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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.
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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.
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
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its extreme during the 1976 Tangshan earthquake. Chinese scientists 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
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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 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.
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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 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:

RAILWAY ENGINEERING

DAMAGE TO RAILWAY ENGINEERING
Liao Shuqiao and Gu Zuoqin*

I. Introduction
There were four trunk lines: Beijing to Shanhaiguan, Tianjin to Pukou, Tongxian to Tuozitou
and Tianjin to Jixian and more than 100 branch lines including Tangshan to Zunhua, Hangu to
Nanbao, etc. and there were special lines for mines and factories in the Tangshan region. The
distribution of railways and seismic intensity is shown in Fig. 1.
The Beijing to Shanhaiguan Line, a Class I trunk line, was constructed by Britain and Japan
in 1887, had a total length of 414.5 kilometers, all double lines. It was an important trunk line
between the Northeast and the North, and the Northeast and central part of China. After the
liberation rebuilding or reinforcing of some railway facilities of this line was done, consequently,
the design standard, structural type and material, design data, and geology and foundation of this
line were not known. Crossing the Jidong Plain the Beijing to Shanhaiguan Line was mainly
laid on a smooth terrain of alluvium and diluvium with loose saturated fine sand stratum locally.
The Tongxian to Tuozitou Line, a Class I trunk line with a total length of 189.8 kilometers,
was constructed from 1973 to 1976. To the west of Fengrun Station was smooth terrain and to
the east was hilly land with better geological conditions and deep ground water.
The design standards, type of structure and material of the trunk line and branch line
constructed after the liberation were uniform. All railway engineering in the Tangshan region
was done with no consideration for earthquake resistant design. After the Haicheng earthquake
in 1975 the Beijing Railway Bureau adopted some earthquake resistance measures for large and
medium bridges which survived the Tangshan earthquake with only slight damage.
In the earthquake region rails, embankments and bridges were damaged to different degrees
and collapsed buildings broke communications, electricity, water supply, and locomotive
equipment, consequently, traffic was stopped as shown in Table 1.
A large amount of railway damage showed that the damage was closely related to the site
condition, i.e. geology and hydrogeology mainly. The Beijing to Shanhaiguan Line, Tongtou
Link Line and the Nanbao Special Branch Line were constructed on a saturated loose sand layer
(Class III soil) with a high water table so embankments, bridges and rails of these lines were
seriously damaged even if they were in an intensity VII region. On the contrary, in Tangshan

* The First Survey and Design Institute, Ministry of Railway
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City, intensity XI, the railway located on dense soil (Class II) with deep ground water had
embankments, bridges and rails that were slightly damaged.
The experience of rapid repairing of the railway in the seismic region indicated that bridges,
which were difficult to repair, controlled opening of traffic. For example, the repair of the Ji
Canal Bridge and the Luanhe Bridge controlled the Beijing to Shanhaiguan Line and the Douhe
River Bridge controlled the Tangshan to Zunhua Line. After repairs to the Beijing to
Shanhaiguan Line were made it was opened to traffic again on August 10, 1976. By
September 16, 1976 the train velocity over a 287 kilometer section reached 60-80 kilometers per
hour and over a 175 kilometer section reached 110 kilometers per hour, which was the level
before the earthquake. But there were still 27 bridges that restricted travelling velocity to 15-60
kilometers per hour, which controlled transportation over this line. During the repair of railway
lines most of the manpower was spent on bridges. But the repair of communication, signal,
water supply, electricity and machinery, which were mostly broken by collapsed buildings, were
easy to restore by taking temporary measures within a short time. Some data from the Beijing to
Shanhaiguan Line and the Tongxian to Tuozitou Line are shown in Table 2. This experience
shows that the earthquake resistant design of railway bridges and buildings with important
equipment (including communication, electricity, water supply and locomotive, etc.) is very
important. During the repair and restoration of the Beijing to Shanhaiguan Line and the
Tongxian to Tuozitou Line stone ballast of 102,760 m3 and 20,000 m3 were used respectively.
