. 2 shaft was most serious for steel
derricks at the Kailuan Coal Mine. Damage occurred both to the inclined frame and the upright
frame as well as to the foundation of the inclined frame (Fig. 3).
Four columns of the upright frame near the top of the derrick deformed in an S-shape (Fig. 3
and Photo 1). Web members in the front truss and back truss at this location were also bent and
a bolt of one of the inclined members failed in shear resulting in the member falling down (Photo
2). At this location a horizontal member had been omitted originally (View A in Fig. 3).
Two main chord members on the south side of the inclined frame were bent at an elevation of
9.500 m and 11.500 m respectively. Corrosion existed in the part of members where bending
occurred so a cross-section of members was weakened. At an elevation of 9.500 m a horizontal
dislocation in a north-south direction, of about 250 mm, occurred (View B in Fig. 3). Due to
buckling of the upright frame and dislocation of the inclined frame caused by bending the
winding pulley platform settled and inclined with a maximum settlement of about 250 mm,
inclining to the south 480 mm, and to the west 180 mm. In the corresponding position of the two
main chord members on the north side bending deformation also occurred. At an elevation of
11.250 m in the inclined frame there was an I-beam connected to the pit bank and the web
member was riveted to the I-beam; the rivets failed in shear. Below an elevation of 13.500 m
web members of the inclined frame all had bending deformation to various extents. Rivets at
joints fractured in shear.
In the foundation of the inclined frame the second concrete layer cracked and dislocated
pulling apart by 130-140 mm. The 50 mm diameter anchor bolts in the column were loosened.
3. Derrick of the auxiliary shaft in Lujiatuo (intensity IX)
Outline of the structure: It was a steel derrick with 6 columns. Plan size of the upright frame
was 4.1×4.1 m, distance between the base of the inclined frame and that of the upright frame was
5.5 m (center to center), and distance between two feet of the inclined frame was 7.2 m.
Elevations at the center of the two winding pulleys were 21.530 m and 28.030 m respectively
(Fig. 4b). The cross-section of columns in the derrick was 2-L130×12, chord members in the
inclined frame were of I-sections with a web 600 mm high. The upright frame was supported on
a R.C. girder, the bottom of which had an interval from the locking plate in the pit opening.
During construction of the pit it was found that the northwest part of the foundation settled, and
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piles were used. Part of the foundation was, also strengthened with R.C. piles. The bearing
stratum was a fine sand layer.
Earthquake damage: The pit-head gear and the inclined frame were intact while the
foundation of the upright frame and inclined frame suffered damage.
At the surface opening of the shaft there were 7 connecting bolts 16 mm in diameter on each
side. All the bolts failed in shear (Photo 3). During the quake the derrick pounded against the
roof of the pit bank leaving an obvious trace on the members. Columns of the derrick were bent
and twisted during pounding causing the platform of the pit-head gear to incline up to 280 mm.
A lot of vertical and inclined cracks occurred on the R.C. girder supporting the upright
frame. In the foundation of the inclined frame the second concrete layer was crushed and fell
down locally. The 30 mm diameter anchor bolt in the inclined frame was lengthened in tension
and became thinner.
(2) R.C. derricks
There were two R.C. derricks in the mine area. Both were built in the 1960’s and located at
Majiagou Mine and Guogezhuang Mine respectively (in the area of intensity X).
1. Derrick of the No. 4 shaft at Majiagou Mine (intensity X)
Outline of the structure: The derrick was an R.C. structure with 6 columns. Some of the
columns were built as part of a single-story pit bank (a concrete-brick structure) so stiffness in
the columns differed in the upper part and the lower part (Photo 4). Plan size of the upright
frame of the derrick was 4.8×4.6 m and elevation at the center line of the winding pulley was
22.500 m. The cross-section of the columns was 500×500 mm. The columns were cast with the
roof slab and beam of the pit bank as a whole and supported on the locking plate. Above the
roof brick in fill walls (1B) were laid between the columns. The cross-section of the chord
members in the inclined frame of the derrick was 500×700 mm and the inclined frame was
supported on two brick wing walls 740 mm thick (Fig. 5).
The derrick had been constructed in the winter so the workmanship was poor. Before the
quake some strengthening had been carried out for the derrick. During the strengthening a cover
of 50 mm reinforced concrete was laid around part of the derrick above the pit bank and beams
and columns of the inclined frame. The members shown in Fig. 5 are before strengthening.
Earthquake damage: The inclined frame and the part of the upright frame above the pit bank
were intact. Fine horizontal cracks occurred on the columns of the derrick within the pit bank.
The upper part of the brick wing walls supporting the inclined frame was fractured and part of
the bricks were loosened, nearly falling down. The wing walls inclined outward and displaced
about 35 mm (Fig. 5). Brick walls and columns dislocated horizontally along the roof beam.
Inclined cracks occurred on two upper corners of windows. A wall corner inclined outward and
part of the walls collapsed (Fig. 5).
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2. Derrick of the main shaft at the Guogezhuang Alumina Mine (intensity X)
Outline of the structure: The derrick was a pre-cast R.C. structure with 6 columns. Plan size
of the upright frame was 3.9×3.835 m. The distance between the base of the upright frame and
that of the inclined frame was 15.5 m (c-to-c). Elevation at the center line of the winding pulley
was 17.500 m (Fig. 6, Photo 5).
Earthquake damage: X-cracks occurred on the secondary bearing member (see Fig. 6) on the
outside of the pit-head gear. The main bearing structure of the derrick, such as the pre-cast
upright frame inclined, the frame and foundation were all intact.
(3) Steel-brick composite derricks
Outline of the structure: The steel-brick composite derricks at the Kailuan Coal Mine were
made of two different materials and combined with two types of structure therefore stiffness of
the upper part and the lower part of the derrick differed and integrity of the structure was poor.
There were eight such derricks at the mine. The total height of the derrick was 22.0-28.7 m and
the height of the upper steel frame was approximately 8 m. Brick columns of the upright frame
and arched brick wing wall of the inclined frame were bearing members of the steel frame as
well as a component of the bearing members of the pit bank. The pit bank was connected mostly
to the corridor or to the trestle bridge to the carriage court as a whole. A typical structure of the
composite derrick is shown in Fig. 7.
Earthquake damage: Damage to steel-brick composite derricks generally occurred and was
relatively serious. The top of brick columns was generally fractured in shear; offset of the head
of some brick columns was up to 200 mm; cracks usually occurred on the brick arch and some
arched brick wing walls collapsed (Photo 6). Collapse often occurred on top; damage to the
lower part was somewhat reduced. Damage to the derrick of the No. 3 shaft at Tangjiazhuang
Mine is shown in Fig. 8.
After the quake the maximum permanent horizontal displacements of four composite
derricks at Zhaogezhuang Mine was measured and the results are listed in Table 4.
(4) Brick derricks
Two of the three brick derricks were located in the Qibaihu ventilation shaft and Aijiaquan
ventilation shaft at the Tangjiazhuang Mine; the other was in the Weishan ventilation shaft at
Zhaogezhuang Mine.
The three brick derricks were of different structural types. Damage to the derricks varied.
The one with four columns collapsed and damage to the box-shaped and cylindrical-shaped
derrick was relatively slight.
1. Brick derrick in the Qibaihu ventilation shaft (intensity IX)
Outline of the structure: The derrick was supported by four brick columns 15 m high and the
head frame was a steel structure. No inclined frame was installed in the derrick. The derrick
was a structure with low lateral stiffness and poor integrity.
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Earthquake damage: The derrick collapsed due to rupture of the supporting brick columns.
The head frame fell on the shaft opening. The derrick was completely demolished (Photo 7).
2. Brick derrick in the Aijiaquan ventilation shaft
Outline of the structure: The derrick was a box-shaped brick structure with wing walls; the
upper part was a R.C. structure with beams and slab. Elevation at the center line of the winding
pulley was about 12 m. Three R.C. ring beams were placed along the height of the derrick and
brick wing walls were built in the lifting direction (Fig. 9).
Earthquake damage: The head of the derrick was intact. Part of the brick wall under the ring
beam of the first floor collapsed. Inclined cracks occurred on the brick columns near the wing
wall in the range of one-third of the height of the derrick. Several vertical and inclined cracks
occurred on the top of arch in the wing wall. A vertical crack occurred at the connection of the
wing wall and the brick column (Fig. 9).
3. Brick derrick over the Weishan ventilation shaft (intensity IX)
Outline of the structure: The derrick was a cylindrical brick structure 5.52 m inner diameter
directly built on the locking plate. Elevation at the center line of the winding pulley was 23.500
m. The derrick was connected with the brick cylindrical pit bank, which was 15.04 m in inner
diameter and 7 m in height, the whole forming a double-cylinder structure of greater stiffness.
R.C. ring beams were built along the height of the cylinder. Two brick wing walls 960 mm thick
were placed in the lifting direction (Fig. 10).
Earthquake damage: Generally speaking, damage to the derrick was slight. The top of the
derrick was intact. Several circular horizontal cracks occurred on the wall of the cylinder and
vertical cracks occurred at the connection of the wing wall and the wall of the cylinder.
II. Shaft Towers
There were two R.C. shaft towers at the Kailuan Coal Mine, i.e. Xinfeng shaft tower at the
Tangshan Coal Mine and Xijialou new shaft tower. Damage to the two towers are stated
respectively as follows.
(1) Xinfeng shaft tower at the Tangshan Coal Mine (intensity XI)
The Xinfeng shaft tower was located west of Jixiang Road in the Lunan District of Tangshan
City and was 2 km from the epicenter. The tower fractured and tilted during the quake and
settled in the ground (Photo 8).
1. Outline of the structure
The tower was constructed in 1970 and put into operation in November 1971. It was not
seismically designed. The winding pulley hall of the tower was located at an elevation of 31.000
m. The total height of the tower was 40.250 m. Plan size of the winding wheel hall was 10×15
m, a box-shaped structure with walls 250 mm thick (Fig. 11). Under the hall was a cylindrical
structure. The thickness of the wall in the cylinder was 250 mm, except that in the 1st story and
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the 5th story it was 350 mm. On the 1st story there were two opposite door openings in the wall,
4.8×4.5 m (width×height) in size for passing carriages. In the wall, in the direction
perpendicular to the door opening, there were also two opposite window openings 1.2×2.4 m
(width×height) in size. Such window openings existed in the upper stories. Reinforcement in
the wall was: φ12@250 mm in a vertical direction and φ10@250 mm in a circular direction.
The foundation of the tower had an inverted circular cone shape (Fig. 13) supported on the
cylindrical shaft; it was 6.2 m in inner diameter.
The tower was a cast-in-situ R.C. structure and the concrete strength was 200 kg/cm2.
The site soil was a Quaternary alluvial layer about 160 m thick. The shallow part of the
strata was mainly sandy soil and the water table was relatively high.
2. Earthquake damage
Tower body: Circumferential cracks occurred in the first story. The body of the tower settled
approximately and tilted about 6°25' (Fig. 14). Having been measured, the maximum inclination
direction was approximately E30°N and the maximum horizontal displacement was in the
direction S16°42'35″E. After settlement the center of the bottom of the tower displaced about
800 mm in a southeast direction. After shocks did not affect the top of the Tower.
In the fractured area of the tower body the concrete was crushed and fell out and steel bars in
the wall were pulled out but no “necking” occurred. The welded seam of the No. 25a I-beam in
the R.C. columns on both sides of the door opening and that of the No. 20a I-beam in the beam
on top of the door opening were all pulled apart and the I-beams were twisted and deformed.
However, the longitudinal reinforcement (φ32) in the column at the door opening was not
deformed. A horizontal crack occurred on the R.C. wall 3-5 m above the floor of the winding
pulley hall nearly passing through the whole north wall.
Floor: Due to settlement of the tower the floor slab, at an elevation of 8.000 m, was
penetrated by the column at the door opening near the elevator shaft. The R.C. beam in this
story was cracked with an upheaval in the center up to 200 mm. Areas with horizontal cracks
and concrete cracking occurred in several places on the floor slab. A few cracks also occurred
on the floor slab at an elevation of 14.000 m. Floor slabs above an elevation of 14.000 m and
roof slabs were all intact.
Installation of the shaft: A steel frame in the tower was bent due to crushing in the tower
settlement. Steel wires for the lifting installation in the tower were twisted in a jumble and hung
on the steel frame. Other installations of the tower and shaft were basically intact.
Foundation of the shaft tower and the upper shaft: After the quake the foundation of the
shaft tower and part of the shaft above an elevation of −240.000 m were inspected. The
foundation was basically intact, the shaft was rather dry inside and no obvious cracking,
dislocation or leaking were found. The horizontal circular slab on top of the foundation at an
elevation of −1.500 m was partly crushed by the settled tower. Two horizontal ring cracks
occurred at the connection of the brick filled wall and foundation.

653

(2) Xujialou new shaft tower (intensity IX)
1. Outline of the structure
The Xujialou new shaft tower was completed in June 1974 and handed over for operation. It
was designed based on intensity VII.
Plan size of the tower was 15×22 m, total height was 49.5 m, and elevation of the winding
pulley hall was 39.500 m. The guiding pulley was installed on the floor at an elevation of
33.500 m. There were four large door openings on the 1st floor the sizes of which were 7×7 m
and 3.5×4 m (width×height) respectively. Windows existed in other stories. The tower was a
rectangular R.C. structure (Figs. 15-17). It was built by use of slipping forms above an elevation
of 1.4 m. A general view of the tower after the quake can be seen in Photo 9.
The foundation of the tower was a box-shaped R.C. structure with a bottom plate 19×26 m in
size.
The site soil was a Quaternary alluvium layer with a total thickness of 92 m. In the range of
about 24 m under the surface the soil was mainly fine sand and silty sand intercalated with thin
layers of sandy clay. The foundation was placed on the fine sand layer and the water table was
about 3 m under the ground surface. Sand liquefaction was not considered in design. A profile
of the strata is shown in Fig. 1 in the paper “Earthquake Damage to Shafts and Roadways at the
Kailuan Coal Mine” in this chapter.
2. Earthquake damage
Tower body: During the quake sandboils generally occurred at the site. The tower tilted due
to liquefaction of foundation soil. At the roof the tower inclined 335 mm to the west and
145 mm to the south; at the opening of the shaft the lifting center line drifted 249-288 mm to the
west and 85-120 mm to the south. The average settlement of the tower was approximately
200 mm.
Box-shaped foundation: The box-shaped R.C. foundation is shown in Fig. 18(a). A lot of
cracks occurred on the foundation walls during the quake; a portion of the cracks occurred on the
foundation beams passing from the top of the beam to the bottom plate; other cracks were
concentrated on both the east and west wall at the support of the girder passing from the bottom
plate upward (Fig. 18(b)-(e)).
Four beams on the top plate of the foundation suffered damage to various extent (Fig. 19).
Suspending beams L−3 and L−4 reached up to the locking plate. Only 50 mm clearance was left
between the bottom of the beam and top of the locking plate. Due to settlement of the shaft
tower the locking plate was raised thus, the beam was fractured making the suspending arm of
the beam bend up about 200 mm, and the width of the fracture was up to 50 mm. The span of
beam L1−1 was 15 m and the cross-section was 400×260 mm. The side surface of the beam at
the middle of the span was only 20 mm away from the locking plate. After construction the form
work for concreting at this location was not removed. During the quake the beam had a
horizontal deflection of 50 mm and the width of the cracks on the beam was about 0.2-0.4 mm.
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The cross-section of beam L1−10 was 400×2400 mm. Due to bending up of beams L1−3 and
L1−4, cracks to occur on beam L1−10 and the width of cracks was 0.3-0.4 mm.
Wall of the tower: The location of damage to the tower wall was in the neighborhood of
elevation ±0.000. The wall above an elevation of 1.500 m was intact. The joint between the
cast-in-site wall and the wall constructed by use of lifting formwork, a horizontal crack, which
passed around the wall, was at an elevation of 1.400 m. In the northeast corner the crack was
wider than in the southwest corner. Some oblique cracks were on the east wall and west wall
with a maximum width of 0.6 mm. At the southwest corner a horizontal crack nearly 1 cm in
width extended in both directions. At the northeast corner, in the range between elevations
±0.000-1.500 m, a horizontal crack extended in both directions for a length of 5 m each.
Concrete at the corner of the tower wall was crushed and loosened locally, and four vertical steel
bars buckled outward.
Frame and staircase shaft: The steel frame was supported on the locking plate and the upper
part of the frame was connected to floor slabs. Due to settlement of the shaft the tower members
of the frame at an elevation of 11.500 m buckled, and the wedge-shaped wooden tunnel failed in
compression.
The staircase shaft above the roof of the tower was a brick masonry structure which
collapsed in the quake.
Table 1. Statistics of damage to various types of derricks.
Damage Degree

Structural Type

Number
Investigated

steel derricks

15

R.C. derricks

2

steel-brick
composite derricks

8

brick derricks

3

Collapsed
 no . 


 % 

Seriously
Damaged
 no . 


 % 

Moderately
Damaged
 no . 


 % 

Slightly
Damaged
 no . 


 % 

Basically
Intact
 no . 


 % 

4
( 27)

8
(53)

3
( 20)

2
(100)
1
12.5
1
( 33)

6
( 7.5)
1
( 33)

1
(12.5)
1
( 34)
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Table 2. Statistics of damage position to various types of derricks.
Damaged Position
Number
Investigated

Structural Type
steel derricks

15

R.C. derricks

2

steel-brick composite
derricks

8

brick derricks

3

At top
 no . 


 % 

1
(50)

Upright Frame
 no . 


 % 

Inclined Frame
 no . 


 % 

Foundation
 no . 


 % 

4
( 26)

2
(13)

12
(80)

1
(50)

1
(33)

1
(50)

8
(100)

8
(100)

3
(100)

2
(100)

Table 3. Maximum horizontal residual displacement of steel derricks.
No.

Name of Derrick

Transverse Displacement
mm

Longitudinal Displacement
mm

1

Derrick of No. 1 shaft, Tangshan Coal Mine

40

80

2

Derrick of No. 2 shaft, Tangshan Coal Mine

480

180

3

Derrick of No. 5 shaft, Linxi Coal Mine

100

595

4

Derrick of the main shaft, Fangezhuang Coal Mine

372

170

5

Derrick of the auxiliary shaft, Lujiatuo Coal Mine

280

6

Derrick of the No. 3 shaft, Tangshan Coal Mine

120

7

Derrick of the main shaft, Lujiatuo Coal Mine

350

90

Table 4. Maximum permanent horizontal displacement of steel-brick
composite derricks at Zhaogezhuang Mine.
Displacement (mm)
No.

Name of Derrick

1

Derrick of No. 1 shaft

2

Derrick of No. 2 shaft

3

Derrick of No. 3 shaft

4

Derrick of No. 4 shaft

(Translator: Lu Rongjian)

East

South

West

North
300

70
300
300
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Photo 1. The inclined column in the highest panel of the
upright frame in the derrick of the No. 2 shaft deformed in
buckling at the Tangshan Coal Mine.

Photo 3. The bolt in the joint of the shaft derrick failed
in shear in Lujiatuo Mine.

Photo 2. A bolt of an inclined member at the joint in
the highest panel of the upright frame of the derrick in
the No. 2 shaft failed in shear and the member fell
down (Tangshan Coal Mine).

Photo 4. Derrick of the No. 4 shaft at Majiagou Mine.
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Photo 5. Derrick of the main shaft at the Guogezhuang
Alumina Mine.

Photo 6. Damage to the arched brick wing wall at the
steel-brick composite derrick of the No. 1 shaft at
Tangjiazhuang Mine.

Photo 7. The brick derrick over the Qibaihu ventilation
shaft collapsed; the upper part fell on the shaft opening.

Photo 8. The Xinfeng shaft tower after the quake
(Tangshan Coal Mine).
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Photo 9. The Xujialou new shaft tower after the quake.
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Figure 1. Derrick of the No. 1 shaft at the Tangshan Coal Mine.

Figure 2. Deformation of the derrick frame of the No. 1
shaft at the Tangshan Coal Mine.
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Figure 3. Damage to the derrick of the No. 2 shaft at the Tangshan Coal Mine.

Figure 4. Derricks at Lujiatuo Coal Mine.
(a) Main shaft; (b) Auxiliary shaft
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Figure 5. Derrick of the No. 4 shaft at Majiagou Mine.
(a) Plan; (b) Elevation; (c) Cracks on columns inside the pit bank
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Figure 6. Derrick of the main shaft at the Guogezhuang Alumina Mine.

Figure 7. Steel-brick composite derrick structure at
Tangjiazhuang Mine.
(a) Cross-section; (b) Plan
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Figure 8. Damage to the pit bank at the No. 3 shaft (Tangjiazhuang Mine)

Figure 9. Damage to the box-shaped brick derrick over the Aijiaquan ventilation
shaft.
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Figure 10. Brick derrick over the Weishan ventilation shaft.
(a) Section 1-1; (b) Plan
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Figure 11. Plans of the Xinfeng shaft tower at the Tangshan Coal Mine.
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Figure 12. A cross-section of the Xinfeng shaft tower at
the Tangshan Coal Mine.
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Figure 13. Reinforcement of the foundation of the Xinfeng shaft tower (Tangshan Coal Mine).
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Figure 14. Shaft tower before and after the quake.
Note: Dotted line denotes the tower before the quake; solid line denotes the tower after the quake.
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Figure 15. Plan of the hall in the Xujialou shaft tower.
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Figure 16. Cross-section I-I of the Xujialou shaft tower.
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Figure 17. Cross-section II-II of the Xujialou shaft
tower.
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Figure 18. Cracks on the box-shaped foundation of the Xujialou new shaft tower.
(a) Plan of bottom plate of the foundation; (b) Cracks on L-1 beam; (c) Cracks on L-2 beam
in the south; (d) Cracks on the east wall; (e) Cracks on the west wall

Figure 19. Cracks on the top plate and beam of the box-shaped foundation
of the Xujialou new shaft tower.
(a) Cracks on the top plate; (b) Cracks on beam L 1-1; (c) Cracks on beam
L 1-10; (d) Cracks on beam L 1-3 and L 1-4
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DAMAGE TO COAL SILO BINS AT THE KAILUAN COAL MINE1
Wang Rongzhai2

I. General
After the Tangshan earthquake a total of 205 silos in 8 coal pits of the Kailuan Coal Mine
were surveyed (most of these silo bins were built after the 1950’s and not seismically designed)
and 35 coal silo bins were damaged. Of the above-mentioned silo bins, 26 were single-row
square bins, 3 were multi-row square bins, and 6 were cylindrical silo bins (5 were R.C. bins and
the other one was brick). All the R.C. silo bins were cast-in-situ. Damage statistics of these
types of silo bins are listed in Table 1. Classification of damage degree is based on the lower
supporting structure of the bins.
It can be seen from Table 1 that damage to R.C. cylindrical silos was less than to R.C. square
silos; damage to cylinder supported silos was slight among R.C. cylindrical silos. Of the square
silos the damage to those supported by a frame with in filled walls was less than to those without
filled walls.
Table 2 shows a comparison between damage to single-row and multi-row R.C. square silo
bins. From Table 2 it can be seen that damage to multi-row silo bins was less than to single-row
silo bins. No multi-row silo bins collapsed in the quake.
Statistics on damage to the superstructure (top chamber) of silos are listed in Table 3. It can
be seen from Table 3 that damage to the top chambers of cylindrical silos was more serious than
to multi-row square silos; collapse of the former amounted to 66.7% and that of the latter was
37.9%. The collapse ratio of top chambers of brick-wood structures and those of brick-concrete
structures were all above 60%. For top chambers with steel frames and brick filled walls, no
collapse occurred yet all were seriously damaged and out of use. Damage to chambers with R.C.
frames was only slightly less.
II. Earthquake Damage
Damage to coal silos occurred mostly to the lower supporting structure and the top chamber;
damage to the silo body was slight.

1

This paper was written based on the survey reports or drawings and data delivered by the
following organizations: Planning Institute of the Ministry of Coal Industry; Design and
Research Institute of Coal Mines in Chongqing, Xi’an, Shenyang, Wuhan, Handan, and
Yanhou; Design and Research Institute of Coal Processing; Shanxi Provincial Design Institute
of Coal Mines; and the Kailuan Coal Mine et al.

2

Chongqing Design and Research Institute of Coal mines
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(1) R.C. square silos
Damage to square silos supported by R.C. frames were more serious at the top of columns
under the silo wall, at the top of columns under the beam in the thermal isolation floor, and at the
bottom of certain columns. Damage to beams was less.
1. Foundations
Foundations were mostly single R.C. foundations with a buried depth of about 3.5 m
generally. Based on measurements after the quake, silos located at the site of liquefaction settled
unequally and seriously, such as the silo at the Xujialou new shaft and Tangjiazhuang Coal
Mine. Also those not located at the site of liquefaction settled to a certain extent such as the coal
silo for the railroad at Jinggezhuang Mine. However, the foundations were basically intact
except for a few cases.
2. Columns of frame under silos
(a) Top of column: For columns slightly damaged, horizontal cracks occurred in the range of
100-300 mm under the beam or the silo wall, e.g. the refined coal silo at Lujiatuo Mine. Some of
the range might reach 1/4 to 1/3 of the story, which happened mostly in silos located at the
liquefied site, e.g. the silo at the Xujialou new shaft and Tangjiazhuang Mine. Vertical cracks
occurred at the top corner of certain columns under the beam. Concrete at this location was
partly crushed and fell down and reinforcement was exposed and bent, e.g. the silo at Majiagou
Mine and the silo for railway at Jinggezhuang Mine.
For moderately damaged columns the concrete was crushed and reinforcement was exposed
or bent under the silo wall or beam and at the joint of the column and beam, e.g. the silo at the
Xujialou new shaft of Tangjiazhuang Mine and the silo at Zhaogezhuang Mine; for certain
columns a large part of the concrete at the top of the column was crushed and fell down, e.g. the
column in the coal silo at Zhaogezhuang Mine (Photo 1); long oblique cracks occurred on certain
columns, e.g. the silo at the Xujialou new shaft of Tangjiazhuang Mine. In the silo there were no
stirrups in the column at the connection between the high span and low span in axis (3). An
oblique crack 30 mm wide and 1,400 mm long occurred at this position.
For seriously damaged columns the concrete at the top of the columns was crushed,
reinforcement was bent and buckled like a lantern, e.g. the silo at the Xujialou new shaft of the
Tangjiazhuang Mine.
Rupture of columns was the most serious damage pattern. Cases in which silos collapsed
due to rupture of the column were few, but the ratio of collapse for silos supported by an R.C.
frame were still high. Of all the 27 R.C. square silo bins surveyed 34 columns of 3 silo bins
were ruptured causing collapse of silos (Photo 2), and 37 columns of 1 silo bin was ruptured but
the bin did not collapse. The rupture of columns is shown in Table 4.
(b) Middle section of column: No damage to this section was generally found. Only at the
coal silo of the Xujialou new shaft at Tangjiazhuang Mine, located at the liquefied site, 3-5
horizontal cracks less than 0.8 mm wide occurred in the middle section of 9 columns on the first
floor and on the second floor under the silo.
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(c) Lower part of column: Damage to the lower part of columns was generally more serious.
For example, at the silo at Zhaogezhuang Mine concrete in the column was crushed in a range of
200-1,400 mm above the ground surface and partly fell down with reinforcement exposed and
buckling outward (Photo 3). At the liquefied site damage to the lower part of columns was more
serious. For example, at the silo at the Xujialou new shaft of Tangjiazhuang Mine columns on
the first floor all ruptured under the ground surface and 400-1,200 mm above the top of the
foundation. Damage to part of the columns near the surface was also extremely serious. For
example, one of the columns was fractured by shear, displaced approximately 700 mm, and then
under the weight of the silo above it penetrated into the ground about 500 mm (Photo 4).
3. Beams of the frame under the silo
Generally speaking, damage to beams in the frame was less than to columns.
Damage to frames supporting silos located at a site of liquefaction was serious and generally
occurred. The characteristics of damage included damage that was less to upper stories and
more serious to lower stories. The main damage patterns were as follows:
(a) Shear cracks in opposite directions generally occurred on both ends of the beam at about
1/3 of the span with an inclination of about 45°. Cracks were wider in the upper and narrower in
the lower end with a few contrary cases, for example, the longitudinal beam on the thermal
isolation floor of the refined coal silo at Lujiatuo Mine.
(b) Vertical cracks occurred at the end of the beam about 400 mm from the column. Some
cracks were located just at the connection between the beam and the column.
(c) Concrete at the end of the beam was loosened and cracked with bottom reinforcement
exposed and buckling outward. Some beams fractured at the end and fell down.
4. Silo wall and panel columns in the wall
Only fine cracks occurred on the panel columns and most of the columns were intact except
for a few silos, such as the refined coal silo at Linxi Mine and silos located at the liquefied site or
silos of poor workmanship.
5. Floor slabs
The floor slabs were all cast-in-situ R.C. slabs and most of them were intact after the quake.
In rare cases silos, such as the refined coal silo at Lujiatuo Mine, had two horizontal cracks that
occurred on the floor slab of the thermal isolation story.
6. Brick filled walls
Damage to brick filled walls was the same as to those in multi-story framed structures.
Oblique and vertical cracks occurred at the corner of window or door openings; X-cracks
occurred on the wall between windows; brick walls were loosened and inclined outward and
even partly collapsed in large pieces.
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7. Expansion joints
Silos on both sides of the expansion joint were usually damaged due to pounding. For
example, at the expansion joint of the refined coal silos at Lujiatuo Mine, brick walls and
concrete members were all crushed or loosened due to pounding. The expansion joints of some
silos became a boundary showing the differences in damage to silos on the two sides of the joint.
For example, at the south silo bin of Zhaogezhuang Mine all 4 silos on one side of the expansion
joint collapsed but the other 4 silos on the other side only suffered serious damage. At the
original coal silo bin of the Tangshan Mine 2 silos on one side collapsed and 5 silos on the other
side were seriously damaged. At the original silo bin of Majiagou Mine there were two adjacent
silos; one row of silos was newly built and the other was previously built in the past. Silos
previously built were moderately damaged and those newly built were seriously damaged.
(2) Cylindrical silos
1. R.C. silos
Generally speaking, this type of silo was earthquake resistant and only slight damage,
especially those that were supported by a cylinder were basically intact after the quake. Only
one such silo that was under construction at Lujiatuo Mine collapsed. Damage to the lower part
of the column of the silo can be seen in Photo 5.
2. Brick cylindrical silos
Earthquake resistance of these silos was poor and damage occurred mainly to the lower part
of the silo.
(3) Top chambers
1. R.C. framed chambers
Damage to most R.C. framed chambers with brick filled walls was slight and damage mainly
occurred to the brick infilled walls. For example, at the old silo of Majiagou Mine no damage to
the top chamber was found except for fine oblique cracks that occurred on the filled wall
between the windows. The R.C. frame near the top of the conveyor belt was surrounded by a
lightweight wall and was intact after the quake (Photo 6). Cracks also occurred at the joint of the
beam and column in a few top chambers. Damage was particularly serious for those silos
located at the liquefied site. For example, in the upper frame of the Xujialou new shaft silo at
Tangjiazhuang Mine the concrete of some columns was crushed in a range of 120-700 mm under
the beam and steel bars bent and dislocated up to 50 mm.
2. Steel frame chambers
Damage to the top chambers of steel framed structures with brick filled walls and corrugated
steel roofs was serious where insufficient bracing between columns and insufficient bracing
between roof trusses was provided. For example, brick filled walls and steel frames as well as
the roof of the top chamber of two original coal silos at Tangjiazhuang Mine all collapsed.
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3. Top chambers of brick-wood structures
Damage to top chambers with brick bearing walls, wood trusses, and corrugated steel or
asbestos plate roofs was relatively serious. For example, a gable wall of the top chamber of the
silo at Majiagou Mine collapsed (Photo 7); the top chamber of the south silo at Zhaogezhuang
Mine collapsed locally and the gable wall of the top chamber of the north silo collapsed.
4. Top chambers of brick-concrete structures
Damage to top chambers with brick bearing walls and an R.C. roof was serious. Most of the
walls collapsed and roofs fell down. However, slight damage also occurred to some chambers,
e.g. the chamber of the refined coal silo at Tangshan Mine.
All top chambers of cylindrical silos were brick-concrete structures, most of which collapsed
in the quake (Photo 6). Damage to these chambers was more serious than to those of square
silos.
III. Case Examples
(1) Railway coal silo bin at Jinggezhuang Mine (in intensity IX area)
The railway coal silo bin at Jinggezhuang Mine was an R.C. framed structure with a singlerow of square silos. It was put into trial operation in April 1976. During the Tangshan
earthquake 18 columns of the frame under the silos ruptured and the silo bin collapsed
completely. It was one example of a coal silo that suffered serious damage in the quake at the
Kailuan Coal Mine.
1. Site soil conditions
The Jinggezhuang Mine was located on the second-order terrace on the right bank of the
Douhe River. The topography was rather smooth and slightly inclined to the south with a slope
of about 4%. The northeast boundary of the site was a linear trench that extended from the
northwest to the southeast with a width of about 200 m and a depth of 2-4 m. Based on the
engineering geological data, in a range of 156.76 m under the surface was a sand layer of
Quaternary Alluvial-Diluvial type. The upper part of the layer was loam with silty sand and fine
sand lens; the middle part was a thick layer of medium and fine sand; the lower part of the layer
was a clay and gravel intercalation. It was composed of 17 layers that reflected the
characteristics of the river shifting many times. Under the sand layer 418.30 m below the
surface was a coal stratum and shale, sand rock, gravel, and coal intercalated layers.
Geological conditions at the silo bin were as follows (from the surface downward). 1) Loam:
yellowish-brown in color, slightly wet, lump-shaped structure, hard, thickness of layer about 2
m; 2) silty sand intercalated with fine sand: gray and white in color, wet-saturated in state,
mainly of feldspar, densified sandy soil, thickness of layer about 7 m; 3) loam: yellow in color,
saturated, with high viscosity, plastic in state, sticky, thickness of layer about 1 m; this layer
existed generally existed as intercalation in sandy soil, also as an indication layer; 4) medium
and fine sand layer: gray and white in color, pure in quality and densified, mainly of feldspar,
thickness of layer about 5 m. The characteristics of litho-stratigraphy were: long in deposition
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and densified in structure; and compactness of the strata was seldom found. The foundation of
the silo bin was located within the silty sand layer with fine sand intercalations. The bearing
capacity of the foundation was 1.5 kg-force/cm2 for the silty sand layer, 2.3 kg-force/cm2 for the
fine sand layer and the compressibility modulus was 200 kg-force/cm2. The elevation of the
water table before the quake was 29.950-31.970 m. After the quake the water table had been
raised approximately 2 m. The underground water flowed in a southeast direction in accordance
with the topography. The elevation of ±0.000 m in design of the silo bin corresponded to the
elevation of 35.578 m.
An engineering geological exploration had been carried out after the quake. The standard
penetration test results were: 50-120 blows penetration at 15 m depth; allowable bearing capacity
2 kg-force/cm2. Cone penetration tests were also performed for comparison. The blow count of
the liquefied sand layer near a small river was 14-19. Both standard penetration tests and cone
penetration tests proved that the sandy soil under the foundation was compact and no
liquefaction occurred.
2. Outline of structures
The silo bin was located southeast of the main shaft and 94 m away from the main shaft. The
silo bin was 56 m long and 7 m wide and approximately 29 m high above the surface. The size
of the column network was 7×7 m. The plan and cross-section of the silo bin are shown in
Fig. 1. During the quake there was about 100 tons or more of coal stored in the bin. There were
8 silos 7×7 m in plan size with two hoppers in each silo. The elevation on the top floor of the
silos was 17.500 m. At an elevation of 5.790 m a thermal isolation story was installed above
which brick filled walls were built, while no filled walls were placed between columns in the
frame below it. In axes (1), (8) and (9) (elevation of 7.870 m and 8.895 m to 17.500 m) were the
vertical walls of silos; in axes (2)-(7) (elevation of 7.190-9.670 m) were beams hanging the
hoppers. The plan for single R.C. foundations is shown in Fig. 2; the top chamber between axes
(1)-(7) was a brick-concrete structure, the elevation of the eave was 20.393 m. The top chamber
between axes (7)-(9) was a 2-story building, the 1st story (elevation of 17.500-24.032 m) was an
R.C. framed structure; the 2nd story (elevation of 24.032-28.193 m) was a brick-concrete
structure.
3. Earthquake damage
(a) 18 columns in the frame fractured and the silo bin collapsed. A part of the frame in axes
(1)-(6) displaced laterally in a northeast direction and collapsed, and part of the frame in axes
(7)-(9) displaced laterally in a southwest direction and fractured (Photo 9). The whole silo bin
twisted. Figure 3 shows twisting of the silo bin after the columns fractured, and the whole bin
inclined in a southeast direction.
(b) Based on the field survey the fracture of columns mainly occurred in the cross-section
near an elevation of 4.800 m. The location of fractures in columns in the southeast was higher
than those in the northwest. At the same time, cracks that occurred on the top of the foundation
or at the connection of the beam and column were more serious.
(c) The cross-section of columns where fractures occurred was generally at an inclined
section. At the location of the fracture the concrete was seriously crushed and loosened for a
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comparatively long distance (about 2-3 m) with stirrups pulled apart and reinforcement separated
with concrete. The reinforcements were deformed and seriously bent and some were pulled out,
especially in places where the overlap of steel bars was not sufficient or not well made (Photo 3).
(d) After collapse of the silo bin the R.C. frame above the fractured section was still intact; a
lot of vertical cracks occurred on the silo wall relatively. The thermal isolation story at an
elevation of 5.790 m was completely demolished. Cracks also occurred on some beams.
(e) After the quake the foundation of the silo bin was excavated for inspection. It was found
that the single step-wise foundations were basically intact except for columns above the
foundation which suffered damage. Based on the information provided by the survey team of
Jinggezhuang Mine the measured elevation on top of the foundations in axes (1)-(6) was
33.478 m during construction and that on top of the foundations in axes (7)-(9) was 33.578 m.
The measured values of the above-mentioned elevations after the quake with reference to the
benchmark in the neighborhood are shown in Fig. 4. Since the variation of the elevation of the
benchmark in the quake was not known, the measured values in Fig. 4 did not show the absolute
settlement of the foundations induced by the quake. However, it can be found that the maximum
relative settlement difference reached 119 mm and no regularity was found for the foundation
settlements.
(f) The brick-concrete structure of the top chamber collapsed wholly and fell to the ground in
a southeast direction.
(2) Refined coal silo bin at Tangshan Mine (intensity XI area)
The refined coal silo bin at Tangshan Mine was a R.C. framed structure with single-row
square silos composed of 7-panel silos and 2-panel silos connected by simply supported thermal
isolation floor slabs and a top chamber. The silo bin was built in 1974. The 7-panel silos were
seriously damaged and the 2-panel silos were moderately damaged. However, damage to the top
chamber of the brick-concrete structure was slight (Photo 10).
1. Foundation soil condition
The site of the Tangshan Mine was a Quaternary alluvium layer under which was a Permian
deposit layer. The topography was plane and wide. The alluvium layer was thin and stable with
deposits mainly of clay and fine sand. The surface layer was a filled layer with debris, furnace
slay, etc. A log diagram of the strata is shown in Fig. 5. The foundation of the silo bin was
placed on the loam layer with an allowable bearing capacity of 2 kg-force/cm2. The
underground water was 5 m from the ground surface, it was phreatic water stored in the light
loam layer and fine sand layer.
2. Outline of the structure
The total dimensions of the silo bin were: length 70 m; width 7.0 m; and height above the
surface about 28.2 m (Fig. 6). The total storage of coal was 2,600 tons. The column array and
silo panel was 7.0×7.0 m in size. There were two hoppers in each silo. No silo existed between
axes (3) and (4), which was connected by a simply-supported simple beam, thermal isolation
floor slabs and the top chamber. Expansion joints were placed between the brick wall above

680

beams and that above the silo. The elevation on top of the silos was 18.700 m. A thermal
isolation floor was installed at an elevation of 5.350 m above which brick filled walls were
placed. No filled walls were placed between columns in the frame under the floor. The silo wall
and supporting frame, etc., were all cast-in-situ R.C. structures of concrete 200 kg/cm2 in
strength. The cross-section of columns was 700×700 mm. The buried depth of individual R.C.
foundations was 4.1 m. The top chamber was a brick-concrete structure, a portion of which was
a 3-story structure supported by 240 mm thick brick walls with columns. Roof slabs were precast R.C. slabs. The elevation at the top of the single-story chamber was 21.7 m and the 3-story
chamber was 27.7 m.
3. Earthquake damage
(a) Cracks occurred on all 22 columns of the frame near an elevation of 5.350 m. The main
cracks in the frame are shown in Figs. 7-9. At the connection of the beam and column the
concrete cover was stripped off, steel bars were exposed and buckled (Photo 11).
(b) Horizontal ring cracks occurred around the top bracket of columns in axes (3) and (4) in
the vicinity of elevation 5.350 m. Columns in axis (4) inclined to the north longitudinally.
Simply-supported beams placed on the bracket displaced longitudinally and transversally and
nearly fell down (Photo 12).
(c) Columns at the connection of axes (5) and (11) as well as axes (5) and (11) were taken as
samples for inspection. When the foundation of the columns was excavated it was found that the
concrete of the columns close to the foundation was spalled and the main reinforcement and
stirrups were partly exposed.
(d) Tilting, bending and twisting occurred in the silo bin. Columns in the 7-panel silos (axes
(4)-(11)) inclined and bent seriously, while those in the 2-panel silos (axes (1)-(3)) inclined
slightly. Measurements showed that columns in the northwest corner displaced 160 mm to the
north and 90 mm to the east at an elevation of 5.350 m.
(e) At an elevation of 5.350 m oblique cracks and vertical cracks occurred at the end of a few
longitudinal beams of the frame, some cracks at both ends of the beam inclined in opposite
directions (Figs. 7-8). In that story most of the cracks at both ends of transverse beams also
inclined in opposite directions. Vertical cracks occurred both at the end and middle of certain
beams (Fig. 9).
(f) Only fine cracks occurred locally on the top chamber and filled walls of the frame. From
Photo 11 it can be seen that the top chamber and filled walls, especially those on the 3rd story,
were basically intact. In the area of intensity XI such slight damage to brick-concrete buildings
was seldom observed.
(3) Silo bin of the Xujialou new shaft at Tangjiazhuang Mine (intensity IX area)
Serious liquefaction occurred at the site of the Xujialou new shaft in the quake. Sandboils
were relatively far from each other with a maximum diameter of 10 m or more and a height up to
0.5 m. The silo bin of the Xujialou new shaft was one of the high-rise structures whose
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foundation suffered serious liquefaction; also one of the R.C. silo bins at the Kailuan Coal Mine
suffered serious damage due to liquefaction.
1. Conditions of foundation soil
The Xujialou new shaft was situated on the right bank of the Shahe River which was a high
washland. Within 15 m under the surface the soil was mainly fine sand and silty sand
intercalated with a thin layer of medium and coarse sand and a loam layer. In the upper part of
these layers was a special layer with a thickness from tens of centimeter to two meters. A log
diagram of the strata is shown in Fig. 10. The foundation of the silo bin was located on the first
fine sand layer with an allowable bearing capacity of 2.5 kg-force/cm2. Based on the results of
the standard penetration tests and dynamic cone penetration tests carried out after the quake, the
liquefaction depth at the site of the silo bin was approximately 7.5-9.0 m. The elevation of the
underground water level was 4.2 m below the surface.
2. Outline of the structure
The silo bin was built in 1970 and was 63 m long and 14 m wide. It was a bin with doublerow square silos. A part of the bin was a 4-span structure 28 m wide. The height of the bin was
about 31 m above the ground surface. The size of the column array and silo panel was 7.0×7.0 m
as shown in Fig. 11. The total coal storage capacity of the bin was approximately 3,000 tons.
There were 10 panels of silo and also 4 panels for further expansion. Two hoppers were
installed under each silo. The elevation at the top of the silos was 14.000 m. At an elevation of
4.850 m a thermal isolation floor was built, above which were brick filled walls, while under
which was a supporting frame. No shear walls were placed in the lateral direction; in the
longitudinal direction R.C. support beams and brick filled walls were installed on two sides of
the frame at an elevation of −1.000 m after completion of the bin. No connecting reinforcements
were placed between the walls and the columns. The buried depth of the single R.C. foundation
was 4.4 m. The cross-section of columns in the 1st story of the frame was 800×800 mm (side
columns) and 900×900 mm (central columns). The top chamber of the bin was a multi-story and
multi-span R.C. framed structure with columns of cross-section 500×500 mm. Sieving and
distribution of coal installations were put on the top chamber. On the top floor between axes (9)
and (10) a 50 m3 capacity water tank was installed. Floor slabs and roof slabs were all cast-insitu R.C. slabs and elevations at the top of the stories were 17.500 m, 22.500 m, 26.500 m and
30.100 m respectively (Fig. 12). Photo 13 shows the silo bin after the quake.
3. Earthquake damage
(a) All 37 columns of the frame settled differentially. After the quake the variation of the
elevation of the thermal isolation floor slabs was measured as shown in Table 5. Settlement of
columns reached 410-1,035 mm and the difference of settlement also reached 625 mm. Due to
variation in elevations of benchmarks after the quake the measured settlement values in Table 5
were not accurate. At the same time, columns had been shortened due to fracturing. However, it
was seen that the total settlements and difference of settlements were very great. The whole
structure tilted to the east due to nonuniform settlement but the displacement direction of
columns was not the same. Measured displacement of columns at an elevation of 4.850 m after
the quake are shown in Fig. 13, the maximum of which was up to 240 mm.
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Figure 14 shows cracks in the frame at axis (1), the figure next to the crack denotes the width
of the crack in millimeter.
(b) All 37 columns fractured at the bottom in a range of 400-1,200 mm above the surface of
the foundation. In the fractured section the concrete was crushed and fell down, and the
reinforcement was buckled outward like a lantern; in serious cases dislocation of the
reinforcement occurred (Photo 4). Except for being fractured at the bottom, 24 of the columns
on the first floor were cracked or were seriously crushed at the top. At the intersection of axes I1, the beam and column fractured and dislocated, the reinforcement twisted and it was the most
serious case of damage to joints.
(c) Damage to columns on the second story was less than to those on the first story and only
15 columns were moderately damaged; concrete at the top of 4 of these columns was crushed. In
the middle section of 9 columns under the hoppers between the second story and the first story a
lot of ring cracks occurred (Figs. 12 and 14) with a width of about 0.8 mm.
(d) Cracks occurred on only 4 columns on the 3rd story. One horizontal crack about 1 mm
wide occurred on the column in the silo wall at the intersection of axes L-3. This was the only
column in the silo wall that suffered damage.
(e) Cracks occurred on the upper joint of 13 columns on the 4th story and on 5 joints the
concrete was seriously crushed, steel bars bent and were offset up to 50 mm. At the joint of the
column at an elevation of 17.500 m at the intersection of axes K-3 there were no stirrups placed.
An oblique shear crack about 30 mm wide occurred on the joint. No damage to columns were
found on the 5th and 6th stories.
Statistics of damage to columns in different stories are listed in Table 6.
(f) Damage to beams of the frame in different stories generally occurred to various extents.
195 beams were surveyed and 73 of them suffered damage as shown in Table 7. Symmetric
oblique cracks in opposite directions mostly occurred at both ends of the beam at a distance of
0.4-2.5 m away from the column. From Table 7 it can be seen that damage to beams under the
silo was far more serious than to those above the silo. Beams in the third story (elevation at top
of beams was 14.000 m) were mostly on top of the silo wall and only 3 beams (no silo wall
under the beams) had cracks at the ends.
(g) Damage to transverse beams at an elevation of 4.850 m was generally serious, more
serious than to longitudinal beams. The beam at the intersection of axes I-1 at an elevation of
4.850 m was fractured and fell a distance up to 750 mm, and it was the most serious case of
damage to frame beams.
(h) R.C. floor slabs and secondary beams at an elevation of 14.000 m were basically intact,
except for a long crack between axes 3 and 4 which had been repaired before the quake and
expanded again in the quake.
(i) All silo walls were intact. Only a few fine cracks less than 0.3 mm wide were found at the
opening of the hopper.
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(j) The wall bearing beams at an elevation of −1.000 m were built after completion of the silo
beam, therefore they were not well connected to the column. During the quake 21 such beams
were fractured at the columns and tilted and the brick filled walls built on these beams collapsed
completely.
(k) Step-wise single foundations were basically intact.
(4) Medium refined coal silo bin at Lujiatuo Mine (intensity IX area)
This was one of the square silo bins supported by an R.C. frame which suffered slight
damage at the Kailuan Coal Mine. The bin was constructed in 1966.
1. Outline of the structure
The silo bin was a 4-story R.C. framed structure 56.82 m in length, 18 m in width and about
25.0 m in height above the ground surface. The plan and cross-section of the silo bin are shown
in Fig. 15. The two types of silos in the bin consisted of R.C. square silos and suspended
cylindrical steel silos. There were 33 silo panels but there were no silos between axes 13 and 14;
these panels were used for operating or pumping rooms. At an elevation of 6.000 m a story with
thermal isolation slabs were installed. This story had brick filled walls while under the story
beneath had no filled walls between the frame columns. The foundation of the silo bin was a
R.C. plate foundation. The top chamber was a R.C. frame structure with brick filled walls and
cast-in-situ R.C. roof slabs.
2. Earthquake damage
During the quake horizontal fine cracks and longer cracks occurred on the upper part of most
frame columns under the silo; symmetric oblique cracks generally occurred at the ends of beams.
Silos either steel or R.C. were all intact. Two horizontal penetrating cracks occurred on the floor
slab at an elevation of 6.000 m (Fig. 15). Due to pounding at the expansion joint cracking of
brick walls and concrete occurred. A part of the brick filled walls in the top chamber cracked.
(5) Refined coal silo bin at Linxi Mine (intensity IX area)
The silo bin was built in 1939. It was a R.C. framed structure closely constructed to the
washing workshop of the inner framed structure. The two structures varied greatly in shape.
During the quake they pounded against each other and the top chamber of the R.C. box-shaped
structure above the silo was fractured and dislocated. This silo bin was also one of the cases
where horizontal ring cracks occurred on the silo wall.
1. Outline of the structure
The silo bin was 46.7 m in length, 5.182 m in width and about 22.7 m in height above the
ground surface. The column array and silo panel was 5.182×5.182 m in size (Fig. 16), and it was
a 7-panel square silo bin with silos in the central 7 spans. The foundation of the silo bin was a
single R.C. foundation. On top of the silos (above an elevation of 16.150 m) was a semi-closed
box-shaped R.C. structure with R.C. columns 400×400 mm in cross-section; under the silos
(below an elevation of 5.180 m) was a R.C. framed structure; from elevations of 5.180 m to
16.150 m were silos with R.C. walls.
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There was a loft on the lower chord of the roof truss of the washing workshop, supported on
the brackets of silo columns in axis 2.