II. Trains
When the earthquake occurred there were 28 freight trains and 7 passenger trains travelling
on the railway; 7 freight trains and 2 passenger trains were turned over or derailed. A derailed
train is shown in Fig. 1. No passengers were injured. On the damaged trains only part of the
cars were turned over or derailed. The damaged trains are shown in Photos 1-4. The No. 40
express train partly derailed and the locomotive caught on fire (Photo 3).
Two locomotive drivers talked about what they experienced during the earthquake.
(1) Train No. 117, No. 0017 locomotive driver Ma Decai, deputy driver Wu Jian and trainee
Liubaozhu said that the train was travelling at a velocity of 100 kilometers per hour on the
section from Beitang to Chadian on the Beijing to Shanhaiguan Line (intensity VII). They saw
the signal mast shaking and the locomotive shook from right to left then the emergency brake
was put on at once. The derailed locomotive is shown in Photo 1.
(2) Train No. 129, No. 4278 locomotive driver Zhang Yaowu and deputy driver Han
Zhonghua said that the train was travelling at a velocity of about 90 kilometers per hour to Guye
Station (intensity X) at 3:40 a.m. in the morning. They saw flashes of lightning, the locomotive
shook up and down and then right to left, the emergency brake was put on and the train stopped
at 3:43 a.m.
III. Rails
Damage to rails on loose foundation soil can be divided into two types:
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(1) Embankments which had a height of more than 2 meters were generally damaged causing
the rail to become deformed both in profile and in plan. A typical section was located on the uplink line (plan as shown in Fig. 7, profile as shown in Fig. 8) from Tongxian to Tuozitou
(intensity IX area). It was founded on loose saturated fine sand and the height of the
embankment fill was about 2-14 meters. The embankment was damaged and the rail was
seriously deformed during the earthquake (Photos 5 and 6) but at section K0+920-K1+350 of
this line the railroad was located on a sandstone cut and the rail was undamaged (see Photo 7).
(2) Some of the embankments that had a height lower than 2 meters were damaged. The
ground surface deformed during the earthquake causing the rail to bend seriously in plan and
slightly in profile. Near the Beitang Station on the Beijing to Shanhaiguan Line (intensity VII
area) the bent continuous rail is shown in Photo 8. The Nabao Branch Line (intensity VIII) was
used for salt transport from Hanggu to Lutai. It was a total of 33.7 m in length built on a
saturated silt layer with a shallow ground water table (<1.0 m). The embankment height was
only 1 to 2 m, water and sand spouts occurred at the foot of the embankment (Photo 9) and the
rail bent (Photo 10). There were 32 bent rails with a maximum rise of 1.56 m on this 33.7 m
branch line as shown in Table 4. Figure 2 shows the rail bending on the Nanbao Branch Line
from K1+650 to K1+703.1.
At the Lutai Station yard (intensity IX) on the Beijing to Shanhaiguan Line water and sand
spouting occurred (Photo 11) causing some rails to bend (Photo 12 and Fig. 3)
At Xugezhuang Station (intensity X) and at Tangshan Station (intensity XI) the foundation
soil was dense and stable; the ground water was deep (Tangshan Station, 4.7-6.3 m) and the rail
was basically intact even in the epicentral zone (Photos 13 and 14).
IV. Road Subgrades and Retaining Walls
Most of the railway subgrade in the Tangshan earthquake region were embankments with a
few cuts and retaining walls. During the strong ground motion the railway subgrades were
seriously damaged which interrupted traffic on the Jing-Shan, Tong-Tuo, Tong-Tuo Up-link and
Nanbao lines, etc. (Table 1). The distribution of embankment damage to all main lines and
branch lines is shown in Fig. 4. In the restoration of these embankments over 100,000 m3 of
stone ballast and rubble was used and approximately 1.5 kilometers of steel rail was replaced.
The following describes earthquake damage to railway subgrades.