2. Earthquake damage
(a) Columns in the top chamber at axis 2 were fractured horizontally at the bracket at an
elevation of 19.150 m by the impact of the steel beam in the loft under the roof truss in the
washing workshop. The gable wall of the workshop inclined outward and the roof fell down on
the coal silo. Transverse beams in the roof of the top chamber all ruptured in compression;
columns also fractured from horizontal impact. R.C. walls in the semi-closed structure cracked
at the top corner of the door opening with an offset of up to 500 mm as shown in Figs. 17 and 18.
(b) Three ring cracks occurred on the silo wall along the construction joint (Figs. 17 and 18).
(c) Long cracks occurred on the floor slab at the washing workshop along axis 2 at an
elevation of 5.182 m; a secondary beam under the floor slab fractured (Fig. 16).
(6) Railway coal silo bin at Fangezhuang Mine (intensity IX area)
This silo bin was built in 1963. It was the only brick masonry cylindrical silo bin at the
Kailuan Coal Mine. Five panels of silo collapsed and three panels were seriously damaged in
the quake.
1. Outline of the structure
The silo bin consisted of 8 brick silos with a diameter of 8 m in a single row. The silos were
divided into two groups, one consisted of 8 silos, the other of 3 silos separated by a settlement
joint. The total length of the bin was 71.6 m and the height above the surface was approximately
23.4 m. The plan and cross-section of the bin is shown in Fig. 19. Silos were built with bricks
and the foundation with rubble; hoppers, floor slabs and roof slabs were reinforced concrete.
The structural characteristics of silos are listed in Table 8.
2. Earthquake damage
The silo bin was located in a liquefaction area. Main damage patterns were as follows:
(a) Bearing brick cylinders of 5 silo panels on one side of the settlement joint partly
collapsed under spandrel beams at an elevation of 6.800 m. Silos also collapsed but R.C.
spandrel beams remained.
(b) Bearing brick cylinders of 3 silo panels on the other side of the settlement joint were
damaged under spandrel beams at an elevation of 6.800 m. Large pieces of brick masonry fell
down and the silos nearly collapsed.
(Translator: Lu Rongjian)

cylindrical
silo
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Name of
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R.C.
silo

Total

supported
by
cylinder

supported
by
columns

brick masonry

R.C. frame (without
filled brick walls)

R.C. frame (with
filled brick walls)

brick bearing wall
and arched brick
bearing wall
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Characteristics
1
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X
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XI
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IX

IX

3

IX

35

b100% g
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b100% g
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No.
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b17.1% g

1

b7.7%g

1

b50% g
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1

b25% g

1
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No.
%
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2
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1

b7.7%g

1
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2
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No.
%
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Table 1. Statistics of damage to coal silo bins.
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b100% g
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b23% g
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No.
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3 in a bin and 4 in a bin
respectively

All single silos

Single-row square silo bin

Double-row square silo bin
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Table 2. Statistics of damage to single-row and multi-row square silo bins.
Damage Degree
No. of Bins
Name

single-row
silo bin

multi-row
silo bin

Intensity

No.
%

Collapsed

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Basically
Intact

No.
%

No.
%

No.
%

No.
%

No.
%

1
( 20% )

2
( 40% )

2
( 40% )

1
( 25% )

1
( 25% )

2
( 50% )

XI

5
(100%)

X

4
(100%)

IX

16
(100%)

2
(12.5%)

5
(313%)
.

2
(12.5%)

2
(12.5%)

5
(312%)
.

Total

25
(100%)

3
(1 2 % )

8
(32% )

5
( 20 % )

4
(1 6 % )

5
( 20% )

IX

2
(100%)

1
( 50% )

1
( 50% )

Total

2
(100%)

1
( 50% )

1
( 50% )
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Table 3. Statistics of damage to the top chamber of silos.
No. of
Top
Chambers
Name

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Basically
Intact

No.
%

No.
%

No.
%

No.
%

No.
%

1
( 20% )

1
( 20% )

No.
%

XI

3
(100%)

2
(66.7%)

1
(33.3%)

X

3
(100%)

2
(66.7%)

1
(33.3%)

IX

5
(100%)

3
(60% )

brickconcrete
structure

XI

2
(100%)

IX

6
(100%)

multi-story
R.C. frame

XI

1
(100%)

1
(100%)

X

1
(100%)

1
(100%)

IX

5
(100%)

2
( 40% )

IX

3
(100%)

3
(100%)

steel frame
with brick
filled walls
Total
cylindrical
silo

Collapsed

Site
Intensity

Type of
Structure

brick-wood
structure

square
silo`

Damage Degree

brick-concrete
structure
Total

IX

2
(100%)
4
(66.7%)

29
(100%)

11
(37.9%)

6
(100%)

4
(66.7%)

35
(100%)

15
(42.8%)

2
(33.3%)

9
(311%)
.

2
( 40% )

3
(10.3%)

1
( 20% )

5
(17.2%)

1
( 3.5%)

2
(33.3%)

9
(25.7%)

3
( 8.6% )

7
(20.0%)

1
( 2 .9% )
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Table 4. Rupture of columns of frame under the silo or silo bin.
No. of
Columns

No. of
Columns
Ruptured

original coal silo at
Tangshan mine

6

6

top of columns under silo

silo collapsed

south coal silo at
Zhaogezhuang mine

10

10

under the silo and columns under the
beam

silo collapsed

coal silo for railway at
Jinggezhuang mine

18

18

in the range of 1 m under the beam;
during collapse of the silo, top and
bottom of columns ruptured again

silo collapsed

silo bin at Xujialou new
shaft, Tangjiazhuang
mine

37

37

in the range of 400~1200 mm above
surface of foundation

silo bin seriously
damaged

Name of Silo or Silo Bin

Remarks

Location of Rupture

Table 5. Measured settlement of columns at an elevation of 4.850 m in the
silo bin at the Xujialou new shaft, Tangjiazhuang Mine.
Transversal Axis
Longitudinal
Axis

c

d

e

f

g

h

i

j

k

l

4.435
−0.415

3.816
−1.035

4.395
−0.455

4.440
−0.410

3.952
−0.898

4.006
−0844
.

4.076
−0.774

4.177
−0.673

4193
.
−0.657

4.197
−0.653

4.232
−0.618

4.287
−0.563

4.297
−0.553

4.217
−0.633

4.027
−0.823

4.107
−0.743

4165
.
−0.685

4.247
−0.603

4.285
−0.565

4.285
−0.565

4.280
−0.570

4.270
−0.580

4.290
−0.560

4.232
−0.618

4.052
−0.798

4.210
−0.640

4.290
−0.560

4.338
−0.512

4.387
−0.463

4.365
−0.485

4.359
−0.491

4.284
−0.566

4.147
−0.703

Note: Numerator denotes measured elevation; denominator denotes settlement value.
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Table 6. Statistics of damage to columns on different stories in the silo
bin at the Xujialou new shaft, Tangjiazhuang Mine.
No. of
Stories
(elevation)

No. of
Columns

No. of
Survived
Columns

No. of
Damaged
Columns

No. of Damaged Columns
Fine
Cracks

Cracks

Oblique
Cracks

Crushed

Location of Crack

2

10

Generally at a distance 10-50 cm
below the bottom of the beam,
mostly occurred at a distance
approximately 30 cm below the
beam. Oblique cracks reached up
to 80 cm below the beam.

4

Cracks on the bottom of columns
generally occurred at a distance
20 cm above the beam surface;
those on the top of the column
occurred at a distance 20-100 cm
below the beam surface but most
occurred 40 cm below the beam.
Only one column where cracks
occurred 1 m below the beam.

1st story
(−1.0004.850)

37

12
(32.4%)

25
(67.6%)

31)

10

2nd story
(4.8509.720 m)

37

22
(59.4%)

15
(40.6%)

52)

63)

3rd story
(9.72014.000 m)

37

33
(89.2%)

4
(10.8%)

3

1

4th story
(14.00017.500 m)

37

24
(14.8%)

13
(35.2%)

3

5

5

5th story
(17.500 -

17

17
(100%)

6th story
(22.50026.500 m)

13

13
(100%)

Total

178

121
(68.0%)

225)

8

19

22.500 m)

57
(32.0%)

84)

Cracks on top of the column
generally occurred at a distance
10-100 cm below the beam.
Cracks on 2 columns occurred 10
cm below the beam and cracks
on 1 column occurred 1 m below
the beam. Oblique cracks
occurred mostly in the column
section within the height of the
beam.
Damage to the top of columns at
the sudden change of story height
was serious. Most cracks
occurred at a distance 10-50 cm
below the beam surface. Cracks
occurred 60 cm and 70 cm below
the beam surface for one column
respectively.

Remarks: 1) On one of the columns cracks occurred in the middle section of the column.
2) On all 5 columns cracks occurred in the middle section of the column.
3) On 2 of the columns cracks occurred at the bottom of the column..
4) On 6 of the columns cracks occurred in the middle section of the column.
5) On 2 of the columns cracks occurred at the bottom of the column.

195

Total

9

1

25

20

1

1
(1)

3
(3)

6
(5)

Oblique
Crack

2

(1)

(1)

Vertical
Crack

4

(1)

1
(2)

Oblique
Crack

3 Cracks

1

(1)

Vertical
Crack

2

(2)

Oblique
Crack

4 and Above Cracks

Note: If vertical cracks and oblique cracks occurred at the same time on one beam and the number of
oblique cracks is more than or equal to the number of vertical cracks, then cracks are all considered
as oblique cracks, otherwise as vertical crack, as the figure shown in the bracket.

122
(62.6%)

2
(100%)

10

2

7th story
(30.100 m)
73
(37.4%)

17

6th story
(26.500 m)

17
(100%)

3
(14.3%)

18
(85.7%)

21

5th story
(22.500 m)

1

2

8
(216%)
.

29
(784%)
.

37

4th story
(17.500 and
18.500 m)

3

2

3
(10.3%)

26
(89.7%)

29

3rd story
(14.000 m)

1

7
(24.2%)

22
(758%)
.

29

2nd story
(9.720 m)

3

5

5

Vertical
Crack

31
(79.5%)

Oblique
Crack

2 Cracks

8
(205%)
.

39

1st story
(4.850 m)

Vertical
Crack

1 Crack

21

21

basement
(−1.000 m)

No. of
Damaged
Beams
21
(100%)

No. of
Beams

No. of Story
(elevation)

No. of
Survived
Beams

No. of Beams

Table 7. Statistics of damage to frame beams in the silo bin at the
Xujialou new shaft, Tangjiazhuang Mine.
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Table 8. Structural characteristics of the railway coal silo bin at Fangezhuang Mine.
Elevation
(m)

Strength of
Mortar
(kg/ cm2)

Strength of
Brick
(kg/cm2)

Thickness of
Wall
(mm)

bearing brick
cylinder

under 10.000

25

100

620

A R.C. spandrel beam
existed at an elevation of
6.800 m

brick silo wall

10.000-14.500

50

brick made in
Majiagou

370

R.C. spandrel beams were
placed at an interval of
2.25 m

top chamber

14.500-23.400

25

100

370

Structural Part

Remarks
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Photo 1. Concrete at the top of a column was crushed
and fell down in large pieces and the reinforcement was
bent at a coal silo at Zhaogezhuang Mine.

Photo 2. A column ruptured and the silo collapsed at the
coal silo for railways at Jinggezhuang Mine.

Photo 3. Concrete at the lower part of a column
loosened and cracked with reinforcement exposed and
buckling outward at a silo in Zhaogezhuang.

Photo 4. The lower part of the column fractured and
displaced. The column settled and reinforcement was
seriously deformed at the Xujialou new shaft silo
(Tangjiazhuang Mine).
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Photo 5. Damage to the lower part of a column at a silo
at Lujiatuo Mine. The silo was under construction for
expansion and collapsed in the quake.

Photo 7. The gable wall of the top chamber of the
middle silo collapsed at Majiagou Mine.

Photo 6. The cantilevered part of the upper frame of the
old silo at Majiagou Mine survived.

Photo 8. The top chamber of a refined coal silo
collapsed at Zhaogezhuang Mine.
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Photo 9. Columns of a frame fractured completely and the silo
bin collapsed.

Photo 11. Concrete at the connection of a beam and
column at an elevation of 5.350 m on axis 9-R cracked
locally and reinforcement was exposed and buckled like
a lantern. The column was fractured and inclined.

Photo 10. A view of the refined coal silo bin at
the Tangshan Mine after the quake.

Photo 12. A ring crack around the top of a bracket of a
column at the intersection of axis 4-R near an elevation
of 5.350 m. The beam that was simply supported on the
bracket had been moved out to the edge of the bracket,
nearly falling down.
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Photo 13. A general view of a silo bin at the Xujialou new
shaft (Tangjiazhuang Mine) after the quake.

Photo 14. Three nearly collapsed silos.
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Figure 1. The plan and cross-section of the railway coal silo bin at Jinggezhuang Mine.

Figure 2. Foundation plan of the railway coal silo bin at Jinggezhuang Mine.
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Figure 3. Silo bin rotated after the columns of the frame fractured.

Figure 4. Measured values of elevation on top of the foundations after the quake.
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Figure 5. Drifting diagram of the site at Tangshan Mine.

699

Figure 6. Refined coal silo bin at Tangshan Mine.

Figure 7. Cracks occurred on the frame at axis A.
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Figure 8. Cracks occurred on the frame at axis 2.

Figure 9. Cracks on the frame at axis 2.
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Figure 10. Drilling log diagram of the site of the Xujialou new shaft silo bin at
Tangjiazhuang Mine.
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Figure 11. The arrangement of silo hoppers and column array in the silo bin (Xujialou new shaft, Tangjiazhuang
Mine).

Figure 12. Cracks that occurred in Section 1-1 in Figure 11.
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Figure 13. Measured displacement of columns near the floor slab at an elevation of 4.850 m.

Figure 14. Cracks occurred on the frame in axis 1.

704

Figure 15. The plan and cross-section of a medium refined coal silo bin at Lujiatuo
Mine.

Figure 16. A plan showing the column array of a refined coal silo bin at Linxi Mine.
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Figure 17. Cracks were on the west elevation of the refined coal silo bin at Linxi Mine.

Figure 18. Cracks on the north elevation of the refined coal silo
bin at Linxi Mine.
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Figure 19. The plan and cross-section of the railway coal silo bin at Fengezhuang Mine.
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DAMAGE TO CONVEYOR BELT CORRIDORS AND
TRESTLE BRIDGES AT THE KAILUAN COAL MINE1
Zhai Huanxin2

I. General
After the Tangshan earthquake investigations were made of 74 conveyor belt corridors and
trestle bridges for passengers, with a total length of about 4,000 m (hereafter corridors and trestle
bridges are all referred to as corridors) at the Kailuan Coal Mine. Most of these corridors were
completed after 1949 and up to the 1970’s, and a few were completed before the 1930’s. They
have various structural types, e.g. single-story corridors and two and three-story corridors with a
floor 2.5-7.0 m in width, but mostly 3.0-3.5 m. The longitudinal bearing structures were mostly
cast-in-situ R.C. beam-slab structures with a few steel truss structures. R.C. box-shaped
structures (such as the corridor from the transmitting station of medium refined coal to the
workshop at the Majiagou Coal Mine) and pre-cast R.C. truss structures (such as the corridor
from the gangue processing house to the railway coal silo beam) were used for some corridors.
The lower bearing structures were cast-in-situ R.C. frames consisting of two parallel rows of
columns and transverse beams (briefly called a “two-column type structure”), except for the steel
structures where steel supports were used; a “four-column” type cast-in-situ R.C. frame was used
for a few relatively high corridors. Brick walls or arched brick walls were used for supports in
parts of the low corridors. In some inclined corridors different types of lower bearing structures
were used for regions of different heights; both ends of some corridors were supported on nearby
structures.
All corridors investigated were not seismically designed in the past. Generally speaking,
they were seriously damaged in the Tangshan earthquake. The results of the damage survey are
summarized in Table 1. Damage to the superstructure and lower bearing structure of corridors is
listed in Table 2 and Table 3 respectively. Comparison of damage to the superstructure and
lower bearing structure of corridors of different structural types are shown in Fig. 1 and Fig. 2.
From the above figures and tables it can be seen that damage to brick R.C. corridors was
most serious. There were 52 corridors, the upper part of which was a brick R.C. structure and
the total length of the corridors was about 3,000 m. Of these 47 (90%) collapsed or were
seriously damaged with a total length of about 2,830 m (94%). There were 21 corridors, the
lower bearing structure of which was a brick R.C. structure with total length of about 1,110 m; of
these corridors 19 (90%) collapsed or were seriously damaged with a total length of about 1,050
1

This paper was written based on the investigation reports, drawings and information provided
by the Planning Institute of Coal Industry Ministry; Design and Research Institutes of Coal
Mines in Chongqing, Shenyang, Yanzhou, Wuhan, Xi’an and Handan; Design and Research
Institute of Coal Processing; Shanxi Provincial Design Institute of Coal Mines; and Kailuan
Coal Mine, etc. Earthquake damage statistics in this paper are based on the comprehensive
materials (data) provided by Ye Xishen, Design Institute of Coal Mine in Chongqing.

2

Wuhan Design and Research Institute of Coal Mines
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m (95%). Damage to steel structure corridors was the least. There were 20 such corridors, the
upper part of which was a steel truss structure with a total length of about 850 m. Of these
corridors 14 (70%) were basically intact or were slightly damaged with a total length of about
550 m (65%). The lower part of 8 of these corridors had steel supports with a total length of
about 450 m. Of these corridors 7 (88%) were basically intact or were slightly damaged with a
total length of about 410 m (91%). Damage to corridors supported on cast-in-situ R.C. framed
structures, was also relatively serious. Twenty-four corridors of R.C. framed structures with a
total length of 1,596.4 m were investigated in which 14 (58.4%) were seriously damaged with a
total length of 907 m (56.8%), but no collapse happened and 5 (20.8%) were slightly damaged or
basically intact with a total length of 199.4 m (12.5%). At the Tangshan Coal Mine one corridor
with an A-shaped R.C. support in the intensity XI area survived without damage in the quake.
The damage investigation shows that damage to corridors with a heavy R.C. roof was similar
to those with a lightweight roof. For example, the collapse ratio of corridors with a R.C. roof
was 63% while that of corridors with a lightweight roof was 76.6%.
The investigation showed that the underground part of corridors were basically intact after
the quake.
II. Earthquake Damage
(1) Damage to the upper structure of corridors
1. Steel structure Corridors
For steel structure corridors at the Kailuan Coal Mine, a truss structure with pre-cast R.C.
floor slabs or wood slabs was generally used. Pre-cast R.C. slabs or corrugated steel plates were
used for the roof and lightweight materials such as corrugated steel plates, asbestos tiles, and
foam cement blocks were mostly used for longitudinal walls.
After the quake a majority of steel corridors were basically intact, only a few were
demolished due to collapse of the lower bearing structure, for example the corridor from the coal
pit to the loading station at Lujiatuo Mine, and the corridor from the medium coal silo bin to the
refined coal silo bin at Tangshan Mine. Certain steel corridors suffered damage due to collapse
of nearby buildings. For example, a steel corridor at Lujiatou Mine, under the newly built coal
silo bin which was not yet completed, was crushed due to collapse of the silo bin; a part of a wall
and roof of the steel corridor from the new plant building to the old building of the coal
processing plant at Majiagou Mine were crushed by the wall falling from the nearby main plant
building, but the steel truss was basically intact.
Steel corridors were mostly supported by steel supports that were weak in stiffness in the
longitudinal direction, thus being a flexible structure. Roller bearings were installed between the
corridor and supports. After the quake the top of the supports displaced 50-100 mm but some
could be returned to their original position. One end of the corridor usually pounded against the
nearby building or pushed into the building and the support of the other end was usually pulled
apart. For example, the longitudinal displacement of the corridor from the workshop to the
loading station at Lujiatuo Mine was up to 220 mm and one end of the corridor moved into the
loading station by 200 mm causing cracking of the wall at the station; the connections at the
other end in the workshop were pulled apart.
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In simply supported multi-span steel corridors the curtain wall and floor slab at the
connection of adjacent trusses cracked due to tension, such as the corridor from the main shaft
house to the workshop at Lujiatuo Mine.
2. Brick R.C. composite structure corridors
This type of structure was extensively used for corridors at the Kailuan Coal Mine. In such
corridors longitudinal R.C. beams were used to support the curtain wall, roof and floor loads.
The span of the beam was usually about 9 m and the beam was a cast-in-situ R.C. continuous
beam. R.C. slabs, corrugated steel plates or asbestos tiles were used for roof slabs. In corridors
of this type of structure, with either a heavyweight or lightweight roof, damage to the wall above
the floor slab or to the roof were serious and the collapse ratio reached 61.9-84.3%.
a. Roofs
Damage to the roof of corridors mainly resulted from the collapse of the supporting walls.
When the longitudinal walls on both sides inclined outward, fell down, the roof would fall down
on the floor. At the coal processing plant of the Tangshan Mine in an intensity XI area, the roof
of the corridor was made of asbestos tiles (light roof, Photo 1) and at the corridor for removing
gangue at Majiagou Mine (area of intensity X) the roof was made of a cast-in-situ R.C. slab
(heavy roof, Photo 2). Damage to the roofs of these corridors were of the same pattern. When
the longitudinal walls inclined and fell in the same direction the roof usually fell outside of the
corridor and some even overturned by 180°. In the area of intensity IX the No. 103 corridor of
the Xujialou new shaft at Tangjiazhuang Mine and the gangue removing corridor at Lujiatuo
Mine both had cast-in-situ R.C. roofs and the roofs fell outside of the corridor and overturned by
180°.
b. Brick wall
The wall of the corridor was a long strip-shaped structure and no columns for strengthening
were placed in the wall. The lateral stiffness of the wall was very small and integrity was poor.
The main damage patterns of the wall were that cracks occurred at the upper and lower edge of
the window openings on the wall and parallel cracks occurred at the intersection of the wall and
floor slab and under the roof eave. For example, in the double-deck corridor from the main plant
building to the transmitting station of refined medium coal at Majiagou Mine, the bearing brick
walls were supported on the ground. The floor slab and roof slab of the corridor were made of
cast-in-situ R.C. slabs. After the quake cracks parallel to the floor slab above and below window
openings were found. These types of long cracks occurred generally above and under window
openings when a cast-in-situ R.C. roof was adopted, but only occurred under window openings
when a lightweight roof was adopted. For example, bearing brick walls and a cast-in-situ R.C.
floor slab and roof slab were used in the No. 406 corridor for transporting coal at Zhaojiazhuang
Mine and long parallel cracks occurred under the eave and at the intersection of the floor slab
and the wall (Photo 3).
Inclined cracks also occurred on the wall between windows originating at the lower corner of
the window opening. Also, in the vicinity of an expansion joint, inclined cracks extending
upward were often found at the upper corner of a window. When the wall was seriously
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damaged the corner of the wall fell down, which happened to the corridor for transporting
gangue at Linxi Mine.
If two different types of supporting structures were used in the same corridor such as brick
walls adjacent to an R.C. frame, they were generally connected by an R.C. girder. A brick wall
installed with an expansion joint was often pounded by the girder at the connection of the girder
and wall and part of the wall collapsed; the brick wall without an expansion joint was often
cracked in tension or damaged due to pounding resulting in vertical and inclined cracks
occurring on the wall. Some of the walls dislocated locally or collapsed on the bearing surface
of the girder. For example, at the No. 406 corridor for transporting coal at Zhaogezhuang Mine
vertical cracks along the vertical brick joints occurred on the wall at the expansion joint and part
of the wall was extruded.
A serious damage pattern of the upper brick wall in corridors was mainly that the whole wall
fell off the R.C. girder or that the connection between the wall and the floor slab or walls
between two window openings or several successive openings partly fell down. In general, the
higher the corridor the more serious the collapse of the wall. However, there were some
exceptions. For example, at the No. 406 corridor from the shaft house to the silo bin of
Zhaogezhuang Mine the upper brick wall in the lower section of the corridor collapsed
completely and cracks occurred on beams and columns of the lower R.C. frame, but the upper
brick wall and roof in the upper section remained intact and the lower R.C. frame was also free
of damage (Photo 4).
c. Longitudinal R.C. beams
Cast-in-situ R.C. continuous beams were mostly used for supporting brick R.C. corridors.
Simply supported beams were supported on the cantilevered ends of beams in a few corridors for
example, the corridor from the gangue processing workshop to the loading silo bin at Majiagou
Mine. Damage to longitudinal beams was rather slight or they basically intact and no serious
damage was even found for cantilevered beams with a cantilever of 2.5-3.0 m. For example, at
Fangezhuang Mine and Linxi Mine longitudinal beams with cantilevered parts in several
corridors were intact after the quake.
However, damage to simply supported beams placed on cantilever beams was serious. For
example, in the corridor from the gangue processing workshop to the loading silo bin at
Majiagou Mine the simply supported spans fell down and were demolished. Reinforcement in
the connection between the end of the cantilever beam and simply supported beam was pulled
out and fractured and the concrete was shattered. (Fig. 4 and Photo 9).
Damage to R.C. longitudinal beams mostly occurred at supports where concrete at the
bottom of the support was crushed and steel bars exposed. For example, in the corridor between
the old and new refined coal silo bin at Majiagou Mine both ends of the longitudinal beams were
all placed on the silo wall and part of the beam was cast together with the silo wall. During the
quake the concrete at the end of the beam cracked and fell down and the reinforcement buckled
and became exposed. Another example, in the No. 2 corridor of the coal processing plant of
Linxi Mine ring cracks occurred at the end of a longitudinal beam near the frame column in a
range of about 600 mm, but such cracks were seldom found in corridors at other coal mines.
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Some longitudinal beams were fractured because of damage to the bearing structure or
because of collapse of nearby buildings. For example, in the corridor from the No. 2
transmitting station to the main plant building of Zhaogezhuang Mine the longitudinal beam was
supported on the brick wall; the beam was fractured and fell down with the collapse of the
bearing brick wall.
During the quake the end of the longitudinal beam often pounded against a nearby building
due to the relative movement exceeding the width of the expansion joint resulting in concrete at
the end of the beam not only being crushed but the nearby building also being damaged, this was
especially serious for cantilever beams. For example, in the corridor of the Xujialou new shaft at
Tangjiazhuang Mine the cantilever beam pounded against the transmitting station building
causing fracture of columns in the first bay of the R.C. frame and a crushing of the concrete at
the outer end of the cantilever beam.
Generally speaking, stiffness of the longitudinal beam was relatively large when it was cast
with the floor slab forming a channel cross-section, therefore, damage to the beam was slight and
the floor slab was also seldom damaged. In a few corridors of the coal processing plant at Linxi
Mine transverse cracks occurred on the floor slab but the damage was not serious. The
occurrence of cracks was mainly due to the upper structure falling onto the floor, or they were
induced by the collapse of the lower bearing brick walls.
3. R.C. box-shaped structure corridors
R.C. box-shaped corridors were not extensively used because their own weight was large and
construction was troublesome. They were generally cast-in-situ. At the Kailuan Coal Mine such
corridors were only used at Majiagou Mine and Linxi Mine. This type of structure was good in
integrity and was especially adopted in large span corridors. The corridor from the transmitting
station to the workshop at Majiagou Mine used this type of structure. The thickness of the wall
in the corridor was 200 mm, the clear size of the corridor was 2.2 m in height, 2.3 m in width and
the length of the single span was 15 m. One end of the corridor was supported on the R.C. frame
beam of the workshop and the other on the brick wall of the transmitting station. Due to collapse
of the transmitting station building one end of the 2nd story corridor collapsed on to the 1st
story; concrete at the end of the box structure was crushed and at the other end anchor bars
buried in the frame beam were pulled out, concrete was crushed and reinforcement exposed.
Other parts of the corridor remained intact (Photo 5).
4. Pre-cast R.C. truss structure corridors
Pre-cast R.C. truss structures were generally used in large-span elevated corridors. At the
Kailuan Coal Mine this type of structure was only used in the corridor from the gangue
processing plant to the railway coal silo bin at Jinggezhuang Mine. The floor slabs in the
corridor were pre-cast R.C. slabs, and pre-cast cement-wire slabs were used for the roof and
surrounding walls. There were 3 bays in the corridor. The ends of the corridor were placed on
the gangue processing plant and the coal silo bin respectively, and the middle of the corridor was
supported on the R.C. frame. During the quake, bays at both ends fell down with the collapse of
the gangue processing plant and the coal silo bin, and the remaining central bay supported on the
two-column and four-column R.C. frame did not collapse but were seriously damaged. Cracks
of various extent occurred on a large number of joints in the truss, they were especially serious at
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the end of the truss; a part of the welded joints in the upper and lower chords and pre-cast R.C.
slabs were also damaged and dislocation also occurred.
5. Wood structure corridors
Only a trestle bridge was found at the Tangshan Mine. The bearing structure at one end of
the trestle collapsed in the quake causing the trestle to fall; another end of the trestle tilted
causing the concrete block on top of the rubble column to move. However, damage to the body
of the trestle was not obvious.
(2) Damage to the lower structure of corridors
1. Steel supports
Steel supports were used in most steel structure corridors and bearing R.C. frames or brick
walls were used in a few corridors. The upper end of the steel support was hinged with the steel
truss and the lower end was fixed on the R.C. foundation. In the quake an overwhelming
majority of steel supports remained intact. There were certain corridors with steel supports at
Linxi Mine and Lujiatuo Mine and these supports were slightly damaged or were basically intact
in the quake.
In the corridor from the preparing workshop to the coal loading station at Lujiatuo Mine,
although the top of the column of the steel support displaced 190 mm longitudinally, no damage
to other members of the support was found. The double corridor from the floating processing
workshop to the coal loading silo bin at the coal processing plant of Tangjiazhuang Mine was
two parallel corridors, both supported by a composite steel support. In the quake the top of the
small extruding upper support inclined and displaced 50 mm laterally, a few inclined web
members were bent due to compression and other members were all intact.
2. Bearing R.C. frames
Elevated corridors at the Kailuan Coal Mine were usually supported by a two-column frame;
or were supported by a four-column frame at higher elevations or in the location of the belt
pulling installation. The longitudinal beam of the corridor was cast together with the column top
of the frame forming a longitudinal frame structure. Under the columns of the frame was a
single R.C. foundation. After the quake, although the frames were damaged, or seriously
damaged, all the frames were still standing.
a. Frame columns
Frame columns were slightly damaged when 400 mm ring cracks occurred under the bottom
of the longitudinal beam, and on columns in the middle story about 1 m below or above the
transverse beams. For example, in the No. 1 and No. 2 corridors of the gangue corridor and
refined coal corridor of the coal processing plant at Linxi Mine, such ring cracks occurred on
frame columns. Furthermore, except for the above-mentioned ring cracks, in the gangue
transporting corridor and the refined coal transporting corridor horizontal cracks also occurred in
the middle section of columns, but these cracks were not often seen.
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When damage to frame columns was serious the concrete in the column of 500-1,000 m
beneath the bottom of the beam was crushed and cracked, the reinforcement buckled and
exposed. Such a damage pattern also existed near the bottom of the column in individual
corridors such as in the passenger corridor at Tangshan Mine. When the damage was serious the
upper section and lower section of a column deformed laterally and the concrete of the column
was crushed. For example, the double deck corridor from the No. 3 shaft to the No. 2 shaft at
Tangshan Mine was a R.C. framed structure and frame columns extended from the 1st story up
to the roof. Longitudinal brick filled walls were built on the upper two stories, but filled walls
on the 1st story were not completely placed so most of the spans were exposed. Damage to
columns and walls in the upper two stories was slight and the columns on the 1st story all failed
in shear and dislocated at the bottom of the frame beam with cracked concrete, buckled and
exposed reinforcement. The reinforcement at the top of some columns buckled like a lantern. At
the same time, damage to filled walls on the 1st story was extremely serious, part of the walls
collapsed.
In the quake corridors always pounded against a nearby building (or corridors on the sides of
the expansion joint pounded against each other) causing fracturing of columns of the frame at the
end of the corridor. The locations of fractures was in the range of about 600 mm below the
bottom of the longitudinal beam. For example, in the corridor of the new coal processing plant
at Zhaogezhuang Mine of the upper part of the frame structure pounded against the lower part of
the brick structure. As a result, the brick wall was demolished and the columns in the supporting
frame were fractured and dislocated. The same damage pattern also occurred in the corridor of
the Xujialou new shaft at Tangjiazhuang Mine where the end of the cantilever beam pounded
against the transmitting station building. In the corridor of the coal storing court at Fangezhuang
Mine the end of the cantilever beam pounded against the gangue processing plant building;
columns of the first frame near the building also fractured and the location of the fractures was
under the bottom of the longitudinal beam.
Some of the frame columns in the corridor were installed with brackets to support the
longitudinal beam (simply supported). Concrete in the bracket was flaked off in the quake,
especially that on the outer side of the bracket.
b. Frame beam
General features of damage to the frame beam included inclined shear cracks that were wide
at the top and narrow at bottom that occurred at the end of the frame beam in about one-third of
the span with an angle of 45° towards the beam support. These types of cracks sometimes
occurred at both ends inclined in opposite directions but certain ones occurred only at one end.
Such cracks occurred on frame beams of corridors at Majiagou Mine and Tangjiazhuang Mine.
Inverted inclined cracks at about one-third of the span were narrow at the top and wide at the
bottom occurred on a few frame beams, the cracks extended upward to the upper corner of the
beam. For example, in the corridor from the gangue processing plant building to the railway
loading silo bin at Jinggezhuang Mine, either inclined cracks or inverted inclined cracks
occurred on beams of four-column supporting frames (Photo 6); in the passenger corridor at
Tangshan. This type of inverted inclined crack also occurred on the frame beam with brackets.
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When damage to a frame beam was serious x-cracks would occur at the end of the beam with
crushed concrete and exposed reinforcement. Such cracks were found on beams of two-column
supporting frames in corridors at Linxi Mine and Majiagou Mine.
Vertical cracks were also found at the ends of some frame beams, near the support, and
passing through the whole cross-section of the beam. Most of these cracks were narrow at the
top and wide at the bottom but sometimes vice versa. These cracks also occurred on frame
beams in several corridors at the coal processing plant of Linxi Mine.
c. Brick bearing structures
Brick bearing structures (including brick walls, arched brick walls and brick columns) were
mostly used for low corridors in the lower section. In most corridors R.C. beams in the lower
section were supported by brick walls, the walls all suffered damage. Inclined cracks and
dislocation occurred on walls that were slightly damaged. Some collapsed walls caused the
whole section of the corridor to fall. Damage to the walls with openings was more serious than
to those without openings and inclined cracks occurred mostly at the upper corner of the
openings.
In corridors supported by arched brick walls inclined cracks extended upward and horizontal
cracks generally occurred at the bottom of the arch while vertical cracks occurred on the top of
the arch. A part of the masonry at the bottom and top of the arch fell down, in some cases the
wall upon the arch collapsed or the whole masonry structure collapsed.
Some bearing brick structures were basically intact. For example, the corridor from the
locker room to the bathroom at Majiagou Mine was a 17 m single span structure with both ends
on square brick supports and a R.C. staircase provided longitudinal support. The floor and roof
of the corridor were cast-in-situ R.C. structures. The corridor was basically intact after the quake
and only fine horizontal cracks occurred on the wall at the connection of the wall and
longitudinal beam and at the upper and lower edge of the window opening. Brick houses at both
ends were also slightly damaged. Although the span of the corridor was large and the weight
was great, damage to the corridor was slight.
d. Bearing brick R.C. composite structures
In corridors supported by both brick walls and R.C. frames, damage to the lower supporting
structure was similar to that of a brick bearing structure and a R.C. bearing structure
respectively.
e. Corridors supported by nearby buildings
Damage to corridors supported by nearby buildings mostly occurred at the connection (or
support) of the corridor and the building. In one case the end of the corridor pushed into a
nearby building while the other end pulled apart from an other building and fell down. For
example, the support at one end of the corridor from the medium coal silo bin to the refined coal
silo bin at Tangshan Mine fell down in the quake and blocked the path between the two silo bins
(Photo 7).
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(3) Other damage patterns
a. Tilting induced by soil liquefaction
The characteristics of damage to corridors built on a sandy soil that experienced liquefaction
was a tilting of the whole structure. For example, the corridor from the transmitting station to
the coal silo bin of the Xujialou new shaft at Tangjiazhuang Mine was a cast-in-situ R.C. framed
structure. The corridor tilted laterally. The maximum drift on the floor reached 860 mm and the
corridor was seriously damaged. The mine carriage corridor of the Xujialou new shaft was
connected to the coal silo bin by a simply supported span. One end of the span was placed on
the bracket of the corridor support frame and the other end was supported on the beam of the silo
bin. During the quake soil liquefaction occurred; differences in settlement of the corridor and
the coal silo bin was rather great making the corridor tilt longitudinally and walls crack.
b. Horizontal dislocation at the expansion joint
In corridors of R.C. framed structures installed with expansion joints, settlement joints were
generally placed between the foundations of two frames at the expansion joint. In the quake a
horizontal dislocation occurred at the expansion joint. Such dislocation occurred both in the
corridor of the coal court at Fanjiazhuang Mine and the corridor at Linxi Mine. The maximum
horizontal dislocation of the corridor at Linxi Mine was up to 120 mm.
c. Torsion deformation
The four-column R.C. support frame in the corridor from the gangue processing plant to the
railway coal silo bin at Jinggezhuang Mine was rotated but there was no surface evidence of
liquefaction.
III. Case Examples
(1) Corridor from the coal pit to the loading station at Lujiatuo Mine
This corridor was located in an area of intensity IX. The site soil was Type III and it slightly
liquefied in the quake. The corridor was 3.2 m in width and about 50 m in length. The upper
structure had two steel trusses as installed with roller supports, pre-cast R.C. floor slabs and roof
slabs. On both sides of the corridor there were foam cement block walls 60 mm thick. The
corridor had a steel support in the middle and the lower end of the corridor was placed on a brick
wall. During the quake the trusses displaced about 100 mm longitudinally; floor and roof
connection to the two trusses were pulled apart; the brick wall supporting the lower end of the
corridor collapsed and the steel trusses also collapsed. Damage to the upper end of the corridor
was slight (Photo 8).
(2) Refined coal corridor of the coal processing plant at Tangjiazhuang Mine
This corridor was 3.5 m in width, 37 m in length, was supported by an arched brick wall and
was located in an intensity IX area. The site soil was Type II. The floor slab and roof slab were
cast-in-situ reinforced concrete and the surrounding walls were brick walls. During the quake
the upper structure of the corridor completely collapsed with the roof falling to the ground next
to the corridor. The floor slab was fractured and hanging in the air; the lower arched brick walls
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collapsed and serious cracks also occurred on the surviving walls. The coal sample room
installed under the corridor was completely demolished (Fig. 3).
(3) Corridor from the gangue processing plant to the coal loading silo bin at Majiagou
Mine
This corridor was 3 m in width, 52.5 m in length, and was located in an intensity X area and
the site soil was Type II. It was a cast-in-situ R.C. structure with a R.C. floor slab, roof slab and
surrounding brick walls supported by R.C. frames connected with longitudinal R.C. beams. In
the middle of the corridor there was a short span and the corridor was simply supported on the
cantilevered ends of longitudinal beams. During the quake the upper brick walls and roof slab
completely collapsed. Symmetric oblique cracks occurred at both ends on most of the frame
beams which were offset vertically and thus seriously damaged. Horizontal cracks occurred at
the top of the columns under the bottom of the longitudinal beams with loosened and cracked
concrete. Anchor bars at the cantilevered end of the longitudinal beam were pulled out and
concrete fell down (Fig. 4 and Photo 9).
(4) Corridor at the coal court of Fangezhuang Mine
This corridor was 4 m in width and about 126 m in length and was located in an intensity IX
area. The upper structure consisted of a R.C. floor and roof slabs and brick walls; the lower
structure consisted of R.C. support frames connected by longitudinal beams. A box-shaped R.C.
tunnel was underground. All members of the R.C. structure were cast in-situ. Columns in the
corridor were placed on the side wall of the tunnel with a spacing of 8 m. The height of the floor
slab was 11 m (Fig. 5). After the quake a lot of sandboils occurred at the site and ground cracks
occurred on both sides of the corridor. The brick walls in the corridor all collapsed and the roof
slab overturned by 180° and fell to the ground close to one side of the corridor. Horizontal
cracks occurred at the top and bottom of the columns. For longitudinal beams with a bracket,
cracks were located at the edge of the bracket; for beams without a bracket (such as those at axis
7 in Fig. 5), cracks were located outside the support of the beam. Concrete in the cracks was
crushed with steel bars exposed, part of which buckled and bent. Support frames settled
differentially and tilted at the expansion joint with a maximum relative settlement up to 447 mm.
The top of the column inclined with a maximum value relative to the column foot of 250 mm.
The directions of inclination were not always the same; for example, the direction of inclination
of columns at axis 7 and those at axis 23 were just opposite, revealing that twisting of the whole
corridor had occurred. The cantilevered end of the beam near the gangue processing plant
pounded against the plant building causing ring cracks to occur on the frame columns at axis 7
under the bottom of the longitudinal beam. The tunnel was basically intact.
(5) Carriage corridor from the Xujialou new shaft to the coal silo bin at Tangjiazhuang
Mine
This corridor was 47.5 m in total length and 10 m in width and was used for running ore
carriages. It was located in an intensity IX area and the site soil was Type II. It was a cast-insitu R.C. framed structure with brick filled walls on the 1st and 2nd story, column spacing was
7 m with independent foundations. The height of the floor slab in the corridor was 22.48 m.
Sandboils occurred at the site. Damage patterns of the corridor included inclined cracks that
occurred symmetrically on the longitudinal connecting beam of the frame at elevations of 10.55
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m and 16.35 m, all were near the one-third point of the beam span; vertical cracks occurred at the
end of a few beams and cracks on columns were not obvious; as observed by telescope,
horizontal cracks only occurred at the connection of the column and nearby building at an
elevation of 4.85 m. However, columns were displaced by the quake. Displacements of
columns A, B and C in axis 1 were most obvious. Longitudinal displacements along the corridor
were approximately 81-100 mm while transverse displacements were about 45-130 mm.
Furthermore, the whole corridor settled about 450 mm but the difference of settlement was very
small, within a range of approximately 10 mm. This was a case in which differential settlement
due to soil liquefaction was relatively small, but damage to the corridor was rather serious (Figs.
6-8 and Photo 10).
(6) Corridor from the old processing plant to the medium coal silo bin at Tangshan Mine
This corridor was located in the intensity XI area with a Type II site soil. It was 4.4 m in
width and 41.19 m in total length. It was a single-story corridor containing two conveyor belts
and was rebuilt as a two-story corridor containing four conveyor belts around 1972.
Originally the corridor was supported by a cast-in-situ R.C. framed structure. The upper
structure had brick walls 240 mm thick. During rebuilding, a part of the brick walls under the
corridor was removed and aid and a R.C. spandrel beam was placed on top of the brick walls,
then the wall of the corridor was rebuilt. No floor slab was installed in the corridor. The
conveyor belt in the upper story was supported by the frame of the double conveyor belt in the
lower story. The roof of the corridor consisted of wood trusses with asbestos tiles. In the first
span of the corridor a longitudinal connecting beam was added at an elevation of 4.7 m. The
support of the longitudinal beam on the second supporting frame was strengthened in order to
improve its resistance to negative bending moments.
During the quake the upper story of the corridor collapsed completely and the lower story
partly collapsed. The center line of the corridor displaced about 250-300 mm to the south at the
lower end. Concrete at the top of the columns cracked, reinforcement was exposed and some
steel bars in the damaged inclined section buckled outward like a lantern. Inclined cracks
occurred on longitudinal beams and vertical cracks occurred at both ends of the connecting
beams.
(7) Corridor from the transmitting station to the silo bin of the Xujialou new shaft at
Tangjiazhuang Mine
This corridor was 2.8 m in clear width and 75.1m in length (horizontal distance) with an
inclination of 12° and was located in the intensity IX area with a Type III site soil. The elevation
of the floor at the lower end was 5.123 m and 21.065 m at the higher end. Under the corridor
were cast-in-situ R.C. framed structures and there were 9 single-span, multi-story transverse
frames. The upper part of the corridor had brick walls 240 mm thick and a cast-in-situ R.C. roof
slab. In the middle of the corridor an expansion joint was installed. The foundations were all
single R.C. footings. Soil in the bearing layer was medium sand, coarse sand, fine sand and
medium sand respectively (from ground surface downward). The underground water level was 2
m below the bottom of the foundation.
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During the quake the site soil liquefied and a lot of sandboils occurred on the surface. A
ground crack about 200 mm wide occurred on the surface in the vicinity of the corridor. The
footings of the corridor displaced horizontally and settled unevenly. Transverse frames suffered
damage to various degrees. Serious cracks occurred at panel joints and oblique cracks occurred
on a part of the longitudinal beams in a range of one-third of the span. The surrounding walls
collapsed and the roof slab was thrown to the ground 2 m away from the corridor turning 180°.
Although the roof slab cracked it remained whole. The entire corridor tilted and the mine’s
transverse supporting frames inclined laterally to the south 260-860 mm at the floor slab surface
(Fig. 10-12).
(Translator: Lu Rongjian)
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Table 3. Statistics of damage to lower bearing structure of corridors.
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Photo 1. The roof of a corridor at the Coal Processing
Plant collapsed at the Tangshan Coal Mine.

Photo 2. The roof of the gangue removing corridor
collapsed at the Majiagou Coal Mine.

Photo 3. There were cracks on the No. 403 corridor for
transporting coal at the Zhaogezhuang Mine.

Photo 4. The lower section of the No. 403 corridor at
Zhaogezhuang Mine collapsed while the upper section
remained intact.
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Photo 5. Damage to the corridor from the transmitting
station to the workshop at Majiagou Mine.

Photo 6. Damage to beams in the four-column support
frame of the corridor from the gangue processing plant
to the railway loading silo bin at Jinggezhuang Mine.

Photo 7. Damage to the corridor from the refined coal
silo bin to the medium coal silo bin at Tangshan Mine.

Photo 8. Collapse of the corridor from the coal pit to the
loading station at Lujiatuo Mine.

725

Photo 9. Damage to the corridor from the gangue processing
plant to the coal loading silo bin at Majiagou Mine.

Photo 10. Damage to a longitudinal beam in the corridor
from the Xujialou new shaft to the coal silo bin.
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Figure 1. A comparison of damage to superstructures of corridors of different structural
types (statistics based on number of corridors).

Figure 2. A comparison of damage to lower bearing structures of corridors of different structural types (statistics
based on number of corridors).
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Figure 3. Damage to the corridor in the coal processing plant at Tangjiazhuang Mine.

Figure 4. Damage to the corridor from the gangue processing plant to the coal loading silo
at Majiagou Mine (elevation: m, size: mm).
(a) Longitudinal direction; (b) Cross-section of upper structure; (c) View A
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Figure 5. Damage to the corridor of the coal court at Fangezhuang Mine.

Figure 6. The plan and displacement of columns in the corridor from the Xujialou new shaft
tower to the coal silo bin at Tangjiazhuang Mine (size: mm).

Figure 7. Cracks on the frame in Fig 6. in axis I (elevation: m; size: mm).
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Figure 8. Cracks on the frame in Fig. 6 in a lateral direction (elevation: m; size: mm).
(a) In axis A; (b) In axis B; (c) In axis C

Figure 9. Damage to the corridor from the old coal processing plant to the medium refined coal silo bin at Tangshan
Mine (elevation: m; size: mm).
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Figure 10. Profile of the corridor from the transmitting station at the Xujialou new shaft to the silo bin of the sieving
building at Tangjiazhuang Mine.

Figure 11. Relative horizontal displacements of the foundation top of the corridor in Fig. 10 (size: mm).

Figure 12. Relative horizontal displacements of the top of the floor slab the corridor in Fig. 10 (size: mm).
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DAMAGE TO SOME STRUCTURES AT THE IRON
AND STEEL MAKING PLANT OF THE TANGSHAN IRON
AND STEEL CORPORATION1
Zhou Shanwen2 and Yu Chuncheng3

The Tangshan Iron and Steel Corporation (TISC) is located east of Tangshan. The soil at the
plant was relatively good. Only the soil at the 2nd steel making plant was relatively bad. During
the earthquake there was soil liquefaction and sand-spouts in some areas and buildings tilted and
sank unevenly.
There was no seismic protection for workshop buildings and structures in TISC. After the
earthquake most structures were damaged to various degrees which led to the shutdown of the
whole Corporation. This paper will mainly introduce the earthquake damage to some structures
at the steel making plant and iron making plant, including storage bins, passages (bridges),
cooling water towers, water tanks, overhead concentrating tanks, blast furnaces and attached
structures and oil tanks, etc.
1. Storage Bins
There were 8 storage bins and 13 independent hoppers; with 235 storage cells each with a
capacity of 23,250 m3 at the steel making plant and iron making plant of TISC. Two of the 8
storage bins were semi-underground types; the others were overhead types. The storage bins of
the 2nd steel making plant were double row types, the others were single row types. Four were
made of steel, 3 were made of reinforced concrete, and 1 was made of a combination of steel,
reinforced concrete and stone blocks. Thirteen hoppers were overhead steel structures. The
general condition and earthquake damage to these storage bins and hoppers are listed in Table 1.
It can be seen from Table 1 that the semi-underground storage bins had good earthquake
resistance behavior; there was no serious damage even to the stone block structure. The
overhead storage bins were deformed seriously, one of them collapsed and one was seriously
damaged.
(A) Coke bin for steel making
The storage bins were divided into rows of 50 storage cells each and were arranged in single
rows on each side of the railway. The length of each was 158 m. There was little difference
between the structures on the two sides. The south side had reinforced concrete support beams
and a stone block support pier while the north side had steel support beams and a full-length
1

Gu Zhiqing, Wang Jushen, Wang Dingqi, Du Kan, Xie Longzhang, Zhang Yaokai, Tang
Chengbang, Huang Jiemin and others took part in the collection of material.

2

Chongqing Iron and Steel Designing Institute

3

General Building Research Institute of MMI
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stone block wall (Fig. 1). During the earthquake there was not much material in the bins
(estimated to be no more than 50% of the design storage capacity). After the earthquake the
north side storage bins were basically intact. Under the east 16 storage cells of the south side,
the stone block cracked and loosened (Photo 1). There was a horizontal crack approximately
200 mm wide in the stone wall under the longitudinal full length reinforced concrete beam of the
south side.
(B) Limestone bin and coke bin at the 2nd steel making plant
The two bins were steel structure overhead storage bins. They had been in service for only 1
year and they collapsed during the earthquake .
There were 12 storage cells in the limestone bin; a group of eight cells in on the east, which
were built before; and a group of 4 cells on the west, which were built later with a joint to
separate them (Fig. 2). The plan size and bin top elevation of the two bin cells were the same,
but the bin body of the west group was shorter and the support pillar was higher. After the
earthquake 28 steel support columns of the storage bin were all broken and the bin bodies were
dropped on to the ground (Photo 2); the wall panel of the bin body twisted, many parts were torn
apart and limestone leaked out. The west group broke apart after dropping onto the ground.
They not only tilted northward seriously, but also one bin cell at the west end turned westward
approximately 1.6 m and a lot of ore leaked out (Photo 2). There was no longitudinal impact
mark between the two groups of bins.
The coke bin was parallel to and south of the limestone bin which had 42 bin cells arranged
in double rows with a total length of 76.2 m each (Fig. 3). After the earthquake the north
columns inclined southward and the foundation bolts generally pulled out of the foundation, and
the south columns generally buckled, cracked, or broke, and the whole bin body dropped on the
ground and inclined southward (Photo 3). The vertical siding was torn apart mainly near the
columns (Photo 4). Although the top structure of the storage bin was enclosed by a light steel
pole, steel roof truss and corrugated iron the damage was serious especially in the east where it
tilted northward and nearly collapsed.
It should be noted that there were serious imperfections in the design and construction of the
steel storage bin. A simple calculation shows that even under normal work loads the stress in the
columns was near the limit, i.e. at the limestone bin under deadweight and normal material load,
the compressive stress in the column was 33,000 p.s.i. which exceeded the allowable stress by
30%. The unbraced steel columns of the coke bin were connected by bolts and the structure had
poor resistance to horizontal loads; so did the top structure of the coke bin. The foot and top of
the column had small moment resistance. Furthermore, the columns of the storage bin were
made of 4 steel angles welded into a box section by intermittent welding. The welding quality
was poor which might be the main reason why the columns cracked and broke when they were
damaged (Photo 5). Besides, there was a lot of stock material in the bins during the earthquake,
especially in 7 bin cells at the west end of the limestone bin where the stock material was 1 m
higher than the bin.
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(C) Raw material bin of the iron melting furnace at the 2nd steel making plant
This was a reinforced concrete storage bin with 8 bin cells arranged in a single row with a
total length of 40 m. After the earthquake 18 reinforced concrete columns (400x600 mm) under
the storage bins broke at elevation 7.5 m; most of them broke into 3 pieces. The body of the bin
collapsed and slightly tilted southward (Photo 6).
The top structure of the storage bin tilted southward and a reinforced concrete column turned
at the base and was almost broken. There were inclined cracks in the built-in brick wall between
the columns but it did not collapse. There were walls only at the two ends; the west gable was a
corrugated iron structure which cracked and dropped; the east gable was a built-in brick wall,
and it collapsed.
Except for the steel hopper at the bottom, the bin was basically a closed reinforced concrete
box structure which was intact after dropping onto the ground. It was without cracks or
deformation.
(D) Material bin of the blast furnace
This was a reinforced concrete storage bin whose 21 bin cells were divided by the settlement
joint and transition platform into 4 groups and corresponded with the No. 1, 2, 3, and 4 blast
furnaces from west to east; there was a pellet bridge supported on the west end cells of the
storage bin (Fig. 4).
After the earthquake the storage bins were seriously damaged. Reinforced concrete columns
of the west group of bins were broken beneath the beam at elevation 4.655 m and the bins
dropped onto the ground (Photo 7). The damage to the east group was less serious; the columns
cracked horizontally at the top of the foundation and under the bottom of the beam, and concrete
peeled off. The damage to the middle two groups was between the east and west groups; the
columns were seriously damaged, concrete fell off in many places, steel bars buckled like
lanterns (Photos 8 and 9), and bins inclined southward due to settlement. The west group nearly
collapsed.
The top structure of the storage bin was an open type roof with steel columns. It had an
angle steel roof truss and corrugated iron roofing so it was a light structure with good
connections at the top and bottom of the steel columns. After the earthquake most of the top
structures were in good condition except for the local damage caused by the bin body dropping
onto the ground.
The body of the bin was basically intact. Even the 1m high and 240 mm thick refractory
brick masonry (both sides plastered with 20 mm thick cement mortar) in the middle of the
vertical wall of the body had no obvious damage.
There were two features that could be seen from the damage. One was that damage to the
material bin of the blast furnace was mainly at the top and bottom of the columns (at the bottom
of the beam); the other was that damage to the material bin of the blast furnace increased step by
step from east to west and the damage in the southwest corner was most serious. As for each
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column, the southwest corner of these sections was damaged more seriously. The following
information is provided for this pattern of damage:
Referring to the geological condition near the blast furnace it was found that the foundation
soil at the east end was better; the bearing stratum was mainly dense middle-sized sand. The
foundation soil of the two middle groups was worse; the bearing stratum had 3 m of thick silttype clay stratum and approximately 2 m of thick soft plastic sub-clay stratum. The bearing
stratum at the west end of the foundation had a very thin layer of a silt-type subclass and a layer
approximately 2 m thick of saturated rock-flour, but there was no evidence of liquefaction.
There was no big difference between the structure of the 4 groups of storage bins but there
was a bridge supported directly on the west end group. The investigation showed that there was
no obvious relationship between the damage and the weight of material in the bins. It can be
seen from the stock material shown in Fig. 4 that the group with the most stock material did not
collapse, however, the least damaged group was not the one with the least stock material.
2. The Conveyer Belt Bridge
(A) General description
There were 23 bridges with a total length of 1,006 m at TISC. See Table 2 for the structural
condition and seismic hazard.
It can be seen from Table 2 that the steel structure bridge was basically intact although nearly
half of the reinforced concrete structure was damaged or collapsed. The steel structure bridge
had good seismic resistant performance, 72% of which was basically intact. The brick and
concrete structures had poor seismic resistant performance; the brick wall at the top of the bridge
was damaged and 26% collapsed.
(B) Earthquake damage
1. Damage to the top structure of the bridge
The top structure of the bridge mainly included the roof, floor and walls. The roofing of the
iron and steel making plants were made mainly steel roof trusses and corrugated iron roofing on
steel purlins. A few were heavy roofs with cast-in-place reinforced concrete with slabs. There
were mainly two types of floor: one was steel beams, plate or grate flooring on purlins; the other
was cast-in-place reinforced concrete beams with a slab floor. There was some seismic damage
to these types of roofs and floors due to damage of the supporting structure. For example, the
pellet charging bridge of the blast furnace lost support and broke over approximately 10 m due to
partial collapse of the raw material bin (Photo 10). For another example, the girder of the bridge
between the raw material bin of the converter at the 2nd steel making and the No. 1 transfer
station lost support and seriously cracked due to the damage to the columns (Photo 11).
The enclosing walls of the steel bridge used a steel skeleton on which corrugated iron, was
hung a little of which was damaged. The steel bridge from the raw material bin of the iron
melting furnace of the 2nd steel making plant, had the channel steel and corrugated iron bent
from impact near the transfer station (Photo 12). Seismic damage to the brick wall of the brick
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and concrete bridge was serious. There were 4 brick and concrete bridges at the iron and steel
making plants; their top structure used 240 mm thick brick wall enclosures and supports. The
bridge between the raw material bin of the converter of the 2nd steel making plant and the No. 1
transfer station had its brick wall collapsed and its roof boards dropped onto the ground. (Photo
13). There were intermittent cracks at the top and bottom of the walls the other 3 brick and
concrete bridges. A common feature of the uncollapsed brick and concrete bridge was that the
floor was located at the middle and bottom of the girder height and this decreased the height of
the brick wall by 400-700 mm. This might be the reason for the better performance.
2. Earthquake damage to the supporting structure at the bottom of the bridge
55% of the supporting structure beneath the bottom of the bridge at the iron and steel plants
were steel supports; 45% were reinforced concrete supports. Among them, most of the steel
supports were basically intact after the earthquake. Only a few supporting members were
seriously deformed (Photo 14) and there were a few supports whose foundation bolts were
broken or their nuts dropped off (Photo 15).
After the earthquake most of the reinforced concrete supports were intact. Two reinforced
concrete columns of the bridge from the raw material bin of the converter at the 2nd steel making
plant to the No. 1 transfer station were seriously damaged. Seriously damaged at the top and lost
supporting capacity (Photo 11). The collapse of the storage bin increased damage to the
reinforced concrete double column supports of the pellet charging bridge of the blast furnace. Its
cross-beam end at the bottom of the support cracked with an X-shaped appearance; two supports
near the storage bin had a joint approximately 1 cm; two supports farther away from the storage
bin had a joint width of approximately 1 mm.
3. Damage to the masonry support pier
The lower end of the inclined bridge normally used a stone block support pier or was
supported on brick columns. The damage was more serious. For example, the lower end of the
brick and concrete bridge between the mixing chamber of the iron making plant and pellet shaft
furnace was supported on brick columns in the mixing chamber brick wall. The columns were
5.4 m high and the section area was 490x620 mm. After the earthquake the brick columns
cracked at the top end near the bridge girder and at the bottom end near the floor level and
masonry partially peeled off. There were many examples of damage to support piers such as the
open-air bridge from the rod mill house to the material storage house. It had a light weight and a
span of just 6 m but the stone block support piers cracked laterally through along the bridge with
a joint width of 1 cm.
4. Damage to the bridge at the support on the building
Most of the bridges were supported directly on buildings. This type of support resulted in
serious damage to both the building and the bridge. When the building collapsed the bridge fell;
some supporting buildings did not collapse, but the bridge was damaged seriously at the support.
The following cases belong to the last type of damage. The brick and concrete bridge from the
mixing chamber of the iron making plant to the pellet forming shop, whose top end was
supported by a bracket on the east end of the forming shop, had brick walls that broke and nearly
collapsed after the earthquake (Photo 16). The support of the steel bridge from the No. 1 transfer
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station of the 2nd steel making plant to the main building moved 220 mm on the No. 1 transfer
station, its bolts were sheared off and the bridge almost collapsed (Photo 17). The top of the raw
material bridge of the blast furnace in the iron making plant was supported on a screening
building, both the bridge and the screening building were damaged.
(C) Damage examples
1. Bridge from the mixing room of the iron making plant to the pellet forming
workshop
This was a brick and concrete bridge, its top structure used a 240 mm thick brick wall for
support and enclosure; the lower part was a cast-in-situ reinforced concrete structure. The
bottom of the bridge was supported on a stone block pier and the top was supported on a bracket
on the pellet forming workshop (Fig. 5). After the earthquake the overhead brick wall of the
bridge cracked intermittently along the full length of the bridge; the bottom of the bridge wall
cracked seriously. The stone block support pier cracked horizontally under the girder for
approximately 300 mm. The top girder supporting the bridge had an inclined crack at the girder
end. Other parts of the bridge, especially the bottom support structure of reinforced concrete and
the bridge girder, were basically intact after the earthquake.
2. Bridge from the raw material bin of the converter of the 2nd steel making plant to
the No. 1 transfer station
This was also a brick and concrete bridge. It was the most seriously damaged type of bridge
at the TISC iron and steel making plants. The bridge had an east-west orientation and its
structure was similar to the preceding case but with shorter supports and longer spans. The
damage was much more serious (Fig. 6). Its main type of damage follows:
(1) The brick wall of the bridge collapsed entirely, the cast-in-situ reinforced concrete roof
dropped onto the ground and broke. It can be seen from Photo 13 that the overhead part of the
brick wall and roof collapsed to the south side of the bridge, however, the brick wall of the
bridge on the ground collapsed to the north side of the bridge.
(2) The top of the two reinforced concrete columns of support 1 were seriously damaged;
concrete dropped off, steel bars buckled, the top of the column tilted to the southwest
(approximately 180 mm to the west, 85 mm to the south), and lost its supporting capability
(Photo 11).
(3) The bridge girder (girder 1) lost a support due to the damage to support 1; the girder
seriously cracked here (maximum crack width was approximately 6 mm) and sagged
approximately 350 mm (Photo 11).
(4) The stone support pier cracked, loosened and partially collapsed which made the girder
sink.
(5) The top concrete of the bracket-supporting beam 1 and 2 partially broke.
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3. Bridge from the No. 3 transfer station at the 2nd steel making plant to the raw
material bin of the iron melting furnace
This was a steel bridge in a north-south orientation. Its top structure was a steel truss
covered by a corrugated iron enclosure. Its bottom support was a steel structure. The brick wall
had an open space of about a 300 mm under the top chord of the truss. The maximum span of
the bridge was 27 m, and the minimum span was 18 m. There were 6 bays with a total length of
132.25 m. The elevation of the bottom chord of the truss was 15.8 m. There was a support near
the raw material bin on the north end of the bridge but the end of the bridge was also supported
on the raw material bin. After the earthquake the material bin tilted toward the bridge and
collapsed. Damage to the bridge was as follows (Fig. 7).
(1) The base of the 2nd support (counting from the north end) was damaged, bolts of a
member in the northeast corner broke, the other bolt was stretched, and the nut was taken off
(Photo 15). The welded joint between the base stiffening plate of the column at the southeast
corner and the base plate was pulled apart. Furthermore, the secondary grouting layer footing of
the 4th pillar was broken.
(2) At the 3rd support from the north end, web members and vertical members were bent
about 2 m above the foundation (Photo 14).
(3) After the collapse of the raw material bin, the steel beam supporting the bridge hung on
the bridge end and embedded members anchoring the steel beam were pulled out from the
support bracket.
(4) The steel support of the bridge at the No. 3 transfer station was damaged, the web
buckled, and the welded joint between the web and flange cracked. The end vertical member of
the bridge truss here bent northward a little.
(5) The welded butt joint between the trusses of the two bays (I. center of supports) was
pulled open and dislocated laterally and horizontally. At the connection with the transfer station
the bridge was squeezed and bent (Photo 12).
4. Bridge from the No. 1 transfer station to the main building
This was also a steel bridge oriented in a north-south orientation. In the middle was the
No. 2 transfer station which divided the bridge into a north and south section. The south section
had 2 bays with a total length of 53 m. The north section had 4 bays with a total length of 80 m.
The top structure was a steel truss clad with corrugated iron. The bottom support was a
reinforced concrete structure. Its south section was a 4 column frame type support and the south
end was supported on the main building; single piece. The soil in this area was poor, there were
modern sediments, underground aquifers and powdery sand. There was an uneven silt-type subclay bearing stratum under the foundation. During the earthquake the soil liquefied, and there
was water and sand gushing up in many places. The ground surface at the No. 2 transfer station
cracked and subsided (Photo 18). The ground near the south side column of the transfer station
sank approximately 200 mm; the whole transfer station sank unevenly and tilted southward.
The damage to the bridge was as follows (Fig. 8):
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(1) The south section of the bridge pushed into the No. 2 transfer station approximately
200 mm, and the support of the bridge truss at the transfer station was damaged, and 2 M20 bolts
in each truss support were sheared at platform level.
(2) Three single pieces of the north section supports of the bridge were bent southward.
(3) The north section support of the bridge at the No. 3 transfer station moved southward
approximately 220 mm, and 2 M20 bolts in each truss were sheared at the bottom. Only about
50 mm of bearing remained so the bridge almost collapsed (Photo 17).
3. Water Tower
There were 4 water towers at the steel making plant at TISC. Their structures were basically
the same, only the plan sizes were different. The water tank on top of the tower was a closed
box-type structure composed of pre-fabricated reinforced concrete beams, columns and wall
panels. It was a cast-in-place reinforced concrete underground structure. The middle portion of
the tower was a pre-fabricated reinforced concrete column supporting the upper tank. The
structural condition of the water tower is shown in Fig. 9 and Photo 19.
After the earthquake the main damage to the water tower was at the top and bottom ends of
the column (Photos 20 and 21), and each column was seriously damaged on two sides parallel to
the water tower in a lateral direction; concrete fell off, steel bars were exposed and bent.
Besides, during the earthquake many fabricated reinforced concrete water spraying grates in
the tower fell.
4. Water Tank and Overhead Concentration Tank
Two water purifying tanks at the iron making plant and 2 overhead circular concentrating
tanks at the 2nd steel making plant were investigated.
Two water purifying tanks were open-type rectangular tanks with a similar top level and
ground elevation. One was a water purifying tank with a reinforced concrete structure 110 m
long, 15 m wide, 6 m deep and the tank wall was approximately 400 mm thick. There was a
traveling gantry crane. After the earthquake the tank and crane were basically intact, and there
were no water leaks. The other one was a dedusting water purifying tank with a plain concrete
structure. It had obvious seismic damage see Fig. 10, for its structure and damage. The main
damage was that the vertical wall in the lateral direction of the tank cracked near the middle of
the tank width, the top crack was wide, the bottom crack was narrow, the top opening was
approximately 10 mm; reinforced concrete retention plates of each cell of the tank cracked
vertically at both ends. The retention plate of the middle cell was damaged the most. It not only
cracked at both ends but also the plane deformed into an S-curve (Photo 22). The water in the
tank leaked out.
Two overhead circular tanks located north of the main building of the 2nd steel making plant,
were arranged in a west-east orientation with 18 m diameter, a reinforced structure, and elevation
of the tank top was 6 m. There was no water in the tank at the time of the earthquake. The
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foundation soil at the 2nd steel making plant and the area around it is generally fine sand and a
silty clayey soil stratum. It liquefied during the earthquake. Around the condensation tank there
was water and sand gushing up in many places and parts of the soil subsided. The ground near
the west condensation tank sank 10-15 cm and the east tank sank approximately 5 cm. After the
earthquake the structure was basically intact. There was obvious damage to the tank and to the
column or to the brick single-story house between the two tanks, only the tanks tilted a little
(Fig. 11). The top of the west condensation tank moved westward approximately 150-200 mm,
the east one moved eastward approximately 100 mm.
5. Blast Furnace and its Attached Structure
There were four 100 m2 small sized blast furnaces in TISC. The No. 1 blast furnace started
up in 1958, Nos. 2 and 3 started up in 1959. All of them shut down in 1962 and restarted
separately in 1969-1970. There were no overhauls before the earthquake. The foundation of the
No. 4 blast furnace was built in 1958, but the structure was built and started up in 1971.
Four blast furnaces were all constructed according to the standard design of the 100 m2 blast
furnaces (1958 version). See Photo 23 for the type of support structure and vertical arrangement
of the attached structure.
The attached structure mainly included a hot air oven, a deduster, a scrubber and a skew
bridge.
The site soil of the blast furnace was Class II soil. The bearing stratum of the No. 1, 2, and 3
blast furnaces was sub-clay and the allowable bearing capacity of the subgrade was 16.7 ton/m2
but the foundation of the No. 1 blast furnace had approximately 1.5 m of thick saturated soil.
Under the foundation of the No. 2 and 3 blast furnaces there was a silty sub-clay stratum
approximately 3 m thick. The foundation of the No. 4 blast furnace was good; it was basically
dense middle-sized sand. During the earthquake, near the No. 3 blast furnace there was some
water and sand coming out from the ground. This showed that the foundation soil here had
liquefied.
After the earthquake the damage to buildings near the blast furnace such as the storage bin,
iron caster room, power distributing room, shaft furnace, dining hall, stack, etc. was serious,
however, the direct damage to the blast furnace and its attached structures was not obvious; the
main structure was basically intact. After the earthquake water and electricity was out and liquid
iron solidified in the furnace and was hard to remove so the shut-down time was longer. The
damage to the blast furnace and its attached structures is described as follows:
(A) Blast furnace
1) The outlet pipe of the blast furnace was destabilized and deformed at the base. The pipe
had a convex and concave channel. The concave channel was approximately 1-2 cm deep and
60-80 cm long. The welded joint between the base of the outlet pipe of the No. 4 blast furnace
and the seal plate at the furnace top cracked at the northwest side. The crack was 1.3 cm wide
and 25 cm long. According to the report this place was a weak part in regular production as the
base of the outlet pipe needed repair every several months.
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2) The deformation of the outlet pipe was obvious. The beam at several connecting points
between the outlet pipe and the frame of the furnace top was pulled open and the connection
steel was bent and separated from the pipe by approximately 7 cm. The outlet pipe of the No. 4
blast furnace tilted southward with an offset of approximately 10 cm at the platform elevation.
The pipe wall leaned against the south side of the distributing platform.
3) Besides the No. 4 blast furnace, casings of the other three blast furnaces were bulged,
especially the furnace hearth; damage to the north side was more serious. It was 18 years after
the three furnaces had been built. Not only did they rust but their liner also was decreased by the
impact of charging material. After the earthquake the body of the furnace did not tilt much.
After cleaning and partial repairs they were operable again. During the restart the 3 furnaces
were actually measured. See Fig. 12 offset of their top steel rings. It was found that there was
no certain regularity of tilting direction for each blast furnace; they did not tilt much.
4) The top support of the skew bridge of the No. 4 blast furnace was buckled, which made
the bridge head lower and move northward. The skew bridge head struck the charging
equipment on the furnace top; the lift rod of the bell was bent, the receiving hopper was pushed
aside, and the distributor could not rotate (Fig. 13).
Among the 4 furnaces damage to Nos. 1 and 2 was minor; the No. 3 furnace shaft tilted
seriously; and No. 4 was the most damaged (but its foundation soil was the best). This
contradicted the damage situation of 4 groups of raw material bins of blast furnaces which
increased from east to west.
(B) Hot air oven
It was observed that hot air ovens of the 4 blast furnaces tilted a little. It was hard to judge
whether the inclination was caused by the earthquake or due to not having been checked before
the earthquake.
The steel operating platform for a group of hot air ovens of the No. 4 blast furnace was
broken and deformed (Fig. 14). It was found at the start-up that there was some warpage of the
furnace casing in the range of 2/3 the height of the blast furnace and that the top brick liner had
cracked.
There was no damage in some important places such as at the bottom steel casing of hot air
ovens, connecting bolts at the furnace base, and the joint location between the pipe and furnace
shaft, etc.
(C) Deduster and scrubber
The reinforced concrete support of the deduster was obviously damaged (Fig. 15). The
secondary pouring layer and concrete was squeezed, cracked and partially dropped. There was a
narrow vertical crack in the middle of the column which did not affect regular operation. There
was a horizontal crack at the joint between the column and cross-beam and there was inclination
and a cross crack at the end of the cross-beam. No damage was found at the joint of the steel
cylinder and its pipe.
The scrubber was a steel structure and was intact after the earthquake.
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(D) Skew bridge
As a whole, there was no obvious bending or torsion to other skew bridges except for
bending of the top support of the skew bridge of the No. 4 blast furnace which made the skew
bridge head drop approximately 10 cm and move northward approximately 15 cm (Fig. 13).
Furthermore, it was found after an actual measurement that the skew bridge tilted relative to the
basically stable bottom. The tilting situation was that the skew bridge of the No. 1 blast furnace
inclined westward 10.2 cm, the skew bridge of the No. 2 blast bridge tilted eastward 8.4 cm, and
the skew bridge of the No. 3 blast furnace tilted westward 11.9 cm. No actual measurement was
taken for the No. 4 blast furnace but its tilt was probably caused by inclination of the furnace top.
The charging car was running on the skew bridge of the No. 2 furnace during the earthquake and
was left to hang on the furnace top because it was out of control.
The structures of the 4 skew bridges were similar. The foundation of the skew bridge of the
No. 4 blast furnace was good and its time in service was short; structural rust corrosion was
minor however the damage to it was more serious.
6. Oil Tanks
There were 15 ground-vertical steel oil tanks that were investigated in TISC. They were
loaded with heavy oil and they had five different volumes: 1,000, 400, 300, 200, and 100 m2.
Each tank was enclosed by a circular protective wall.
There were eight 100-400 m3 oil tanks and all were intact except for leakage at 2 pipe
connections. One leak was at the interconnecting pipe between 2 oil tanks at the No. 3 rolling
shop. There was relative movement between the two tanks, the pipe broke and a lot of heavy oil
leaked out (Photo 24). The other leak was at the inlet of the temperature holding pipe of the 300
m3 oil tank. It had leaked oil before the earthquake but the oil leak was more serious after the
earthquake.
There were seven 1,000 m3 oil tanks, approximately 36 ft in diameter and 20 ft in height.
The existing oil and damage conditions are listed in Table 3. It was found that the structures of 5
tanks with less than 500 tons of oil were intact. A few oil tanks leaked because the protective
brick wall collapsed and damaged the valves and pipes. The other 2 oil tanks had a design
thickness of 6 mm and the actual measured thickness was 8 mm. They were full of oil before the
earthquake. The bottom part of the vertical wall of the oil tank bulged outward in an elephant
foot buckle. The bottom of the vertical wall of the No. 2 oil tank at the middle size rolling shop
bulged along the circumference; the southeast part of it was the most serious. The measured
results of deformation are listed in Table 4. The bottom of the vertical wall of the west oil tank
at the small size rolling shop bulged in the range of 1/3 circumference in the northwest and
cracked where it bulged the most. The crack was 300 mm long, approximately 6 mm wide and
the body of the tank-tilted northwest. A lot of oil leaked from these two tanks after the
earthquake and only 50 tons of oil remained.
There was a reinforced concrete ring beam in the protective brick wall of the oil tanks. Most
of the walls had 2 ring beams; 5 small oil tanks had only 1 in the middle. After the earthquake
the brick wall of the tank with 1 ring beam was seriously damaged and collapsed in a large area.
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The brick wall under the ring beam was basically intact. Most of the protective brick walls of
the tanks with 2 ring beams were basically intact. The protective brick wall of the No. 3 oil tank
at the middle size rolling shop was seriously damaged. The bottom 490 mm thick wall cracked
in many places, the 240 mm thick brick wall on the middle ring beam and the ring beam at the
top collapsed and dropped onto the ground. The top covers of the oil tanks used a steel skeleton
upon which an iron plate was laid. They were intact after the earthquake.

Box columns formed by 4<125x10,
vertical brace at the top
12 bins, total 2,400 m3
All columns broke, bin body dropped and
inclined northward, several bins on the
west moved more than 1 m westward

Box columns formed by 4<125x10,
vertical brace at the top
30 bins, total 1,800 m3
Basically intact

Columns

Remarks

Damage Condition

Angle steel used were spliced by
leftovers

Steel structure

Limestone bin at the
2nd steel making plant

Steel structure

Corrugated iron roofing and side walls,
triangular steel roof truss, (140x10)
battened steel columns

Raw material bin at the
1st steel making plant

Bin Body

Top

Storage Capacity

Structure

Sketch

Name

Table 1. General condition and damage of storage bins in TISC.

Angle steel used were spliced by
leftovers

Top structure tilted, twisted, bolts at the
foot of the north columns pulled out,
south columns buckled, cracked, broke,
the bin body dropped

42 bins, total 10,920 m3

Box columns formed by 4<125x10

Steel structure

Corrugated iron roof and side walls,
triangular steel roof truss, (140x10)
battened steel columns

Coke bin at the 2nd steel making plant

743

Sketch

Name

Remarks

Semi-basement bin

Some stone block wall columns cracked
under the beam, others were basically
intact

Damage Condition

3

Steel reinforced concrete and stone block
structure, columns were formed by
4<140x90x10 columns

100 bins, total 3,400 m

Columns

Bin Body

Top

Coke bin at the iron making plant

Basically intact

1 bin, total 100 m

3

Box column formed by 4<160x14

Steel structure

Limestone bin at the iron making plant

Table 1. Continued.

Storage Capacity

Structure
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13 hoppers arranged in the area of the
iron making and steel making plant

Basically intact

13 hoppers, total 130 m3

Steel structure

Steel structure

Raw material transfer hopper
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Columns

Bin Body

Top

Remarks

Damage Condition

Storage Capacity

Structure

Sketch

Name

400x600 reinforced concrete column, full
section reinforced with 10 µ 25
8 bins, total 1,000 m3
Top structure tilted south, columns broke,
walls between columns cracked and
partially collapsed, all columns broke, bin
body dropped

Reinforced concrete semi-basement with
wall columns
8 bins, total 1,000 m3
Basically intact

Semi-basement bin

Reinforced concrete vertical wall, steel
hopper

Corrugated iron roof, triangular steel roof
truss, reinforced concrete column with
built-in 240 brick wall

Iron melting furnace at the 2nd steel plant

Reinforced concrete structure

Corrugated iron roof and side walls,
triangular steel roof truss, steel column

2nd steel making plant

Table 1. Continued

5 west columns broke and the bin body
dropped, columns of the bins were badly
destroyed and nearly collapsed

21 bins, total 2,100 m3

450x450 reinforced concrete column

Most of the vertical wall was reinforced
concrete, middle part 1,000 in height was
refractory brick wall with sides plastered,
steel hopper

Corrugated iron roof, triangular steel roof
truss, 140x90x10 single angle steel
column
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Type

reinforced
concrete
open-roof
bridge

reinforced concrete
beam, slab, floor; steel
truss with corrugated
iron open roof

reinforced concrete
beam, slab, floor and
roofing; brick wall
bearing and enclosure

Top Structure

reinforced concrete
support

reinforced concrete
support

Bottom Structure

Structure Schematic and Features

1/51

3/95
74%

4/128

1/51

Basically Minor Medium Serious
Intact Damage Damage Damage Collapse

Length
(m)
1/33
26%

Damage Degree and Percentage

Qt.

Support of bridge top impacted
with transfer station, roofing
beam and slab cracked and
deformed.

Brick wall of one bridge
collapsed and roof dropped, the
support was damaged seriously.
Other brick wall cracked.

Damage Condition

Table 2. General condition and damage to on-ground conveyer belt bridge at the iron making plant and steel making plant in
Tanggang.

brickconcrete
bridge

746
746

teel open-air
bridge

steel-support
bridge

reinforced
concrete
open-air
bridge

Type

steel floor with steel
truss support

steel truss and
corrugated enclosure

reinforced concrete
beam,slab,floor

Top Structure

steel support

steel R.C.
support support

reinforced concrete
support

Bottom Structure

Structure Schematic and Features

5/120

9/575

5/120

7/413
72%

3/70
53%

2/162
28%

1/52
39.4%

0/10
7.6%

Basically Minor Medium Serious
Intact Damage Damage Damage Collapse

Length
(m)
4/132

Damage Degree and Percentage

Qt.

Table 2. Continued.

Steel support of a bridge
deformed, a few foundation
bolts pulled out, support of
some bridges were slightly
damaged. Support of other
bridge tilted southward due to
uneven sinking, support of
bridge was damaged.

One bridge was broken 10 m
due to collapse of the storage
bin and lost support, other
supports and cross beams
cracked.

Damage Condition
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Table 3. Damage to 1,000 m3 oil tank.
Name of Shop

middle size
rolling shop

small size
rolling shop

Tank No.

Existing Oil (t)

Damage Condition

1

500

Basically intact

2

900

Tank wall buckled and bulged near plate, valve
was damaged

3

500

Tank basically intact, valve and some connecting
pipes were damaged due to collapse of protective
wall

4

80

Basically intact

5

80

Basically intact

east
west

500
900

Basically intact
Tank wall buckled and bulged at 1/3 of 1st ring
plate, partially cracked, body of tank tilted.

Table 4. Deformation at the bottom vertical wall of the No. 2
oil tank at the middle size rolling shop.
Measuring Point
Arrangement

Deformation (mm)
Sectional View

No.

m

n

1

110

120

2

1.
2.
3.
4.
5.
6.

Plan view.
R.C. beams 250x450.
Stock material condition during the earthquake.
Bin wall of steel plate.
Horizontal crack under the beam approximately 200 mm.
Stone pipes loosened and inclined cracks under the beam pad.

(Translator: Zhou Shanwen)

3

150

4

140

100

5

160

120

6

140

120

7

110

140
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Photo 1. Stone blocks supporting the pier of the coke
bin at the Iron Making Plant were damaged.

Photo 2. Columns of the limestone bin at the 2nd Steel
Making Plant were broken.

Photo 3. Columns tilted and the bin dropped onto the
ground.

Photo 4. A vertical wall of the bin was torn apart.
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Photo 5. Columns of the bin cracked.

Photo 6. The bin collapsed.

Photo 7. Columns of the storage bin broke and the bin
body dropped onto the ground.

Photo 8. Columns were seriously damaged at the
bottom of a beam.
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Photo 9. The base of a column was seriously damaged.

Photo 10. The raw material bin collapsed and the bridge
was broken.

Photo 11. The column of the bridge failed and the girder
was broken.

Photo 12. Deformed channel steel members of the wall
of a bent.
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Photo 13. The brick support wall of the bridge collapsed
and roof slabs dropped.

Photo 14. Steel members of the bridge support were
seriously damaged.

Photo 15. Foundation bolts of the steel supports were
damaged.

Photo 16. The brick wall of the workshop at the
entrance of the bridge cracked and broke.

Photo 17. There was a gap 220 mm wide between the
bridge and the transfer station.

Photo 18. The ground near the transfer station cracked
and settled.
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Photo 19. The column under the middle of the water
tower structure was damaged. See Photo 20.

Photo 20. The column top was damaged. See Photo 19.

Photo 21. The column bottom was damaged. See Photo
19.

Photo 22. The water retention plate of a tank was
damaged.

Photo 23. View of 100 m3 blast furnace and attached
structures in TISC.

Photo 24. An interconnecting pipe broke on the west
side of a valve.
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Figure 1. A section and plan of a coke bin at the iron making plant.

Figure 2. A section and plan of a limestone bin at the 2nd steel making plant.
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Figure 3. The plan and section of a coke bin at the 2nd steel making plant.

Figure 4a. Damage to the material bin of the blast furnace.

756

Figure 4b. Damage to the material bin of the blast furnace.

Figure 5. Damage to the bridge from the mixing room to the pellet forming shop.
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Figure 6. Damage to the bridge from the raw material bin of the converter at the 2nd steel making plant to the No. 1
transfer station.
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Figure 7. Damage to the bridge from the No. 3 transfer station of the 2nd steel making plant to
the raw material bin of the iron making furnace.

Figure 8. Damage to the bridge from the No. 1 transfer station of the 2nd steel making plant
to the main building.
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Figure 9. Damage to the water tower at the 2nd steel making plant.
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Figure 10. Damage to the dedusting water cleaning tank of the blast furnace.

Figure 11. After the earthquake a concentrating tank 18 m in diameter tilted toward two sides
at the 2nd steel making plant.
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Figure 12. Tilting of the blast furnace top by actual measurement after the quake.
0 – correct position of the center of the furnace top
0’ – position after the center of the furnace top tilted.

Figure 13. Skew bridgehead of the No. 4 blast furnace and the
charging equipment on the furnace top impacted together.
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Figure 14. The support of the overhead hot air flue was damaged.

Figure 15. Damage to the support of the deduster.