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1. Embankments
In the Tangshan earthquake region the embankment height is about 1-3 m, 4-11 m in some
special sections and the tallest is 14 m on bridge approaches. Cohesive soil is mostly used as
filling material and silty, fine and medium sand is also used in some places.
The degree of damage to embankments was clearly related to the intensity of ground shaking,
site condition (mainly geology and hydrogeology), embankment height and filling material, etc.
(Table 5). The embankment damage phenomena mainly included sinking, cracking, slope
sliding and cave-in, etc. Some took place individually but many occurred simultaneously.
Embankment subsidence is a general damage case. Generally, the embankment subsidence took
place in soft clayey soil and liquefied sandy subsoil. Especially in liquefied sandy subsoil a
great deal of sinking and cave-ins occurred within a short section so as to severely damage the
embankment. There were many cases of rail suspending, lateral displacement, bending and
distorting, etc. as a result of the embankment subsidence. But at rock or dense soil sites damage
to the embankment was reduced. Tables 6-9 show embankment damage on the Jing-Shan and
Tong-Tuo lines, etc.
1) Examples of damage to embankments on soft cohesive soil foundations
On the Jing-Shan Line from Tanggu to Chadian (K178+000-K203+000) and on the Nanbao
Branch Line the soil consists of marine deposit with mucky sandy clay or clayey sand or clay
with silty fine sand. The ground water table is shallow. According to the information from the
foundation drilling test at the Yongdingxin River Bridge on the Jing-Shan Line (K194+48) and
at the Douhe River Bridge on the Nanbao Branch Line, the physical mechanical index of the soft
cohesive soil is similar to soft soil as presented in Table 10.
(1) From Beitang Station to the Yongdingxin River Bridge on the Jing-Shan Line
(K190+100-K193+800), the embankment was founded on soft cohesive soil with a shallow
ground water table and a salty surface layer. The embankment was 1-3 m high built with
cohesive soil, the slope foot extended into the water and was located in an intensity VIII zone.
Vertical cracks between the slope foot and ground surface occurred after the earthquake (Photo
15). The subsoil deformation caused the embankment to sink and crack. For example, at the
K190+000-K192+850 section the longitudinal cracking at the embankment slope foot totaled
2.8 km, the worst was found at K191+796 with a crack width of 10-30 cm (maximum 50 cm),
the height difference was 10-15 cm (maximum 40 cm) (Photos 16 and 17).
At the Beitang Railway Station the embankment of the No. 1 to 8 tracks sank about 100 cm
and the rail moved 50 cm in a cross direction (Fig. 5). At the No. 9, 12, 14, 16, and 17 turnout
areas the maximum sinking of the embankment was up to 150 cm which caused the turnout to
become suspended and the spikes to rise. The station site fill sank irregularly (a maximum of
60-80 cm) which made the station platform uneven. On the south side of the No. 1 track the
maximum crack width of the embankment was up to 50 cm.
At the Tanggu Station and Tanggu South Station most of the embankment for all the special
branch lines of factories and enterprises sank about 50 cm. The rail gap increased about 8 cm,
the rail bent and distorted and moved horizontally.
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(2) The Nanbao Branch Line was located in the seashore region (Fig. 4) on low-lying land.
The embankment foot extended into the sea during high tide season. The embankment was built
with cohesive soil and founded on mucky sandy clay or clayey sand with a silty fine sand layer
and the height was 1-2 m with a shallow ground water table. Because the silty fine sandy soil
liquefied in the intensity VIII area, water ejected and sand boiled at the embankment shoulder on
both sides (Photo 9). After the earthquake it was found that the ground surface sank evenly and
in some areas with a loose slope slide. Near the entrance of the Xiejiafen Station a ground
fissure about 65 m long and 40 cm wide crossed the road subgrade (Photo 18).
2) Examples of damage to embankments on liquefied sand foundations
The embankment subgrade on loose saturated silty and fine sand layers was liquefiable. It
caused water and sand boiling, subgrade subsidence, embankment settlement and cracking and
other serious damage.
(1) On the Kaiping to Guye section of the Jing-Shan Line (K277+000-K284+000), intensity
X, the embankment was 1-3 m high filled with cohesive soil and founded locally on loose
saturated silty fine sand. Due to liquefaction during the earthquake 18 segments of the
embankment (including the bridge approach) sank over an accumulated length of 3 km
amounting to 40% of the total length in this section. K281+750-K282+088 (350 m long) and
K283+300-K284+400 (about 1,000 m long) were damaged most seriously on the Jing-Shan
Line. For example, the K281+750-K282+088 embankment which was about 4 m high settled
3.4 m (Photos 19 and 20). The embankment was located on an old course of the Shiliuhe River
(Fig. 6) which was deposited by a saturated silty fine sand layer and the ground water table was
1.25 m. The liquefaction depth was 6.3 m which was determined by a standard penetration test.
After the earthquake the ejected water and sand was near the slope foot (Photo 21), the
embankment sank, cracked and caved-in, the row of trees on both sides inclined toward the
center of the tracks (Photo 20).
(2) On the Tong-Tou Up-link Line from Jiugezhuang to Tuozitou, a total length 5.06 Km, the
plane diagram shown as Fig. 7 was built in 1973. The line crossed the old course of the Yi
River, the ground water table was 0.5-1.0 m, the subsoil was sandy clay or clayey sand in 0-4 m
of stratum, from 4 m down there was a loose saturated silty fine sand layer according to the
standard penetration test, and the liquefaction depth was 6.5 m as shown in Fig. 8. The
embankment height was 3-14 m filled with local soil and the slope was 1:1.5. At the K1+800K3+500 section the embankment was built with silty fine sand with 20 cm of thick red cohesive
soil for slope surface protection. At the K2+504-K3+150 section the embankment could be
submerged by the Yi River flooding, the upstream slope was revetted by rubble 25 cm thick, the
downstream slope was revetted by a row of trees, the design diagram is shown in Fig. 9. During
the ground shock water and sand spouted near the slope foot on both sides (Photo 22). After the
M7.8 earthquake, in an intensity VIII area there was no obvious damage to the embankment
section. But during the dusk of that day an M7.1 earthquake occurred (intensity IX) and the road
embankment settled about 2-3 m and the line was seriously damaged. Especially, the
embankment which was filled with silty fine sand and revetted by a red cohesive soil protection
layer sank, cracked, the protection slope slid and dropped, and the track distorted and
transversely moved or suspended (Photo 23). At the K1+800-K3+500 section which was about
2 Km long, on the basis of the profile and cross section surveyed after the earthquake, the line
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sank more than 2 m, the slope slid and changed to 1:2.25, and the center line displaced 0.8-1 m
transversely. The line profile is shown in Fig. 8 and the surveyed cross section is shown in
Figs. 10-12.
(3) On the Jing-Shan Line from Tangfang to Xugezhuang (K243+000-K245+000 and
K246+000-K253+000) the embankment height was 1-3 m filled with sandy clay. On the west
slope was the Meishui River which could float small boats; and on the east side was an irrigation
ditch which had water all year. According to the survey information from September 1981, 4 m
of the underground surface was cohesive soil, below that there was mucky sandy clay with siltyfine sand intercalated layers, and the ground water table was 1.0-1.5 m. It was located in an
intensity IX-X zone. The embankment, about 9 km long, settled and cracked intermittently. The
slope slid and slumped and the general subsidence was 30-60 cm with a maximum of up to
100 cm. Due to sliding of side slopes of the embankment along the river 2-3 longitudinal cracks
formed at the slope foot and on the shoulder of the road. The crack width was 20-30 cm and the
soil block between two cracks caved in by 15-20 cm (Photo 24, Fig. 13).
In addition, the shoulder of the road slid, settled and cracked on the K249+600-K249+800
section which was about 200 m long. The sliding amounted to 90-100 cm and the track was bent
in an S-shape (Photo 25).