763

DAMAGE TO STRUCTURES AT COKING PLANTS, REFRACTORY PLANTS
AND CEMENT PLANTS IN TANGSHAN PREFECTURE
Han Jiagu*

I. Silos (silo bins)
Forty-eight R.C. silos were investigated after the earthquake; they stored coal, coke,
limestone, hard clay, cement clinker, slaked lime and cement. Statistics on damage to these silos
are listed in Table 1.1 (based on damage to the support structures of the silos).
Table 1.2 shows the amount of storage in the silos and damage to parts of silos during the
quake.
(1) Damage to square silos
The structural sizes of 10 typical square silos supported by columns and their damage are
listed in Table 1.3.
Damage to square silos mainly occurred at the top of the support columns under the silo.
When slightly damaged horizontal cracks occurred at the top of the column or concrete was
spalled the exposed reinforcement as shown in Photos 1.1 and 1.2. With moderate damage the
concrete was crushed and the reinforcing bars buckled like a lantern as shown in Photo 1.3.
With serious damage the column fractured at the top and resulted in the collapse of the silo as
shown in Photos 1.4 and 1.5.
Furthermore, a few of the support columns had slight damage at the bottom, i.e. concrete
spalled off as shown in Photo 1.6.
Generally, no obvious damage to the silo body itself was found. For silos that collapsed due
to fracture of support columns, damage to the silo body was not serious, only some concrete fell
down due to pounding.
(2) Damage to circular silos
The structure and damage patterns of 10 typical circular silos are listed in Table 1.4. The
damage to circular silos was less than to square silos, the damage to circular silos supported by
circular walls was less than to those supported by columns. The damage to various structural
members of circular silos is as follows:
a) Support columns
Damage to support columns mainly occurred at the top of the column. In general, horizontal
cracks occurred at the top of columns; for inner columns oblique shear cracks also occurred. At
the top of the support columns concrete was crushed and spalled off with bent and exposed
reinforcement; brick filler walls near the top of columns were also loosened and crushed (Photo
* Anshan Design Institute of Coking and Refractory Materials, Ministry of Metallurgical
Industry
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1.7). The most serious damage occurred when columns fractured at the top, and the silos on
them collapsed (see case example 4 in the following and Photo 1.8).
Only the inner columns of the cement silo bin at the Qixin Cement Plant in Tangshan were
damaged in the quake when they were split at the bottom.
b) Supporting silo wall
Damage occurred mainly in weakened section of the supporting silo wall. For example,
oblique cracks occurred at the corners of window openings, circular cracks occurred near the
bottom of the wall. Damage to walls of the No. 10, and 13-19 silo bins in Table 1.4 all belonged
to this category of damage.
c) Silo wall
Generally, no obvious damage to walls of circular silos was found, except for the cement silo
bin at the Qixin Cement Plant in Tangshan where the silo walls were crushed with exposed
reinforcement at the connection of the two silos. In the ring beam under the silo wall the
concrete spalled locally and the beam fractured obliquely with cracks 1 cm wide and the
reinforcement in the beam was exposed and bent (Photos 1.9 and 1.10).
(3) Damage to the top chamber of silo bins
Generally speaking, damage to the top chamber of square silo bins was less than to circular
silo bins. Statistics on damage to top chambers are shown in Table 1.5. The structural type and
damage patterns of 19 typical top chambers are listed in Table 1.6. Damage patterns are also
shown in Photos 1.11-1.13.
(4) Case examples
a) Clinker silo bin for the vertical kiln at the alumina mine in Guogezhuang (in the
area of intensity X)
This was a silo bin with square silos supported by cast-in-situ R.C. columns. It was 48.65 m
in total length and was divided into two sections by an expansion joint 50 mm in width. Brick
filled walls were placed between the support columns in a longitudinal direction with a wall
foundation 500 mm wide. The top chamber was a semi-exposed cast-in-situ R.C. framed
structure. The foundations of the support columns were individual R.C. footings. The
foundation soil was Type II. The plan of the structure is shown in Fig. 1.1.
After the quake horizontal cracks 1.5 mm wide were found on top of the support columns.
Oblique shear cracks less than 2 mm in width occurred at both ends of the longitudinal
connecting beams between support columns, x-cracks occurred in filled walls. A part of the
walls collapsed. One of the cantilever beams of the staircase cracked. However, the top
chamber was basically intact.
b) Raw material silo bin for the vertical kiln at the alumina mine in Guogezhuang (in
the area of intensity X)
This was a silo bin with circular silos 7.5 m in inner diameter supported by cast-in-situ R.C.
columns. Two ends of the silo bin were connected to a corridor and to a material supply
building, respectively. The top chamber was a semi-exposed cast-in-situ R.C. frame with
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concrete strength of 200 kg/cm2 (Fig. 1.2). Under the support columns was a cast-in-situ R.C.
circular foundation with a buried depth of 2.5 m and concrete strength of 150 kg/cm2.
After the quake a lot of circular cracks 1-3 mm wide were found at the connection of the
support column to the lower ring beam; cracks on top of the inner columns were more serious
than those on the outer columns.
No obvious damage to the silo wall was found even though the top chamber collapsed
completely. After frame columns in the top chamber became fractured some columns penetrated
the R.C. roof (Photo 1.14).
c) Coal silo bin at the Coking Plant in Tangshan (in the area of intensity X)
The Tangshan Coking Plant was located on the east side of Wandou Hill in the city. The
overlying soil layer at the site was about 12 m thick and the bedrock was Ordovician limestone.
Damage to surface buildings was relatively slight due to good foundation soil. The coal silo bin
was a cast-in-situ R.C. structure supported by columns with a concrete strength of 200 kg/cm2.
The spacing of columns was 10.6 m in a longitudinal direction and 8.0 m in a transverse
direction. Filler walls were laid with #75 bricks and #25 mortar. The foundation of the columns
was a R.C. strip foundation. The top chamber was a R.C. frame structure with brick filler walls.
The roof was a cast-in-situ R.C. slab structure with beams (Fig. 1.3).
After the quake horizontal cracks about 2 mm wide were at the top of the support columns.
Concrete around the cracks was spalled. Concrete on the surface of the column near the platform
at an elevation of 6.9 m spalled off. Concrete at the bottom of the support columns was also
crushed (Photos 1.15 and 1.16). The silos and top chamber were basically intact.
d) Raw material silo bin at the No. 7007 Cement Plant (in the area of intensity X)
This was a R.C. silo bin with two groups of circular silos in one row; one row consisted of 2
silos and the other of 3 silos supported by a silo wall. Spacing between the two groups of silos
was 4.0 m. Each group of silos was connected to the frame of the lifting machine (Fig. 1.4). The
supporting silo wall was 150 mm thick and 2 m high. The vertical section of the silo wall was
8 m high and the inclined section was 3 m high. The inner diameter of the silo was 6.15 m and
the concrete strength was 200 kg/cm2. The top chamber was a masonry structure with a cast-insitu R.C. roof. Clay, crushed stones and slag were stored in the silos. During the quake all the
silos were full of materials. The site soil of the silo bin was Type I.
After the quake oblique cracks occurred on the supporting silo wall between window
openings. No obvious damage to the silo body was observed. Oblique cracks occurred at the
corner of the window opening on the exterior wall of the top chamber and on the gable wall.
Longitudinal cracks and x-cracks occurred on brick walls and those on the gable wall were more
serious.
II. Conveyor Belt Corridors
(1) General
The damage to 72 corridors was investigated after the quake. The results of the investigation
are summarized in Table 2.1.
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The statistics on damage to corridors show that a number of collapsed corridors equaled to
26% of the total number and the sum of slightly damaged corridors and basically intact corridors
equaled to 53%. The structures of 5 underground corridors were similar: the side walls were laid
with rubble and cement mortar or rubble concrete; the roof was a R.C. structure. The site
intensity was X and the site soil was Type II. No obvious damage to the underground corridors
was found in the post-quake inspection.
No side walls were placed for 10 exposed corridors and conveyor belts were installed
without shelter. Out of the 5 steel structure corridors 4 were basically intact and one collapsed
due to the fall of buildings at both ends; of another 5 R.C. structure corridors one collapsed, one
was moderately damaged and 3 were slightly damaged.
Collapse or damage to surrounding brick walls in corridors generally occurred. Furthermore,
12 corridors collapsed due to crushing by the collapsed buildings at both ends, equaling to 18%
of the total corridors above the surface (67 in total). Because this was a secondary disaster, these
corridors are not listed in Table 2.1. Damage to the corridors investigated is shown in Table 2.2.
(2) Earthquake damage
a) Corridors with steel structures
Out of 20 corridors investigated with steel structures 4 were lightweight steel structures and
16 were ordinary steel structures. Corrugated steel or asbestos tiles were used for walls and
roofs of the corridors. During the quake asbestos tiles fell down only at the corners and the steel
trusses were all intact. However, the concrete supports of some steel trusses were damaged. For
example, in the coal transport corridor at the Coking Plant in Tangshan, the concrete at the top of
the column supporting the 25 m span steel truss was crushed and spalled off locally.
b) Corridors with brick structures
Of 5 brick structure corridors investigated bearing members were brick arches or brick
columns. All 5 corridors collapsed in the quake (including 3 corridors in the coking workshop at
the Fertilizer Plant in Maoershan) as shown in Photo 2.1.
c) Corridors with composite structures
The damage ratio of corridors with composite structures was very high as shown in Table
2.3.
Damage to corridors with composite structures occurred mainly to girders, supports and brick
surrounding walls.
1) Roofs
In 28 corridors with composite structures the roof slabs were made of reinforced concrete.
Only three of these corridors suffered no damage when the pre-cast roof slabs were placed
longitudinally and welded to the portal frame of the corridors. Pre-cast roof slabs of 5 of the 28
corridors were placed transversally and 3 of them collapsed due to failure of the lower structure;
2 of them survived but their roof slabs were not welded to the underlying beam and the slabs
were pulled apart by 2 mm. In the remaining 20 corridors the roof slabs were all cast-in-situ and
6 collapsed. No damage to the other corridors were found.
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2) Brick walls
The collapse of the surrounding brick walls was the main damage pattern of corridors with
composite structures. In 28 corridors with composite structures there were 14 corridors where
the brick walls collapsed (Photo 2.2). However, filled walls in 3 corridors, the columns of which
extended below the roof slab, survived the quake (Photo 2.3). In the remaining 11 corridors
cracks parallel to the floor slab, vertical cracks and oblique cracks occurred generally on brick
walls.
3) R.C. floor slabs
In ordinary cases the damage to floor slabs of corridors was slight. For cast-in-situ slabs
some cracks occurred on the surface; for pre-cast slabs the cracks occurred at the joints between
two slabs. Crushing of concrete was found on the slab surface and at the top of the support or at
the bearing support.
4) Large supports and ordinary support frames
The span of large R.C. support frames was generally less than 12 m. Beams in these frames
were basically intact after the quake; only concrete at the end of some of the support frames was
crushed or cracked locally. In inclined corridors the oblique cracks mostly occurred on the upper
bearing part of the support frame, and the lower end of the support frame was crushed locally
(Photo 2.4).
Damage to support frames generally occurred at the top of the columns and end of the beams.
Concrete at the top of 6 columns was crushed and loosened. Vertical cracks, oblique cracks and
x-cracks mostly occurred at the ends of the beams (Photo 2.5).
5) Pounding of corridor against adjacent buildings
Insufficient clearance was left between corridors and adjacent buildings so that adjacent
buildings at both ends often pounded against the longitudinal walls of corridors causing serious
damage to the walls. For example, the corridor at the alumina mine in Guogezhuang was
adjacent to the clinker sorting building and raw material sieving building at both ends
respectively. The girder of the corridor was placed directly on the beam of the plant building
and only a 10-20 mm expansion joint was installed between the corridor and the building.
During the quake the corridor and the building pounded against each other, with the result that
the connection collapsed (Photo 2.6).
For another example, the support frames were installed separately in the raw material
conveying corridor and in the adjacent main plant building but the clearance was extremely
small. During the quake the top of the support column of the corridor at the Qixin Cement Plant
in Tangshan, near the plant building, was crushed due to pounding (Photo 2.7). However, the
No. 5 corridor at the alumina mine in Guogezhuang was separated from the buildings at both
ends for a relatively large distance and acted as an independent structure. No trace of pounding
was found after the quake between the corridor and the adjacent buildings and only slight
damage to the corridor walls occurred.
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(3) Case examples
At the clinker sintering workshop of the alumina mine in Guogezhuang, Tangshan there were
13 different types of corridors, the arrangement of which is shown in Fig. 2.1.
The workshop was situated at the south west edge of the Kaiping Basin in the area of
intensity X. The thickness of the overlying soil layer at the plant was about 40 m and the layer
consisted of silty sand, fine sand and loam. In general, there was a layer of soft-plastic loam 4 m
under the surface. The underground water level was 11-14 m below the surface. The site soil
was Type II and the design bearing capacity of the foundation soil was 2 kg-force/cm3.
Damage to three of the above-mentioned corridors was as follows:
1) No. 1 corridor
The No. 1 corridor was connected to the main shaft at one end and the crushing workshop at
the other end. The width of the corridor was 6.2 m and the span was 7.58 m. The floor and roof
slabs were cast-in-situ R.C. slabs. The thickness of the floor slab was 80 mm and the roof slab
was 60 mm, upon both of them an 80 mm thick layer of lime and furnace slag was placed, plus a
surface layer of cement mortar 20 mm thick. The girder of the corridor was a pre-cast R.C.
member and the side walls were 240 mm thick.
Horizontal cracks, about 1-3 mm in width, occurred on the walls under the eave and at the
top of the corridor girder. The upper and lower cracks on the wall all penetrated through the
wall. The wall under the eave cracked and dislocated about 2 mm. At the corner of the window
opening, some bricks fell down (Fig. 2.3).
2) No. 3 corridor
This corridor was connected to the raw material sieving plant at one end and the raw material
storing building at the other end. The width of the corridor was 3.0 m and the total length was
24.58 m. Girders, floor slabs and roof slabs were made of cast-in-situ reinforced concrete. The
width of the floor slab was 80 mm and the roof slab was 60 mm, upon which an 80 mm thick
layer of lime and furnace clay was placed and the surface layer of the slab was a layer of cement
mortar 20 mm thick. The walls were 240 mm thick and were built with 75# brick and mortar 20
kg/cm2 in strength (Fig. 2.4).
After the quake oblique cracks 2-3 mm wide were found on the transverse beam at the joint
of the corridor support. Concrete around the cracks was partly spalled off with exposed steel
bars and the concrete in the core was crushed. Oblique cracks also occurred on the girder at the
support and concrete around the cracks was partly crushed. All the side walls collapsed; only a
small portion of the walls connected to the underground corridor survived (Photo 2.8).
3) No. 12 corridor
This corridor passing from the vertical kiln to the clinker sorting plant was 2.52 m wide with
a total length of 49.874 m above ground surface. A portion of this corridor was connected to the
underground corridor. The higher end of the corridor was supported on a beam of the clinker
sorting plant building and placed on brackets on the column while the lower end was supported
on a brick pier.
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Girders, floor slabs and roof slabs were all made of cast-in-situ reinforced concrete. The
thickness of the floor slab was 80 mm and the roof slab was 60 mm, upon which an 80 mm thick
layer of lime and slag was placed and the surface layer was cement mortar 20 mm thick. The
walls were 240 mm thick and were built with 75# brick and mortar 25 kg/cm2 in strength. Under
the columns of the support frame were individual R.C. footings with a plan size of 0.8×1.8 m
(Fig. 2.5).
During the quake the corridor was seriously damaged due to pounding against the adjacent
building. Beams at both ends were fractured and fell down; concrete at the top of the support
frame cracked with steel bars exposed. X-cracks with a width up to 3 mm occurred on the beam
of the support frame near the higher end of the corridor. Concrete on the surface of both sides of
the crack spalled and was partly crushed; concrete in the core of the beam was also crushed.
Brick walls of the corridor collapsed completely (Photo 2.9).
III. Kilns and Ovens
After the quake an investigation was made of 89 different types of kilns and ovens that
suffered damage to various extent. In general, damage to kilns and ovens were slight, only a few
collapsed. The structure of kilns and ovens and their damage patterns based on their types were
as follows:
(1) Medium-sized coke oven of a single heating and downward injection type
Two medium-sized coke ovens (Model 58) of a single heating and downward injection type
at the Coking Plant in Tangshan both possessed 30 holes or openings and were put into operation
in April 1970. During the quake the water and power supply were interrupted and the ovens
were forced to stop operating. In order to prevent fractures in the refractory bricks in the cooling
of the oven, the temperature in the oven was reduced slowly and gradually.
The Coking Plant was situated on the east slope of Wandou Hill in the urban area of
Tangshan. Geological conditions at the site were relatively good; the basement was limestone of
the Ordovician Period. The surface soil layer was generally 0.4 m thick under which layers were
hard plastic loam, plastic loam, hard plastic red clay and slightly weathered limestone (limestone
of the Ordovician Period) respectively. The allowable bearing capacity of the foundation soil
was 2.5 kg-force/cm2.
a) Oven body
The oven body was built with refractory bricks of different shapes; and tension bars were
installed in the lateral direction of the oven (Fig. 3.1). Based on the report of workers, during the
quake fire and smoke was first seen at the top and at the door of the oven. The gas suction pipe
fell to the ground due to collapse of the chimney. In order to prevent the spread of the fire the
release pipe and coal loading cover were opened immediately. In the post-quake inspection no
abnormal change to the appearance of the oven was observed. After the temperature of the oven
was reduced the No. 5 and No. 18 carbonization chambers of the No. 1 oven were inspected and
it was found that the side wall of the No. 5 chamber was slightly inclined.

770

Of the auxiliary installations on the oven, only the gas collecting pipe (upward pipe) was
dislocated and the bridge pipe and ammonia spray were damaged as shown in Photo 3.1. The
seal between the upward pipes and brick piers was completely loosened. The walls surrounding
the oven and corridor all collapsed but the operation platforms on both sides survived. Anchor
bolts of the benzol tank were loosened. One of the chimneys collapsed causing damage to the
gas suction pipe (500 mm in diameter, about 15 m in length) and to the ammonia pipe (Photo
3.2).
b) Oven foundation
The foundation of these two ovens was a R.C. frame with a basement. The profile and crosssection of the foundation are shown in Fig. 3.2.
Damage to the foundation of the two ovens was basically similar, but damage to that of the
No. 1 oven was relatively serious and is described as follows.
The top and bottom of the side columns in the foundation frame suffered damage with
concrete that was crushed and spalled locally. Shear-cracks occurred on top of the middle
columns in a 600-700 mm range below the beam. Concrete in this location cracked and spalled
with steel bars exposed. The aftershocks increased the damage to a certain extent.
Damage to the bottom of the middle columns in the 8th row of the frame was rather serious.
Portions of concrete were crushed and fell leaving exposed and bent reinforcement. Concrete in
the damaged zone could easily be peeled off after slight hammering and the exposed and the
remaining section was cone-shaped. Damage to the foundation frame can be seen in Fig. 3.3 and
in Photos 3.3 and 3.4.
Damage to the resisting wall was rather slight. Oblique cracks occurred on the wall in the
small flue zone under the beam along the column. Filler walls in the frame were intact.
Furthermore, a clearance had been left between the column in the resisting wall and the
foundation frame of the oven but the steel angle at the top of the frame column was separated
only 30 mm from the resisting wall. After the quake an obvious effect of the pounding of the
steel angle was left on the surface of the column and part of the concrete fell down. In the
basement the distance between the oven column and the branch flue was 30 mm and evidence of
pounding against each other was found.
(2) Model 70 coke oven
The Maoershan Fertilizer Plant was located northeast of Tangshan City, about 35 km from
the epicenter in the area of intensity IX. Geological conditions at the site were rather poor. The
site soil was Type III. A flood canal passed through the plant area. No bedrock was observed
when the boring depth exceeded 40 m. Sandboils occurred locally during the quake. Damage to
the plant was more serious than to the Coking Plant in Tangshan in the area of intensity X. In
the coking workshop of the plant there were two Model 70 coke ovens with 18 holes. Damage to
these ovens is described as follows:
a) Oven body
The body of the Model 70 coke oven was built with ordinary refractory bricks but some
others were built with ordinary silica bricks. Four railways for coal carriages on top of the oven
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were used as longitudinal tension bars, and transverse tension bars were installed on the top and
bottom of the oven in a lateral direction.
Based on appearances, the damage to the oven body was more serious than to the Model 58
coke oven at the Tangshan Coking Plant. Bricks on top of the portal frame of the two ovens
dislocated by 2-20 mm (Photo 3.5). The top bricks on the side of the No. 1 carbonization
chamber of the No. 1 coke oven fractured. Damage to other auxiliary installations of the coke
oven was also serious and most of the upward pipes inclined or collapsed. A secondary disaster
due to collapse of pipelines was rather serious as well. Ovens were put out of operation.
b) Oven foundation
The foundation was cast with plain concrete 150 kg/cm2 in strength as a monolithic plate and
buried underground with flues on both sides. No excavation was carried out for inspection after
the quake, and no abnormal phenomenon was found from surface observations.
The resisting wall was a R.C. frame with a brick filler wall. Damage to the resisting wall
was not obvious, only three horizontal cracks occurred on the surface of the column in the north
frame of the No. 1 oven in the vicinity of the beam near the inclined flue. Due to the collapse of
the coal silo the railway for coal carriages on top of the oven was bent causing the railway to
separate from the resisting wall, which inclined by approximately 200 mm (Photos 3.6 and 3.7).
(3) Model 66 coke oven
There were two Model 66 coke ovens with 25 holes at the Kailuan Coal Mining Machinery
Plant, which was completed before the quake but not put into operation. The Model 66 coke
oven was a single heating type oven with spray on both sides. The head of the oven was a
structure with a vertical joint and the oven body was built with ordinary refractory bricks.
During the quake the third and fourth layers of brick at the bottom of the oven wall on the
same side of each carbonization chamber dislocated laterally with a maximum value of about 30
mm. The dislocation gradually vanished at the second fire tunnel in the oven head. Other parts
of the oven body basically remained intact.
The foundation of the Model 66 coke oven was built with plain concrete 150 kg/cm2 in
strength and buried underground with flues on both sides. Observed from the surface after the
quake, no obvious change was found in the foundation.
(4) Rectangular vertical kilns for the clay clinker with an exterior burning chamber
The Guogezhuang Alumina Mine was located in the northeast urban area of Tangshan City
in the area of intensity X. It was approximately 4 km away from the epicenter. There were six
100 m3 rectangular vertical kilns with an exterior burning chamber in the clay clinker sintering
workshop in the mine. The site soil was Type II and the allowable bearing capacity of the
foundation soil was about 2 kg-force/cm2.
a) Kiln body
A rectangular vertical kiln with an exterior burning chamber was a type for clay clinkers that
had been newly developed in recent years. The kiln body was built with ordinary refractory
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bricks and the outer body with ordinary bricks. The kiln body was surrounded by columns and
fastened by steel strips (Fig. 3.4 and Photo 3.8).
After the quake no obvious damage to the kiln body and other auxiliary installations was
found during inspection.
b) Kiln foundation
The foundation was a R.C. frame with a concrete strength of 200 kg/cm2. The structural type
and basic sizes of the frame of all the kilns were the same as shown in Fig. 3.5.
Diagonal cracks and horizontal cracks occurred at the top of the columns of the foundation
frame of the No. 1 kiln; concrete split and partly fell down (Photo 3.9). At the middle of the
beam in both side spans of the frame oblique cracks usually 2-3 mm wide generally occurred. In
a serious case the concrete of the beam was crushed and loosened with steel bars exposed and
bent. Ground settlement of 30-40 mm occurred around the frame columns but no effect on the
kiln body and the foundation frame induced by the settlement was found (Fig. 3.6). Besides,
horizontal dislocation about 5-20 mm occurred at the connection between the cast-in-situ beam
and the brick column of the operation platform of the coal delivering system of the exterior
burning chamber.
Damage to the foundation frame of other kilns was similar but less than to the No. 1 kiln; the
No. 6 kiln was more seriously damaged.
(5) Circular vertical kilns for lime
Coke was used as fuel for all vertical lime kilns that were investigated. There were 27 smallsized vertical kilns with a capacity less than 50 m3 and 2 vertical kilns with a capacity of 250 m3
investigated. They were located in the northeast corner of the court of the Tangshan Steel and
Iron Corporation and in the vicinity of the steel plant respectively, forming two workshops one
in the north and one in the south.
a) Small-sized circular vertical kilns
The interior lining of all small-sized vertical lime kilns was built with refractory bricks and
the outer body was laid with ordinary bricks. There were 17 small-sized vertical kilns at the
south lime workshop with a capacity of about 26 m3, and the exterior of the kilns was fastened
with steel strips. In 1975 the plant building at the workshop and the kiln structure were
examined for earthquake resistance and the kilns had been listed as dangerous structures.
Therefore, these kilns were out of operation before the quake. The plant building collapsed
during the quake and damage to the kilns was serious, as shown in Photo 3.10.
At the north lime workshop there were 10 vertical kilns with a capacity of 30 m3. The
structure of the kilns was basically similar to the above-mentioned kilns except that R.C. ring
beams were used instead of steel strips to fasten the kiln body. R.C. ring beams were installed
along the height of the kiln with a spacing of about 1 m. Before the quake the kilns had seriously
cracked and as a result the plant building and kilns completely collapsed during the quake (Photo
3.11).
b) 250 m3 vertical kilns
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There were two 250 m3 vertical kilns at the north lime workshop of the Tangshan Steel and
Iron Corporation. The lining of the kilns was built with refractory bricks and the kiln shell was a
steel structure. The elevator for materials, kiln charger and lime output machine were installed
for the kilns. It was one of the largest coke-lime vertical kilns in China (Fig. 3.7).
The kiln structure, elevator, kiln charger and lime output machine were all intact after the
quake. After inspection no obvious damage to the foundation was found, except that anchor
bolts in the foundation were lengthened 2-3 mm from pulling and nuts were loosened.
(6) Dolomite vertical kilns
There were three dolomite vertical kilns using coke as fuel at the dolomite workshop of the
Tangshan Steel and Iron Corporation. The capacity of one kiln was 20 m3 and the other two
were 27 m3. The lining of the kilns was built with refractory bricks and high-alumina bricks and
the kiln shell was a steel structure. The welded joint at the connection of the elevator and the
kiln body was found pulled apart after the quake.
(7) Tunnel kilns
Four tunnel kilns were investigated; one was at the Guye Refractory Plant and the remaining
three were at the Majiagou Refractory Plant. The division of zones of the kiln body and kiln
structure are shown in Fig. 3.8.
The Guye Refractory Plant was located in the area of intensity X. The length of the tunnel
kiln in the plant was 196 m. The size of the kiln tub was 2.2×2.5 m. Originally, 71 tubs were
provided in the kiln, afterwards 6 tubs were added for a total of 77 tubs. Heavy oil was used as
fuel for the kiln and the oil was vaporized for spray burning. The kiln body was laid with
refractory bricks. Frame columns were installed in two lateral directions and steel tension bars
were placed on top of columns and lower tension bars were fixed to the kiln body through the
frame column. R.C. portal frames were built at both ends of the kiln in a longitudinal direction.
During the quake the kiln body and portal frame at the end of the cooling zone inclined
outward and concrete on the surface of the portal frame partly fell down. Fine cracks occurred
on the surface of the railway foundation within the kiln, but the rails remained smooth without
deformation. Kiln walls were generally intact, except that two bricks on top of the arch over the
No. 55 tub fell down and brick walls at the expansion joint were loosened.
The Majiagou Refractory Plant was also located in the area of intensity X. There were 3
tunnel kilns in the plant: one for ordinary bricks and two for refractory bricks. The tunnel kiln
for building bricks was located in a north-east direction with a total length of 130 m with a
capacity of 65 tubs. The kiln body was constructed with refractory bricks and the kiln shell from
clay bricks. Frame columns in the wall were made of waste rail combined with steel bars, fixed
with the member at the top. In the preheating zone and in the cooling zone 6 and 8 R.C. frame
columns were installed respectively. The cross-section of columns was 160×250 mm and
spacing of columns was 3.95 m. Steel tension bars were placed at the top for restraining the kiln
walls.
The kiln foundation was a brick structure. On top of the foundation a concrete slab 500 mm
thick was cast and connected to the foundation. Vertical cracks occurred on the beam after the
quake with a width up to 1 mm.
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In the cooling zone there was a side wall that suffered a horizontal dislocation of 18-20 mm
on the wall in a range 1,290-1,130 mm above the railway. Bricks of the kiln arch in the firing
zone fell down over a distance of about 3 tubs. Some bricks of the kiln arch in the cooling zone
also fell down.
The portal frame was a cast-in-situ R.C. structure grooved into the kiln wall. 45° inclined
cracks occurred on the frame column at the foot of the kiln arch and also at the bottom of the
frame. Furthermore, for the 28 concrete frame columns investigated there were several fine
horizontal cracks, that generally occurred on columns at the arch, with a width less than 0.5 mm.
No damage to other parts of the kiln, electrical system and fuel supply system were found.
In the other two tunnel kilns for refractory bricks, green bricks in tubs overturned and
inclined cracks 1-5 mm wide occurred on the outer wall of the kiln in the cooling zone (Photo
3.12). The inner structure of the kilns was intact.
(8) Down draft kilns
Thirty-four down draft kilns in the area of intensity X were surveyed. There were two types
of down draft kilns: circular kilns and rectangular kilns. The capacity of the circular kilns was
greater than the rectangular kilns. The circular kilns had a removable cover on top for firing
large-sized products. Specifications of all the kilns surveyed varied but the structures of the
kilns were basically the same. Using the 150 m3 down draft kiln as an example, the structure is
shown in Fig. 3.9.
At the Guye Refractory Plant there was a total of 14 down draft kilns, among which 9 were
270 m3 in capacity, 1 was 170 m3 and 4 were 120 m3 with a removable cover. During the quake
only part of the bricks in the top arch of these kilns fell down. One of the 270 m3 capacity kilns
was cooling during the quake and loading of bricks was being carried out. Damage to the top
arch of this kiln was serious and part of the arch collapsed (Photo 3.13).
The Majiagou Refractory Plant was an old plant built in 1926. There were 16 down draft
kilns in the plant: 11 with a capacity of 250 m3, 4 with a capacity of 120 m3 and 1 with a capacity
of 150 m3. All were under normal operation. All the kiln structures were intact after the quake,
except that a few arch bricks of kilns fell down. One of the 250 m3 capacity kilns near a
chimney collapsed due to falling of the chimney on the kiln. Another one was out of operation
due to lack of maintenance and the top arch of this kiln collapsed locally.
(9) Rotary kilns
Seven rotary kilns in Tangshan had been surveyed; one was in a clay clinker-sintering
workshop at the alumina mine of Guogezhuang and the other 6 were at the Qixin Cement Plant
for sintering clay. Specifications of these kilns are shown in Table 3.1.
The alumina mine of Guogezhuang and the Qixin Cement Plant were both located in Lubei
District, Tangshan City and were about 4 km from the epicenter. The site soil was Type II.
Damage to all the kilns was basically similar. The damage pattern were as follows:
a) Displacement of kiln body
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Displacement occurred generally for all 7 kilns with an amount of 70-75 mm (Photo 3.14 and
3.15).
b) Fracture of baffle-plate
The cast iron support fractured and anchor bolts of the baffle-plate failed in shear (Photos
3.16 and 3.17).
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Table 1.1 Statistics on damage to silos.

e

Damaged Silos no. %
Type of
Silos

square silos

circular
silos

Site
Intensity

No. of Silos

X

18

IX

8

2

X

12

1

IX

10

1
10

Seriously
Damaged

Collapsed

5

6

27.8

Moderately
Damaged

33.4

2

8.3

Slightly
Damaged

5

111
.

0

25

j

0

0

3

0

3

7

0

75
1

58.6

5

30

0

27.8

6

25

Basically
Intact

8.3

1
10

50

Table 1.2 Amount of storage and damage to silos during the quake.

No.
1

Name of Silos
north coal silos at Coking Plant, Tangshan

Amount of Storage
During the Quake
full, empty, empty,
empty, empty

Average
Amount
(%)

Damage Degree

20

moderately damaged

2

coal silos at Coking Plant, Tangshan

basically full

80

moderately damaged

3

coal silos at coke sieving building at Coking
Plant, Tangshan

total storage of coke:
about 100 tons

10

moderately damaged

4

coal silo at Fertilizer Plant, Maoershan

half full

50

collapse

5

clinker selecting silos for rotary kiln at
alumina mine, Guogezhuang

empty, empty, 1/4

8

slightly damaged

6

raw material silo for rotary kiln at alumina
mine, Guogezhuang

empty

0

slightly damaged

7

clinker silos for rotary kiln at alumina mine,
Guogezhuang

full, 2/3, empty, 1/3

50

slightly damaged

8

clinker silos for vertical kiln at alumina mine,
Guogezhuang

full, empty,1/3, 1/3, 1/3,
1/4, 2/3, empty

36

slightly damaged

9

raw material silos for vertical kiln at alumina
mine, Guogezhuang

1/10, 1/10, 1/10

10

moderately damaged

10

cement silos in No. 7007 cement Plant

1/2, 1/2

50

slightly damaged

11

raw material silos in No. 7007 cement Plant

full, full, full, full, 1/2

90

slightly damaged

12

cement silos at Qixin cement Plant (1)

full, full, full, full, full

>80

collapse

13

cement silos at Qixin cement Plant (2)

<1/10, <1/10

<10

slightly damaged

14

cement silos at Qixin cement Plant (3), (4)

1/2, 1/2, 1/2, 1/2 , empty,
empty, empty, full

38

slightly damaged

15

high-level cement silos in Qixin cement Plant

full, full, full, full,
amount of storage 1600
ton

>80

collapse

16

north silo for slaked lime at Tangshan Steel
Plant

1/2, 1/2, 1/2

50

slightly damaged

Name of Silos

coal silos at Coking Plant,
Tangshan

coal silos at coke sieving
building at Coking Plant,
Tangshan

clinker sorting silos for
rotary kiln at alumina
mine, Guogezhuang

clinker silos for rotary kiln
at alumina mine,
Guogezhuang

clinker silos for vertical
kiln at alumina mine,
Guogezhuang

cement silos at Qixin
Cement Plant

storing silos at Qixin
Cement Plant

gangue silos at Qixin
Cement Plant

coal silo at Fertilizer
Plant, Maoershan

coke silos at Fertilizer
Plant, Maoershan

No.

1

2

3

4

5

6

7

8

9

10

X

X

X

X

X

X

X

II

II

I

I

I

I

I

I

I

X

X

I

X

Site
Intensity

Type of
Site
Soil

3×4.0

6.0

6.0

3×7.0

4×6.0

4×7.0

3×6

24.0

Width
(m)

5.0

5.1

6.0

6.0

6.0

7.0

5.0

6.0

Length
(m)

Plan Size

1.55
(2.7)

5.09

3.0

10.0

9.5

10.0

6.0

10.7
7.7
8.7

Height
(m)

400×500

500×500

500×500

500×500

400×600

700×700

400×600

500×800

400×700

CrossSection
(mm2)

Column Size

6.0

2.5

4.0×5.0
2.0×5.0

6.0×5.4

6.0×6.0

6.0×7.0

6.0×7.0

1.8

5.5

8.0

2.0

4.6

See case example (a)

7.0×7.0

5.0×6.0

no

no

no

yes

no

yes

no

all collapsed; columns
fractured at the top

all collapsed; columns
fractured at the top

all collapsed; columns
fractured at the top

concrete at top of column
crushed seriously with
steel bars exposed

all collapsed; columns
fractured at the top

circular crack on top of
column

top of columns cracked
and crushed locally

horizontal and oblique
cracks occurred on top of
3 columns; staircase beam
fractured at the joint

collapse

collapse

collapse

seriously
damaged

collapse

slightly
damaged

slightly
damaged

slightly
damaged

moderately
damage

6.0×6.0
6.5×6.0
5.5×6.0

no

Damage
Degree

8.3
5.3
10.6

Damage Patterns

moderately
damaged

Longitudinal
Filled
Wall

See case example (c)

Plan
(m2)

Ht. of
Wall
(m)

Size of Single Silo

Table 1.3 Structural sizes of the square silos and their damage.

not used
before the
quake

Remarks
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Name of Silo

north coal silo bin at
Coking Plant, Tangshan

south coal silo bin at
Coking Plant, Tangshan

raw material silo for
rotary kiln at alumina
mine, Guogezhuang

raw material silo bin for
vertical kiln at alumina
mine, Guogezhuang

cement silo bin at Qixin
Cement Plant (1)

cement silo bin at Qixin
Cement Plant (2)

cement silo bin at Qixin
Cement Plant (3)

cement silo bin at Qixin
Cement Plant (4)

No.

1

2

3

4

5

6

7

8

II

X

X

X

X

I

I

I

I

II

X

X

II

II

Type of
Site Soil

X

X

Site
Intensity

4 silos in a single row in line with No. 7 silo bin
and a platform were used to connect the two bins.
Sizes of the bin were the same as in No 7.

4 silos in a single row 10.0 m in diameter with a
wall about 15 m high; each silo supported by 12
columns about 2.0 m high.

2 silos in a single row, 13.5 m in diameter with a
wall about 15 m high; each silo supported by 12
columns about 2.2 m high.

5 silos in a single row, 10.0 m in diameter with a
wall 15.0 m high; each silo supported by 12
columns about 2.0 m high.

See case example (b).

Single silo with a diameter of 8.0 m, vertical wall
15.6 m high and 150 mm thick; supported by 6
columns 5.0 m high with a cross-section of
600×600 mm; filled walls were built between
columns.

4 silos with a wire hopper in a single row, 6.0 m
in diameter with a vertical wall 2.2 m high,
inclined wall 4.28 m high; each silo supported by
4 columns with a height of 6.8 m; cross-section of
inner columns 450×450 mm, outer columns
400×400 mm; filled walls were built between
columns.

5 silos with a steel hopper in a single row, 6.0 m
in diameter, 7.0 m in height (silo wall); each silo
supported by 4 columns with a height of 6 m;
cross-section of inner columns 400×500 mm,
outer columns 400×600 mm; filled walls were
built between columns.

Outline of Structure

Table 1.4 Damage to circular silos.

moderately
damaged
Collapse

slightly
damaged
slightly
damaged
slightly
damaged

See case example (b).

Collapsed totally; columns fractured; silo
body fell to the ground vertically; upper
ring beam cracked in many locations, lower
ring beam fractured.
Top of columns cracked slightly; circular
cracks occurred on the bottom of lower ring
beam.
Top of columns cracked slightly; circular
cracks occurred.
Top of columns cracked slightly; circular
cracks occurred.

slightly
damaged

slightly
damaged

South brick filled walls collapsed; east-west
filled walls cracked.

Top of columns cracked slightly; oblique
cracks occurred on filled walls.

moderately
damaged

Damage Degree

North columns and filled walls were
seriously damaged; top of columns crushed
with reinforcement exposed; brick walls
cracked seriously.

Damage Patterns
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Name of Silo

cement silo bin at Qixin
Cement Plant (5)

raw material silo bin at
Qixin Cement Plant

north line clinker silo
bin at Steel Plant of the
Tangshan Steel and Iron
Corp.

cement silo bin at
Refractory Plant, Guye

cement silo bin at the
No. 7007 Cement Plant
(1)

cement silo bin at the
No. 7007 Cement Plant
(2)

raw material silo bin at
the No. 7007 Cement
Plant (1)

new material silo bin at
the No. 7007 Cement
Plant (2)

No.

9

10

11

12

13

14

15

16

I

I

I

I

I

IX

IX

IX

IX

II

X

X

I

I

Type of
Site Soil

X

X

Site
Intensity

basically intact

slightly
damaged
slightly
damaged

Basically intact.

Supporting silo wall in two silos at the
south end cracked obliquely.
Supports cracked circumferentially at
elevation 1.0-1.5 m.

Single row with 3 silos in line with No. 15 silo
bin; size also the same with No. 15; 2.5 m apart
from No. 15 and connected with a corridor at top.

See case example (d).

slightly
damaged

Filled walls between columns cracked
obliquely.

slightly
damaged

slightly
damaged

slightly
damaged

A lot of circular cracks occurred on the silo
wall under elevation 1.5 m.

Damage Degree
moderately
damaged

Damage Patterns
Horizontal cracks and oblique cracks
occurred on top of outer columns; splitting
of concrete at the bottom of inner columns.

See case example (d).

Single row each with 2 silos; height of silo wall
8.0 m; inner diameter of silos 6.15 m; height of
silo oblique wall 3.0 m; silo wall supported by
stone masonry connected with the lifting machine
frame; thickness of silo wall 150 mm.

2 rows with 14 silos, 6.0 m in inner diameter;
height of silo wall 10.0 m; height of supporting
silo wall 4.5 m; thickness of silo wall 150 mm.

2 rows with 3 silos in each row 6.23 m in
diameter; elevation at top of silo was 13.5 m;
height of silo wall 5.5 m; height of supporting silo
wall 8.0 m; thickness 150 mm.

2 rows with 3 silos in each row (2 large silos
about 5.0 m in diameter); elevation at top of large
silo was about 10.0 m, small silo 8.0 m; height of
silo wall about 4.0 m; height of support column
about 6.0 m; brick filled walls placed between
columns.

2 rows with 8 silos 8.0 m in diameter, 17.8 m in
total height. Clearance height under silos was
2.1 m; each silo supported by 4 columns, wall of
silos was built down to the surface; cross-section
of columns 500×500 mm.

2 rows of silos each consisting of 2 silos 13.5 m in
diameter with a wall 15.0-18.0 m high supported
by 12 columns 2.5 m high.

Outline of Structure

Table 1.4 Continued.
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Name of Silo

lime silo bin in the
quarry workshop at the
Qixin Cement Plant (1)

lime silo bin in the
quarry workshop at the
Qixin Cement Plant (2)

lime silo bin in the
quarry workshop at the
Qixin Cement Plant (3)

No.

17

18

19

Type of
Site Soil
I

I

I

Site
Intensity
IX

IX

IX

Single row with 6 silos in line with No. 17 silo
bin, sizes were the same too.

Single row with 6 silos in line with No. 17 silo
bin, sizes were the same too.

Single row with 6 silos, 7.5 m in inner diameter,
19.5 m in total height (not including the
superstructure); silo wall was built down to
surface; elevation of outlet opening silo 6.0 m;
thickness of silo wall 200 mm.

Outline of Structure

Table 1.4 Continued.

Horizontal cracks occurred at bottom of
silo; a lot of vertical cracks spacing
uniformly at 1.8 m occurred on silo wall.

Horizontal cracks occurred at bottom of
silo; silos cracked obliquely; a lot of
vertical cracks, spacing uniformly at about
1.8 m occurred on silo wall.

1-2 circular cracks occurred on silo wall at
elevation 0.8-2.0 m; oblique cracks
occurred on individual silos.

Damage Patterns

moderately
damaged

moderately
damaged

moderately
damaged

Damage Degree

780

781

Table 1.5 Statistics on damage to top chambers of different structural types.

Collapsed

brick-wood
structure

3

2

brick-R.C.
structure

7

2

R.C. framed
structure

6

lightweight steel
structure

3

Total (no./%)

19

brick-wood
structure

4

brick-R.C.
structure

6

R.C. framed
structure

3

lightweight steel
structure

2

Total (no./%)

15

Name of Silo Bin

square
silo

circular
silo

Damage Degree

No. of
Top
Chambers

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Basically
Intact
1

2

1

3

2

1

2
3

4

2

21%

10.5%

1

1

4

5.3%

42.2%

3
3

1

2

2

1
2

3

8

21%

3

20%

20%

3

20%

4

damage to
brick
surrounding
wall only
2

26.7%

13.3%

Table 1.6 Damage to structure of top chambers.
No.

Name of Silo Bin

Site
Intensity

Structural Type of
Top Chamber

Damage to Top Chamber

See case example (c)

Damage
Degree

1

coal silo bin at
Coking Plant,
Tangshan

X

slightly
damaged

2

coke sieving
building at Coking
Plant, Tangshan

X

R.C. framed
structure with brick
filled walls

One short column was split.

moderately
damaged

3

north coal site bin
at Coking Plant,
Tangshan

X

brick-R.C. structure

Brick wall at the south end
collapsed; one horizontal crack
occurred on upper and lower
part of longitudinal wall
respectively; arc-shaped wall
connected to the corridor
cracked due to shear.

seriously
damaged

Remarks

782

Table 1.6 Continued.
No.

Name of Silo Bin

Site
Intensity

Structural Type of
Top Chamber

Damage to Top Chamber

Damage
Degree

4

south coal silo bin
at Coking Plant,
Tangshan

X

brick-R.C. structure

One horizontal crack occurred
on upper and lower part of
longitudinal wall and window
opening respectively.

slightly
damaged

5

raw material silo
bin for rotary kiln
at alumina mine,
Guogezhuang

X

R.C. framed
structure with brick
filled wall

Top of columns cracked slightly;
a lot of horizontal cracks on
filled walls; brick wall
connected to the lifting machine
frame partly collapsed.

slightly
damaged

6

raw material silo
bin for vertical kiln
at alumina mine,
Guogezhuang

X

7

clinker sorting silo
bin for rotary kiln
at alumina mine,
Guogezhuang

X

R.C. framed
structure with brick
filled walls

Top of two columns in top
chamber slightly cracked;
horizontal cracks occurred on
wall above window opening in
top chamber.

slightly
damaged

8

clinker silo bin for
rotary kiln at
alumina mine,
Guogezhuang

X

brick-wood
structure

No obvious damage was
observed.

basically
intact

9

clinker silo bin for
vertical kiln at
alumina mine,
Guogezhuang

X

10

clinker silo bin in
north lime
workshop at Steel
Plant, Tangshan
Steel and Iron
Corp.

X

R.C. framed
structure with brick
filled walls

Collapsed.

collapsed

11

cement silo bin at
Refractory Plant,
Guye

X

brick-R.C. structure

Part of brick walls collapsed;
part of roof was suspended and
the remaining brick walls split
into several pieces.

seriously
damaged

12

cement silo bin at
No. 7007 Cement
Plant (1)

IX

brick-wood
structure

Upper and lower part of brick
walls all cracked, cracks in the
upper part were more serious.

moderately
damaged

13

cement silo bin at
No. 7007 Cement
Plant (2)

IX

brick-R.C. structure

Four corners of brick wall partly
collapsed; large oblique cracks
occurred on the remaining walls.

seriously
damaged

14

raw material silo
bin at No. 7007
Cement Plant (1)

IX

15

Raw material silo
bin in No. 7007
Cement Plant (2)

IX

See case example (b)

See case example (a)

See case example (d)

Brick-wood
structure

Large oblique cracks occurred
on the end wall; longitudinal
walls cracked slightly

collapsed

basically
intact

moderately
damaged
moderately
damaged

Remarks

783

Table 1.6 Continued.
No.

Name of Silo Bin

Site
Intensity

Structural Type of
Top Chamber

Damage
Degree

Damage to Top Chamber

16

silo bin at Qixin
Cement Plant

X

R.C. framed
structure with brick
filled walls

Top of the column cracked;
horizontal cracks occurred on
upper and lower part of the brick
wall; building in the west partly
collapsed

seriously
damaged

17

limestone silo bin
at quarry workshop,
Qixin Cement Plant
(1)

X

lightweight steel
structure with
bearing brick walls

Surrounding walls cracked.

slightly
damaged

18

limestone silo bin
at quarry workshop,
Qixin Cement Plant
(2)

X

brick-wood
structure

Large part of the bin collapsed.

collapsed

19

limestone silo bin
at quarry workshop,
Qixin Cement Plant
(3)

X

lightweight steel
structure with
bearing brick walls

Surrounding walls cracked.

slightly
damaged

Remarks
Not used
before the
quake.

Table 2.1 Statistics on damage to corridors investigated.
Classification of
Corridors
exposed
type

No. of Corridors
Investigated
Total

Type of Structure

6

supporting frame with single R.C.
column or double R.C. columns, cast-insitu slab and beam

5 slightly damaged; 1
moderately damaged

4

lightweight steel structure

basically intact

21

ordinary steel structure

20 basically intact; 1
slightly damaged

5

brick arched or brick cylinder
supporting frame; pre-cast R.C. slab and
beam

all collapsed

28

brick-R.C. structure with cast-in-situ
R.C. frame, slab and beam, brick walls

14 moderately damaged, 14
collapsed

3

portal frame placed on the beam;
longitudinal pre-cast R.C. roof slabs

slightly damaged

5

cast-in-situ reinforced rubble concrete or
rubble concrete wall

basically intact

10

corridors
above the
surface
closed
type

Classified

57

underground
corridors

5

Total

72

Damage Degree

784

Table 2.2 Investigation on damage to corridors.

No.

Name of Corridor

Site
Intensity

Type
of Site
Soil

Structural Details

Damage to Corridor

Damage
Degree

1

No. 2 corridor at
alumina mine,
Guogezhuang

X

II

Width 6.0 m; span 6.0 m;
height of lower end 2.90 m;
higher end 4.5 m; cast-insitu R.C. slabs and beams;
surrounding brick wall
240 mm thick (1B).

Fine horizontal cracks on brick
wall at the eave and on top of
beam; raw material sieving
house at the higher end
collapsed; end of girder in the
corridor failed in tension, brick
walls intact.

slightly
damaged

2

No. 4 corridor in
alumina mine,
Guogezhuang

X

II

Cast-in-situ R.C. slab, beam
and supporting frame; no
surrounding wall.

No damage to all beams, slabs
and supporting frames.

basically
intact

3

No. 6 corridor in
alumina mine,
Guogezhuang

X

II

Width 7.8 m; span 6.5 m;
height of lower end 3.2 m;
higher end 5.6 m; cast-insitu R.C. slabs and beams;
width of surrounding wall
240 mm (1B).

Lower end support of bearing
beam damaged; brick masonry
loosened and cracked; plant
building adjacent to the higher
end of corridor collapsed
causing complete collapse of
corridor.

collapsed

4

No. 8 corridor at
alumina mine,
Guogezhuang

X

II

Width 2.5 m; total length
24.224 m; height of lower
end 3.2 m; higher end
11.2 m; exposed type of
corridor; pre-cast R.C.
single-column support;
steel truss with longitudinal
pre-cast slab, no
surrounding walls.

Supports inclined or collapsed;
brick support at the lower end
was crushed; higher end
support collapsed due to
pounding of adjacent falling
plant building; steel truss
crushed due to compression.

collapsed

5

No. 13 corridor at
alumina mine,
Guogezhuang

X

II

Width 3.3 m; total length
84.00 m; exposed corridor;
pre-cast R.C. supports with
longitudinal pre-cast slab
and beams; bearing beams
connected to the machine
frame; no surrounding
walls.

Support beam in the first span
at lower end fell down due to
collapse of adjacent plant
building; no damage to other
spans.

collapsed

6

corridor in coal
plant at Coking
Plant, Tangshan,
(1)

X

II

Width, 2.5 m, total length,
192.0 m; span, 12 m;
height, 10 m (elevated
corridor); precast R.C.
supports and slabs; brick
surrounding walls, 240 mm
thick

Horizontal cracks occurred at
the eave and top of beam;
oblique cracks at corners of
window opening; vertical
cracks on support of girder

slightly
damaged

7

corridor to the coal
silo at Coking
Plant, Tangshan

X

II

Total length about 50 m;
span 12 m; one span of
steel truss structure was
25 m; other spans were of a
portal frame on an inverted
beam; asbestos wall and
roof slabs.

Lower support of girder
crushed; end of beam support
pulled apart vertically with a
maximum width 5 mm;
asbestos tiles and walls
basically intact.

slightly
damaged

785

Table 2.2 Investigation on damage to corridors.

No.

Name of Corridor

Site
Intensity

Type
of Site
Soil

Structural Details

Damage
Degree

Damage to Corridor

8

corridor at Qixin
Cement Plant,
Tangshan, (1)

X

II

Total length about 35 m;
cast-in-situ R.C. slab,
beams and supports which
extended to the same length
with the roof slab; brick
surrounding wall 240 mm
thick.

Basically no damage to walls,
other structural parts intact.

basically
intact

9

corridor at Qixin
Cement Plant,
Tangshan, (2)

X

II

Cast-in-situ R.C. slabs,
beams and supports; brick
surrounding walls 240 mm
thick.

All brick walls collapsed.

collapsed

10

corridor at Qixin
Cement Plant,
Tangshan, (3)

X

II

Cast-in-situ R.C. framed
structure; elevated corridor
of the same height; both
ends connected to plant
buildings, asbestos wall.

Asbestos walls basically intact;
column of the support at one
end fractured; corridor did not
collapse.

seriously
collapsed

11

corridor at
Architectural
Ceramics Plant,
Tangshan

X

II

Total length about 25 m;
cast-in-situ R.C. slabs,
beams and supports;
column of support extended
below the roof slab,
inverted-beam support; low
brick walls with 240 mm
thickness.

No damage.

basically
intact

Note: 1. Height of lower end and higher end of corridor both counted from the surface.
2. Horizontal cracks and vertical cracks referred to cracks parallel or vertical to the floor
the corridor respectively.

slab of

Table 2.3 Statistics on damage to corridors of composite structure.
Total No.
of
Corridors

28

e

Damage Degree no. %
Intensity

No. of
Corridors

X

20

10

IX

8

4

Note: 1) All filler brick walls.

Collapsed
50%

50%

Seriously
Damaged

Moderately
Damaged







2

25%

j

Slightly
Damaged
7
2

35%
25%

Basically
Intact
3
1)
14%

Damage
Ratio



100%

90%

786

Table 3.1 Specification of rotary kilns and their foundations.
Location of
Kilns

No. of
Kiln

Diameter
(m)

Length
(m)

No. of
Kilns

2.5 __

50

1

1970

R.C. foundation; intact
after the quake

3, 4, 5

3.45

45

3

before
liberation of
China

brick foundation pier
upon which was a
concrete layer; intact
after the quake

6

3.0

60

1

before
liberation of
China

brick foundation pier
upon which was a
concrete layer; intact
after the quake

7

3.4

60

1

before
liberation of
China

brick foundation pier
upon which was a
concrete layer; intact
after the quake

78

1

before
liberation of
China

brick foundation pier
upon which was a
concrete layer; intact
after the quake

Alumina
Mine,
Guogezhuang

Qixin Cement
Plant

8

2.95

2.7

3.0

2.9 __

(Translator: Lu Rongjian)

Date of
Construction

Foundation

Remarks
cooling tunnel,
25 m long

with multicooling tunnel
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Photo 1.1. A horizontal crack at the top of a column in
the coke sieving building at the Coke Plant in Tangshan.

Photo 1.2. Damage to the top of the support column of
the waste material silo at the Qixin Cement Plant.

Photo 1.3. Buckling of reinforcement in the column top
of the coke silo at the Tangshan Steel and Iron Plant.

Photo 1.4. Fracture of a column supporting the silo at
the Qixin Cement Plant in Tangshan.

788

Photo 1.5. Collapse of a coal silo at the Coke Workshop
of the Maoershan Fertilizer Plant in Tangshan.

Photo 1.6. Damage to the bottom of the support column
at the Coke Plant in Tangshan.

Photo 1.7. Damage to the top of the support column of
the north cement silo at the Coke Plant in Tangshan.

Photo 1.8. Fractures of columns in the cement silo bin at
the Qixin Cement Plant in Tangshan.

789

Photo 1.9. Damage to the tops of adjacent silos due to
pounding against each other.

Photo 1.10. Fracture of the ring beam under the silo
wall.

Photo 1.11. Damage to the top chamber of a coal silo
bin at the Coke Plant in Tangshan.

Photo 1.12. Damage to the top chamber of a cement silo
bin at the Refractory Plant in Guye.

790

Photo 1.13. Collapse of the top chamber of a clinker silo
bin for vertical kilns at the Alumina Mine in
Guogezhuang.

Photo 1.15. Damage to the top of a column in
the coal silo bin at the Coke Plant in Tangshan.

Photo 1.14. A fractured column in the top chamber
penetrated the roof at the Alumina Mine in
Guogezhuang.

Photo 1.16. Damage to the bottom of a column at the coal silo
bin at the Coke Plant in Tangshan.
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Photo 2.1. Damage to the coal washing corridor in the
Coke Workshop at the Fertilizer Plant in Maoershan.

Photo 2.2. Collapse of a brick wall in the No. 3 corridor
at the Alumina Mine in Guogezhuang.

Photo 2.3. A corridor at the Architectural Ceramics
Plant in Tangshan.

Photo 2.4. Concrete at the lower end of a girder was
crushed in the corridor at the Coke Plant in Tangshan.

792

Photo 2.5. A beam in the support frame fractured in the
No. 3 corridor at the Alumina Mine in Guogezhuang.

Photo 2.6. There was damage at the connection of the
corridor and clinker selecting plant building at the
Alumina Mine in Guogezhuang.

Photo 2.7. The top of a column in the support frame of
the corridor connected to the plant building at the Qixin
Cement Plant was split.

Photo 2.8. Damage to the No. 3 corridor at the Alumina
Mine in Guogezhuang.

793

Photo 2.9. The brick bearing pier at the lower end of the
No. 12 corridor collapsed and the girder fractured and
fell down at the Alumina Mine in Guogezhuang.

Photo 3.1. Damage to a bridge corridor on top of the
coke oven at the Coke Plant in Tangshan.

Photo 3.2. The ammonia pipe collapsed due to falling of
a chimney at the Coke Plant in Tangshan.

Photo 3.3. Damage to the foundation frame of the No. 1
coke oven at the Coke Plant in Tangshan.

794

Photo 3.4. Damage to the top of side columns in the
foundation frame of the No. 1 coke oven at the Coke
Plant in Tangshan.

Photo 3.5. Dislocation of bricks on top of the portal
frame of the No. 2 coke oven at the Maoershan Fertilizer
Plant in Tangshan.

Photo 3.6. Collapse of the north wall and platform at the
end of the No. 1 coke oven at the Maoershan Fertilizer
Plant in Tangshan.

Photo 3.7. A brick filler wall of the north wall of the
No. 1 oven inclined outward at the Maoershan
Fertilizer Plant in Tangshan.

795

Photo 3.8. Damaged 100 m3 rectangular vertical kiln
with an exterior burning chamber at the Alumina Mine
in Guogezhuang, Tangshan.

Photo 3.9. Concrete at the top of a column in the middle
of the foundation frame at the No. 1 kiln failed.

Photo 3.10. Damage to a vertical kiln in the South Lime Workshop at the Tangshan Steel and
Iron Corp.

Photo 3.11. A vertical kiln and plant building of the
North Lime Workshop collapsed at the Steel Plant of the
Tangshan Steel and Iron Corp.

796

Photo 3.12. Cracks on the outer wall of the kiln.

Photo 3.13. The top arch of the down draft kiln
collapsed.

Photo 3.14. Displacement of a rotary kiln body at the
Qixin Cement Plant.

Photo 3.15. Displacement of a rotary kiln body at the
Alumina Mine at Guogezhuang.

797

Photo 3.16. Fracture of a cast iron support at the Qixin
Cement Plant.

Photo 3.17. The baffle-plate in a rotary kiln inclined and
split at the Alumina Mine in Guogezhuang.

798

Figure 1.1. A clinker silo bin for the vertical kiln at the Alumina Mine in Guogezhuang.

Figure 1.2. Raw material silo bin for the vertical kiln at the Alumina Mine in Guogezhuang.
(a) Plan; (b) Section I-I
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Figure 1.3. Structure of the coal silo bin at the Tangshan Coke Plant.

Figure 1.4. Structure of the raw material silo bin at the No. 7007 Cement Plant.
(a) Plan; (b) Section I-I

800

Figure 2.1. Arrangement of the conveyer belt corridors in the Clay Clinker Sintering Workshop at the Guogezhuang
Alumina Mine in Tangshan.

Figure 2.2. Structural layout of the No. 1 corridor at the Guogezhuang Alumina
Mine.

801

Figure 2.3. Structural layout of the No. 3 corridor at the Guogezhuang Alumina Mine.

Figure 2.4. Structural layout of the No. 3 corridor at the Guogezhuang Alumina Mine.

802

Figure 2.5. Structural layout of the No. 12 corridor at the Guogezhuang Alumina Mine.
(a) Profile; (b) Cross-section 1-1; (c) Cross-section 2-2

Figure 3.1. Profile and cross-section of a coke oven at the Coke Plant in Tangshan.
(a) Profile; (b) Cross-section

803

Figure 3.2. Plan and cross-section of the coke oven foundation at the Coke Plant in Tangshan.
(a) Plan; (b) Cross-section I-I

804

Figure 3.3. Damage to the foundation of the No. 1 coke oven at the Coke Plant in Tangshan.
(a) Plan; (b) 8th row of the foundation frame; (c) Cracks from View 3; (d) Cracks on the resisting wall (developed)
from View 1; (e) Cracks on the resisting wall (developed) from View 2

805

Figure 3.4. A 100 m3 rectangular vertical kiln with an exterior burning chamber at the
Guogezhuang Alumina Mine in Tangshan.
1. Inlet; 2. Down channel; 3. Auto-burner; 4. Coal hopper; 5. Ash hopper; 6. Outlet

806

Figure 3.5. The foundation frame of a vertical kiln.
(a) Plan; (b) Reinforcement of the frame

Figure 3.6. Cracks on the foundation frame of the No. 1
vertical kiln.
(a) Plan of frame; (b) Cross-section 1-1; (c) Crosssection 2-2; (d) Cross-section 3-3
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Figure 3.7. A 250 m3 lime vertical kiln in the North Lime
Workshop at the Steel Plant of the Tangshan Steel and Iron
Corp.
1. Single hopper elevator; 2. Rotary charger; 3. Lead screw lime
output machine; 4. Star-shaped lime output machine

808

Figure 3.8. The structure of a tunnel kiln.
(a) Profile; (b) Cross-section; (c) Cross-section of (b)

Figure 3.9. A 150 m3 down draft kiln for clay bricks.
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EARTHQUAKE DAMAGE TO POWER PLANT STRUCTURES
IN THE TANGSHAN AREA
Hu Wenlong, Zhou Qi and Zhu Lianqi*

After the quake investigations were conducted on earthquake damage to main structures at
the following Power Plants: Douhe Power Plant, Tangshan Power Plant and Linxi Power Plant.
The structures that were investigated included a 180 m poured-in-place R.C. chimney, 4 groups
of water film dust collectors, 7 cooling towers, cooling system structures (intake water pump
house, transfer well, circulating water pipelines, channels, etc.), and 220 kV outdoor step-up
substations, etc.
The Douhe Power Plant was located in the northwest suburb of Tangshan City, Hebei
Province. The west bank of its reservoir was about 20 km from the city. The subsoil at the
plant, with a depth of over 100 m, belonged to saturated and compact silt of Quaternary alluvium
that was divided into three strata. The first was a medium compressible sub-clay about 7.5 m in
depth, the second was a compact silt about 17 m in depth and the third was a compact hard clay.
The water table underneath was about 5-6 m below ground level. All the structures were erected
on natural foundation soil.
The Tangshan Power Plant was situated in the city of Tangshan north of Dacheng Hill in the
vicinity of the epicenter. The ground had a fairly good geological formation, it possessed
Quaternary alluvium clay and sandy clay strata 2 m below ground level and a sand stratum about
5 m thick from 5-7 m below ground level. Further down, there was an air-slaked limestone rock
base with its surface upgrading southward. The ground water table was about 3-4 m below
ground level.
The Linxi Power Plant was a small-sized power plant run by the Kailuan Coal Mine. It was
situated in the East Mining District of Tangshan City. It had a sub-clay foundation bed.
The Tangshan Power Plant was within the intensity X area of the earthquake while the
Douhe Power Plant and the Linxi Power Plant were in the intensity IX area.
I. The 180 m R.C. Chimney at the Douhe Power Plant
1. General condition of the structure
The 180 m R.C. chimney at the Douhe Power Plant was completed in October 1975 and put
into use in December. It was the tallest chimney in China at that time.
The flue gas temperature was 150°C. The average maximum wind pressure measured at an
elevation of 10 m in 10-minute durations was 35 kg/m2, which is expected to happen once in 30
years. The approximate value adopted was 40 kg/m2. Outdoor temperature: monthly average
high in hottest month 40°C, monthly average low in coldest month −12°C. The depth of bottom
* Beijing Electric Power Design Institute
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of foundation was −5.000 m; the rubble concrete bedding was −5.000 to −6.800 m. The grayishbrown light sub-clay underneath the bedding at −6.800 m was about 1.000 m in depth with a
plastic property; its allowable load capacity was 2 kg/cm2. Below this was compact fine sand
and silt.
The original seismic design intensity was set at VI degrees. To meet requirements the design
intensity was revised to VII degrees. The concrete strength for the chimney shaft was 300
kg/cm2. After the 28-day curing, the average compressive strength on the 15 cm3 standard test
block was recorded as 347 kg/cm2. Tensile strength of the No. 16 manganese reinforcing steel
was 2,900 kg/cm2. The average tensile stress yield point was 7,470 kg/cm2. The thickness of the
cylindrical chimney wall was 460 mm below an elevation of 16.000 m, gradually reducing to
180 mm from 16.000 m up. Thickness and materials of inner lining: 240 mm red brick below an
elevation of 16.000 m; 120 mm ceramite concrete above an elevation of 16.000 m; a layer of
pearlite block was paved in between the ceramite concrete lining and the R.C. chimney shaft
wall. For elevation and sections of the chimney see Fig. 1.
The construction of the R.C. chimney shaft and ceramite concrete lining were carried out
simultaneously using dual sliding forms. To ensure the overall thickness of the shaft wall and
lining a layer of cold priming oil impregnated 50 mm thick cement pearlite block was
sandwiched in-between. Up the inside of the wall a ring of rectangular-projecting brackets were
formed at every 10 m in height. Its cantilevered dimensions measured 800(h)×500(b)×1
(thickness of the cement pearlite block + thickness of the ceramite lining). The horizontal space
between the brackets was filled with cement pearlite blocks. The exposed surface of the brackets
at the inner part of the chimney was plastered with 30 mm fire-proof cement mortar.
The percentage of vertical reinforcement for the R.C. shaft was 0.4-0.88%, and that of the
horizontal was 0.3% or more. The highest percentage of vertical reinforcement was set at the
vicinity of 120.000 m elevation and the lowest at the top and bottom of the chimney.
2. Earthquake damage
After the earthquake struck this area on July 28, 1976 a circular crack was observed on the
chimney at 130.000 m elevation. The crack was more apparent on the west side. The shaft
above the crack had a horizontal displacement of about 30-40 mm toward the south yet the shaft
basically remained vertical. A strong aftershock happened at 18:45 that same day and the upper
shaft swayed several times with a cracking sound from the reinforcing bars and flickering sparks;
then, the upper part of the shaft inclined and slowly moved toward the southeast direction. At
the same time, an opening was torn below the fracture of the shaft (Photo 1).
Some broken pieces fell into the shaft and knocked out the 120 mm thick R.C. ash bunker
plank at 7.000 m elevation, detached the steel step ladders between 120.000 m and 130.000 m,
elevation and also cut a 6,400 mm wide opening in the signal platform at an elevation of
90.000 m.
After the quake a survey was conducted on August 22 on the inclination of the chimney to
check against the data obtained on May 31, 1976 before the quake. It was observed that the
settlement of the east side had increased 0.9 mm from 19.2 mm to 20.1 mm relative to the west
side. The converted inclination increment was 7.7×10-5, this value was rather small. The
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measured deflection and distortion of the lower part of the chimney were the same as recorded
before the quake.
Aside from the damage to the shaft wall at a nearby fracture, no other apparent damage to the
chimney could be detected with the naked eye or with a theodolite. Minor cracks around the
chimney at different elevations were observed. Since no overall inspection had been made
before the quake it was hard to say whether these cracks were formed due to the quake or not.
No damage to the foundation bed and underground structures was detected.
During the restoration of the chimney in May 1977 it was found that at the fracture (above
the circular of brackets at 130.000 m) there were heaps of broken concrete and ceramite concrete
in various sizes with a maximum size up to 400 mm. The entangled steel bars were bent and
some were broken (Fig. 2).
A lot of cracks were observed near the fracture, which were distributed within the 127.000130.000 m elevation range (Fig. 3). The transverse and longitudinal cracks crossed each other
on the side where the upper shaft fell off (see 1−1 in Fig. 3). The maximum widths of the
longitudinal and transverse cracks were about 3 mm and 1 mm respectively. No longitudinal
crack was observed on the opposite side, only two through-wall cracks less than 1 mm were
detected (see Fig. 3, 2−2). Epoxy resin treated with cement mortar was used in the restoration
work. The grouting pressure adopted was 6 kg/cm2.
The damage gap at the top of the chimney was measured to be 3,650 mm at the opening and
650 mm at the end (Fig. 4). Besides, there were quite a few slanted cracks on the ceramite
concrete lining from 90.000 m elevation up.
II. Water Film Dust Collectors at the Douhe Power Plant
1. General conditions of the structures
Four groups of R.C. water film dust collectors were equipped for the boilers at the Douhe
Power Plant. The first and second ones were already completed before the quake and the third
one was nearly completed but without the inner lining. The fourth one only had the brick ring
wall base done. Each collector was composed of four R.C. cylinders connected to a R.C. header
with the upper parts of the ring wall bases linked up with a R.C. platform.
Dimensions of the structures are listed below.
(1) First and second group
O.D. of cylinder
Thickness of cylinder wall
Elevation at top of cylinder
Thickness of brick ring wall base
Elevation at top of brick ring wall base

4.88 m
160 mm
18.300 m
490 mm
2.800 m

(2) Third and fourth group
O.D. of cylinder

6.28 m
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Thickness of cylinder wall
Elevation at top of cylinder
Thickness of brick ring wall base
Elevation at top of brick ring wall base

200 mm
22.000 m
620 mm
2.8880 m

Poured-in-place #200 concrete was used for all the R.C. cylinders. All the cylinders were
lined with brick and diabase slate. The weight of the first and second group collectors (when
empty) was approximately over 800 t (brick ring wall base not included). Ring walls were built
with #75 brick and #50 cement mortar and were built on R.C. bedding, the thickness of which
was 0.50 m for the first and second group and 0.60 m for the third and fourth group. The plan
and section of the first and second group is shown in Figs. 5 and 6.
2. Earthquake damage
The brick ring wall bases of the first group were crushed. The R.C. cylinders slumped down
and inclined to the east about 14° and to the south about 1°14′ (Photo 2). The platform below
the cylinders also fell and tilted with the crushed bases (Photo 3). Because the steel flue that was
connected to the smoke outlet on top of the cylinders was torn open by the slumping and tilting
of the cylinders, the steel flue which was connected to the bottom smoke inlet on the east side
was crushed and broken. There were two transverse cracks on the upper part of the cylinder
adjacent to the R.C. header; the cylinder body below the header also developed circular cracks.
The platform had local damage on the south end.
The upper R.C. cylinder bodies of the second group were structurally intact but the lower
brick ring wall bases were badly damaged which made the upper cylinder bodies tilt 5° to the
west and the top center deviation was up to 900 mm. Damage at connections to the steel flue
was similar to that of the first group (Photos 4 and 5).
Damage to the third group was much less than to the first and second groups. Many
transverse cracks and some displacement were observed on the brick ring bases and three to four
slant cracks were observed near the left holes on the brick ring bases.
III. Cooling Towers at the Tangshan and Linxi Power Plants
There were three hyperbolic natural draft cooling towers and a series of forced draft cooling
towers at the Tangshan Power Plant. And there were three cross-flow natural draft cooling
towers at the Linxi Power Plant.
1. Counter-flow hyperbolic natural draft cooling towers at the Tangshan Power Plant
(1) General conditions of the structures
All three counter-flow hyperbolic natural draft cooling towers were R.C. structures. Two of
these were constructed in 1972 on a rock foundation and they had a spray area of 2,000 m2. The
height of the tower was 70 m and the height of the air-inlet was 6 m (Fig. 7). The shell was
supported on V-shaped raking columns.
Section of column

250 x 400 mm
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Reinforcement
4φ20 + 4φ16
Concrete strength
#250
Section of ring beam at shell’s lower rim
1200 × 450 mm
Reinforcement
9φ16 on both sides
Concrete strength
#200
Thickness of shell
250-100 mm
Concrete strength
200, anti-seepage rating S6
Reinforcement
No. 3 plain bar
Inner: transverse steel from bottom up
φ14-φ8@350 mm
longitudinal steel
φ8@220-327
Outer: transverse steel
φ14-φ8@200 mm
longitudinal steel
φ8@191-227
Dripping installations were composed of R.C. grilles.
The third hyperbolic natural draft cooling tower with 1,520 m2 of spray area was constructed
in 1959. It sat on a sub-clay foundation soil.
Height of tower
Height of air-inlet

55 m
3.36 m

The shell was supported on 36 V-shaped raking columns with octagonal sections.
Column section
340 mm (encircle diameter)
Reinforcement
No. 5 threaded steel 4φ28 + 4φ14
Concrete strength
#200
Section of ring beam at shell’s lower rim
660 × 350 mm
Reinforcement
10φ16 on both sides
Thickness of wall
250-100 mm
Concrete strength
#200, anti-seepage rating S4
Reinforcement
No. 3 plain bar
Inner: transverse steel from bottom up
φ12-φ8@300 mm
longitudinal steel
φ10-φ8@300 mm
Outer: transverse steel
φ12@150 mm-φ8@160 mm
longitudinal steel
φ12-φ8@200 mm
Dripping installations were composed of 10 decks of R.C. grilles.
(2) Earthquake damage
The damage was similar for all three towers.
A. Horizontal displacement was observed at the main water tank and distribution tank and
the end stopper plate of the main water tank was crushed. Some of the distribution tanks were
locally broken (Photo 6).
B. Reinforced concrete grilles were detached and fell (Photo 7).
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C. Circular cracks developed on beams and columns of the R.C. framework supporting the
grilles. The cracks on the beams were much worse, local concrete sections were completely
broken and hanging on only by its reinforcement steel.
D. Vertical cracks were observed on the ends of radial beams in two successive spans next to
the central riser, and the connections of the ends of radial beams to the central riser were badly
damaged (Photo 8). Cracks were detected in the middle part of the ring beams adjacent to the
central riser.
2. Cross-flow natural draft cooling towers at the Linxi Power Plant
(1) General conditions of the structures
There were three cross-flow natural draft cooling towers at the Linxi Power Plant. The No. 1
and No. 2 towers were arranged in a south to north array and were located north of the main
plant building. The No. 3 tower was located east of the main plant building. The No. 2, No. 1,
and No. 3 towers were built in 1931, 1937, and 1958 respectively.
The foundation beds of the three towers were all sub-clay with a loading capacity of 17 t/m2.
All these towers had the same structural type and dimensions (Fig. 8).
Overall height of tower
42 m
Height of shell
27.85
Under the shell there were 12 support columns.
Height of column
15.72 m
Column section
450 × 700 mm
Reinforcement:
Base
5φ18 + 3φ34 + 2φ32 on each side
Shaft
5φ18 on both inner and outer sides
The 1.22 m high column foundation was embedded 0.72 m below the basin floor. The base area
was 2500 × 3400 mm. The foundation was trapezoidal longitudinally and single-stepped
transversely. The columns were connected by two ring beams at the top and bottom. The shell
was constructed with prefabricated R.C. slabs but the lower ring beam, the four girdle beams, the
top ring beam and the outlet wall were all poured-in-place R.C. The size of the pre-cast slabs
was 1436 × 300 × 70 mm (average wall thickness) (Fig. 9). Each ring section of the shell
consisted of 48 slabs. Cement mortar was laid between stages of the slabs and φ12 horizontal
steel was embedded in the grooved joint of the upper and lower stages of the slabs. Two φ12
steel were run in the vertical joints of the slabs. Horizontally, special hooks tying together the
vertical and horizontal bars were provided at the joint of every third slab. The vertical groove
formed between two slabs was grouted with fine aggregate concrete during construction of the
shell (Fig. 10). The lower ring beam had a 1000 × 450 mm section with 3φ18 on both inner and
outer sides. The four ring girths of the shell were reinforced with 2φ18 on both sides. The top
ring beam was poured monolithically with the outlet of the shell. The overall height of this
section was 1,120 mm (including beam height 580). The average width of the beam was
250 mm. The reinforcement was 3φ18 on both the inner and outer sides. The wall thickness of
the outlet was 100 mm. The concrete strength was not less than #200 throughout.
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The dripping installations surrounding the cooling tower had an o.d. of 34.44 m. The water
trough, dripping boards and the supporting frames were timber structures.
(2) Earthquake damage
The quake hit while the No. 1 and No. 2 cooling towers were in operation. The water
dripping installations together with the support frame collapsed entirely, but that of the No. 3
cooling tower (not in operation) remained intact. The joints of beams and columns of all the
towers showed slight cracks. The shells remained intact on the whole.
3. Forced draft cooling tower at the Tangshan Power Plant
(1) General conditions of the structure
The forced draft cooling tower was grated into 48 squares. The whole lot was divided into
west and east parts by a transverse passage in the middle with each having 24 compartments.
The whole job was completed in two phases; 16 compartments were erected in 1956 during the
first phase while the rest were erected in 1959.
The types of towers were identical for both phases. The height of the tower was 14 m; height
of the draft cylinder was 17 m; and height of the air-inlet was 3.9 m. The structure of the tower
consisted of a 3-story poured-in-place R.C. frame. Longitudinally each part had 12 column
spacing with 8.0 m and transversely had two column spacing with 7.7 m. The internal partition
walls in both the longitudinal and transverse directions were all poured-in-place R.C.
construction with a concrete strength of #170. The external walls were pre-cast R.C. plates. The
embedded depth of the foundation was 3.92 m. Dripping installations of the cooling tower had
12, 14, and 16 decks of R.C. grilles respectively.
(2) Earthquake damage
Only slight cracks were detected at beam ends of the lower story frame. No reinforcement
measures were taken after the earthquake. Service continued.
IV. Cooling System Structures at the Douhe Power Plant
The cooling water at the Douhe Power Plant was supplied by the Douhe Reservoir. After
heat exchange the circulated cooling water was again discharged into the reservoir, which served
as a natural cooling pond and was used repeatedly. The cooling system structures consisted of
an intake water pump house, transfer well, circulating-water pipelines and intake and discharge
channels.
1. Intake water pump house
(1) General conditions of the structure
The intake water pump house was located on the west side of the Douhe Reservoir. The
designed capacity consisted of 7 sets of vertical pumps; two of them were erected before the
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quake. They were in service when the shock hit. There was also a 20 t overhead traveling crane
in the plant building.
The underground structure of the intake water pump house below level zero was a cylindrical
R.C. construction (Fig. 11). Its dimension was 41.40 m (l) × 23.45 m (w) × 24.50 m (h) and the
buried depth below ground level was 15.50 m. The foundation soil was sub-clay 4 m in depth
from the ground level down. Further down there was fine sand. An open caisson was used in
construction. Below level zero the plan included a front tank, a filter room and a pump room.
The pump house from the bottom up consisted of the pump floor, the electric motor floor and the
zero elevation floor. The thickness of the base slab was 1.0 m. A 2.0 m sealing concrete
bedding was set beneath the slab. The R.C. floor of the motor room had 6 transverse beams and
2 longitudinal beams with cross-section 1400 × 700 mm and the thickness of the floor was
100 mm. The filter room at level zero was kept enclosed except for the preset holes. Around the
pump house at zero level there were cantilevered passages leading to the outside.
The beams, columns and roof slabs of the pump house above zero floor level were all precast elements. The span was 15.00 m. The pump house had 7 bays; the column spacing at either
end was 6.6 m and that of the middle was 5.4 m. The height of the column was 8.3 m, the
column section was 400 × 600 mm and the reinforcement was 4φ22 on either side. The structure
of the column base is shown in Fig. 12. The thickness of the filling wall was 370 mm. The
walls were laid with #50 cement mortar. The wall was strengthened with 2 R.C. girths. The roof
structure consisted of a pre-cast R.C. I-beam and large sized R.C. channel slabs. On one gable
end there was a 4,200 × 3,600 mm opening. There were window openings of 4,200 × 3,600 mm
in each bay. On the other gable end there was a 3,600 × 3,600 mm entrance door.
(2) Earthquake damage
The R.C. box structure of the pump house below zero floor level was basically intact; only
the fillings at the pipe outlet were pulled loose. Surveys done after the shock showed the caisson
well tilted to the northeast (forward and slightly to its right) with an inclination rate of i=0.003.
The relative maximum settlement difference was about 40 mm (settlement before shock
included) which is a comparatively minor value.
Damage to the upper building was quite serious (Photo 9). The whole frame (the front tank
side) inclined to the north. Damage to columns on the B-axis were worse than to columns on the
A-axis. Most of the second-stage poured concrete at the base of the columns on the B-axis was
crushed or broken. The worst damage was to the base of column 1 (B-axis); one of its main steel
bars was bent and deviated 50 mm from its original centerline (Photo 10). Besides, all columns
showed circular cracks, mainly concentrated within a 2.0 m height range above the base. For
example, the B4 column had 14 circular cracks within 3.3 m from the base. 12 of the cracks
were found within 2.0 m. Cracks on some of the columns are shown in Fig. 13. One end gable
with a window opening collapsed outward and the other with the entrance door inclined outward
with its upper part falling off. Filler walls between columns showed regular vertical cracks that
were broader at the upper ends. Most of the parapets above the eaves fell off.
2. Transfer well
(1) General conditions of the structure
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The transfer well was located at the back of the intake water pump house. The embedded
depth of its foundation was quite shallow. The foundations were placed on 1.5 m thick sub-clay,
which laid on a fine sand layer.
The well was regular in form with not too much equipment. It had a R.C. box structure
below its zero floor level (Fig. 14).
Dimensions of box structure
Embedded depth below ground level
Well thickness

32.50 (l) × 8.20 (w) × 9.6 m (h)
2.4 m
0.6 m

Along the longitudinal R.C. wall there were 4 wall columns protruding 200 mm externally
and spaced at 6.1 m and 7.5 m (only at the middle bay). The column section was 400 × 800 mm.
Each pair of such wall columns were tied with three beams (upper, middle and lower). The
section of these tie beams was 600 × 400 mm. The upper structure consisted of 6 pre-cast R.C.
bent frames with no roof. Spacing of the bent columns corresponded to that of the wall columns.
The section of bent column was 400 × 400 mm and the reinforcement was 3φ15 on each side.
The net span of the bent-beams was 7.0 m. The section of beams was 600 × 400 mm with 6φ28
at the bottom and 4φ12 on the top. Two monorails for traveling cranes were attached on the
underside of the beams.
(2) Earthquake damage
The damage to the transfer well was similar to that of the intake water pump house, only less
serious in degree. The R.C. box structure below zero floor level remained intact with only the
fillings at the pipe holes pulled loose. And the second-stage poured concrete at the base of the
bent column had cracks; cracks were also present in the lower 2 m of the column. The north side
brick pier and the brick wall at the entrance fell and broke.
3. Circulating water pipelines
(1) General conditions of the structures
There were four main circulating water pipelines.
I.D. of pipelines
Piping length

2−1,800 mm, 2−2,600 mm
370.0 m, 340.0 m, 341.0 m and 336.0 m respectively

All the straight pipe sections were poured R.C. with a concrete strength of #250. The bends,
tees and embedded pipe sections through the dam were steel. See Fig. 15 for sections of
pipelines. The earth covering was 1−4 m thick.
Reinforcement of pipelines:
Pipeline
(i.d.)

Wall
Thickness
(mm)

Reinforcement Per Meter

% of
Reinforcemen
t
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φ1800

250

inner ring: 5φ14 + 5φ12, alternately

0.60

outer ring: 10φ12

0.51

longitudinal steel: 20φ10 (for both inner and outer layer)
φ2600

350

inner and outer ring: 5φ16 + 5φ12, alternately
longitudinal steel: 28φ10 (for both inner and outer layer)

73.1 kg/m3
0.49
65.1 kg/m3

Each R.C. pipeline was provided with 54 expansion joints spaced at about 20.0 m. Rubber
band water seals were placed in every joint. See Fig. 16 for the pipeline plan. The four pipelines
were all completed before the quake. The No. 1 pipeline was put into use together with the
operation of the No. 1 turbo-generator set.
(2) Earthquake damage
No damage to the steel pipes or R.C. pipes was observed in the investigation of the 4
pipelines following the quake; only deformation of different degrees was observed at some of the
expansion joints of the R.C. pipelines. Some rubber bands were torn apart. There were various
deformations of the expansion joints, see Table 2.
Pipe sections within the reservoir were heavily damaged. The embedded depth of pipelines
was comparatively shallow in that area. Gushing of sand, water and ground fissures were
observed in the vicinity of this area. Pipelines were pulled apart at the expansion joints with a
maximum detached width up to 165 mm and a maximum transverse displacement up to 180 mm
(Photo 11).
4. Intake and discharge channels
(1) General conditions of the structure
The intake water channel was located in front of the water pump house; its full length was
254 m. The discharge channel was connected to the end of the discharge water ditch whose full
length was 1,684 m. All the channels were paved with stones and mortar for a protective
covering which had crushed stone bedding, but one section of the channel (16 m in length) near
the front pond of the water pump house was built with a poured R.C. base slab and a L-shaped
R.C. retaining wall on both sides.
Dimensions of the intake water channel:
Width of bottom
Slope of channel side wall
Longitudinal gradient
Depth of excavation

5m
1:3.5
i = 0.001
5−6 m

A large part of the discharge channel in an earth cut and only a part of it was on fill where the
ground was low.
Width of channel bottom

3m
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Slope of channel side wall
Longitudinal gradient
Depth of channel

1:3
i = 0.002
3−5 m.

The general geological conditions along these channels was: a surface layer of sub-clay; the next
layer was fine sand; and the stratification of soil was uneven in elevation. Most of the
excavation work touched the fine sand layer. To meet the requirements of anti-seepage, 0.5 m of
anti-seepage clay was laid on the bottom and side slopes of the channels where fine sand existed.
The channels were put into use before the quake.
(2) Earthquake damage
All channels encountered different degrees of damage during the shock. In the vicinity of the
front pond a portion of the stone paring on the side slope arched up and broke. The stones were
loosened and slumped down (Photo 12). Furthermore, due to the thrust caused by tilting of the
intake water pump house the 300 mm thick concrete floor slab of the front pond was
compressed, arched up and broke locally. The filled section where there had been a storm creek
developed a landslide about 60 m in length (Photo 13). The stone paving at the discharge
channel outlet cracked and some parts of it slumped down.
V. 220 kV Outdoor Step-up Substation with Isolators Arranged at the Second Plane
1. General conditions of the structure
In the Tangshan area 220 kV outdoor switchgear of the Douhe Power Plant used a layout
with a two-row arrangement and isolators installed at a second plane. The span of the outgoing
feeder (the longitudinal bay spacing) was 15 m; the total length was 180 m. An expansion joint
was placed at the middle (at 90 m length). It was divided into two sections at the expansion joint
at axis 7 and 7a. Wind bracings were arranged between columns on axis 5−6 bay of the front
section and axis 12−13 bay of the rear section. The truss beam supporting the conductors also
served as the upper and lower chord of the wind-bracing truss. The web members were formed
with crossed L70×45×5 (No. 3 steel) (Fig. 17). The diagonal web members were connected to
the column with 2φ20 bolts. The truss beam of the longitudinal frames at each plane, which also
supported the conductors, were triangular in section and were fabricated with galvanized water
gas pipes.
The transverse frame of the step-up substation was composed of two 14 m spanned frames
and a middle span of 6 m. Transverse wind bracing was designed for every set of transverse
frames (Fig. 18). Diagonal members of the wind bracing were steel bars (2φ25, No. 3 steel).
Two steel channels were used as the horizontal bracing member. For connection of bracing to
column see detail ‘A’ in Fig. 18. The upper truss beam of the transverse frame was the same as
that of the longitudinal frames. The lower truss beam which supported the steel platform was
composed of steel angles. The lower truss beam was rectangular in section. A lightning rod
(10 m high) was erected on top of a frame column.
Frame columns of the step-up substation were composed of round centrifugally cast R.C.
column sections welded end to end. The length of these sections was 3 m, 4.5 m and 6 m, o.d.
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400 mm. Square R.C. base piers were poured-in-place to supplement the required heights of
some of the columns.
Concrete strength
Column wall thickness
Reinforcement

300
50 mm
longitudinal steel: No. 16 manganese spirally-deformed bar
outer hoop: spiral, φ4@100 mm, No. 3 steel
inner hoop: conventional, φ6@500, No. 3 steel

Before the quake hit, the step-up substation frame was already under full load of the outgoing
and incoming feeders.
2. Earthquake damage
The 220 kV outdoor switch gear was basically intact except for the following damages.
(1) The protection layer of the R.C. round column at 10.0 m elevation where the steel frame
was connected was generally crushed, puckered up and spalled with part of the reinforcement
steel exposed (Photo 14). There were two spots where holes were broken in columns but R.C.
columns of the end bay remained intact.
(2) The angle steel diagonal web member of the wind bracing between columns in
longitudinal frames was pulled apart from the column at two joints (Photo 15).
(3) The round steel bar cross-bracing between the transverse columns were generally
slackened (Photo 16).
(4) Some of the electrical equipment slumped down and was damaged.

Table 1. Dimensions of the 180 m R.C. chimney.
Elevation
Item
Height
O.D. of shaft (m)
Wall thickness (m)
I.D. of inner lining (m)
Gradient of outer shaft wall (%)
Gradient of inner lining (%)

±0.000 - 14.500
0.00
14.50
16.50
14.47
0.46
0.46
12.91

7
7
7
7

14.500 - 90.000
16.00
90.00
14.26
8.10
0.46
0.26
13.00
7.24
4.22
4.22
3.89
3.89

90.000 - 150.000
120.00
150.00
7.30
6.50
0.233
0.207
6.494
5.746
1.33
1.33
0.83
0.83

180.000
180.00
5.70
0.18
5.00
1.33
0.83

85

45

165

95

1

2

3

4

10

7

20

40

180

60

50

Displacement

settled

broader
on top

broken

Remarks

125

95

45

Width of
Detachment

50

90

40

100

Displacement

No. II Pipeline
(Φ1800)

(Translators: Li Qi and Zhou Shunyuan)

Note: “Broken” denotes breakage of waterproof rubber band.

8

10

6

5

Width of
Detachment

Expansion
Joint

No. I Pipeline
(Φ1800)

broken

broken

Remarks

15

10

135

45

35

Width of
Detachment

20

90

80

40

Displacement

No. III Pipeline
(Φ2600)

Table 2. Tangshan Power Plant circulating water pipelines.

dislocated

broken

Remarks

135

35

45

Width of
Detachment

80

60

30

Displacement

No. IV Pipeline
(Φ2600)

broken

broken

Remarks

821

822

Photo 1. The remainder of a 180 m damaged chimney
after the quake.

Photo 2. The brick wall base of the first group of
collectors was crushed and the cylinder body settled and
tilted.

Photo 3. The brick ring wall base of the first group of
collectors was crushed.

Photo 4. The second group of collectors tilted.
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Photo 5. The brick ring wall base of the second group of
collectors was crushed.

Photo 6. Local breakage of a distribution tank.

Photo 7. R.C. grilles became detached and fell.

Photo 8. Damage at the joint of a radical beam and
bracket of a central riser.
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Photo 9. The damaged intake water pump house.

Photo 11. A large circulating water pipe was pulled
apart at the joint.

Photo 10. Damage to column base.

Photo 12. The paved stone covering on the bank of the
intake channel was damaged.
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Photo 13. A landslide on the bank of a discharge
channel.

Photo 14. Damage to the round concrete column at the
step-up substation.

Photo 15. Damage connections of longitudinal cross
bracing.

Photo 16. Sagging of stretched steel bar cross bracing
between transverse frame columns of the step-up
substation.
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Figure 1. A 180 m R.C. chimney.
(a) Elevation; (b) Section of upper shaft; (c) Section of flue outlet
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Figure 2. Local damage at the fracture on the chimney.

Figure 3. A sketch of cracks near the fracture on the chimney.
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Figure 4. The gap caused by damage at the top of the
chimney.

Figure 5. Plan of the collector at 10 m elevation.
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Figure 6. A section of the collector.
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Figure 7. A counter-flow hyperbolic cooling tower.
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Figure 8. A cross-flow cooling tower.
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Figure 9. Pre-cast R.C. slabs.

Figure 10. A plan showing horizontal joints of pre-cast R.C. slabs.
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Figure 11. A section of the water intake pump house.
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Figure 12. Erection joint at the base of a column.

Figure 13. Cracks on some of the columns.
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Figure 14. A cross-section of a transfer well.
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Figure 15. A section of a R.C. pipe.

Figure 16. A layout of circulating water pipelines and expansion joints.
1. Steel pipe; 2. R.C. pipe; 3. No. of expansion joint; 4. Support pier at bend
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Figure 17. Wind bracing truss of a step-up substation.
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Figure 18. A transverse frame and its wind bracing.
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EARTHQUAKE DAMAGE TO THE ELECTRIC POWER SYSTEM
AND MAIN ELECTRICAL POWER EQUIPMENT
IN THE TANGSHAN AREA
Lan Zengjue, He Zuodan and Wang Rui*

After the earthquake investigations were conducted on the 110-220 kV transmission lines,
the turbo-sets and boiler equipment of the two power plants and electrical equipment of twentythree 35-220 kV substations in the Tangshan area.
I. Electric Power System
The electric power system in the Tangshan area was mainly composed of the Douhe and
Tangshan power plants, thirty-eight 35-220 kV substations and 1,032 km of 110-220 kV lines.
Aside from the above mentioned power plants there were other power sources that supplied
electricity to the Tangshan area. They were from Beijing (through the Jixian substation), Tianjin
(through the Hangu substation), Luanhe Power Plant and the Qinhuangdao Power Plant. The
Tangshan area relied mainly on 110-220 kV power networks. The power system scheme is
shown in Fig. 1.
The Douhe Power Plant had two 125 mw generating sets but had not put them into operation
before the earthquake. The Tangshan Power Plant’s supply was cut off as the insulators of the
electrical equipment in the 110 kV step-up substation were broken by the quake. All four
incoming feeders from the aforesaid sources tripped at the supply end. Hence, the Tangshan area
was completely without electric power.
The power loss in this area was estimated to be about 1,100 MW, approximately 30% of the
total generating capacity of the network. Among the 38 substations, 34 switch rooms collapsed
with panels and communication devices crushed or destroyed. Damage to outdoor equipment
was mostly to porcelain insulators.
Damage to the overhead lines was comparatively less serious. R.C. Π-type towers were used
for the 220 kV lines. The towers were either with or without guy wires. 300 mm diameter single
poles with guy wires and R.C. Π-type towers without guy wires were used for 110 kV lines.
Altogether there were twenty-seven 110-220 kV transmission lines with a total length of 1,032
km and 4,002 sets of tower foundations. After the earthquake inspections were made along the
220 kV Dou-Lu line (total length: 19.5 km, about 80 towers) as well as the 110 kV Tang-Jia
lines (total length: 14 km about 56 towers), and only sample inspections were made on the other
lines. No fallen poles or broken lines were found but over 90% of the guy wires were slackened.
Only a few towers showed foundation settlement, displacement or inclination of poles. These
lines could generally still be put into operation after the earthquake.

* Beijing Electric Power Design Institute
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Furthermore, investigations were conducted on the two microwave communication towers of
the Tangshan Power Supply Bureau and Hangu substation. The former was 62 m in height and
built with L220 × 16 mm (steel grade No. 3); It stood on a R.C. block stepped foundation. The
latter tower was 72 m in height and built with L220 × 16 mm (steel grade No. 3). It stood on a
cast-in-place pile foundation; the length of the piles was 22 m. After the earthquake both towers
showed no inclination and no deformation. The microwave installation room underneath the
tower also stayed intact and the towers continued to function after the earthquake. Only slight
cracks in the soil (about 10 mm in width) surrounding the foundation of the microwave tower at
the Hangu substation were observed.
II. Main Electrical Equipment
1. Main power transformer
The Douhe Power Plant (in the seismic area of intensity IX) had 5 sets of main power
transformers totaling 20,000-150,000 kV in capacity and weighing 29-153 t. The foundations of
the transformers were set on consolidated backfills. They underwent different degrees of
damage during the quake. Take the No. 1 main transformer (SFPL−150,000 kV, 200/15 kV, wt.
153 t) for example. Its six pairs of rollers were derailed and the equipment was displaced 420
mm southward and got stuck in the rubble; 220 kV high voltage insulators of all three phases
were displaced with a maximum offset of up to 33 mm. An A-phase bushing was broken; B and
C-phase bushings showed oil leaks. The earthquake damage to the rest of them was similar to
the No. 1 transformer.
The Tangshan Power Plant (in the seismic area of intensity X) had 10 sets of main
transformers. Insulators in 5 sets were broken and those in 2 other sets were displaced and
developed oil leaks. The rest were intact.
In 23 heavily damaged 35 kV-220 kV substations, 14 of the 32 sets of 560-120,000 kV main
transformers were wrecked in the shock. The earthquake damage in different intensity areas was
estimated in Table 1.
Five cases of damage occurred to the main transformers.
(1) Internal damage which caused burnouts
The No. 2 main transformer (SFS−31,500 kV, 110/35/10 kV) of the Hangu substation
(magnitude IX area) was displaced 400 mm westward and toppled which started an internal fire
that caused the burnout (Photo 1).
(2) Displacement and oil leak of high tension primary bushing
This type of damage was found in 10% of the total number of main transformers. The 220 kV
3-phase bushings of the No. 3 main transformer (OSFPSL−120,000 kVa, 220/110/35 kV) were
all dislocated with two of them leaking oil (Photo 2).
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(3) Breakage, displacement and oil leak of the secondary bushings on the low tension
side
Such cases were found quite common at over 90% of the main transformers. For example,
all the 10 kV 3-phase bushings of the main transformers (SFSL−20,000 kV, 110/35/10 kV) at the
Leting substation (intensity VII area) were pulled apart (Photo 3).
(4) Damage to attached parts such as shattered glass of explosion-proof tubes,
damaged heat radiators, oil leaks of submerged oil pumps and oil cleaners
(5) Platforms fell off, toppling in all directions
These cases happened to over 90% of the main transformers. For example, all 4 sets of main
transformers at the Hangu substation (intensity IX area) were dislocated from the No. 1 main
transformer (SES 1-31,500 kVa, 110/35/10 kV) offset 0.5 m to the east, the No. 2 main
transformer (SFS -31,500 kVa) 0.4 m to the west, the No. 3 main transformer (OSFPSL -120,000
kVa, 220/110/35 kV) 0.7 m to the west and 0.25 m to the north, and the No. 4 main transformer
(OSFPSL 90,000 kVa, 220/110/35 kV) 0.4 m to the east. The No. 1 main transformer (SJ−5,
600 kVa, 35/6.3 kV) at the Xiaonanjiao substation (intensity XI area) offset 1 m to the west and
toppled over (Photo 4).
2. Outdoor high voltage electrical equipment
Damage to this type of equipment, especially with large and slender porcelain parts was more
serious. For example, damage to the SW6-220 oil-minimum breaker rated 28.6%, the
FCZ3-220-J magnetic-blowout lightning arrester rated 50%, and the FZ-110-J valve-type
lightning arrester rated 26.7%. The above mentioned devices were located in an intensity IX
area. The other outdoor high voltage electrical equipment of the 220 kV (and below) substations
and step-up substations had little damage.
Damage to outdoor high voltage electrical equipment could be roughly classified as:
(1) Broken Porcelain
For example, the broken bushing of a 220 kV oil−minimum circuit breaker at the Lujiatuo
substation (intensity IX area), Photo 5; the broken bushing of a 110 kV circuit breaker at the
Xinanjiao substation (intensity X area), Photo 6; and the broken bushing of a 35 kV lightning
arrester at the Jia’anzi substation (intensity IX area), Photo 7.
(2) Displacement and oil leak of bushings
For example, a bushing of the 110 kV oil circuit breaker at the Lujiatuo substation (intensity
IX area) was torn apart (Photo 8), the 35 kV oil circuit breaker at the Xiaonanjiao substation
(intensity XI area) toppled and spilled oil (Photo 9).
Some of the outdoor high voltage equipment remained intact after the earthquake. For
example, in the case of the sulfur hexafluoride (SF6) 220 kV tank-type circuit breaker, the main
body of the circuit breaker was contained in a steel tank and the current transformer was
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mounted on top of the tank. Each phase weighed 4.5 t. The tank was bolted to the foundation.
This equipment stayed intact after the earthquake.
Some outdoor high voltage equipment was knocked down by falling structures such as the
enclosed bus-bar of the No. 1 and No. 2 generator at the Douhe Power Plant which was crushed
by the collapsed parapet of the turbo-house.
3. Indoor electrical equipment
(1) Equipment fixed to the floor by welding or bolting, such as 6.3-10 kV and 380 v switch
cabinets, switchboard panels, various control boards, desks, relay protections motors, etc.,
generally weathered well in the quake. Only some of the switch cabinets were shaken open but
no damage was found.
(2) Control boxes, switch boxes, lighting boxes, starters and control push buttons fixed on
walls were often damaged due to collapse of the walls.
(3) Damage to batteries at 15 substations and power stations was investigated. There were
11 sets of glass or plastic-cased batteries and 4 sets of car batteries. The results are given in
Table 2.
It can be seen that the car batteries were practically undamaged while glass-cased batteries
without any shock-isolation were seriously damaged (damage rate 54.5%). The batteries at the
Jia’anzi substation (intensity X) were all destroyed (Photo 10). Two banks of glass or plasticcased batteries with wooden frames (one at the Tangshan Power Plant and the other at the
Lujiatuo substation) and one battery bank with a rubber cushion (Douhe Power Plant) were all in
fairly good condition.
III. Main Equipment at Power Plants
The Douhe Power Plant had two 125 MW reheat turbo-sets furnished with two 400 t/h
intermediate reheat boilers. The Tangshan Power Plant had ten 6-50 MW turbo-sets furnished
with nine boilers. The earthquake damage to this equipment was mainly caused by collapsed
buildings, this included two turbo generator sets and two traveling cranes at the Douhe Power
Plant and four turbo-sets fit with two indoor boilers at the Tangshan Power Plant. Piping
deformation, displacement of condenser and sheared anchor bolts were also found. The major
damage is described in the following paragraphs (the damage mentioned all occurred at the
Douhe Power Plant except noted otherwise).
1. Turbo generator
A part of the oil pipeline supports alongside the A-row of the No. 1 turbo generator was
detached and piping was deformed. The condenser of the No. 2 turbo generator was displaced.
After the quake the No. 2 turbo generator was dismantled for investigation and no internal
corrosion was observed. Also, no apparent variations of cylinder leveling, journal elevation or
gaps in bearing pads were detected.
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Lube oil was cut off on the bearing of the Tangshan No. 9 turbo generator. Wear of the
surface caused by dry friction was observed about 105 mm × 2 mm on the journal of the
generator. Seven sets of main babbit bearings were all burned out. Different degrees of wear
were observed on rotors and blades.
2. Boiler
(1) Boiler frame
The K-1 frame of the No. 1 boiler inclined 88 mm toward the extension end. The
compartment on top of the boiler tilted. The connection between the intermediate plate girder
(DL-4) at the rear of the boiler top and the K2 large plate girder showed deformation and sagged
30 mm. The main post of the No. 2 boiler inclined forward 125 mm. Horizontal deviation of the
steel beam on the top of the boiler measured 30 mm.
(2) Boiler proper
At both the No. 1 and No. 2 boilers the welded joints of the steel plate at four corners of the
cooled-ash bunker’s water-seal tank were all torn and deformed. At the No. 1 boiler the same
happened to the sand-seal tank on the upper part of the rear wall. Welded joints of the guard
plate at four corners of the upper economizer were pulled apart. Channel steel supports of the
burners were all twisted and broken. At the No. 2 boiler the economizer header was torn away
2,700 mm from the guard plate of the rear wall. The safety valve of the steam exhaust pipe on
the top of the boiler inclined.
(3) Coal bunker and pipeline
The centerline of the coal feeder of the No. 2 boiler deviated. Most of the impellers got
stuck; at the No. 2 boiler the gap between two sets of the exhauster’s impellers and the inner
surface of the shell diminished and the rotor moved sluggishly. Four−M36 bolts of the coalgrinding motor were sheared. The organic glass in the inspection hole of the pulverizer was
cracked.
(4) Equipment and pipelines at the boiler house
The tertiary wind pipe at the left of the No. 2 boiler was shaken loose and fell to the ground.
Connections to the flue, water film dust collector and induced fan were cracked and deformed.
The rotor of the No. 1 and 2 boiler’s clinker crusher was stuck with debris. The supporting pier
of the No. 1 boiler’s blower was cracked during the earthquake.
(5) Equipment and pipelines at the dust collector site
The cylinder body of the water film dust collector of the No. 1 and No. 2 boiler tilted and the
flue was torn apart. The venturi pipe was displaced and the flange at its throat was torn open
(Photo 11).
Foundations of the No. 1 and 2 boiler’s induced fan settled and tilted. Impellers of the
induction fan on the A-side of the No. 2 boiler were displaced in relation to the air-inlet and got
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stuck, and the four−M16 bolts connecting the regulation baffle to the upper part of the fan hood
were broken.
(Translators: Li Qi and Zhou Shunyuan)
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Table 1. Damage rate of main transformers.
Site Intensity
Damage Rate %

XI

X

IX

VIII

VII

83.3

42.8

36.4

100

14.3

Note: a. Damage includes breakage of porcelain bushings, toppling of transformers or burnouts.
The damaged parts could not be put into operation until repaired.
b. In area VIII there was only one substation and the main transformer was completely
wrecked.
Table 2. Damage to batteries in areas of different seismic intensities.
Intensity
Battery Type

XI

X

IX

VIII

VII

Total

1

3

2

0

0

6

1

4

4

0

2

11

100

75

50

0

0

54.5

damaged
set

0

0

0

0

0

0

total

1

0

2

0

1

4

damage
rate (%)

0

0

0

0

0

0

damaged
set

glass or
plastic-cased total
batteries
damage
rate (%)

car batteries

Damage
Glass case broken,
steel rod connection
torn apart.