(4) Damage to bridge approaches was more universal. Statistics showed that the bridge
approach damage on the Tanggu to Changli section on the Jing-Shan Line was about 57% of the
total amount of embankment damage (Table 6) and on the Beiliuzhuang to Tuozitou section, and
on the Tong-Tuo Line it was 55% of the total embankment damage (Table 7). On the Tong-Tuo
Up-link Line all the bridge approaches from the No. 1 to No. 10 bridges sustained earthquake
damage, especially at K2+ 600 at the No. 6 bridge approach where the damage was the most
serious which was located in an intensity IX zone, its original height was 12 m and it settled 2.33.0 m after the earthquake (Photos 26 and 27). On the Nanbao Special Line, located in an
intensity VIII zone, the bridge approach settled 30-50 cm generally and the maximum was
80 cm. On the Tang-Zun Line at the Douhe River Bridge approach, in an intensity X zone, it
sank and cracked and the riverbank slid toward the center of the river (Photo 28).
2. Cuts
In the Tangshan earthquake region there were few cuts. For the two cases investigated the
cut slopes were intact. Namely, on the Tong-Tou Line K168+400-K169+400 the Qijialing cut
section was about 1 km long; the dolomite slope height was about 12 m and the slope was 1:0.75
(Fig. 14). On the K169+000-K169+100 section in an intensity VIII zone the cut slope was of a
diluvial soil layer with a good cohesive property, the height was 8 m with a retaining wall
protection at the lower part. Both the cut slope and retaining wall were all intact (Photo 29). On
the Tong-Tou Up-link Line on the K0+900-K1+350 section the cut was of weathered sandstone
and shale layers, the height was 2-8 m and the slope was 1:1 (Fig. 15). It was intact during the
two earthquakes of intensity VIII and IX (Photo 7).
3. Retaining walls
In the Tangshan earthquake region there were few supporting and retaining walls along the
railway line but there were some retaining walls used in subways cut across the railway and

7

highways, railway embankment shoulders, station platform walls and waterlogged protection
walls. The retaining walls were 2-7.5 m high built with good construction quality masonry.
They were slightly damaged after the earthquake as shown in Table 11.
1) The railroad shoulder retaining wall
On the Jing-Shan Line, K267+374, the shoulder retaining wall of the No. 74 bridge was
founded on cohesive soil which connected the abutment of the Shanhaiguan end of the upstream
side and was 3-4 m high, 9 m long, built with masonry, filled with cohesive sand with 23° of
internal friction and 0.45 Kg/cm2 of adhesion and was located in an intensity X zone. After the
earthquake the wall slipped outward about 20 cm (Photo 30) but the road shoulder wall which
connected the abutment on the Tangshan side was undamaged.
2) The station platform wall
On the Nanbao Branch Line, K7+750, the station platform wall at the Xiejiafen Station was
1.2-1.5 m above the ground surface, built with masonry, and founded on mucky sandy clay
intercalated with silty fine sandy soil with shallow ground water. In an intensity VIII zone,
water and sand spouted in front of the wall and covered the track. The ground sank unevenly
after the earthquake, and the wall cracked along the mortar joint and collapsed locally (Photo
31).
3) Highway cut retaining wall
(1) On the Tong-Tuo Line the subway cut wall of the Fengrun Station’s east end was 2-4.5 m
high and the foundation depth was 1.1 m. The cross section shown in Fig. 16 was built in April
1976 and was founded on dense fine and medium sand with a deeper ground water table. The
backside soil was sandy clay, built with masonry and grade 50 mortar with better construction
quality, it sustained intensity VIII and was undamaged (Photo 32).
(2) In Tangshan City the retaining wall of the Yunhong subway cut was 2.8-7.5 m high, was
embedded 0.8-3.0 m underground and was constructed with masonry. The foundation was 30
cm thick, built with C50 concrete and paved with rubble. The subsoil was clay (layer thickness
2-3 m) intercalated with a thin fine sand layer with 5-6 m to ground water table. The wall which
was located in the extreme earthquake region of intensity XI was intact (Photo 33 and Fig. 17).