Basically intact.
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Photo 1. Burnout of the No. 2 main transformer at the
Hangu Substation.

Photo 2. Dislocation of a bushing caused an oil leak at
the No. 3 main transformer of the Lujiatuo Substation.

Photo 3. All 3-phase bushings of the main transformer were torn
apart at the Leting Substation.
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Photo 4. The No. 1 main transformer at the Xiaonanjiao
Substation toppled over.

Photo 5. A broken bushing found on a 220 kV circuit
breaker at the Lujiatuo Substation.

Photo 6. A broken bushing found on a 110 kV circuit
breaker at the Xinanjiao Substation.
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Photo 7. A 35 kV lightning arrester at the Jia’anzi
Substation was broken at the base.

Photo 8. A broken bushing on a 110 kV oil circuit
breaker at Lujiatuo Substation.

Photo 9. A 35 kV oil circuit breaker at Xiaonanjiao
Substation toppled and oil leaked from the insulator.

Photo 10. Batteries at the Jia’anzi Substation were
completely wrecked.
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Photo 11. A Venturi pipe was torn open at the flange.
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Figure 1. A schematic layout of a 110 kV electric power system in the Tangshan area.
1. Power plant; 2. 220 kV substation; 3. 110 kV substation; 4. 35 kV substation; 5. 220 kV line; 6. 110 kV line
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EARTHQUAKE DAMAGE TO COAL-HANDLING STRUCTURES
AT POWER PLANTS IN THE TANGSHAN AREA
Zhong Suqiong and Wu Zongxian*

Coal-handling structures at the Douhe and Tangshan power plants underwent different damage
that to the Douhe Power Plant was greater and damage to the aboveground structures was greater
than to the underground structures.
I. Coal-Handling Structures at the Douhe Power Plant
The coal-handling structures at the Douhe Power Plant consisted of two parts, that is, coal
unloading and coal transporting. The coal unloading structures included the coal shed, and the
wagon tipper plant, etc. The coal transporting part included a transfer post, a coal crusher tower,
and conveyor belts, etc. The aboveground structural area was approximately 2,500 m2. The
length of the above ground corridors was 175 m and that of the underground section was 200 m.
Expansion joints were set between structures but no seismic design was used.
The soil below ground level, within 100 m in depth, was mainly quaternary alluvium and was
divided into 3 strata. The first stratum was medium compressible sub-clay with a depth of
approximately 7.5 m; the second was compact silt about 17 m in depth (these 2 layers were quite
even in formation); the third was compact hard clay which was a comparatively sound stratum.
The water table was about 5-6 m below ground level and the water itself was not corrosive to the
concrete. The allowable bearing load was 18-20 t/m2.
Construction of the coal-handling structures was completed before the quake and the
technological equipment were also erected but the system had not been completely put into
operation yet. When the quake occurred the plant was under maintenance and the whole system
was in a shutdown state. This plant was in an intensity IX area. The damage recorded is shown in
Fig. 1 and damage to the main structures will be described separately in the following paragraphs.
1. The wagon tipper plant
(1) General condition of the structure
The plan and cross-section of the plant are shown in Fig. 2.
This underground structure was a poured-in-place R.C. caisson with 21 m insider diameter.
with a wall thickness of 1.5 m. The concrete strength was #200, the anti-seepage rating was B8,
and the steel grade was II; the bottom elevation was −19.700 m and the top elevation was −2.710
m. Brackets cantilevered from the caisson wall at −2.710 m supported the upper structure upon
which four hoppers were set. The upper structure was a single-story R.C. frame bent. The
concrete strength was #200, the steel grade was II, the column spacing was 6 m, the span was
* Beijing Electric Power Design Institute
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24 m with R.C. columns (see Fig. 3). Tenon joints were adopted for column sections at 0.750 m
elevation and rigid stepped joints were provided for girder-to-column connections. See Figs. 4
and 5 for welding details of reinforcement steel at the aforesaid connections. The quality of
fabrication and construction was found to be unsatisfactory, and poor alignment of the reinforcing
steel of the two sections resulted in poor welded joints; some of the secondary concrete pour at the
connections was affected by frost during construction which resulted in poor bonding and lower
strength. The roof structure consisted of large prefabricated R.C. roof slabs that were supported
on 24 m span pre-stressed R.C. arched roof trusses. A sleeper-beam was placed on the gable wall
but no truss. There was no horizontal bracing for the trusses, only a line of vertical bracing was
used mid-span (see Fig. 6). A 240 mm high brick filler wall was between columns. It was laid
with #75 brick and #25 mixed mortar. There was a gantry crane for repair work in the plant.
(2) Earthquake damage
The underground part stayed intact after the earthquake. The damage to the above ground
structures was recorded below (Photo 1).
The roof structure was basically intact, only some of the joints of the vertical bracing on the
south end were pulled loose and the bracing was slightly bent.
95% of the secondary pour at the column’s tenon joints were cracked, crushed or shattered and
40% of the bars were bent (Photo 2). The stirrups at the connections were broken. Broken groove
welding appeared in 30% of these steel reinforcing. The upper columns above brackets generally
showed cracks. Horizontal cracks were observed at column tops. The columns at four corners
were seriously damaged and transverse cracks were observed at the top and base of the columns
and also above the bracket. Besides, the upper columns tilted northeastward. The column on the
A−5 axis showed the worst damage (Fig. 3).
Cracks were observed at most of the secondary pour at beam-to-column connections. Some of
the negative bending moment steel was broken at the welded groove joints with the beam tilted
outward at the damaged connections (Photo 3). A few beams were thrown to the ground. In the
post-earthquake inspection, defective construction qualities were also discovered such as poor
alignment of steel reinforcement at connections, uneven welding, poor bonding of concrete poured
in winter construction work, etc.
Part of the east and west side walls at an elevation below the lower chord of the truss fell off
and large parts of the south and north end walls at an elevation below 5.000 m fell off also
(Photo 1).
2. Coal unloading shed
(1) General condition of the structure
The coal unloading shed was a semi-open pre-cast R.C. frame bent structure without enclosure
walls (Fig. 7). Column spacing was 7.2 m; span was 8.4 m; total length was 32.4 m; and there was
no longitudinal wind bracing for the bent. The roof structure consisted of a composite doublepitched roof beam with a steel rod tie; prefabricated R.C. roof slabs were used. The cantilevered
canopies under both eaves were prefabricated R.C. slabs on steel brackets. A 5 t screw unloader
was in the shed. The columns were erected on the walls of the underground structure. The
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column section was 800×400 mm (lower part) and 400×400 mm (upper part); steel reinforcement
was 8φ18 longitudinal steel; and the concrete strength was #200. Connections of column sections
and column to beam connections were the same as those at the wagon tipper plant. Supported on
the brackets were prefabricated R.C. T-beams for the crane runway. Underground structures with
through-length hoppers were poured-in-place R.C. The embedded depth of the foundation was
−6.5 m.
(2) Earthquake damage
The roof remained intact after the earthquake. Damage to the connections of the column
sections and top of columns were the same as those at the wagon tipper plant. Photo 4 shows a
damaged connection of column sections. There were more cracks on the upper columns. 70% of
the brackets that supported the crane runway girder showed cracks on their top surface and steel
reinforcing was exposed. The underground structure showed no damage.
3. Coal crusher tower
(1) General condition of the structure
The coal crusher tower was a multi-story poured-in-place R.C. frame structure with a
basement. The roof was covered with prefabricated slabs. The plan and section are shown in
Fig. 8. The embedded depth of the strip column foundation was −7.2 m; the concrete strength was
#200; and the steel grade was I and II.
The coal crusher and the vibrating screen were set separately on ±0.000 and +4.700 m
elevation. The 240 mm brick wall was laid with #75 brick and #25 mixed mortar. The filler wall
between columns was 120 mm thick. The bathhouse which was attached on the west side was
built with a brick bearing wall and round-hole hollow-cored roof slabs. The conveyor belt bridges
on both the east and west sides were simply supported on the frame beams.
(2) Earthquake damage
Photo 5 shows the coal crusher tower after the earthquake. The beams and columns were
basically undamaged, only four columns showed 3-5 transverse through cracks on their tops under
the +4.700 elevation floor slab; the width of the cracks were 1-2 mm. Frame beams (at an
elevation of 10.200 m) on axis 1-2 near axis B developed vertical cracks about 2 mm in width.
The enclosure wall on axis 1-2 above elevation 10.200 m showed heavy cracks and collapsed.
Some of the window casements were thrown down. Walls of the dust collector room on axis 4-5
were crushed by fallen chimney remains.
The wall footing of the attached bathhouse developed uneven settlement and the walls
cracked. The underground structure remained intact.
4. The conveyor belt corridors
(1) General condition of the structures
The conveyor belt corridors consisted of above ground bridges and underground tunnels. The
tunnels were poured-in-place R.C. structures with concrete strength of #200; the total horizontal
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length was 200 m. Expansion joints were constructed at connections to other buildings.
Dimensions of the tunnels were 3.5×2.7 m and 6.2×2.4 m; thickness of walls was 300-600 mm;
and the maximum embedded depth was 10 m.
The above ground corridors totaled 175 m in length. According to the type of support,
structures could be classified as: 1) prefabricated roof slabs supported directly on brick bearing
walls with 1 m diameter circular windows spaced every 2.5 m; and 2) bridges formed by side
trusses, a composite floor with beams and prefabricated roof slabs. The supporting frames were
spaced at about 18.00 m; they were built of either R.C. elements or of steel and R.C. composite
structures. Rigid beams were built across the top ends of side trusses and formed rigid bents with
the vertical members. Horizontal cross-bracings were placed at the first panel at both ends. The
end ribs of F-shaped roof slabs were welded to the upper chords. The space structures were
supported on bents or on beams with one end fixed. The top of the end span was simply supported
on the bracket of the frame of the deaerator bunker room.
The lower support elements were mostly independent multi-story prefabricated R.C. framed
bents with concrete strength of #200. The columns were tenon-jointed and had independent single
column foundations. The bottom elevation of the column foundation was −2.500 m. See Fig. 9
for the section of bridge from the coal crusher tower to the deaerator bunker room.
(2) Earthquake damage
The underground tunnels were basically well preserved except for some of the rubber waterseal bands, which were torn at the expansion joints. The main damage to bridges with brick walls
was the collapse of the side walls, see Photo 6. Damage to the bridges is as follows.
A. Damage to upper structures was comparatively slight. The side trusses and composite floor
slabs were basically intact, only a few roof slabs and welds of bracing were pulled loose and some
prefabricated step plates fell off.
B. The uppermost section of the conveyor belt bridge (Fig. 9) supported on the frame of the
deaerator bunker room fell down because the supporting bent collapsed and the belt was left
hanging (Photo 7). The bridge span adjacent to the coal crusher tower was crushed by the nearby
fallen chimney (Photo 8).
C. A few cracks were observed at the connection of the support frames on axis −9, −10, and
−11. The top of the column on axis −10 at elevation 23.766 showed about 10 ring cracks with a
maximum width of 3 mm at the beam-to-column connection; there were about 7 vertical cracks
with a maximum width of 5 mm on each end of the beam. The beam bulged about 10 mm in the
middle toward the higher span. The frame on axis 1-1 was struck by the collapse of the trussed
bridge section and a multitude of cracks were observed (see Fig. 10). The plain concrete pier on
axis 1-1 supporting the end span of the trussed bridge was cracked and crushed, and the maximum
width of cracks measured 10 mm (Photo 9).
5. The transfer post
(1) General condition of the structure
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The transfer station consisted of the joint transfer station and the coal yard transfer station.
The transfer station was a single-story brick building 34.9 m in length with a box-structure
basement. The longitudinal bearing wall supported the prefabricated roof slabs and there was no
partition wall. A monorail crane was supported from the roof, see plan and section in Fig. 11.
The coal yard transfer station measured 13x15 m and was a two-story brick building with a boxstructure basement; the roof was built with prefabricated slabs. The substation which was
attached to the building on the east side had brick walls which were laid on top of the basement.
The substation had a ventilator shaft through the roof, see section in Fig. 12. The 240 mm bearing
walls of the two-story building were laid with #75 brick and #25 mortar.
(2) Earthquake damage
The walls and roofs of both buildings were heavily damaged. The brick walls and roofs of
both wings of the transfer station collapsed. Cracks were observed under the windowsill and the
plaster fell off, and diagonal cracks were observed on the upper corners of the window openings.
The basement of the coal yard transfer station and other structures below 4.400 m elevation were
basically undamaged. Serious cracks were observed on the south wall (Photo 10) and on walls
between window openings on the north wall at 4.400 m elevation up. A portion of the roof
collapsed and all the parapets fell off. The substation walls were detached from the post wall and
a lot of cracks were observed. The ventilator shaft on the south side of the roof of the substation
collapsed while that on the north side showed a 10 mm horizontal crack under the louvered sill.
II. Coal Handling Structures at the Tangshan Power Plant
The coal handling structures at the Tangshan Power Plant were constructed in three stages.
Those in the first and second stages were completed and put into operation in 1958 and 1963
respectively. They consisted of the No. 1 coal unloading canal, the transfer station, coal crusher
tower and conveyor belt corridors. Resistance against an intensity VII earthquake was considered
in the design. The third stage of construction consisted of the No. 2 coal unloading building and
the coal transporting corridors which were completed in 1973; seismic design was not considered.
The Tangshan Power Plant was situated in an intensity X area but damage from the earthquake
was comparatively slight. The layout of the coal handling structures is shown in Fig. 13.
1. Coal unloading canals
(1) General condition of the structures
The aboveground poured-in-place R.C. single-story frame of the No. 1 coal unloading canal
was topped with prefabricated roofing; span 7.2 m and height 6.1 m. The structure had no
enclosure walls except for a low half-height filler wall between two of the columns. The
underground poured-in-place R.C. box structure with coal hoppers was embedded to a depth of
−5.65 m. The No. 2 coal unloading (153.1 m long) canal had the same basement structure as No.
1. Its aboveground structure was a prefabricated R.C. framed bent with column spacing of 6 m.
The columns were tenon-jointed at the base. One screw unloader was in the building. The total
length of the No. 2 canal was 153.1 m.
(2) Earthquake damage
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At the No. 1 canal, in the column space with the low half-height filling wall, the concrete on
top of all four columns was crushed and fell off and the exposed reinforcement steel bulged
outward (see Photo 11). No damage was observed on other column tops. Connections at the
column base showed horizontal cracks. No damage was observed in the basement and on the roof
structure.
At the No. 2 coal unloading canal the secondary pour of concrete at the tenon joints of all
columns cracked; 40% had their main steel exposed and 30% of the bars were broken at the weld.
The underground structure and the roof structure escaped damage except for the expansion joints
which were pulled loose and leaked.
2. Transfer post and coal crusher tower
(1) General condition of structures
The transfer station and coal crusher tower were poured-in-place multi-story R.C. frame
structures with basements. The 240 mm filler walls were laid with #75 brick and #25 mixed
mortar.
(2) Earthquake damage
The frames were basically sound, only local cracks were observed at exterior wall corners and
on walls under windowsills. Expansion joints at connections with the coal transporting corridors
were damaged or pulled apart.
3. Corridors for coal transport
(1) General condition of structures
The first and second stage corridors included two parts, one that was a box structure was an
underground tunnel with a section of 2.93×3.59 m; the other was an aboveground bridge having
sections of 3.6−4.5×2.69−3.93 m. The bridge was built with brick walls and a poured-in-place
R.C. roof slab and floor slab. Sliding supports were used for connections between bridges and
other aboveground buildings. Expansion joints with rubber seal bands were placed at connections
to the underground structures. The bridges were supported on poured-in-place R.C. frames with
individual column foundations. The total length of the third stage corridor was 46.345 m. The
end part of the underground tunnel was built with brick bearing walls and a prefabricated roof and
flooring. The underground tunnel had poured-in-place R.C. beams and columns.
(2) Earthquake damage
The corridors were basically intact after the quake. The only damage observed was at
connections to other buildings. The filler walls at the connection of the bridge and plant building
fell and broke. Horizontal cracks under windowsills on side walls appeared on the third stage
corridors. Displacement of approximately 100 mm existed in a few parts of the walls due to
cracks.
(Translators: Li Qi and Zhou Shunyuan)
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Photo 1. The wagon tipper plant (on the left) and the coal
unloading shed (on the right) after the quake.

Photo 2. Deformed steel bars at base of columns.
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Photo 3. Secondary pour of concrete cracked at the beam to
column connection.

Photo 4. Damaged column.
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Photo 5. Damaged walls of a coal crusher tower.

Photo 6. Damaged conveyor belt bridge with a brick bearing wall.
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Photo 7. The upper end span was pulled off
due to collapse of a framed bent.

Photo 8. The end span adjacent to the coal crusher tower was crushed by
the fallen chimney.
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Photo 9. A crushed pier on axis 1.

Photo 10. The collapsed roof and wall of the coal yard transfer
station.
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Photo 11. Column top damage at the No. 1 coal unloading canal.
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Figure 1. Earthquake damage to coal handling structures at the Douhe Power Plant.

Figure 2. Plan and section of the Wagon Tipper Plant.
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Figure 3. Column cracks at axis A-5 at the Wagon Tipper Plant.
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Figure 4. Column and connection of column sections.

Figure 5. Connection of a beam to a column.
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Figure 6. A layout of roof bracing at the Wagon Tipper Plant.
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Figure 7. A section of the coal unloading shed.
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Figure 8. Plan and section of a coal crusher tower.
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Figure 9. A conveyor belt bridge linking the coal crusher tower and the deaerator bunker room.

Figure 10. Cracks on a frame bent on axis 10.

870

Figure 11. Plan and section of a joint transfer station.

Figure 12. A section of the coal yard transfer station.
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Figure 13. Layout of the coal handling structures at the Tangshan Power Plant.
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EARTHQUAKE DAMAGE TO THE TIANJIN NO. 1 POWER PLANT
AND JUNLIANGCHENG POWER PLANT
Shi Guobin*

I. General
The No. 1 Power Plant was situated in Hedong District in Tianjin. It was on a piece of flat
land on the east bank of the Hai River. According to the years it was built the coal handling
structures could be divided into two parts: the No. 1 and 2 corridors and the old transfer station
were designed and built by the Japanese in the thirties and the other structures were built in the
fifties. The layout is shown in Fig. 1. The plant site was set on quaternary alluvium and shallow
sea deposits. The depth of filled earth was 1-3 m. Further down there were staggered strata of
sub-clay and clay. The ground was classified as Class II soil. The foundations were built on the
sub-clay. The allowable load capacity was estimated at 10 t/m2. No quake-resistant measures
were taken for any of the structures. The plant in an intensity VII area.
The Junliangcheng Power Plant was situated 20 km east of Tianjin. The terrain was quite flat
and the ground consisted of sea deposits. The structure-bearing layer was muddy clay and the
ground was rated as Class II soil. The allowable bearing capacity was estimated at 10 t/m2. The
coal handling structures at the power plant were completed in 1966. The layout is shown in Fig.
2. No quake-resistant measures were taken in the original design. The plant sat on an intensity
VII area.
II. Earthquake Damage
The No. 1 and 2 conveyor belt corridors at the Tianjin No. 1 Power Plant were steel
structures; No. 4 was a pre-cast R.C. structure; No. 9 was a poured-in-place R.C. structure; and
No. 5 was also a R.C. structure. These structures were basically intact after the earthquake
except for the No. 5 corridor, which suffered medium damage. The old transfer station and
switch room were single-story R.C. and brick structures. The coal crusher tower was a 3-story
poured-in-place R.C. structure. All were intact after the earthquake. The new transfer station
was a 2-story R.C. and brick structure with a third floor. The truss work of the No. 5 corridor
was supported on brick piers of the transfer post and was slightly damaged during the earthquake
(see Photos 1 and 2).
The No. 1 outdoor horizontal belt on angle steel supports was intact after the earthquake.
The No. 2 and 3 corridors were slightly damaged. No apparent damage was observed at the
poured-in-place R.C. underground structure at 6 m depth and at the R.C. and brick composite
aboveground structure. The 4-story poured-in-place frame of the coal crusher tower with a raft
foundation showed no damage after the earthquake. The coal weighing room and the switch
room on both sides of the coal crusher tower were brick and R.C. composite structures.
* Northwest Electric Power Design Insitute
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Horizontal through cracks of 3 mm were observed on brick walls between windows at the upper
and lower corners of window openings (see Fig. 6). Vertical cracks were observed on brick
bearing walls and side walls of the No. 3 corridor. A few bricks were broken and the mortar
peeled off (see Photo 3). The brick joints on the east wall of the switch room cracked diagonally
with inclination of a 45° angle from roof to floor. The crack measured 3-5 mm and most of the
mortar joints were crushed and fell off (see Example 2, Fig. 4).
III. Illustrations of Earthquake Damage
1. No. 5 corridor of the Tianjin No. 1 Power Plant
Originally, the No. 5 corridor of the No. 1 Power Plant was built as an outdoor structure.
The corridor sloped at an 18° angle and had a width of 2.2 m. It was supported on multi-story
R.C. bents with R.C. strip foundations that sat directly on the sub-clay stratum. The composite
trusses on top of the bent supported the floor, which was built with transversely laid
prefabricated R.C. slabs. The two trusses had three panels of lower chord steel bracing and three
sets of steel rod vertical cross bracing.
The corridor was rebuilt as an enclosed structure after the original work had been completed.
The floor was also widened. Two extra columns were added to both sides of the bent, and the
beam was lengthened and enlarged in section. Together with the original bent the new
framework was poured monolithically into a 3-span multi-story framed bent. New steel trusses
were erected on top of the new columns; their lower chords were kept at the same level as the
original floor. Small-sized R.C. floor plates were laid on the floor. Cement asbestos wall sheets
were hung on the outside of the truss and fiber boards were used as wall finishing on the inside.
Large prefabricated R.C. roof slabs were laid transversely on the top chords of the trusses. The
higher end of the corridor was supported on roller bearings at the R.C. longitudinal beam of the
plant building. At the lower end the original composite trusses rested on brick piers attached to
the exterior wall of the transfer station. The 490×490 mm brick pier was laid with #75 brick and
#
25 mixed mortar. An extra R.C. portal frame was used to support the ends of the newly added
steel trusses, thus, the corridor end was detached from the transfer station. The new frame was
constructed during the winter and serious cracks developed in the poured-in-place concrete so
the new frame was encased with steelwork for strengthening (see Fig. 3).
After the earthquake the tops of brick piers supporting the lower ends of the composite
trusses were damaged and locally broken, which caused the composite trusses to fall.
Fortunately, it was supported by the portal frame holding up the new steel trusses; the portal
frame was only 50 mm beneath the ends of the composite trusses. The fallen composite trusses
slid downward about 10 mm and thrust on the transfer station. The connection bolts on the
upper ends of the corridor were pulled off, small-sized floor plates were displaced and the
flooring peeled off and yet configuration of the corridor still retained in its original shape. It
could be relocated with a jack and put into use again. Fine fissures were found on column tops
and beam ends of the portal frame. No apparent damage was detected on the steel trusses,
composite trusses and support framework in the other two spans.
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2. No. 2 coal transport corridor of the Junliangcheng Power Plant
The No. 2 corridor consisted of an aboveground bridge and an underground tunnel with a
lighting chamber in-between. The corridor sloped 18° and had a width of 5.4 m. The
underground tunnel was a poured-in-place box structure with a wall thickness of 60 mm. The
bridge had two spans; the one near the lighting chamber was built with brick walls and pouredin-place R.C. floor slabs. The 240 mm wall was laid with #75 brick and #25 mixed mortar.
Large prefabricated R.C. slab roofing was laid on the walls. An R.C. flat beam 200 mm in depth
was poured on top of the walls to support the roof slabs. The other bridge span was built with
R.C. trusses and had a frame roof structure, its R.C. floor beams were welded to the lower chord
and hollow cored prefabricated R.C. slabs were supported longitudinally on these beams, and
120 mm brick filling walls were laid into the space between truss members for enclosure. The
upper and lower ends of the trusses were fastened to the brackets of the coal crusher tower and
the R.C. supporting frame separately. The lighting chamber was built with 240 mm brick
bearing walls and prefabricated large-sized roof slabs (see Fig. 4).
Both the above and underground structures were basically well preserved after the
earthquake. The only apparent damage observed was at the connection between the different
structural sections of the corridor. The sections were pulled apart and showed a vertical crack
wider at the top with a maximum width of 2 mm. Also, a lot of fine cracks were observed on the
brick wall in this vicinity and mortar joints were crushed and a few bricks were broken (Fig. 5).
3. No. 3 corridor of the Junliangcheng Power Plant
The No. 3 corridor had four spans. R.C. trusses were used for the 3 upper spans, the last and
lower one was built with brick and R.C. The corridor was supported on multi-story R.C. frames
with transverse R.C. strip foundations. The form and structure were the same as the No. 2
corridor. The upper end was fastened to the R.C. brackets of the main building and the lower
end was set on the wall of the coal weighing room (Fig. 6).
After the earthquake cracks occurred at the connection of the truss and brick-concrete
structure, but they were slighter than on the No. 2 corridor (Photo 4). At the bolt-connection
atop the support column on axis E and F, 45° slant cracks appeared on both ends with a
maximum width of about 5 mm. The cut-off concrete portion on axis E bulged outward in the
direction of axis D with some of the crushed parts falling off (Fig. 7). On the bracket of axis D a
vertical crack 0.1-0.2 mm developed in the direction of the bolt and ran through the bracket (Fig.
8). The crack between the truss and the brick wall on axis D increased to about 10 mm. On axis
D the filling wall of the plant building near the upper end of the bridge showed local cracks and
damage (Photo 5). Filling walls, 120 mm thick, on both sides of the bridge showed horizontal
cracks along the brick joints (Fig. 8).
(Translators: Li Qi and Zhou Shunyuan)
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Photo 1. Walls cracked vertically at the entrance of the
No. 5 corridor to the new transfer station at the No. 1
Tianjin Power Plant.

Photo 2. Cracks on longitudinal walls of the new
transfer station connected to the No. 5 corridor.

Photo 3. The wall of the coal weighing room cracked at
the support of the No. 3 corridor at the Junliangcheng
Power Plant.

Photo 4. Cracks were observed at the joint of the No. 3
corridor to the brick construction at the Junliangcheng
Power Plant.

Photo 5. Cracks on the axis D filling wall under the No.
3 corridor at the Junliangcheng Power Plant.
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Figure 1. Layout of coal handling structures at the Tianjin No. 1 Power Plant.

Figure 2. Layout of coal handling structures at the Junliangcheng Power Plant.
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Figure 3. No. 5 corridor and new transfer station at the Tianjin No. 1 Power Plant.

Figure 4. No. 2 corridor at the Junliangcheng Power Plant.
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Figure 5. Cracks on the wall of the No. 2 corridor at the Junliangcheng Power Plant.
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Figure 6. No. 3 corridor at the Junliangcheng Power Plant.

Figure 7. Cracks were observed on the top of a column in
the frame of the No. 3 corridor.
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Figure 8. Cracks were observed on a bracket at the top end of the No. 3 corridor.
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DAMAGE TO STRUCTURES, FACILITIES AND PIPELINES AT
CHEMICAL PLANTS IN THE TIANJIN AREA
Xia Dekai and Ni Jimiao*

After the Tangshan earthquake an investigation was made of damage to structures and
facilities at the Tianjin Chemical Plant, Tianjin Soda Plant, Dagu Chemical Plant, Tianjin
Petroleum Chemical Plant (Headquarters), Qianan Fertilizer Plant and some fertilizer plants
affiliated with counties in the Tianjin area. Of these chemical plants, damage to the Tianjin
Chemical Plant was rather serious and damage to the Tianjin Soda Plant and Dagu Chemical
Plant was less. The Qianan Fertilizer Plant was located in the vicinity of the epicenter of the
M=7.1 aftershock which occurred at 6 P.M. on July 28, 1976 and since it was built on bedrock
damage to the plant was rather slight. In this paper damage to some selected structures and
facilities at the Tianjin Chemical Plant, Tianjin Soda Plant and Dagu Chemical Plant are
described.
The Tianjin Chemical Plant was located in Hangu District in Tianjin City about 45 km from
the epicenter of the main shock and the intensity in this district was IX. Many sandboils
occurred in this district and the depth of liquefaction was about 14 m. The average settlement in
the plant area was 700-800 mm for structures. The allowable bearing capacity of the foundation
was reduced from 12 ton-force/m2 in the past to approximately 8 ton-force/m2. Pipelines and
structures suffered damage and 811 important facilities at the plant were damaged (including a
large working machine that was smashed due to collapse of the plant building).
The Tianjin Soda Plant was located on the north bank of the Haihe River in Tanggu District
of Tianjin City about 79 km from the epicenter of the main shock, the intensity at the plant was
VIII. Ground cracks and sandboils occurred in the plant area. There were 542 facilities that
were damaged (including 137 main facilities) and 29,500 m of various pipelines were also
damaged.
The Dagu Chemical Plant was located on the south bank of the Haihe River in the Tanggu
District of Tianjin City just opposite of the Tianjin Soda Plant, the intensity there was VII.
Sandboils occurred generally over the whole plant area and settlement occurred over
approximately 75% of the whole area. Sixty-one facilities (including 21 electric motors) and
about 8,000 m of pipeline were damaged.
Damage to the above-mentioned structures, facilities and pipelines are described in the
following.
I. Storage Tanks
There were three different types of storage tanks with high centers of gravity that collapsed
or overturned in the quake.
* Chemical Industry Design Co., Ministry of Chemical Industry
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1. Storage tank in the coke division, of the acetylene workshop at the Tianjin Chemical
Plant
The tank was an elevated R.C. structure with a cross-section of 6×6 m, and tankage of 50 m3.
In 1969 a story was added onto the top of the tank (Fig. 1) for installing transporting facilities.
The added story was supported by brick walls 240 mm thick, and the roof and floor slabs were
made of cast-in-situ R.C. 100 mm thick. During the quake there were 40 m3 of materials stored
in the tank, the columns of which were broken at the bottom of the beam at an elevation of 5.200
m. The brick walls of the added story collapsed and the tank fell down. A bucket elevator just
next to the storage tank overturned (Photo 1).
2. Storage tank at the acetylene workshop of the Tianjin Chemical Plant
The tank was made of welded steel plates enclosed with a section of steel frame and
supported on a welded frame. The capacity of the tank was 20 m3 (15 m3 of coke was stored in
the tank during the quake), the cross-section was 1.6×1.6 m and the height was 9 m. The height
of the four columns in the frame was 3.2 m. A spandrel beam was placed at a height of 1.6 m.
The secondary support was fixed on the spandrel beam. Columns were braced between an
elevation of 1.600 m and 3.200 m. During the quake the support columns ruptured at an
elevation of 1.500 m and the tank overturned.
3. Limestone storage tank at the acetylene workshop of the Tianjin Chemical Plant
The tank was a steel structure with a capacity of 90 m3 (50 tons of limestone was stored in
the tank during the quake), the cross-section was 4×4 m and the height was 6 m. The tank was
supported on a R.C. frame consisting of 4 columns and a beam on top. The frame was 5 m in
height, without bracing. During the quake columns of the R.C. support frame were broken at the
bottom of the beam and the tank overturned (Photo 2).
II. Corridors
Damage to three different structural types of corridors is described as follows.
1. Corridor with a conveyor belt at the acetylene workshop of the Tianjin Chemical Plant
Under the corridor was a cast-in-situ R.C. support frame and in the upper part of the corridor
was a R.C. roof supported by brick walls 2.0 m high and 240 mm thick. During the quake the
brick walls in the corridor collapsed, the roof slab fell and the conveyor belt was smashed
(Photo 3). The supporting frame under the corridor was basically intact.
2. Corridor with a conveyor belt at the ammonia chloride workshop of the Tianjin Soda
Plant
The entire length of the L-shaped corridor was 360.7 m including two connecting towers. Its
plan and cross-section are shown in Fig. 2. The connecting towers were cast-in-situ R.C. frame
structures with pre-cast R.C. slabs. A V-shape type of foundation was used in the corridor and
pre-cast R.C. connection beams and portal columns were used (Fig. 3). On both sides of the
corridor there were 240 mm thick brick walls supporting a R.C. roof slab. During the quake the
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columns between axis 4 and 12 and axis 15 and 25 of the corridor in the east-west direction
overturned, beams and brick walls collapsed, the roof slab fell, and the conveyor belt was
smashed (Photo 4) while the corridor in the north-south direction was basically intact except that
roof slabs in some sections fell down due to vibration.
3. Corridor with a coal conveyor belt at the new boiler house of the Tianjin Chemical
Plant
The corridor was a cast-in-situ R.C. frame structure with brick infill walls. The corridor was
basically intact after the quake. Offset only occurred at the connection of the corridor and the
boiler house and the corridor settled by 150 mm (Photo 5). Concrete at the connection was
crushed.
III. Towers and Vertical Heat Exchangers
Damage to towers and vertical heat exchangers was mostly due to the collapse of support
columns or installations not fixed firmly to the base. The following are three case examples.
1. HCl absorption tower at the agricultural chemical workshop of the Tianjin Chemical
Plant
The HCl absorption tower was 600 mm in diameter and 9 m in height and there were six such
towers at the plant. They were installed on a R.C. platform in which three were filler absorption
towers each 5,164 kg in weight, and the other three were film-type absorption towers each
2,700 kg in weight. Above the platform was a steel framed structure and under the platform the
tower was supported by brick columns (Fig. 4).
During the quake the brick columns under the platform of the tower collapsed with the steel
frame, R. C. platform and the tower. The steel frame and the tower both inclined about 15° to
one side but the facilities were basically intact and after repairs continued to be used.
2. End gas absorption tower at the agricultural chemical workshop of the Tianjin
Chemical Plant
The tower was a steel structure 500 mm in diameter and 3.6 m in height with its own weight
of 1,321 kg. There were three such towers placed directly on the foundation not fixed by anchor
bolts. During the quake all three towers overturned falling on to the steel beam of the frame
(Photo 6).
3. Graphite heat exchanger in the PVC division of the PVC workshop at the Tianjin
Chemical Plant
The heat exchanger was placed on a steel support frame with four brackets not fixed by bolts.
During the quake the exchangers were pulled aside by falling pipelines (Photo 7).
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IV. High Potential Troughs and Electrolyzers
1. High potential trough for refined salt solution in the film electrolysis division of the
soda workshop at the Tianjin Chemical Plant
The high potential trough, supported on a R.C. frame, was a steel structure 2.4 m in diameter,
5.3 m in height and 5.6 tons in its own weight. During the quake there were 18 tons of liquid
stored in the trough. There were four rings on the bottom of the trough fixed by four buried bolts
on the frame. The structure of the R.C. frame is shown in Fig. 5; the concrete strength of the
frame was 200 kg/cm2. The frame inclined after the quake with its upper part displacing 300 mm
toward the left side (Photo 8). Horizontal circular cracks occurred at the top of the four columns
of the frame (under the beam, see Fig. 5). Circular cracks also occurred at both ends of the four
transverse beams in the middle of the frame with crushed concrete and exposed steel bars.
2. Mercury electrolyzer in the soda workshop at the Tianjin Chemical Plant
The electrolyzer was a long structure supported on porcelain isolators and not fixed. The
electrolyzer displaced during the quake and the conducting plate distorted and other fittings were
seriously damaged. Due to liquefaction of the site the ground deformed and displaced causing
longitudinal bending of the electrolyzer (Photo 9).
The newly built 150 KVA mercury electrolyzer was fixed on the supporting frame and no
displacement occurred and there was no damage to the electrolyzer.
3. Film electrolyzer in the soda workshop at the Tianjin Chemical Plant
The electrolyzer was supported on porcelain isolators and not fixed. During the quake the
cover of the electrolyzer moved apart from the body and part of the cover fell to the ground,
connecting pipelines pulled apart and the porcelain isolator supporting the frame displaced
(Photo 10).
From the above examples, rather serious damage was sustained by heavy high potential
troughs supported on a frame without bracing and by electrolyzers not fixed at the base.
V. Storage Tanks and Oil Tanks
Approximately 30 storage tanks and oil tanks with a capacity of 50 m3 and above were
investigated. After the quake most of the foundations of the tanks had settled. Inclined facilities
amounted to 1/4 of the total but only two tanks suffered damage. The following are three case
examples.
1. 1,000 m3 oil tanks at the Tianjin Chemical Plant
There were two such tanks at the plant made of grade A3 steel containing fuel oil. The empty
weight of each tank was 37 tons and the size of the tank and thickness of the steel plates are
shown in Fig. 6.
One of the tanks was full of oil (10 m high and 12 m diameter) and the other tank was ½ full
with oil. The two tanks were placed 1 m apart. During the quake the tanks pounded against each
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other and the full tank was seriously damaged. In a range about 0.5 m above the bottom there
were two elephant foot buckles around the tank (Fig. 7 and Photo 11); 3-4 cracks occurred in the
steel plate and the longest crack was 100 mm in length and 50 mm in width; and connecting
pipes in the upper part of the tank were pulled apart and fuel oil flowed out completely;
connecting pipes in the lower part were fractured. The ladder fastened to the tank was bent.
The other tank half full of oil was slightly damaged. Only one buckle happened in the lower
part of the tank and no cracks, leaks or overflow of oil occurred (Photo 12). After the quake the
location of buckling was strengthened by section steel and the tank was still in use.
2. Salt solution storage tank at the soda workshop at the Tianjin Chemical Plant
This was a steel tank with a capacity of 50 m3. The foundation soil liquefied during the
quake causing differential settlement of the foundation, of about 500 mm. The tank inclined
approximately 8° (Photo 13).
3. Benzene storage tank at the Tianjin Chemical Plant
This was a steel tank with a capacity of 2,000 m3, a diameter of 15 m, a height of 13 m, self
weight of 48 tons, and was directly placed on the ground (Fig. 8). The allowable bearing
capacity of the ground in design was 17 ton-force/m2. After the quake the tank settled about
500 mm tilting approximately 6°. No damage to the tank was found.
VI. Pipelines
A total length of 31,065 m of pipeline ruptured at the Tianjin Chemical Plant during the
quake in which 27,491 m was elevated pipeline and 3,574 m was underground pipeline. The
length of the elevated pipeline that ruptured mainly due to collapse of the building was 25,590 m
and that due to vibration of the earth was 1,901 m (Table 1).
The reasons for rupture of the pipeline due to collapse of the building or structural members
(Photo 15) were varied. The following cases of ruptured pipeline induced directly by the quake
are described below.
1. Pipeline falling from the supporting rack
There were many pipelines that fell from the supporting frame during the quake due to no
installations for prevention of falling, e.g. the outdoor pipeline of the PVC workshop at the
Tianjin Chemical Plant and that of the ammonia chloride workshop at the Tianjin Soda Plant.
2. Fracture of pipeline by tension
Underground pipelines were fractured due to deformation of the ground during the quake.
For example, a lot of cracks occurred between the salt heaps and the coal field at the Tianjin
Chemical Plant and the underground R.C. sewage pipelines at this location were pulled apart
from the joint. The 12-inch cast iron pipe in the No. 5 pump house at the Tianjin Chemical Plant
broke from tension due to cracking of the ground (Photo 16).
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3. Fracture of joints
Joints 1.5 m in diameter on the R.C. water pipes in the water supply division and power
workshop at the Tianjin Chemical Plant were generally fractured (Photo 17). The insert opening
of the water pipe at the power workshop was also crushed.
4. Pull apart of the welding seam
The welded joint of the gas pipe in the drying workshop at the Tianjin Chemical Plant was
pulled apart (Photo 18).
(Translator: Lu Rongjian)
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Table 1. Statistics on the length of pipeline ruptured in the quake at the Tianjin Chemical Plant.
Elevated Pipeline (m)

No.

Name of Workshop

Total
Length
Ruptured
(m)

Rupture
Due to
Collapse of
Buildings

Total

Underground
Pipeline
(m)

155

210

365

2,115

1

Power Workshop

2

Soda Workshop

210

210

3

Agricultural Chemical Workshop

8,592

315

8,007

8,322

270

4

Acetylene Workshop

1,233

123

1,110

1,233

204

5

PVC Workshop

10,061

111

9,746

9,857

6

Inorganic salt Workshop

146

146

7

Marketing Division

8

Repairing Workshop

9

Administration Division
Total

2,480

Rupture
Induced
Directly by
the Quake

146
1,883

896

1,883

686

686

686

5,774

4,789

4,789

985

25,590

27,491

3,574

31,065

987

210

1,901
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Photo 1. Collapse of the storage tank in the Coke Division of the
Acetylene Workshop at the Tianjin Chemical Plant.

Photo 2. A limestone storage tank overturned at the
Acetylene Workshop of the Tianjin Chemical Plant.

Photo 3. Collapse of the conveyor belt at the Acetylene Workshop of the
Tianjin Chemical Plant.
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Photo 4. The conveyor belt corridor at the Ammonia Chloride
Workshop at the Tianjin Soda Plant collapsed in the quake.

Photo 5. Offset occurred at the connection of the
corridor and the boiler house at the Tianjin Chemicals
Plant.

Photo 6. The end gas tower overturned at the
Agricultural Workshop at the Tianjin Chemical Plant.
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Photo 7. Graphite heat exchangers at the PVC
Workshop at the Tianjin Chemical Plant, were pulled to
the side by a falling pipeline.

Photo 8. The R.C. frame supporting the high potential
trough inclined and cracks occurred at the connections
of beams and columns. (Workshop of the Tianjin
Chemical Plant).

Photo 9. The mercury electrolyzer in the Soda
Workshop at the Tianjin Chemical Plant displaced,
porcelain insulators were damaged, and conducting
plates were distorted.

Photo 10. The cover of the film electrolyzer moved and
fell down and the connecting pipelines broke at the Soda
Workshop of the Tianjin Chemical Plant.
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Photo 11. Two bucklings occurred in the lower part of the tank that was
full of oil; the ladder on the left was bent at the Tianjin Chemical Plant.

Photo 12. Buckling occurred at the lower part of the tank that was
half full of oil at the Tianjin Chemical Plant.

Photo 13. Differential settlement of the foundation of
the salt solution tank at the Soda Workshop of the
Tianjin Chemical Plant.

Photo 14. A 2,000 m3 benzene storage tank settled and
tilted at the Tianjin Chemical Plant.
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Photo 15. Collapse of a plant building caused damage to
all pipelines and facilities at the Acetylene Workshop of
the Tianjin Chemicals Plant.

Photo 16. A 12” cast iron water pipe in the No. 5
pump house was pulled apart by soil movement at the
Power Workshop of the Tianjin Chemical Plant.

Photo 17. The joint of a water pipe separated at the
Power Workshop of the Tianjin Chemical Plant.

Photo 18. A welded seam of an elevated gas pipe was
pulled out. Drying Workshop at the Tianjin Soda Plant.
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Figure 1. The structure supporting a storage tank in the Coke Division of the Acetylene Workshop at the Tianjin
Chemical Plant.
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Figure 2. Plan of the corridor with a conveyor belt in the Ammonia Chloride Workshop
at the Tianjin Soda Plant.

Figure 3. Portal columns of the corridor with the conveyor belt in the Ammonia
Chloride Workshop at the Tianjin Soda Plant.
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Figure 4. The structure of the HCI absorption tower and its platform in the Agricultural Chemical Workshop at the
Tianjin Chemical Plant.
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Figure 5. The structure of a R.C. frame supporting the high potential trough and location of cracks at the
Soda Workshop at the Tianjin Chemical Plant.
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Figure 6. A 1,000 m3 oil tank at the Tianjin Chemical Plant.

Figure 7. Buckling of a 1,000 m3 oil tank at the Tianjin Chemical Plant.
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Figure 8. A 2,000 m3 benzene storage tank at the Tianjin Chemical Plant.
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EARTHQUAKE DAMAGE TO VERTICAL LAND STORAGE TANKS
Wang Minghong*

After the 1976 Tangshan earthquake a survey of 52 vertical ground based storage tanks with
capacities ranging from 500 to 10,000 cubic meters was conducted in Tangshan and Tianjin.
The walls of the tanks were cylinder shell structures while the tops were braced-chain suspension
roofs, truss supported conical top caps, or arched top caps. In Tianjin and Tanggu the foundation
of the tanks were usually soft soil or barged-in fill; in Tangshan it was often loam and clay. The
foundation of an oil tank was composed of a 250 mm thick sand cushion with a 100 mm thick
layer of tar sand with the exception of the Edible Oil Depot in Tanggu which was located on
barged-in fill. A 300 mm wide and 2.9 m high reinforced concrete ring beam was located under
the wall of the tank (the top of the ring beam was 2 m above the ground). The area within the
ring beam was filled with 2.3 m thick sand layer covered with 100 mm thick tar sand. The top of
the tar sand was level with the top of the ring beam. There were protective brick walls around
the oil tanks at the oil depot in Gaogezhuang, Tangshan. Anti-seismic factors were not taken
into consideration during construction of these tanks and protection walls. The tanks are here
categorized according to their capacities. Their structures are listed in Table 1 and the damage is
listed in Table 2.
The tanks, which were located in different intensity zones, were not completely destroyed.
The damage that occurred to a few tanks were: the lower part buckled, the bottom plate was
damaged, the foundation settled, the body inclined or moved; and inlet and outlet pipes and oil
pipelines broke. There was also other damage caused by the collapse of the protection walls.
They are illustrated as follows.
1. Lower Part of the Walls Bulged
About one-tenth of the tanks investigated buckled at the lower part. These tanks included
two 1,000 cubic meter tanks at the Gaogezhuang Oil Depot in Tangshan (intensity XI) and a
1,500 cubic meter tank and three 1,000 cubic meter tanks at the Xinhe Oil Depot in Tianjin
(intensity VIII) (Photo 1). Generally, they buckled 20-30 mm; the most serious case of buckling
was 50-60 mm. All these tanks contained oil, filled to more than two-thirds the height of the
tanks when the earthquake occurred.
2. Bottoms of tanks were Damaged
The bottoms of four tanks leaked. The most serious one was a 1,000 cubic meter tank at the
Gaogezhuang Oil Depot in Tangshan (intensity of XI). Water and sand oozed around the
foundation. A 2.25 m long and 150 mm wide crack occurred on the bottom plate. All 300 tons
of petrol stored in the tank leaked out. A 1,500 cubic meter tank at the Xinhe Oil Depot in
* Design Institute of the Ministry of Commerce
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Tianjin (intensity VIII) suffered six cracks on its bottom plate. Most of the 180 tons of oil stored
in the tank leaked out.
3. T-Shaped Seams Connecting Walls and Bottoms were Damaged
At five tanks more than a dozen fractures occurred at the joints at the bottom of the tank
walls. At one of the five tanks fractures were found in four places. These tanks were mostly
built and put into operation in 1956 and 1959. An investigation showed that the lowest wall ring
of the tanks built during this period had corroded 0.5-1mm; a few corroded 1 mm or more.
4. Foundations Sank
The foundations of oil tanks in Tianjin and Tanggu were mostly built on weak soil. After the
earthquake the tanks in this area sank about 50 mm generally (Photo 2). The foundation of the
eight 5,000 cubic meter tanks at the 7201 Oil Depot in Tianjin, which were empty, sank about
100 mm. One sank about 200 mm.
5. Tank Bottom Swelled
Four tanks were being built at the 7201 Oil Depot in Tianjin when the earthquake occurred.
Since water and sand oozed, the bottom of a tank raised up. The center was about 500 mm
higher than the periphery.
6. Tanks Moved or Tilted
The No. 317 tank at the Xinhe Oil Depot in Tianjin moved 700 mm towards the southeast.
Meanwhile, the top tilted 600 mm relative to the bottom (Photo 3). Some of the stored engine oil
overflowed the manhole in the roof. The four tanks at the Tanggu Edible Oil Depot inclined 62
mm before the earthquake and tilted 250 mm after the earthquake but the bodies of the tanks
were intact (Photo 4).
7. Pipelines and Inlet and Outlet Pipes Broke
The inlet and outlet pipes of a 1,000 cubic meter tank at the Gaogezhuang Oil Depot in
Tangshan (intensity XI) broke (Photo 5). Three light oil pipelines with a diameter of 200 mm
each at the Xinhe Oil Depot in Tianjin (intensity VIII) broke at their turning points since no
flexible joints had been installed. The broken sections of pipe were 350 mm away from each
other (Photo 6). Vertical steel tanks with protective brick walls suffered from the collapse of the
walls. The damage included walls of tanks being dented; broken pipes; and damaged valves
(Photo 7).
(Translator: Wang Minghong)

8,240

9,830

12,700

12,160

12,150

12,650

500

1,000

1,500

3,000

5,000

10,000

30,480

23,180

18,270

12,190

11,890

8,670

Inner
Diameter
(mm)
Type of Top

truss conical

arched

same as above

truss conical

same as above

braced-chain
suspension

5

4
(with stall bar)

4

4

2.5

2.5

Thickness of
Top
(mm)

19

12

9.5

6.4

5

4

Bottom

2

16

10

7.9

6.4

5

4

3

12.5

10

7.9

6.4

5

4

4

8

8

7.9

6.4

5

4

5

6.4

7

6.4

6.4

5

4

6

6.4

6

6.4

6.4

5

4

5

6.4

6.4

5

7

4.5

5

8

4

5

9

5

10

6

6

4

4

4

4

Middle

8

8

7

6

6

4

Coaming

Thickness of Bottom
Board
(mm)

Note: A No. 20 channel steel ring was fixed at a height of 9.5 meters to each of the four 5,000 cubic meter tanks at the Edible Oil
Depot in Tanggu.

Call
Height
(mm)

Capacity
(m3)

Thickness of Wall Rings
(mm)

Table 1. Parameters of oil tanks with different capacities.
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Intensity

XI

VIII

Name

Gaogezhuang
Oil Depot in
Tangshan

Xinhe Oil
Depot in
Tianjin

Capacity
(m3)
1,000
1,000
1,000
1,000
1,000
500
500
10,000
3,000
1,500
3,000
1,500
3,000
3,000
1,500
1,500
3,000
3,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000

Number
1
2
3
4
5
6
7
1
2
3
4
5
6
7
8
9
10
11
301
302
303
304
305
306
307
308
309
310

diesel
petrol
petrol
petrol
petrol
diesel
diesel
diesel
petrol
diesel
diesel
engine oil
engine oil
engine oil
engine oil
engine oil
engine oil
engine oil
engine oil
engine oil
engine oil

diesel

Oil
petrol
petrol
petrol
diesel
diesel
diesel

1959

1956

1958

Started
Using

III

III

II

Soil

in normal use

part of bottom
coaming rotted;
used normally

part of bottom
coaming rotted;
used normally

Before
Earthquake

Tank leaned.
Bottom buckled.
Same as above.
Bottom leaked.
T-shaped seams in wall leaked.

Tank sank.

T-shaped seams in wall leaked.
Bottom of wall bulged.
Same as above.
Foundation sank.
Bottom leaked.

Damage
Bottom wall ring ballooned, protection wall collapsed.
The same as above, and bottom plate cracked.
Foundation sank, protection wall collapsed.
The same as above.
The same as above, and fire pipes were broken.
Protection wall collapsed, and oil pipes and valves were
broken.
Protection wall collapsed, and the tank was partially
flattened.

Table 2. Damage caused by the earthquake to 52 oil tanks.
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Intensity

VIII

VIII

VIII

Name

Xinhe Oil
Depot in
Tianjin

7201 Project in
Tianjin

Edible Oil
Depot in
Tanggu

Capacity
(m3)
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
5,000
5,000
5,000
5,000
5,000
5,000
5,000
5,000
5,000
5,000
5,000
5,000

Number
311
312
313
314
315
316
317
318
319
320
321
322
1
2
3
4
5
6
7
8
1
2
3
4
edible oil

engine oil

Oil

1974

1959

Started
Using

III

III

III

Soil

on average sank
1.44 m, and
tilted 62 mm

tank installed,
but not used yet

in normal use

Before
Earthquake

Table 2. Continued.
Damage

Bottom leaked and foundation sank.
Same as above.
Foundation seriously sank.
Foundation seriously sank.
Foundation seriously sank.
Same as above, and bottom swelled.
Foundation seriously sank.
Foundation seriously sank.
Foundation seriously sank.
Foundation seriously sank.
Sank an average of 1.63 m and tilted 250 mm.

Foundation sank.

Coaming of bottom ballooned.
T-shaped seams in wall leaked.
Same as above.
Same as above.
Roof deviated 600 mm, tank moved 700 mm, and manhole
leaked.

Foundation sank.
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Photo 1. An elephant buckle on a 1,500 cubic meter
tank (intensity of VIII). Xinhe Oil Depot in Tianjin.

Photo 2. A 1,000 cubic meter tank at the Xinhe Oil
Depot in Tianjin settled.

Photo 3. The No. 317 tank at the Xinhe Oil Depot in
Tianjin tilted.

Photo 4. A 500 cubic meter tank at the Tanggu Edible
Oil Depot tilted.

Photo 5. The inlet and outlet pipes of a tank at the
Gaogezhuang Oil Depot in Tangshan were broken.
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Photo 6. Oil pipelines with diameter of 200 mm were
pulled apart. Xinhe Oil Depot in Tianjin.

Photo 7. A 1,000 cubic meter tank at the Gaogezhuang Oil
Depot in Tangshan remained intact. Only the protection wall
collapsed.
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EARTHQUAKE DAMAGE TO WATER TOWERS
Gu Shengwu1 and Yu Zufan2

After the Tangshan earthquake the damage data for 348 water towers in 22 cities and
counties including Tangshan, Fengnan, Tianjin and Beijing were collected. These included 293
towers supported on brick or stone, 47 towers supported on reinforced concrete, and 8 supported
on steel. The capacities of the water tanks were from 2 to 500 cubic meters and the heights of
the towers were from 3 to 45 meters. The earthquake intensities at the tower sites ranged from
VI to XI. The classes of site soil were from I to III.
The towers with steel supports had steel tanks, but all the other towers had reinforced
concrete tanks. The steel water tanks were all intact. No damage was found in most reinforced
concrete water tanks, but seepage and leakage appeared at the bottoms of the water tanks at the
Luan County Food Factory (intensity VIII) and at the Food and Cereals Bureau of Qianxi County
(intensity VII). Most of the insulating layers of the water tanks were intact. In the high intensity
regions cracks or collapse was found at several water towers such as at the old mining tower of
Tangjiazhuang (Kailuan coal mining area, intensity IX), at the tower of the Fireproof Material
Plant of Majiagou (Tangshan City, intensity X) and at the insulating layer (brick lining) of the
water tower at the Qixin Cement Plant (Tangshan City, intensity XI).
Little damage to the foundation was found at the water towers. Due to soil liquefaction,
there was leaning at the water tower of the Wool-Strip Plant (Tianjin, intensity VIII) and at
Donggezhuang Commune (Fengnan County, intensity X). The water tower at the Chemical
Fertilizer Plant (Tianjin, intensity IX) collapsed because of soil liquefaction.
The earthquake damage to water towers mainly appeared at the supports which would be
cylindrical walls or supporting frames or columns), especially in the lower third portion of the
tower. Distinguishing features of earthquake damage to water towers are illustrated below
according to the different types of supports.
I. Water Towers with Brick and Stone Supports
Brick and stone supports were divided into two different types i.e., brick and stone tube-type
supports and brick pillar supports. There were only two water towers with brick pillar supports.
One was at the Beijing Medical Centrifugal Machine Plant (intensity VI). The reinforced
concrete water tank was square and its capacity was 20 cubic meters and the height of the tower
was 20 meters. Four brick pillars supported reinforced concrete bond beams, which in turn
supported the tank. No damage was found at these towers after the earthquake. The other tower
was at the Commodity Bureau (Fengnan County, intensity X); it collapsed during the earthquake.

1

Professional Design Institute, Ministry of Railway

2

Zhejiang Engineering College
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Tube-type supports included brick tubes, stone tubes and brick stone tubes. The earthquake
damage to these three types of supports were almost the same. The statistics of earthquake
damage for different intensity regions are listed in Table 1.
The earthquake damage to water towers with brick stone tube-type supports were mainly to
the lower portion of the supports. According to the statistics, about 78% of the damage was in
the lower third, 13% was in the mid-portion and 9% was in the upper third portion. The
earthquake damage to the water tower with the brick stone tube supports appeared in several
forms as described in the following.
1. Cracks on tube-type support
Damage to the water towers with the brick stone tube supports appeared in the lower portion.
Cracks were horizontal, vertical or inclined; the width was about 1 mm and the length was from
ten to several tens of centimeters. In the case of serious damage, the width of the crack reached
5 cm (Tianjin Machine Factory, Photo 1, brick support) and the length was 11 meters.
2. Cracks on brick walls around the opening of doors and windows
For the brick stone supporting tubes, it was common for a crack to appear on the brick wall
around the opening of doors and windows. Most cracks were in the corners of the opening.
They extended upward or downward along the mortar seam. The inclination was about 45°
(Photos 2 and 3).
3. Horizontal dislocation in the cross-section
Horizontal dislocation in the cross-section of masonry water towers mostly occurred at the
bottom of the tower. The largest dislocation reached 30 cm (Photo 4). This type of damage
happened mostly in the intensity VIII zone and higher, with a few exceptions in the intensity VII
zone.
4. Partial shattering and collapse of masonry blocks
In the intensity zones VIII and higher some masonry blocks in the water towers were
partially smashed and fell off, or they partially collapsed leaving many holes in the tower
(Photos 5 and 6).
5. Collapse of water towers
The collapse of masonry water towers (Photos 7 and 8) was mainly caused by the breakage
of the bottom part of the tower, and by soil liquefaction. A special example of failure was the
water tower at the Lutai Railroad Station, which was located on a soft soil foundation in the
intensity IX zone. This tower was constructed with an 8 m high granite stone wall at the bottom
and a 9 m high masonry wall at the top. During the earthquake the top masonry wall completely
fell off and the elevated steel water tank dropped onto the lower granite wall (Photo 9). Masonry
water towers mostly collapsed in the intensity IX zone and higher, especially those on soft soil.
Refer to Table 1 for details.
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A few masonry water towers had circular concrete bond beams some of which were
reinforced. Horizontal cracks normally occurred at the top and bottom surfaces of the bond
beams. Oblique and vertical cracks in the tower wall turned into horizontal cracks or
dislocations as they came close to the bond beam. Few reinforced concrete bond beams failed in
tension but more failed in vertical compression. Damage to water towers with reinforced bond
beams was less than to those with unreinforced beams, in the same intensity zone. Three
masonry water towers with reinforcing survived with minor damage in the intensity VIII zone.
In higher intensity zones however, water towers with both horizontal and vertical reinforcing
collapsed.
The strength of the masonry affected the degree of damage to the water tower; the stronger
the masonry, the less the damage (Photos 10 and 6).
II. Reinforced Concrete Water Towers
Table 2 summarizes the damage to 31 reinforced concrete water towers in various intensity
zones and on different soil foundations. Damage to reinforced concrete water towers was similar
to the damage to masonry water towers in the following aspects:
1. Cracks in the water tower
In the intensity zone IX and higher, cracks usually occurred on the lower half of the water
tower in various directions and at different locations (see case studies 5-7).
2. Collapse
Many reinforced concrete water towers collapsed in intensity zone XI. For example, the
water tower at the Tangshan Railroad Institute overturned because of failure near its base. The
concrete shattered in compression and the reinforcing was torn apart in tension. The top part of
the tower and water tank fell to the ground and broke into pieces. The base of the tower however
was not tilted or damaged.
III. Water Towers with Reinforced Concrete or Steel Frames
Sixteen reinforced concrete water towers were investigated and the results are summarized in
Table 3. In the intensity zone VIII and lower all 13 water towers survived. On a soft soil
foundation in intensity zone IX one water tower tilted, joints failed in the frame, and the elevated
water tank fell. Another water tank in the same area collapsed due to the large ground
deformation. In the intensity XI zone only a few cracks occurred at the column joints in one
water tower (Photo 11).
All eight water towers with steel frames, four in intensity zone VIII, three in intensity zone
IX, and one in intensity zone XI were not damaged.
IV. Case Studies
Table 4 lists eight case studies of water tower damage, which include four masonry towers in
intensity zones VIII, IX and X, three reinforced concrete towers in intensity zones IX and XI,
and one tower with a reinforced concrete frame in intensity zone XI. The structural drawings of
these water towers are shown in Figures 1-7. The damage to five water towers is shown in
Photos 3 and 11-14.
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(Translator: Wang Qianxin)
Table 1. Statistics of damage to water towers with brick cylindrical-tube-typed supports.
Classification of Damage
Slightly
Damaged

Moderately
Damaged

Seriously
Damaged

Intensity

Site Soil

VI

II

28/73.5%

9/23.5%

1/3%

II

13/24%

18/33.5%

13/24%

1/2%

3/5.5%

3/5.5%

2/3.5%

1/2%

VII
VIII

IX

Intact

III
6/5.5%

17/16%

24/22.5%

7/6.5%

7/6.5%

III

5/4.5%

12/11.5%

16/15%

4/3.5%

9/8.5%

1/2%

1/2%

2/4%

3/5.5%

I

2/4%

II

2/4%

XI
Total

2/4%

3/5.5%

2/4%

1/2%

I

1/6.3%

1/6.3%

II

1/6.3%

2/12.5%

III

1/6.3%

1/6.3%

5/31%

4/25%
2/8.5%

56/19%

63/21.5%

54/100%
107/100%

53/100%

34/63%

I
II

Total
38/100%

II

III
X

Collapsed

3/13%

1/4.5%

17/74%

68/23.5%

23/8%

81/28%

16/100%

23/100%
291/100%

Note: The standards of classification of damage are as follows:
Intact: No evident damage found.
Slightly damaged: Fine continuous or discontinuous cracks appeared. The structure could
be used after the earthquake without strengthening or with slight strengthening.
Moderately damaged: Wider or through cracks, small horizontal dislocation and local
crushing appeared. The structure could be used only after strengthening.
Seriously damaged: Larger cracks, larger horizontal dislocation, more serious crushing
and local collapse. The structure was difficult to repair and needed to be reconstructed
after pulling down the original.
Collapsed: Fallen down, tumbled or broken.
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Table 2. Statistics of damage to water towers with R.C. cylindrical-tube supports.
Classification of Damage
Intensity

Site Soil

Intact

VI

II

11/100%

VII

II

2/67%

II

1/25%

III

3/75%

II

2/33%

VIII
IX
X
XI

III

Slightly
Damaged

Collapsed

1/33%

Total

3/100%
4/100%
2/33%

1/17%
1/25%

1/25%

II

1/25%

1/25%

III
21/68%

Seriously
Damaged

11/100%

I

Total

Moderately
Damaged

4/13%

6/100%

1/17%
4/100%
1/33%

2/67%

3/100%

4/13%

2/6%

31/100%

Table 3. Statistics of damage to water towers with R.C. support frames.
Classification of Damage
Intensity

Site soil

Intact

VI

II

10/100%

II

2/67%

III

1/33%

VIII
IX

III

XI

II

Total

Slightly
damaged

Moderately
damaged

Seriously
damaged

Collapsed

10/100%
3/100%
2/100%
1/100%

13/81%

Total

1/6%

2/100%
1/100%

2/13%

16/100%

Intensity

Date of
Construction

Sept.-Oct. 1976
X
(Nov. 15, 1976)

IX
(Jul. 28, 1976)

Site - Class III
−0.5 to 0 m fill,
−2 to −0.5 m
clayey soil,
−9 to −2 m
silty clayey soil

the 1960’s

Site - Class III
−0.5 to 0 m fill,
−2 to −0.5 m
clayey soil,
−9 to −2 m
clayey soil

26.5

Height (m)

Engineering
Geology

26.5

100

Capacity
(m3)
100

VIII

1966

Site - Class II
−0.75 to 0 m
clayey soil,
−2.75 to 0.75 m
sandy clay,
−16 to −2.75
clayey soil,
−19 to −16m
sandy clay,
−23 to −19m
clayey soil

31.1

100

VIII

the 1950’s

Site - Class III
old river course

34.8

200

IX

the 1930’s

Site - Class II

36.7

300

IX



Site - Class II
−0.9 to 0 m
plough,
−4 to −0.9 m
sandy clay with
plasticity,
−4 m sand layer

38.5

160

R.C.
cylindricaltube-type
support

R.C. cylindrical-tubetype support

brick
cylindrical-tubetype support

brick
cylindrical-tubetype support

brick
cylindrical-tubetype support*

brick
cylindrical-tubetype support

Type of
Structure

Fangezhuang,
Kailuan coal
mining area

railway station,
Tangshan City

Tianjin
Engineering
Machinery
Factory

Xinxin
Pharmaceutical
Factory, Tianjin
City

garage of City
Construction
Bureau, Ninghe
County

6

garage of City
Construction
Bureau, Ninghe
County

5

Name of
Unit

4

3

2

1

Item

Table 4. Case studies of water towers.

IX

XI

1928

Site - Class II
−2.5 to 0 m slag
cinder ash,
−8 to 2.5 loess,
−11 to −8m fine
sand,
−14 to −11m
gray soil,
−16 to −14 fine
sand,
−27.5 to −16
clay

Site  Class II



20

44.95

2×40

R.C. frame
support
R.C. cylindricaltube-type
support
160

Huaxin Textile
Factory,
Tangshan City

8

Jinggezhuang,
Kailuan coal
mining area

7
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collapsed

The whole tower
collapsed
towards the
southeast. The
water tank fell
onto the ground
15 m from the
base.

1

slightly damaged

The water tank
was full during
the earthquake.
3 short inclined
cracks with a
width less than
2 mm appeared
and were
distributed over
the lower part of
the support with
an elevation less
than 3 m.

2

moderately
damaged

The water tank
was empty
during the
earthquake.
Horizontal,
inclined and
vertical cracks
appeared at the
bottom part and
at an elevation of
about 12 m.
Dislocation was
about 2 cm.

3

seriously
damaged

The tank
contained about
30 cubic meters
of water. Many
cracks appeared
on the brick
support, 5 large
vertical cracks,
the longest 11 m,
the widest 5 cm,
the largest
dislocation
22 cm. Bricks of
some parts
collapsed and a
big hole with a
size about 40 cm
formed. The
water tank
displaced 17 cm.

4

moderately damaged

Horizontal and
inclined cracks
appeared on the
support about 1.7 m
above the ground
surface. Some places
dislocation reached
2 cm. Some inner
surfaces of concrete
peeled off. 4
horizontal cracks
appeared between the
door top and the
lower window. 5
horizontal, 3 larger
vertical cracks and 9
smaller vertical
cracks appeared
between the lower
and the upper
windows. The
flanges of pipes
loosened and water
leaked out.

5

moderately
damaged

Several
horizontal,
inclined and
vertical cracks
appeared on the
lower part of the
support.

6

moderately
damaged

3 horizontal
cracks appeared
on the lower part
of the support.
Some places
dislocation
reached 4 cm.
Some cracks
crossed one
another.
Inclined cracks
appeared at the
corner.

7

slightly
damaged

The water tank
was empty
during the
earthquake.
Slight cracks
appeared at
beam-column
joints of the
supporting
frame.

8

∗ The original water tower collapsed during the earthquake on the 28th of July. The new tower was reconstructed according to the
original design on the old foundation, strengthened with R.C. bond beams and slightly damaged during the magnitude=7.1
earthquake on the 15th of November.

Classification
of Damage

Description of
Damage

Item

Ordinal

Table 4. Continued.
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Photo 1. Inclined and vertical cracks on a water tower
with brick cylindrical-tube support (Tianjin Engineering
Machinery Factory, intensity VIII).

Photo 3. A crack across the window on the middle
part of a water tower with brick cylindrical-tubetyped supporting (Xinxin Pharmaceutical Factory,
Tianjin City).

Photo 2. A crack over the frame of the door on a water
tower with brick cylindrical-tube support (The Fifth Dyeing
and Chemical Plant, Tianjin City, intensity VIII).

Photo 4. Dislocation appeared on a water tower with stone
support and the whole tower displaced 5 cm southeast
(Xinhe Shipbuilding Plant, Tanggu, Tianjin City).
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Photo 5. The brick support of a water tower shattered on one side.
(Xiji Commune, Tong County, Beijing, intensity VIII).

Photo 6. Cylindrical rubble wall cracked support partially collapsed.
(Revolutionary Commission Building, Fengrun County, intensity VIII).

Photo 7. Collapse of water tower with brick support
(Cottonseed Oil Mill, Luan County, intensity VIII).

Photo 8. Collapse of a water tower with brick support
(Water Supply Station, Hangu District, Tianjin City,
intensity VIII).
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Photo 9. The upper part of the brick support structure
collapsed brick support and the steel water tank dropped
onto the bottom of the brick support (Lutai Railway
Station, intensity IX).

Photo 10. Horizontal and vertical cracks appeared on
the lower portion of a masonry cylindrical-tube-type
support (Tangshan Construction Pottery and Porcelain
Plant).

Photo 11. Slight cracks appeared at the beam-column
connections of a reinforced concrete frame of a water
tower (Huaxin Textile Factory, Tangshan City).

Photo 12. Collapse of a water tower with a brick
cylindrical-tube-type support (Urban Construction
Bureau, Ninghe County).
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Photo 13. A large crack on the wall of a brick
cylindrical-tube support of a water tower (Tianjin
Machinery Factory).

Photo 14. The reinforced concrete cylindrical-tube-type support of a
water tower was cracked. (Railway Station, Tangshan City).
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Figure 1. Elevation and cross-section of a water tower at the garage yard of the Urban Construction Bureau in
Ninghe County.
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Figure 2. Elevation and cross-section of a water tower at the Xinxin Pharmaceutical Factory in
Tianjin City.
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Figure 3. Elevation and cross-section of a water tower at the Tianjin Engineering Machinery
Factory.
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Figure 4. Elevation and cross-section of a water tower at the Tangshan Railway Station.
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Figure 5. Elevation and cross-section of a water tower in Fangezhuang in the Kailuan Coal Mine Region.

922

Figure 6. Elevation and cross-section of a water tower in Jinggezhuang
in the Kailuan Coal Mine Region.
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Figure 7. Elevation and cross-section of a water tower at the Tangshan Huaxin Textile Factory.

924

EARTHQUAKE DAMAGE TO CHIMNEYS1
Su Wenzao2

After the earthquake 470 various types of chimneys were investigated in Tangshan, Tianjin,
and Beijing, etc. Among them 374 were circular brick chimneys (including 13 brick chimneys
with vertical reinforcing bars); 26 were square brick chimneys; 30 were reinforced concrete
chimneys; and 40 were chimneys with water tanks. The earthquake damage data of chimneys
investigated in the areas of Tianjin and Beijing were collected. In this paper the earthquake
damage characteristics of various types of chimneys will be separately stated as follows.
A. Circular Brick Chimneys
The height of a circular brick chimney was usually 20-50 meters and the external diameter at
the bottom was about 1/10 of its height. There were steel plate hoops, reinforced concrete ring
beams or annular and vertical reinforcing bars in a few of the chimneys.
(I) Damage in areas of various intensities
Damage statistics of circular brick chimneys without reinforcing bars in areas of various
intensities is listed in Table 1.
In the area of intensity XI in Lunan District of Tangshan City, the brick chimneys were all
broken, the tops fell or completely collapsed, none remained standing. In the area of intensity X
circular brick chimneys were mostly broken and collapsed, the rest were also seriously damaged
or moderately damaged. In the area of intensity IX in the Dongkuang District of Tangshan,
Ninghe and Hangu, etc., fallen tops or collapse of circular brick chimneys was also quite
common, and among them since the soil in Hangu District was soft, 53 circular brick chimneys
all collapsed from the bottom whether aseismic design had been considered or not. In the area of
intensity VIII the percentage of fallen tops and collapse of brick chimneys in Leting County
reached 80% due to liquefaction. Among six brick chimneys at the Petrochemical Works in
Tanggu District, three were destroyed and the other three were seriously damaged.

1

Investigation data of chimneys by the Tianjin Chemical Design Institute, Beijing Institute of
Architectural Design and Professional Design Institute of Railway Ministry was supplied
separately by Yu Mingyan, Li Quanjiu and Gu Shengwu and related investigation data of
chimneys from “Damage investigation report of industrial mill buildings and structures during
the Tangshan earthquake with magnitude 7.8” by the Anshan Design and Research Institute of
Coking Fireproof Material of the Ministry of Metallurgical Industry and “Special summary of
design effort to rehabilitate Kailuan Coal Mine (part two)” by the Design Administrative
Bureau of the Ministry of Coal Industry were used in this paper. Qian Peifeng, Zhang Xide,
Yu Zufan and Zhang Qihao et al., also took part in the damage investigation.

2

Institute of Engineering Mechanics, State Seismological Bureau
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In the area of intensity VII-VIII in Tianjin City, earthquake damage to circular brick
chimneys was relatively common but the amount of fallen tops or collapse was greatly reduced.
According to statistics of several industrial bureaus belonging to the Tianjin Municipality,
among the 479 brick chimneys about 400 suffered different degrees of damage in which 134
chimneys at the Petrochemical Works had 16 fallen tops (12%); 34 were seriously damaged
(25%); 8 were moderately damaged (6%); 25 were slightly damaged (19%); and 51 were
basically intact (38%). In the area of intensity VI in Beijing City, brick chimneys also suffered
some damage but the extent of damage was clearly lighter and was mainly concentrated in a few
high intensity anomalous areas.
There were various types of damage to circular brick chimneys. Generally speaking, the
phenomena of fallen top, collapse, many annular cracks, splits and dislocations, etc. occurred
often in areas of intensity IX and over; the phenomena of horizontal cracks, diagonal cracks,
cross cracks, spiral cracks and torsion, etc. often occurred in areas of intensity VIII and less. In
the area of soil liquefaction chimneys were often tilted or toppled over. Damage patterns of
circular brick chimneys can be seen in Photos 1-8.
(II) Height of breaks in chimneys
The height of breaks in circular brick chimneys varied with factors such as earthquake
intensity, site condition, size of structure, structural strength, quality of construction, etc.
Statistics of breaks in brick chimneys can be seen in Table 2; statistics of Beijing area are listed
in Table 3.
Generally, the height of the main broken section occurred lower as the intensity increased.
And most broken masses fell in a range of 4-8 meters around the shaft.
(III) Effect of reinforcing bars
In a small number of circular brick chimneys there were vertical reinforcing bars; the
location of the reinforcing bars was generally in the upper part of the chimney with only a few
along the whole height of the chimney. Among the 13 chimneys with reinforcing bars
investigated, 4 were located in an area of intensity VII on Class II soil, 4 were located in an area
of intensity VIII on Class III soil, 4 were located in an area of intensity IX on Class I or III soil,
and 1 was located in an area of intensity X on Class II soil. Damage to brick chimneys with
reinforcing bars in areas of intensity VIII and over was relatively serious, almost all had tops that
fell, except the brick chimneys at the Second Chemical Dyeing Mill of Tianjin located in an area
of intensity VIII on Class III soil were only slightly damaged; a brick chimney with reinforcing
bars along the entire height in an area of intensity IX at the Douhe Reservoir was intact after the
earthquake (see example 4 in detail).
In the area of intensity VII damage to brick chimneys with reinforcing bars was obviously
less than to brick chimneys without reinforcing bars; all were slightly damaged or moderately
damaged. The broken section of fallen tops brick chimneys with reinforcing bars was usually at
the end of the bars or at the splicing of reinforcing bars, many spliced bars were pulled out,
broken reinforcing bars were rare.
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(IV) Examples of earthquake damage
(1) A 45 meter high brick chimney at the medium-sized Steel Rolling Mill of the
Tangshan Iron and Steel Company
Site intensity: X
Site soil: 0.4-0.34 m thick artificial soil; 2 m thick clayey soil [R]=2.0 kg.force/cm2; 3 m
thick clayey silt [R]=2.0 kg.force/cm2; 2.5 m thick fine silty sand and sand [R]=3.0 kg.force/cm2.
Structure:
1) The external diameter of the top of the chimney was 3,510 mm and the bottom was
6,000 mm.
2) Thickness of the shaft wall was divided into four sections from bottom to top. It was
62 cm thick at 0-11 m; 49 cm thick at 11-21 m; 37 cm thick at 21-33 m; and 24 cm thick
at 33-45 m.
3) The foundation was reinforced concrete and the bedding course was tamped rubble and
bonding with mortar. The buried depth of the bottom of the foundation was 6.85 m.
4) The external wall of the shaft was built with building brick and mortar, with a lining to the
top.
5) Ring beam poured with heatproof-concrete mark 150.
Damage: The top fell off at about 36 m above ground and there were two diagonal annular
cracks at 24 m and 32 m.
(2) A cluster of seven 31 meter high brick chimneys at the Tangshan Building Ceramic
Works
Site intensity X; Site soil Class II; Structure:
1) The external diameter at the top of the chimney was 1,970 mm, and 3,330 mm at bottom.
2) The thickness of the shaft wall was divided into three sections from bottom to top; 49 cm
thick at 0-5 m, 31 cm thick at 5-21 m, and 24 cm thick at 21-31 m.
3) The foundation was 50 cm thick concrete (mark 100) poured on a bed course of rubble
concrete. The buried depth of the bottom of the foundation was 4.5 m.
4) The shaft body was built with red brick (mark 200) with mortar (mark 50) and iron hoops
spaced 1.5 meters apart.
Damage: As shown in Photo 9, the number of chimneys is ordered from left to right, the
damage is as follows. Chimney No. 1, the top fell at a height of 24 m; Chimney No. 2 had an
annular crack at a height of 27 m and some masonry chipped and moved outwards; Chimney
No. 3 had an annular crack at 25.5 m and 22.5 m; Chimney No. 4 the top fell at a height of 26 m;
Chimney No. 5 was chipped and cracked at heights of 26 and 22.5 m; Chimney No. 6 was
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seriously chipped and cracked at a height of 26 m; Chimney No. 7 was cracked at heights of
25.5, 24, 22.5 and 21.5 m and the lower masonry block was chipped, cracked and bowed
outwards.
(3) A 40 meter high brick chimney at Lujiatuo Mine of the Tangshan Kailuan Coal
Mine
Site intensity IX; Site soil Class II. The foundation’s allowable bearing capacity was 2.0
kg.force/cm2; Structure:
1) The external diameter of the top of the chimney was 2,340 mm and the bottom was 4,120
mm.
2) The thickness of the shaft wall from the bottom to the top was divided into three sections:
49 cm thick at 0-16 m; 37 cm thick at 16-28 m; and 24 cm thick at 28-40 m.
3) The foundation was rubble concrete (mark 90) with buried depth 3.4 m (roughly 2.8 m
under the natural ground surface).
4) The shaft body was brick mark 100 with cement and lime mortar mark 25, and a lining to
the top. Flat steel hoops were spaced along the shaft body.
Damage: The top fell at 28 meters above the bottom of the chimney, and there were many
cracks along the remaining portion.
(4) A 24 meter high brick chimney with reinforcing bars at the Tangshan Douhe
Reservoir
Site intensity IX; Site soil Class I; Structure:
1) The external diameter of the top of the chimney was 1,570 mm and the bottom was
2,500 mm.
2) The thickness of the shaft wall was divided into two sections from the bottom to the top:
37 cm thick at 0-16 m; 24 cm thick from 16-24 m.
3) The foundation was built of rubble poured in mortar (mark 50). The diameter at the
foundation bottom was 5 meters, imbedded 2.2 m deep.
4) The external wall of the shaft body was built of building brick (mark 150) with mortar
(mark 50). From the bottom to the top at height ranges of 3-8 m, 8-16 m and 16-24 m that
were separately placed vertical reinforcing bars 10Φ8, 8Φ8 and 6Φ8 with ring beams
poured in heatproof-concrete (mark 150). The interior wall was built of refractory brick
up to 13 m high.
Damage: Basically intact.
(5) A 40 meter high brick chimney at the Tangshan Red Banner Chemical Plant
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Site intensity VIII; Site soil from top to bottom is 1.65 m thick furnace ash and 1.0-1.5 m
thick loam cushion. The foundation’s allowable bearing capacity was 1.2 kg.force/cm2; 1.7 m
thick loam 1.2 kg.force/cm2; 0.5-1.1 m thick clay 2.0 kg.force/cm2; roughly 7 m thick loam 1.3
kg.force/cm2; Structure;
1) The external diameter at the top of the chimney was 2,080 mm and the bottom was
4,080 mm.
2) The thickness of the shaft wall from the bottom to the top was divided into three sections:
49 cm thick at 0-20 m; 37 cm thick at 20-30m; and 24 cm thick at 30-40 m.
3) The lining of the shaft body was built up to 20 meters high with 2Φ6 horizontal
reinforcing bars.
Damage: Horizontal cracks at a height of 30-33 m, some masonry bowed outwards.
(6) A 40 meter high brick chimney at the Tianjin Petroleum Experiment Plant
Site intensity VII; Site soil from the ground surface down: 1.0-1.5 m thick mixed fill; 1.5-2.0
m thick loam with a foundation allowable bearing capacity of 1.0-1.2 kg.force/cm2; 2.0 m thick
silt 0.6-0.8 kg.force/cm2; 2.0 m thick loam, 1.1kg.force/cm2; Structure :
1) The external diameter at the top of the chimney was 2,080 mm and the bottom was
4,080 mm.
2) The thickness of the shaft wall from the bottom to the top was divided into three sections:
49 cm thick at 0-20 m; 37 cm thick at 20-30 m; and 24 cm thick at 30-40 m.
3) The lining of the shaft body was built up to 20 meters high with vertical reinforcing bars
(Φ12)500 mm apart.
4) The elevation of the ground was 2.9-3.5 m and the underground water table was 0.3-0.7
m.
Damage: Two minor horizontal cracks at a height of 29 and 30 m.
B. Square Brick Chimneys
The height of square brick chimneys was usually 10-25 m; the length of the bottom side was
roughly 1/9 of the height. Angles strengthened the four corners of the shaft top. Twenty-six
square brick chimneys were investigated and among them 14 were in an area of intensity X with
the majority of them located on Class II soil; 5 were in an area of intensity VIII located on Class
II to III soil; 3 were in an area of intensity VII and 4 in an area of intensity VI located on Class II
soil. The damage statistics of square brick chimneys in areas of various intensities are listed in
Table 4.
The damage pattern of the square brick chimney is similar to that of the circular chimneys,
but vertical cracks were relatively common. For example, a torsion crack on a square brick
chimney at the Chemical Fertilizer Plant of Fengren County is shown in Photo 10. Generally
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speaking, the damage to square brick chimneys was less than that to circular brick chimneys and
this may be related to the height of the square brick chimney which is relatively low or to the
angle strengthening at four top corners.
C. Reinforced Concrete Chimneys
A total of 30 reinforced concrete chimneys were investigated and their heights ranged from
30-180 meters. Among these chimneys 3 were in an area of intensity XI, 13 were in an area of
intensity X, 5 were in an area of intensity IX, and 9 were in an area of intensity VII-VIII. The
majority of these chimneys were located on Class II soil and a few were located on Class III soil.
The statistics of earthquake damage of reinforced concrete chimneys in areas of various
intensities is listed in Table 5.
Generally speaking, the earthquake damage to reinforced concrete chimneys was relatively
slight. After the earthquake three reinforced concrete chimneys at the Tangshan Rolling Stock
Plant located in an area of intensity XI were still basically intact or only slightly damaged.
In the area of intensity X there were three chimneys with fallen tops; they were all built in
the thirties and had long been out of repair. For example, a 30 meter high reinforced concrete
chimney at the First Steel Mill of the Tangshan Iron and Steel Company is shown in Photo 11.
In the area of intensity IX there were also three chimneys with tops that fell; two were built on
soft ground and during the earthquake the soil liquefied; the other one was a 180 meter high
reinforced concrete chimney at the Tangshan Douhe Power Plant and it was designed for
intensity VII, and during the earthquake it broke off at 130 meters high. One seriously damaged
chimney in Tianjin City (in the area of intensity VII-VIII) was also built in the thirties. Besides,
for reinforced concrete chimneys in the area of intensity VII-VIII, only two were moderately
damaged and the rest were all basically intact.
D. Brick Chimneys with Water Tanks
(I) A survey of earthquake damage
Forty brick chimneys with water tanks were investigated in areas of intensity IX and below.
Most of them were located on Class II soil and a few were located on Class III soil. The
statistics of earthquake damage to brick chimneys with water tanks in areas of various intensities
is listed in Table 6.
In areas of intensity IX and below the characteristics of earthquake damage to the shaft
bodies of brick chimneys with water tanks are similar to circular brick chimneys previously
mentioned, but the damage degree was relatively slight. For example, in the area of intensity VI
a few of the circular brick chimneys tops fell, collapsed or were seriously damaged but for brick
chimneys with water tanks only a few were slightly damaged or moderately damaged. In the
area of intensity VII, serious damage to circular brick chimneys amounted to 43%, but brick
chimneys with water tanks only 30%. For example, a 20 meter high brick chimney with a water
tank (six meters deep water tank) at the Capital Construction Administrative Office of Qianxi
County, lost a section of 4.5 meters at its top (Photo 12). Chimneys with water tanks built on soft
ground also suffered tilting or collapsing due to soil liquefaction, for example, a chimney with a
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water tank at the Agricultural Machinery Plant of Leting County tilted and the top fell due to soil
liquefaction (see earthquake damage example 1), and a chimney with a water tank at the
Dongsheng Resin Plant in Tianjin Hangu District collapsed from the bottom due to soil
liquefaction.
(II) Earthquake damage examples
(1) A 22 meter high brick chimney with a water tank at the Agricultural Machinery
Plant of Leting County
Site intensity VIII; Site soil Class II, the surface soil was clay, and below it was a sand soil
layer; the underground water table was 3-4 meters deep. During the earthquake there were many
sand boils; Structure:
1) The external diameter at the top of the brick chimney was 1,180 mm and at the bottom
was 2,550 mm.
2) The wall thickness of the brick chimney was 49 cm thick at 0-4 meters; 37 cm thick at 418.8 meters; and 24 cm thick at 18.8-22 meters. A 12 cm thick lining was built up to 10
meters high.
3) The 4.2 m height of the reinforced concrete water tank was from 14.6-18.8 meters and the
external diameter of the water tank was 3,800 mm with a 12 cm thick wall.
4) The foundation was built with rammed ruble and poured mortar (mark 50).
foundation was buried 2.7 meters deep.

The

5) The external wall of the shaft body was built with brick (mark 100) below 4 meters high
and brick (mark 75) above 4 meters with mortar (mark 50). The lining was built with
refractory-brick masonry. The ring beams were built with concrete (mark 150) and
reinforcing bars (mark 3) poured in place.
Damage: During the earthquake the ground liquefied and there were sandboils and
waterspouts. A piece 3 meters long at the top of the chimney fell down and the shaft body tilted
(Photo 13).
(2) A 38.7 meter high brick chimney with a water tank at the Agricultural Chemical
Plant of Baigezhuang.
Site intensity VIII; Site soil Class II, below 3 meters was relatively solid clay; Structure:
The foundation was designed according to intensity VIII, vertical reinforcing bars were
placed along the whole height of the shaft body and reinforced concrete ring beams were placed.
During the earthquake 40 tons of water was stored in the tank.
Damage: After the earthquake minor annular cracks occurred in the joint between the
chimney and the top of the water tank; the lower part of the shaft body was partially crushed
(Photo 14).
(3) A 35 meter high chimney with a water tank at the Songting Iron Works in
Tangshan District
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Site intensity IX; Site soil Class II; Structure:
Vertical and horizontal reinforcing bars were placed.
Damage: There was a circular crack 30 meters high from the ground (Photo 15).
(Translators: Chen Dasheng and Zhong Nanping)
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Table 1. Damage statistics of circular brick chimneys without reinforcing bars.
Damage Grade

Intensity

Number
Investigated

Fallen Top,
Collapsed
(n/%)

Lunan District,
Tangshan

XI

18

18/100

Fengnan County,
Tangshan

X

137

Ninghe, Hangu,
Kailuan Coal Mine
area

IX

Qianan, Leting,
Luanxian, Fengren,
Tianjin

Seriously
Damaged
(n./%)

Moderately
Damaged
(n./%)

113/83

17/12

7/5

33

29/88

2/6

1/3

1/3

VIII

45

24/53

8/18

5/11

8/18

Tianjin, Qianxi,
Changli

VII

101

19/18

25/25

10/10

4/4

Beijing

VI

6000

15/0.3

110/1.8

Location

Slightly
Damaged
(n./%)

288/4.8

Basically
Intact
(n./%)

43/43
5587/93.1

Note: Seriously Damaged - seriously cracked and dislocated, should be removed or can only be
used after specially repaired
Moderately Damaged - cracks occurred, but can be used after strengthening
Slightly Damaged - fine cracks occurred, can be used after some repair
Basically Intact - without damage or only fine cracks.

Table 2. Statistics of height of break of brick chimneys in areas of various intensity ratings.
Ratio Between Main Broken Height and Height of Chimney (No./%)

Earthquake
Intensity

0 - 1/4

1/4 - 1/2

1/2 - 3/4

3/4 - 1

XI

1/50

7/39

2/11

0

X

9/7

22/16

46/33

61/44

IX

4/11

13/36

16/45

3/8

VIII

1/2.4

3/7.3

25/61

12/29

VII

0

0

23/40

35/60
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Table 3. Statistics of height break of brick chimneys in the Beijing area (intensity VI).
Ratio of Broken Height
Height of
Chimney
H<20 (m)
20<H<30
30<H<40
40<H<50
Total
fallen top

No. of
Broken

1
2
−
2
3

2
3
−
3
4

3
4
−
4
5

4
5
−
5
6

5
− 1
6

Total

No.

2

6

3

4

1

16

%

12

38

19

25

6

100

No.

6

9

17

4

9

45

%

13

20

38

9

20

100

No.

2

5

6

7

7

27

%

8

18

22

26

26

100

No.

1

7

4

2

8

22

%

4

32

18

9

37

100

No.

11

27

30

17

25

100

%

10

25

28

15

22

100

No.

0

1

3

6

5

15

%

0

6

20

40

34

100

Table 4. Statistics on earthquake damage to square brick
chimneys in various areas of intensities.
Earthquake Damage Classification
Location

Intensity

Number/%

Fallen Top,
Collapsed

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Tangshan

X

14/100

4/29

6/43

3/21

1/7

Jianan,
Leting

VIII

5/100

2/40

1/20

2/40

Changli

VII

3/100

3/100

Yutian,
Beijing

VI

4/100

1/25

3/75

Intact
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Table 5. Statistics on earthquake damage of R.C. chimneys in areas of various intensities.
Earthquake Damage Classification
Location

Fallen Top,
Collapsed

Intensity

Number

Tangshan Rolling Stock
Plant, Tangshan Railway
Station

XI

3

Tangshan Steel Works,
Power Plant, etc.

X

13

3

Kailuan, Linxi, Douhe
Power Plant, etc.

IX

5

3

VII-VIII*

9

Tianjin, Luanxian
Total

30

Seriously
Damaged

1

Moderately
Damaged

2

Slightly
Damaged

Intact

1

2

2

5
2

6

1*

2

2

4

6
3

15

* This chimney built in the thirties was seriously damaged.
Table 6. Statistics on earthquake damage of chimneys with
water tanks in areas of various intensities.
Earthquake Damage Classification
Intensity

Number

Fallen Top,
Collapsed

IX

2

1

Qianan, Leting,
Baigezhuang, Fengren,
Tianjin

VIII

12

2

Qianxi, Tianjin

VII

3

1

Beijing, Yutian

VI

23

Location
Dongsheng, Resin Plant,
Songting Ironworks

Total

40

4

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Intact

1
2

2

6

2
1

2

20

3

5

28
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Photo 1. A toppled 25 meter high brick chimney at the
Phosphate Fertilizer Plant in Leting County.

Photo 3. A brick chimney at the Tangshan No. 14
Middle School was shattered and the wall bulged
outward.

Photo 2. A collapsed brick chimney at the
Tangshan Rolling Stock Plant.

Photo 4. A 35 meter high brick chimney at the
Zhaogezhuang Mine of Kailuan Coal Mine dislocated
and cracked in many sections and the top fell off.
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Photo 5. A brick chimney at the Steel Mill of the
Tangshan Iron and Steel Company broke and tilted.

Photo 6. The top of a 38 meter high brick chimney at
the Xinxin Pharmaceutical Factory fell and a section of
the upper shaft laid transversely on the top.

Photo 7. There were several diagonal and annular
cracks on the remains of a brick chimney at the
Tangshan Rolling Stock Plant.

Photo 8. Remains of a brick chimney at the First
Tangshan Ceramic Plant.
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Photo 9. Seven 31 m high Masonry chimneys at the
Building Ceramic Factory, Tangshan City.

Photo 10. The top of a brick chimney rotated in
Baigezhuang, Fengren County.
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Photo 11. The top of a reinforced concrete chimney fell
at the First Steel Mill of the Tangshan Iron and Steel
Company.

Photo 12. The top of a chimney with a water tank fell at
the Capital Construction Administrative Office in Qianxi
County.

Photo 13. A brick chimney with a water tank at the
Agricultural Machinery Plant in Leting County tilted and
a section 3 meters long at the top fell down.

Photo 14. The lower part of the shaft of a brick chimney
with a water tank was partially crushed in Baigezhuang.
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Photo 15. Annular cracks occurred at a height of 30
meters on a brick chimney with a water tank at the
Songting Ironworks.
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DAMAGE TO INDUSTRIAL INSTALLATIONS1
Shen Xiaofang2

After the Tangshan earthquake more than 200 plants (mainly machinery plants) in Tangshan,
Tianjin, and Beijing, etc. were investigated for damage to industrial installations (more than
10,000), instruments, dials (more than 1,700), and their foundations. The results of the
investigation are listed in Table 1.
Because the quake occurred early in the morning at 3:42 a.m. most of the installations were
not in operation. The effect of the quake on the accuracy of installations and instruments was
not fully examined.
It was revealed during the investigation that the damage to facilities was mainly due to the
collapse of buildings, which caused installations to be crushed. The installations that were
damaged in this way amounted to about 64% of the total and occurred mostly in areas of
intensity IX and above. Furthermore, the second reason for damage to installations was due to
sand liquefaction and ground cracks which caused differential settlement, subsidence, up heaving
and cracking of foundations. This case occurred mostly on Type III site soil. Damage to
facilities simply due to earthquake motion was few and the damage was also slight.
The investigation of damage to industrial installations showed:
(1) All qualified and normally fixed forging, casting and lifting installations, cupola furnaces,
heating furnaces, compressors, large-sized blowers, air separator installations and industrial
boilers survived the quake.
(2) Damage to metal cutting machines was mainly displacement, variation of installation
precision and overturning. However, there was no lasting effect on their operation after they
were adjusted and textured to the original position.
(3) In the area of intensity VII damage to precision instruments varied. In areas of intensity
VII and VIII displacement, overturning, breaking and loss of precision of instruments occurred.
(4) No damage to installation foundations was found due to lack of strength.
(5) Installations and instruments freely placed moved or were overturned.
(6) Installations connected to the plant buildings were frequently damaged. For example, a
gas producer installed on a separate foundation and coal supply machines rigidly connected to
the coal bucket in the plant building were all damaged in the quake.
1

Participants in the investigation: Lu Mushan, Yang Wensheng, Chan Qishen, Qi Huichuan,
Cong Changhui, Zhan Tieshan, Chan Zhenting, Gu Bokang, Xu Zhongye, Gu Changfan, Shen
Xiaofang, Feng Kaishan, Shen Longmin, and Xi Qili.
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Damage to various types of installations is reported in the following.
I. Metal Cutting Machines
In the area intensity VIII or above damage to cutting machines was mainly due to collapse of
buildings and deformation of foundation soil causing variation of precision. Damage directly
induced by the quake included displacement, variation of installation precision and overturning,
see Table 2.
(1) Crushed cutting machines amounted to 65% of the total damaged, a serious loss. For
example, a Model T612 boring machine in the No. 2 Metal Processing Workshop at the Tianjin
Engineering Machinery Plant in the area of intensity VIII was crushed by a fallen large roof slab;
the corner of the axle case broke, the lever was bent, and the working platform and the box at the
end of the machine were damaged in many places (Photo 1). However, most of the machines
were still in use or in use with reduced precision after various types of repairs.
(2) The leveling of some machines was seriously disturbed due to differential settlement of
the foundation, sand spouting, or upheaval ground cracks and these affected the processing
precision. For example, the foundation of 13 machines at the Tianjin No. 1 Machine Tool Plant
in the area of intensity VIII settled with a difference of settlement on two sides by 15-70 mm; the
difference of settlement on both ends of the foundation of the grinding machine with a 8 m guide
rail at the Tianjin Engineering Machinery Plant was 85 mm; the Model T611 boring machine at
the Tianjin General Machinery Plant tilted by about 5° due to serious deformation of the
foundation; the foundation of the M2140 and M2120 grinding machines at the Metal Processing
Workshop and the at the Tianjin No. 1 Machine Tool Plant cracked 15 mm and voids were
formed in the foundation. When in operation the whole machine vibrated; the difference of
settlement on the south and north end of the Model Y310 gear hobbing machine at the Tianjin
Engineering Machinery Plant was 35 mm and voids were formed in the foundation. When in
operation the machine trembled and traces of wave appeared on the surface of the processed
parts.
Listed in Table 3 and Table 4 are the precision variations of the 125 mm and 200 mm boring
machines at the Tianjin Large-Size Machinery Plant (intensity VIII) before and after the quake.
(3) Machines with high centers of gravity, (not fixed to the foundation with anchor bolts),
overturned in the quake. For example, in the area of intensity X many machines and attached
parts in the Assembly Workshop at the Tangshan Electric Engineering Machinery Plant
overturned, see Table 5.
For another example, in the area of intensity IX one Model C617 machine under repairs at
the Tangshan Diesel Engine Plant overturned in the quake. In the area of intensity X a ruling
platform 2×1.5 m in size not anchored to the support at the Large-Size Assembly Workshop of
the Tangshan No. 1 Machine Tool Plant fell down in the quake. In the area of intensity VIII
there were 8 sets of 6 mm diameter drilling machines fixed to steel frames on wood platforms on
the second floor of the Processing Workshop at the Tianjin Steel Ruler Plant, and 5 sets of
machines overturned together with the wood platform and pounded against the wall. The
rotating platform of a Model BL-5 boring machine in the Tool Workshop at the Tianjin No. 1

942

Machine Tool Plant fell down from a bench causing the turbo-handle to loosen. At the Tianjin
Optical Instrument Plant a Model Z831H ruling machine, (made in West Germany), off its
foundation and impacted the floor; the bronze screw nut of one of them was damaged.
(4) Most of the machines not anchored to the foundation were displaced, and those in the
Tangshan area were displaced more. Some machines even though fixed by anchor bolts also
were displaced.
In the area of intensity VIII (Tianjin) most of the machines that were moved but the amount
of movement was rather small; no movement occurred for machines fixed to the foundation with
anchor bolts.
In the areas of intensity IX and above some unanchored machines slid out in random
directions with obvious rotation. In the area of intensity X a Model C620-1 unanchored machine
at the Tangshan No. 1 Machine Tool Plant displaced in four directions based on the traces left on
the floor.
In the area of intensity X a Model M1432 universal grinding machine at the Tangshan No. 1
Machine Tool Plant fell down and displaced 900 mm (Photo 2), another Model MA2110
grinding machine displaced 580 mm. In the area of intensity IX two Model M131W universal
grinding machines at the Hangu Car Pump Plant displaced 350 mm. At the Tangshan Electric
Engineering Machinery Plant two anchor bolts of a Model M7130K planar grinding machine
were pulled out and deformed and the machine displaced 140 mm. At the Tangshan No. 1
Machine Tool Plant the anchor bolts of 4 Model M7130 planar grinding machines were all
pulled out (Photo 3).
(5) The following are cases of damage to the machine itself:
a) Swinging of the drilling machine’s rotating cantilever. For example, at the Tianjin LargeSize Machinery Plant the rotating cantilever of the Model Z35 drilling machine swung during the
quake and pounded against the toolbox and thus suffered damage (Photo 4). At the Tianjin No. 1
Machine Tool Plant and at the Tianjin Power Generating Facilities Plant such damage also
occurred.
b) In the area of intensity VIII the difference in parallelism between the beam and the
working platform of the Model B2016A double-housing planer at the Tianjin No. 5 Machine
Tool Plant reached 0.71 mm, however, the difference was 0.20 mm at the most before the
earthquake (the required difference was less than 0.02 mm within 1,000 mm when delivered).
c) Loosening of the connection of the box at the end of the boring rod. For example, at the
Tianjin No. 1 Machine Tool Plant, the Model T612 horizontal boring machine ran unevenly after
the quake when manually operated.
d) Distortion of the guide rail in the machine. For example, at the Tianjin No. 1 Machine
Tool Plant, the Model FP-20 planer-type milling machine operated with more difficulty after the
quake.
e) At the Tianjin Hoist Engine Plant the doweling joint in the Model W1Y3 J 3200 gear
hobbing machine was dislocated in the quake causing loosening of the dowels (the largest of
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which moved in the machine by 0.9 mm), and the working platform settled 0.25 mm in one
corner and 0.4 mm in one side; one of the main guide rails inclined 0.4 mm backward and
another inclined 0.2 mm.
f) At the Tangshan Locomotive and Carriage Plant the wheel axle of a machine in the Wheel
Workshop was displaced and distorted.
II. Forging and Press Installations
After the quake 37 plants with 560 forging and press installations of more than 40 types had
been investigated. Damage to these installations is shown in Table 6. Generally speaking,
damage to forging and press installations were slight. The parts crushed by collapse of plant
buildings consisted mostly of attached or exposed parts, and damage to the installations
themselves seldom occurred. With damaged parts replaced, most of the installations could be
used. Serious damage to installations fixed with anchor bolts, did not occur even in high
intensity areas such as in intensity X or XI, and anchor bolts were also intact.
(1) Crushed installations due to collapse of plant buildings amounted to 53% of the total; the
crushed clipper (13×2,500 mm) in the Punching Press Workshop at the Tianjin Large-Size
Machinery Plant was a typical case (Photo 5).
(2) Parts cracked or ruptured. An 80-ton turntable press with two columns at the Tangshan
Boiler Plant in the area of intensity X inclined after the quake; columns and beams ruptured, and
cracks occurred near the opening. A 35-ton turntable press with two columns at the Tangshan
Diesel Engine Plant inclined after the quake; columns and beams ruptured, and the press
displaced (Photo 6).
(3) Damage to the platform and support. For example, the supporting frame of a 2,500-ton
hydraulic press deformed in the quake and deflection of the frame column was 2-5%. In the area
of intensity IX there were four cast iron cylindrical columns on the platform of a 1 ton hammer
machine at the Tangshan Diesel Engine Plant, one of which was pounded against the brick
column of the plant building and fractured (Photo 7).
(4) In the areas of intensity VIII and IX the forging and press installations that were not fixed
with anchor bolts and had a high center of gravity and a narrow supporting surface overturned.
A summary of such damage is shown in Table 7. However, alignment machines (for section
steel) with low gravitational centers of gravity and large supporting surfaces no overturning
occurred, even those not fixed with bolts.
(5) Most of the forging and press installations with no anchor bolts or with bolts not firmly
fixed displaced. However, such displacement did not make installations suffer damage.
Generally, having been returned to the original position and adjusted, these installations could be
reused. It is noted that for displaced installations in the same workshop the direction of
displacement was the same in general; displacement was in the direction of the epicenter (Photos
10 and 11).
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III. Casting Installations
Casting installations included molding machines, sand processing machines and clearing
installations, etc. Except for the damage induced by collapse of plant buildings and foundation
failure, it was shown in the investigation that damage to installations themselves was not serious
even though the installations were located in a high intensity area in Tangshan. Few installations
suffering local damage could be reused after repairs. A summary of damage to these
installations is shown in Tables 8-10. From these tables it can be seen that of the 36 sets of
damaged installations 23 sets were crushed by fallen buildings amounting to 64% of the total.
The other damage patterns were as follows:
(1) Carriages on the molding line derailed. For example, in the area of intensity IX a
transporting carriage on a molding line at the Casting Workshop at the Tangshan Diesel Engine
Plant derailed due to failure of a support on a curve (Photo 12).
(2) Displacement of installations. For example, in the area of intensity X a low-pressure
casting machine in the Casting Workshop at the Tangshan Diesel Locomotive Plant derailed and
displaced in the quake (Photo 13).
(3) Overturning of installations. For example, in the area of intensity IX a Model Z145H
molding machine in the Cast Iron Workshop at the Tangshan Diesel Engine Plant overturned in
the quake (Photo 14).
(4) Fracture of supporting piers. For example, in the area of intensity X the concrete support
piers of a sand mixing machine at the Tangshan No. 1 Machine Tool Plant fractured in the quake
(Photo 15).
IV. Industrial Furnaces and Kilns
Industrial furnaces and kilns included melting furnaces and heating and lime kilns.
1. Melting furnaces
The main damage patterns were crushing of furnaces by collapsed buildings and rupture of
parts due to sudden cooling of melted steel because of power outage or water supply stopping. A
summary of damage is listed in Table 11.
(1) The main damage patterns of cupola furnaces were as follows:
a) Because of loss of power after the quake the melting iron ore solidified in the furnace. For
example, there were two 35-ton cupola furnaces at the Tianjin No. 2 Steel Refinery Plant and
one cupola furnace at the Tianjin No. 3 Casting Plant in the area of intensity VIII.
b) Dust trap covers of cupola furnaces fell down (Photos 16 and 17) at the Tianjin Mobile
Casting Parts Plant in the area of intensity VIII and at the Tangshan Mining Machinery Plant in
the area of intensity X.
c) In the cupola furnace there was no brick lining above the feeding inlet therefore few
furnaces above the feeding inlet inclined in the quake. Due to lengthening or shearing of the
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connecting flange bolts or breaking of the gray wire, or loosening of the buried parts, the furnace
inclined.
d) In the area of intensity X both sides of the bottom plate of a cupola furnace at the
Tangshan Electric Engineering Machinery Plant fractured (Photo 18).
(2) Open hearth furnaces. In the area of intensity VIII two 35-ton open hearth furnaces at the
Tianjin Large-Size Machinery Plant were in the precision refining process during the quake.
Damage patterns of the furnaces were mainly as follows:
a) Due to a loss of power and fuel supply after the quake the melting steel in the whole
furnace solidified.
b) Portal frame, the beam was damaged at the corner.
c) Top of arch of the deposit chamber deformed seriously and part collapsed.
d) Ascending channels displaced. The brick masonry of one displaced about 200 mm.
e) The front wall of furnaces was seriously damaged. Two columns in the middle of the wall
deformed and two side walls inclined toward the furnace about 200 mm.
2. Heating furnaces
Furnaces, which were low in shape, strong in structure and deep in foundation, were only
slightly damaged in the quake. A summary of damage to certain heating surfaces is shown in
Table 12.
3. Lime kilns
In the area of intensity VIII there were 10 lime kilns with a capacity of 50 m3 at the Tianjin
No. 2 Steel Plant. No steel casing was installed in these furnaces and they were fractured in the
quake (Photo 22). However, two lime kilns with a capacity of 100 m3 in the vicinity did have a
steel casing, about 30 m high, and were intact in the quake.
V. Lifting Installations
The damage to cranes was mainly caused by the collapse of buildings. A summary of
damage to cranes is shown in Table 13. The 3 ton crane at the Tangshan Mining Machinery
Plant fell down induced by the collapse of a water tank near the workshop (Photo 23) except for
a few crushed cranes that fell down most still remained on the rail.
Furthermore, derailment or blocking of cranes was induced by the inclination or settlement
of columns. For example, four 1-ton cranes at the Tianjin Tractor Plant derailed due to lateral
displacement of the plant building (about 250 mm). Generally speaking, displacement of cranes
near the expansion joint of plant buildings was relatively great and damage to the crane was
serious. Furthermore, the 80-ton crane at the Tianjin Large-Size Machinery Plant, the 75 ton
crane at the Tianjin Power Generating Installations Plant and the 30 ton crane at the Tianjin No.
2 Machine Tool Plant were blocked on the rail.
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VI. General Installations
General installations include compressors, large-scale blowing machines, air separating
installations, industrial boilers and power systems. Damage to these installations are
summarized as follows:
1. Compressors and large-scale blowing machines
A total of 319 different types of compressors and blowing machines were investigated; 51
suffered damage to different extents amounting to 15.9% of the total. Of these 51 installations
28 medium and small scale compressors were smashed by collapsed buildings and all occurred
in the area of intensity IX and above, for example in the Tangshan and Hangu areas. Damage to
the remaining 23 installations was induced by shaking or foundation failure. A summary of
damage to these installations is shown in Table 14.
2. Air separators
Twenty-seven air separators in 15 plants with a capacity ranging from 30-6,000 m3/hr were
investigated. Except for 5 air separators that were smashed by collapsed buildings or damaged
due to foundation deformation, the others, even located in the area of intensity X, were not
seriously damaged. Except for a few, most of the damaged air separators could be used after
repairs. The damage patterns of separators caused directly by the quake were as follows:
(1) Tension and shear failures in anchor bolts. For example, in the area of intensity X there
were 12 M12 anchor bolts for an air separator (diameter 2 m, height 8 m, made in Japan) with a
capacity of 6,000 m3/hr and a step-wise base) and 9 bolts fractured in shear at the Oxygen
Generating Plant at the Tangshan Steel and Iron Corporation. In the spray-cooling tower of the
separator there were 4 supporting frames anchored to R.C. piers (the height of the piers was
about 600 mm and width was 300 mm). There were two M14 anchor bolts in each supporting
frame, which were lengthened by 3-5 mm in the quake. In the area of intensity VIII at the North
China Oxygen Plant in Tianjin there were 2 liquefied ammonia cooling towers with 3 M16
anchor bolts for each tower. All the bolts were lengthened by several millimeters in the quake.
(2) Settling out and tilting of foundations varied. For example, in the area of intensity VIII
there was an oxygen compressor at the Tianjin No. 2 Steel Plant, the inclination from horizontal
of the foundation was 1/1,000 before the quake. After the quake the inclination increased to
3/1,000 due to differential settlement of the foundation; this caused deformation of the
compressor.
(3) Inclination, cracking and fracturing of connecting pipes. For example, in the area of
intensity X an air separator with a capacity of 3,200 m3/hr was being installed at the Oxygen
Plant of the Tangshan Steel and Iron Co. The frame supporting 4 accumulators (each 100 tons in
weight) inclined about 15° making the connecting pipes deform, crack and fracture in many
places.
(4) Oxygen cylinders overturned with valves smashed. In the areas of intensity VIII to X all
oxygen cylinders not firmly fixed overturned from shaking. The overturned oxygen cylinders at
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the North China Oxygen Plant in Tianjin exceeded 6,000 and valves of some of the cylinders
were bent (Photo 26).
3. Industrial boilers
Eighty-eight boilers at 22 plants were investigated. Industrial boilers are divided into four
types according to their structure i.e., boilers with supporting steel frames, boilers without
supporting frames, horizontal boilers and packaged boilers. Damage to boilers showed that
horizontal boilers, not firmly connected to the walls (such as Lancashire type boilers), were
seriously damaged in the intensity VIII area, with two side walls inclined outward and a top arch
that collapsed. No serious damage occurred to boilers firmly connected to the walls, even in the
area of intensity IX, except for those crushed by collapsed buildings. Other types of boilers, had
no obvious damage that occurred even in areas of intensity IX and X, except for those crushed
by collapsed buildings. A summary of damage to different types of industrial boilers is shown in
Table 15.
4. Power system
In the power system mainly gas producers and deep-well pumps suffered damage to various
extents.
In the area of intensity VIII there were 7 Model D gas producers with a diameter of 3.6 m at
the Tianjin Large-Size Machinery Plant, 4 of which were under operation during the quake.
Except for one of the producers, which was being repaired so that the connecting pipes to the
coal feeder and the hopper were removed, the other 6 suffered damage. In the coal feeders of
two damaged producers the lower flange (made of cast iron) was cracked (Photo 29); the flange
connecting the coal feeder with 3 of the producers dislocated about 20 mm (Photo 30); a small
crack on the lower base that occurred before the quake on the coal feeder in one of the gas
producers extended to 3/5 of the circumference after the quake. At the Tianjin Refractory Plant
there were two gas producers. The flange between the base of the bell-shaped cover and the
upper part of the cone of one of the producers cracked.
At the Tianjin Engineering Machinery Plant the difference of height between the pump
foundation and the surface of the pump house reached 450 mm and the outlet steel pipe of the
pump 100 mm in diameter was fractured (Photo 31). In the intensity IX area the axle of one of
the deep well pumps at the Tianjin Chemicals Plant was blocked by the well wall and it was
unable to rotate and the axle broke when the pump was pulled out. In the intensity VIII area at
the Tianjin Steel Wire Plant the flange of the pump motor and that in the opening of the well all
dislocated after the quake causing blockage of the pump axle. The motor was burned out when it
was switched on.
Furthermore, a water pump base at one of the plants in Tianjin was pulled and cracked by a
pipe sliding with the foundation (Photo 32).
No damage to acetylene producers was found at the plants in our investigation.
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VII. Instruments and Dials
In the areas of Tangshan, Tianjin, Hangu and Tanggu a total of 860 instruments and 810
different types of dials at 37 plants were investigated. Damage to these instruments and dials are
summarized as follows:
In the area of intensity IX or X instruments or dials were mainly smashed by falling
buildings. This type of damage pattern amounted to about 80% of the total in these areas.
In the area of intensity VII or VIII instruments and dials directly damaged by the quake
amounted to about 30% of the total investigated. Most of the instruments and dials were
displaced, overturned or lost their precision; approximately 10% were out of use and
approximately 20% were moderately damaged.
Most of the displaced instruments survived the quake. For example, in the area of intensity
VIII two hardness meters in the laboratory of the Tianjin Large-Size Machinery Plant displaced
but the meters themselves were intact (Photo 33).
The damage to instruments when they overturned depended on the direction they overturned,
having supports or not and mode of overturning, etc. In the intensity IX area in Hangu a
hardness meter in the laboratory of the Automobile Pump Plant overturned and smashed against
a nearby machine tool and the meter was crushed (Photo 34). In the intensity VIII area in
Tianjin on the 4th floor of the Institute of Technology of the No. 2 Light Industry Bureau, a
universal tool microscope fell to the floor with the table, and the microscope was seriously
damaged (Photo 35).
Not all instruments were inspected. Only some examples are given.
(1) In the area of intensity VII a large projector in the laboratory of the Tianjin No. 1
Machinery Bureau was disturbed during the quake, with reduced and resolution reducing.
(2) In the area of intensity VII at the Institute of Elements of Nankai University in Tianjin,
sensitivity of a QR 50 ultraviolet photometer was reduced after the quake, resulting in the
photometer being out of use.
(3) In the area of intensity VIII there were 3 moving coil-type indicating instruments Model
XCZ101, Model XCZ102 and Model XCZ104 at the Tianjin Soda Plant. The error in these
instruments was as high as 50% after the quake; they were out of use.
The weak parts of some instruments were demolished in the quake. For example, in the area
of intensity VIII the suspension wire of an AC4-1 galvanometer at the Tianjin Measurement
Administration Office was damaged losing its precision; some suspending wires of the
galvanometers were broken such as the one in the galvanometer at the Tanggu New Harbour
Ship Building Plant. In the laboratory of the Tianjin Measurement Administration Office there
was a TG-35-type scale with a maximum weighing capacity of 5 kg. During the quake the scale
rotated, the beam of the scale fell down and the cutter was hurt. At the Tianjin No. 105 Plant the
beam of a scale with a weighing capacity of 20 kg fell down in the quake and the cutter was
cracked (Photo 36).
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Besides, damage to a portion of the instruments was induced by a secondary disaster (fire).
For example, in the area of intensity IX the PVT Workshop at the Tianjin Chemicals Plant in
Hangu was on fire and all instruments in the workshop were burnt.
VIII. Foundation of Installations
All of the damage to foundations was due to deformation or liquefaction of foundation soil.
For example, in the area of intensity VIII the tilting and differential settlement of the installation
foundations at the Tianjin No. 1 Machine Tool Plant, the Tianjin Engineering Machinery Plant
and the Tianjin General Machinery Plant were induced by poor soil conditions or liquefaction
and the damage was more serious than to those plants in Tangshan in the intensity X and XI
areas.
Damage to foundations with a surrounding shock-proof ditch was less. For example, at the
Tangshan No. 1 Machine Tool Plant located in the intensity X area there were 4 Model M7130
grinding machines placed in the same section area, two were built with a shock-proof ditch.
After the quake, deformation of the anchor bolts of the two grinding machines was less than the
other two without a shock-proof ditch. Ground cracks that encountered a ditch by passed it and
propagated further; while those that encountered a foundation without a shock-proof ditch
ground cracks would extend to the outer edge of the foundation.
Damage to installation foundations at certain plants in different intensity areas and with
different site soil conditions is summarized in Table 16.
(Translator: Lu Rongjian)
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Table 1. Outline of damage to various types of installations, instruments and dials.
No. of Damaged Installations

Total No. of
Crushed
Installations

No. of
Plants

No. of
Installations

Seriously
Damaged

Moderately
Damaged

Total

Metal cutting machine

31

7,856

624

710

1,334

872

Forging machine

37

560

25

9

34

18

Casting machine

32

212

36

23

Industrial furnace (not
including heating furnace)

20

79

51

15

Lifting installation

17

1,458

58

11

69

69

Compressor and large-size
blower

12

319

16

35

51

28

Air separating installation

15

27

5

5

5

Industrial boiler

22

88

21

18

39

20

Installations in power
system

12

72

12

9

21

4

Total

198

10,671

761

792

1,640

Instruments and Dials

37

1,670

166

334

500

Classification

Installations

Table 2. Summary of damage to cutting machines.
Damage Degree
No. of
Machines
Crushed

Percentage of
Machines Crushed
in Damaged
Machines

387

89

23

158

153

97

418

789

630

80

710

1,334

872

65

No. of
Plants
Investigated

No. of
Machines
Investigated
(set)

Seriously
Damage
d
(set)

Moderately
Damaged
(set)

Tianjin

21

5,791

198

189

Hangu

3

267

55

103

Tangshan

7

1,798

371

Total

31

7,856

624

District

Total
(set)

Table 3. Precision variation of 125 mm boring machine.
Precision Before the Quake
(Examined on December 24, 1975)
(mm)

Precision After the Quake
(Examined at the end of August, 1976)
(mm)

Distortion of guide rail

0.016

0.20

Head rise of stud

0.04

0.35

Head rise of the boring rod

0.02

0.32

Item

951

Table 4. Precision variation of 200 mm boring machine.
Item

Precision Before the Quake
(Examined on July 10,
1975)

Stud inclined toward the end of main axle

0.01

0.10

Head rise of boring rod

0.016

0.08

Precision After the Quake
(Examined at the end of August, 1976)

Table 5. Statistics on number of overturned machines and attached parts in the
Assembly Workshop, Tangshan Electric Engineering Machinery Plant.
Machine Tool

Balance Crane

Switch Cabinet

Stud of Radial
Drilling Machine

Tool Cabinet

Total
Number

Number
Overturned

Total
Number

Number
Overturned

Total
Number

Number
Overturned

Total
Number

Number
Overturned

Total
Number

Number
Overturned

22

0

45

18

5

2

48

2

5

4

Table 6. Summary of damage to forging and press installations.
Area
Site Intensity

Tianjin

Tanggu

Hangu

Tangshan

Total

VII−VIII

VIII

IX

X−XI



Number of Plants Investigated

23

2

3

9

37

Number of Forging Presses Inspected

382

25

32

121

560

Crushed

6

4

6

2

18

Cracked Parts







2

2

Platform and
Support Damaged

1





1

2

Overturned

2



3



5

Displaced

3





4

7

12

4

9

9

34

Number of
Damaged
Forging Presses

Total

Table 7. Summary of overturned forging and press installations.
No.

Name of Plant

Site
Intensity

Name of Installation

Installation Situation

1

Tianjin Engineering
Machinery Plant

VIII

Punching machine with 2 punch pins

Temporarily and freely
placed (Photo 8)

2

Tianjin Electric Facilities
Die Plant

VIII

Model Y 71-45 hydraulic press for
plastic products

Undergoing removal

3

Hangu Car Vibration
Absorber Plant

IX

Model YA 32-200 universal hydraulic
press with 4 columns

Waiting for installation
(Photo 9)

4

Hangu Car Vibration
Absorber Plant

IX

Model 32-100 universal hydraulic press
with 4 columns

Waiting for installation

5

Hangu Car Vibration
Absorber Plant

IX

Model Y 71-100 hydraulic press for
plastic products

Waiting for installation

Total

XI

X

IX

VII~VIII

Site
Intensity

4

5

Flooded

Foundation settled

Displaced,
carriage derailed

1
4

11

2

4
1

1

2

5

1

Crushed

7

4



1

26

1



5

No. of LowPressure
Molding
MachineS

1
59

6

1

2

2

No. of
Projection
Machines

12

8

8



1

No. of
Pressure
Casting
Machines

Carriage derailed

1

1

1

5

No. of
Polishing
Machines

No. of Sets
of Flowing
Sand
Molding
Machines

Total No. of
installations

Crushed

Total

Displaced

1

4

Total

Carriage derailed

4
6

4

Crushed

12

Total

4

3

45

2

1

1

10

No. of
Lines

No. of
Molding
Machines

No. of Molding
Machines
Individually
Installed

Flooded

Foundation settled

Crushed

Total

No. of
Installations and
No. of Damaged
Installations

Molding Production
Line

Table 8. Summary of damage to molding (?) installations.

2

4

3

17

119

21

14

4

80

Total

952

953

Table 9. Summary of damage to sand processing installations.
Mechanized Sand Processing

Set

No. of Sand
Mixing
Machines

No. of Sand
Mixing Machines
Individually
Installed

Total

No. of machines investigated

11

27

2

40

No. of crushed machines







No. of machines investigated





2

No. of crushed machines





2

No. of machines investigated

5

11

4

No. of crushed machines







No. of machines, supports of
which fractured



3

1

No. of machines investigated

2

3

1

No. of crushed machines







No. of overturned machines

1





No. of machines investigated

18

41

9

68

No. of crushed machines



3

3

6

No. of machines, supports of
which fractured



3

1

4

No. of overturned machines

1





Site
Intensity
VII ~ VIII
IX

X

XI

Total

Statistics on Damage

2
20

6

Table 10. Summary of damage to other installations.

Site
Intensity

No. of
Pressure
Casting
Machines

VIII

2

No. of
LowPressure
Casting
Machines

Cleaning Installations (No.)
No. of New
Cylindrical
Sand Silos

Hydraulic
Sand
Cleaning
Machines

Airless
Blast
Cleaners

Cleaning
Rolling
Cylinders

1

2

10

Brief Description of Damage
No damage.
10 pressure casting machines at
the Tangshan No. 1 Machine Tool
Plant displaced and loosened
slightly.

X ~ XI

2

1

2

1

A low-pressure casting machine
at the Tangshan Diesel
Locomotive Plant derailed and
displaced.

2

2 new sand storing silos at the
Tangshan Locomotive and
Carriage Plant inclined.
Total

4

1

2

2

4

10
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Table 11. Summary of damage to melting furnaces.
Area of Intensity VIII

Installation

No. of
Furnaces
Investigated

Damage Pattern

Melting
Furnaces

34

5 inclined; the
upper part of 1
furnace fell down;
2 furnace pull
cords broke;
condensation of
melting iron in 3
furnaces.

Open
Hearths

4

Cooling parts of 2
hearths were burnt;
melting steel
condensed; brick
masonry displaced,
fell down and
deformed.

Electric arc
Furnaces

6

1 of 3 lifting rings
on the cover of a 3
ton electric furnace
broke and fell
down; outlet
channel was
crushed and
deformed.

Electric
Furnaces

8

3 furnaces were
under operation
during the quake
and the melting
steel was poured
out in time
therefore, no
damage to the
furnaces occurred.

Area of Intensity IX
No. of
Furnaces
Investigated
6

Damage
Pattern
3 were crushed
and inclined.

Area of Intensity X-XI
No. of
Furnaces
Investigated

Damage
Pattern

15

6 crushed and
inclined, 3
inclined; upper
part of 1
furnace fell
down.

4

All were
crushed.

Crushed,
causing
inclination;
upper part of 1
hearth fell
down.
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Table 12. Summary of damage to heating furnaces.
Intensity VIII

Intensity X-XI

Summary of Damage

Summary of Damage

Relatively large cracks occurred on the side wall of a
150 m3 drying furnace at the Tianjin No. 1 Machine
Tool Plant (Photo 19); the chimney of two 50 m3
drying furnaces was blocked by sand.

In the area of intensity X large cracks occurred on two
3×3×6 m drying furnaces at the Tangshan Mining
Machinery Plant and the furnaces could be operated
only after repairs; a 5×6×8 m drying furnace at the plant
was smashed with the exterior of the furnace seriously
damaged. A drying furnace for casting at the Tangshan
No. 1 Machine Tool Plant collapsed.

Installation
Drying
Furnaces

Heating
Furnaces

In the area of intensity X, due to ground settlement, a
heating furnace at the Tangshan Mining Machinery
Plant that was freely placed on the ground inclined and
the pipeline deformed (Photo 20).

Aging
Furnace

An aging furnace with a carriage at the Tianjin
Engineering Machinery Plant seriously inclined after
the quake and the carriage impacted with the wall of
the furnace preventing the carriage from entering the
furnace.

Heat
Treatment
Furnaces

The side wall in the high-temperature section (middle
of the furnace) of a 3×3×90 m tunnel kiln at the
Tianjin Refractory Materials Plant was seriously
damaged.

In the area of intensity XI a heat treatment furnace at the
Tangshan Locomotive and Carriage Plant collapsed
(Photo 21).

Note: Due to large amounts of heating furnaces in the plants, no statistics were made on the
number of furnaces.
Table 13. Statistics on damage to cranes.
No. of Smashed Cranes

Intensity

Area

VIII

urban area of
Tianjin

VIII

Tanggu

IX

Hangu

IX-XI

Tangshan
Total

No. of
Cranes
Investigated

Out
of
Use

Requiring
Repair to a
Great
Extent

1,199

4

1

76

Requiring
Repair to a
Medium
Extent

Requiring
Repair to a
Small
Extent

Total No. of
Smashed
Cranes

2

7

4

11

7

22

3

3

180

10

21

4

2

37

3

1,458

17

26

15

11

69
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Table 14. Summary of damage to compressors and large-scale blowing machines.
No. of
Machines
Investigated

No. of
Machines
Damaged

Large-scale reciprocating
compressor

25

2

In Tanggu in the area of intensity VIII there were 2 reciprocating
compressors at the Tianjin Soda Plant, a producted in the twenties.
The compressors had been used for a long time and the anchor bolts
had been corroded before the quake. In the quake one bolt was
broken in tension at each compressor.

Centrifugal blowing
machine with a capacity
above 400 m3/min

24

2

In the area of intensity VIII 2 Model D700-13 centrifugal blowing
machines installed on the floor slab at an elevation of 28.5 m (about
12 tons in weight) were freely supported on 18 springs without
fixing in a lateral direction. These machines displaced 700 mm and
gas inlet and outlet pipes, and electric wires of the machines were
broken in tension (Photos 24, 25). Due to interruption of cooling
water the temperature of the rubber expansion tubes in the gas inlet
and outlet pipes burned and the propeller was deformed.

Medium and small-scale
reciprocating compressor

253

47

28 compressors were smashed by the falling plant building. Due to
differential settlement of the foundation pipes 15 compressors were
bent or fractured. For example, in Tianjin the height difference
between the foundation of a 200 m3 compressor and the ground
surface at a plant was up to 450 mm causing the inlet pipe to break.
There were 3 compressors, the foundation of which settled unevenly
and remained intact. Due to cracking of the foundation one
compressor slightly deformed.

Turbine type compressor

9

0

Lead screw type
compressor

8

0

319

51

Name of Machine

Total

Description of Damage
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Table 15. Summary of damage to different types of industrial boilers.
No. of Damaged Boilers

Types of Boilers
Boilers with supporting steel frames e.g.,
Type SZP, Type SHL boilers, etc.

Damage Degree
Basically intact
Slightly damaged
Moderately damaged

Area of
Intensity
VIII

Areas of
Intensity
IX and X

Total

18

4

22

9
(Photo 27)

3

12

10

7

17

16

16

Crushed
Boilers without supporting steel frames e.g.,
Type K boilers

Horizontal boilers e.g., Lancashire boilers with
or without a strengthened body

Total

37

30

67

Basically intact

6

3

9

Moderately damaged

1

Total

7

3

10

Basically intact

1

1

2

Seriously damaged

1
(Photo 28)

Crushed
Packaged boilers e.g., Type WNL boilers

Total

2

Basically intact

4

Crushed
Total

1

4

1
1

1

2

4
4

3

3

3

7

Note: 1. Slightly damaged: fine cracks occurred on the surrounding wall; the steel frame
inclined slightly; no effect on operation and not repaired.
2. Moderately damaged: part of surrounding walls fell, bricks of which fell down; steel
frame buckled or inclined; only re-operated after being repaired.
3. Seriously damaged: arch ring above the boiler collapsed; two side walls tilted outward;
foundation inclined seriously; can be used only after, extensive repairs.
4. Crushed: boilers or other installations smashed by fallen buildings (usually in areas of
intensity IX and X). In such cases, damage to boilers was difficult to identify.
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Table 16. Damage to installation foundations with different
site soil conditions in different intensity areas.

No.

Name of Plant

Site
Intensity

Type
of Site
Soil

1

Tianjin
Large-Size
Machinery
Plant

VIII

II

2

Tianjin
Engineering
Machinery
Plant

VIII

III

Geological Conditions

Summary of Damage
Deformation of installation foundations
was smaller but with regularity:
foundations settled in the northwest and
heaved up in the southeast.

0-0.55 m under the surface; was a
cultivated soil layer, 0.55-2.3 m
clay soil; 2.3-3.35 m brown clay
(partly mucky soil); 3.55-12.09 m
brown silty sand; 12.09-15.14 m
yellow sandy clay. Water table was
−0.5 m under the surface. Based on
exploration results sand liquefaction
occurred 3-12 m under the surface.

1) Amount of spouted sand at Steel
Casting Workshop was up to 350 m3.
2) Ditches near the air compressor
foundation were filled completely with
sand and water; pile foundation (depth of
pile: 9 m) was raised by 110 mm.
3) Sand spouted in the neighborhood of a
deep-well pump foundation; difference
between the foundation and the surface
was 450 mm.
4) The grinder foundation at the
Repairing Workshop settled 88 mm with
the east end raising and the west end
lowering; variation in the east-west
direction was greater than that in the
north-south direction.
5) One gear hobbing machine directly
placed on ground settled unevenly
35 mm.

3

Tianjin
General
Machinery
Plant

VIII

III

Liquefaction, ground cracks and
deformation occurred in a range of
12 m under the surface.

1) Foundations of 2 boring machines
settled unevenly with a difference
between the two ends of about 300 mm.
2) A metal cutting machine freely placed
on the ground settled unevenly by 3040 mm.
3) A ground crack 10 mm wide and
>150 mm deep passed through the
outside of the anchor bolt of a 3 m
double-housing planer at the No. 2
Workshop.
4) The foundation of a 4 m double
housing planer cracked due to passing of
a ground crack, and settled unevenly with
the south end higher and the north end
lower.
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Table 16. Continued

No.

Name of Plant

4

Tianjin No. 1
Machine Tool
Plant

Site
Intensity

Type
of Site
Soil

VIII

III

Geological Conditions
Liquefaction occurred in a range of
12 m under the surface.

Summary of Damage
1) Variation of precision of machines
continued after adjustment.
2) In the Thermostatic Workshop a
sandboil was 400 mm higher than the
surface; the shock-proof ditch was filled
fully with the spouted sand and the
foundation settled unevenly 20-30 mm.
3) The foundation of a 4 m doublehousing planer settled unevenly.
4) In the Trial Production Workshop the
foundation of a grinding machine settled
60 mm unevenly.
5) A radial drilling machine settled
30 mm; a ground crack passed by the
edge of the foundation.
6) Installation foundations arranged
usually along the columns of the plant
building settled unevenly, most of which
inclined toward the column foundation.

Hangu
Automobile
Pump Plant

IX

6

Hangu ShockAbsorber
Plant

IX

7

Machine
Processing
Plant of
theTangshan
Cement
Machinery
Plant

5

Heat
Treatment
Workshop

8

Tangshan
Electric
Machinery
Plant

II-III

1) Ground deformed up and down, and
partly cracked.
2) A 200 ton hydraulic press settled
5 mm unevenly.

II-III

X

II-III

X

II-III

The foundation of a pipe drawing
machine cracked 8-10 mm.
From 8 m under the surface upward
was clayey soil and sandy soil;
allowable bearing capacity of
foundation 18-22 ton-force/m2.
Under 8 m was fine sand; allowable
bearing capacity of foundation
15-20 ton-force/m2.

Column foundation beside the horizontal
boring machine settled; other installation
foundations settled unevenly also.

0-2.0 m under the surface was
clayey soil; allowable bearing
capacity of foundation
20 ton-force/m2; 2-6 m was silty
sand; allowable bearing capacity of
foundation 12 ton-force/m2; 6-13 m
was fine sand; allowable, bearing
capacity of foundation
15 ton-force/m2. Water table 2.6 m
under the surface.

No obvious damage to installation
foundations.

Columns in the south row generally settled
about 15 mm; those in the north settled about
20-30 mm at the Assembly Workshop. The
ground at the workshop inclined from the
south toward the north; ground cracks
occurred in many places. Some installation
foundations settled unevenly.
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Table 16. Continued

No.
9

10

Name of Plant
Tangshan
Toothed
Wheel Plant

Tangshan
Mining
Machinery
Plant

Site
Intensity

Type
of Site
Soil

XI

II

XI

II

Engineering Geological Conditions

Summary of Damage

Water table: 6 m below the surface;
in a range of 4 m below the surface
was clay; bearing capacity of
foundation 13 ton-force/m2. 4-6 m
was fine sand with thin layers of
mucky loam; bearing capacity of
foundation 13 ton-force/m2; under
6 m was moderate sand; bearing
capacity of foundation 16 tonforce/m2.

1) Installation foundation settled
unevenly along the gable direction.

Water table: 7 m below the surface;
in the range of 6 m below the
surface was plastic loam yellowbrown in color; bearing capacity of
foundation 12 ton-force/m2; 6-10 m
was mucky loam; bearing capacity
of foundation 8 ton-force/m2; 1013 m was mainly moderate sand;
bearing capacity of foundation
25 ton-force/m2.

Ground around the foundation of a 1 ton
forging hammer cracked, and foundation
settled (Photo 39).

2) Two sandboils occurred at the Gear
Workshop.
3) Foundation of the 2 ton forging
hammer and settled apart from the
ground (Photo 37) at the Forging
Workshop.
4) Beside the foundation of the 400 kg
hammer a sandboil occurred (Photo 38).

961

Photo 1. A Model T612 boring machine at the Tianjin
Engineering Machinery Plant was crushed.

Photo 2. A Model M1432 universal grinding machine
fell from the filler pieces and displaced 900 mm at the
Tangshan No. 1 Machine Tool Plant.

Photo 3. A Model M7130 planar grinding machine displaced
and anchor bolts were pulled out at the Tangshan No. 1
Machine Tool Plant.
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Photo 4. The rotating cantilever of a Model Z35 drilling
machine swung about during the quake at the Tianjin
Large-Size Machinery Plant.

Photo 5. A 13×2500 mm clipper at the Tianjin LargeSize Machinery Plant was crushed.

Photo 6. A 35 ton turnable press cast beam with two
columns ruptured at the Tangshan Diesel Engine Plant.
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Photo 7. Cast iron cylindrical columns of a 1 ton
hammer machine ruptured at the Tangshan Diesel
Engine Plant.

Photo 8. A punching machine with two punch pins
overturned at the Tianjin Engineering Machinery Plant.

Photo 9. A Model YA 32-200 hydraulic press waiting
to be installed overturned at the Hangu Car Vibration
Absorber Plant.

Photo 10. A 2,500 ton hydraulic press with 4 columns
displaced 80 mm to the north during the quake at the
Tangshan Mining Machinery Plant.
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Photo 11. An alignment machine for section steel
displaced 120 mm at the Tangshan Mining Machinery
Plant.

Photo 12. A carriage on the molding line derailed at the
Tangshan Diesel Engine Plant.

Photo 13. A low-pressure casting machine at the
Tangshan Diesel Locomotive Plant derailed and
displaced.

Photo 14. A Model Z145A molding machine overturned
at the Tangshan Diesel Engine Plant.

965

Photo 15. Support piers of a sand mixing machine
fractured at the Tangshan No. 1 Machine Tool Plant.

Photo 16. The dust trap cover of a 1 ton cupola furnace
fell down at the Tianjin Mobile Casting Parts Plant.

Photo 17. The dust trap cover of the cupola furnace fell
down at the Tangshan Mining Machinery Plant.

Photo 18. The bottom plate of a 1.5 ton cupola furnace
fractured and bolts stretched at the Tangshan Electric
Engineering Machinery Plant.
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Photo 19. Large cracks occurred on the 150 m3 drying
furnace at the Tianjin No. 1 Machine Tool Plant.

Photo 20. A heating furnace freely supported on the
ground inclined due to settlement with pipes deformed at
the Tangshan Mining Machinery Plant.

Photo 21. A heat treatment furnace at the Tangshan
Locomotive and Carriage Plant collapsed.

Photo 22. A 50 m3 lime brick kiln without steel casing
was demolished at the Tianjin No. 2 Steel Plant.
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Photo 23. A 3 ton crane collapsed at the Tangshan
Mining Machinery Plant.

Photo 24. A Model D700-13 blowing machine
displaced 700 mm in the quake at the Tianjin No. 2 Steel
Plant.

Photo 25. The electric wire of the blowing machine in
Photo 24 was broken intension.

Photo 26. The inlet valves of oxygen cylinders were
bent by falling debris.
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Photo 27. The No. 3 boiler of a plant in Tianjin (with a
steel frame) was only slightly damaged.

Photo 28. A wall of a Lancashire Boiler in Tianjin
(without a steel frame) bulged, the arch top collapsed
and separated from the side wall.

Photo 29. The flange of a coal feeder of the gas
producer cracked at the Tianjin Large-Size Machinery
Plant.

Photo 30. The bolt connecting the flanges of the gas
producer was bent and dislocated about 20 mm at the
Tianjin Large-Size Machinery Plant.
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Photo 31. The foundation of a deep well pump settled 450 mm during the
quake and the outlet pipe was fractured (replaced by a flexible pipe
afterward) at the Tianjin Engineering Machinery Plant.

Photo 32. The base of water pump at a plant in Tianjin was
pulled and cracked.
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Photo 33. Two sets of hardness meters in a laboratory at the Tianjin
Large-Size Machinery Plant displaced on the floor.

Photo 34. A hardness meter in the laboratory at the
Hangu Automobile Pump Plant overturned.

Photo 35. A universal tool microscope at the Institute of
Technology of the No. 2 Tianjin Light Industry Bureau
was smashed.

Photo 36. The beam of a 20 kg. scale fell down and the
cutter cracked at the Tianjin No. 105 Plant.
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Photo 37. The concrete foundation of a 2 ton forging hammer cracked on four
sides and settled. Forging Workshop of the Tangshan Toothed Wheel Plant.

Photo 38. Sand and water spouted near the foundation of a 400 kg forging
hammer at the Forging Workshop of the Tangshan Toothed Wheel Plant.
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Photo 39. The foundation of a 1 ton forging hammer cracked around the
four sides and settled. Tangshan Mining Machinery Plant.