4) Highway shoulder wall
The shoulder wall of the Tang-Feng Highway Grade Separation Bridge over the railway was
3-7.4 m high, 582 m long with a 1.55 m deep foundation and was built in 1974 (cross section
shown in Fig. 18). Located in an intensity VIII zone, the wall was undamaged after the
earthquake (Photo 34).
5) Immersed retaining wall
(1) On the Nanbao Branch Line, K11+740, the retaining wall along both sides of the threehole-culvert water entrance was 2-3 m high, 20 m long, built with masonry, founded on mucky
sandy clay. After the intensity VIII earthquake there were three vertical cracks in the wall body
with spacing of about 5 m (Photo 35).
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(2) On the branch line of the Tangshan Steel Factory the 5 m high masonry road retaining
wall along the Dou River was 3-4 m above the water level (water depth was estimated to be 1-2
m in front of the wall) (Fig. 19). The C140 concrete foundation was 30 cm thick founded on soft
clay. Located in an intensity X zone, the wall was intact after the earthquake (Photo 36).
V. Bridges
The topography of the Tangshan earthquake area is flat, the subsoil is spongy, bridges are
low in height and the forms of foundation are varied. All the bridges on the railway lines in this
area are simply supported beam bridges with stone masonry or concrete gravity piers and
abutments. The longest span of a steel truss bridge is 62.8 m and the highest pier is about 10 m.
Among 850 spans of beam on the Beijing to Shanhaiguan Line, steel beams account for 74%.
All other beams are reinforced concrete. The types of foundation are: spread foundations, wood
pile foundations, a few open caisson foundations on the Beijing to Shanhaiguan Line, mainly
bored pile foundations for big and mid length bridges on the Tongxian to Tuozitou Line, and
wood pile foundations and reinforced concrete pile foundations on the Nanbao Special Line.
1. Statistics of earthquake damage
Statistical results of earthquake damage to bridges on trunk and branch lines within the
earthquake area are listed in Table 12.
Brief descriptions of the bridge sites and damage to the railway lines are listed respectively
in Tables 13-17 (there was no evident damage beyond the scope listed in the tables).
2. Characteristics of earthquake damage
It can be seen from the above mentioned statistics of bridge damage that the degree of
damage to bridges was closely related to site conditions (mainly conditions of geology and
hydrogeology) and the type of foundations. Damage to bridges with shallow ground water, loose
subsoil and shallow foundations on some sections of the Beijing to Shanhaiguan Line, Tongxian
to Tuozitou Up-Link Line and Nanbao Special Line was more and serious. But in the high
intensity area of Tangshan City damage to bridges was less than in the lower intensity area
because of the stable and dense ground with deep ground water. It can be seen from the
earthquake damage distribution of railway bridges in the Tangshan region (Fig. 20).
On the Nanbao Special Line damage was generally heavier because the subsoil was a soft
silty sandy clay. But when wood pile or reinforced concrete pile foundations were used the
damage was less. Damage to bridge No. 6 at K2+600 and bridge No. 7 at K2+ 804 on the
Tongxian to Tuozitou Up-link Line was more serious because the subsoil was saturated fine sand
and a shallow embedded spread foundation was used. A piece of beam on bridge No. 6 fell
down. It indicated that pile foundations have an anti-seismic effect on weak ground.
Due to the influence of the above factors, damage to bridges in the Tangshan earthquake
showed the following characteristics:
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1) Serious damage to bridges resulted from riverbank sliding
On soft or liquefied ground, when the slope of the riverbank is steep, sliding of the slope
occurs easily during an earthquake. As a result, piers and abutments near the bank will move
toward the middle of the river thus, the length of the bridge will be decreased. Damage related
to displacement and breaking of piers, abutments, and foundations is very difficult to repair.
Bridges where the riverbank slid are listed in Table 18.
2) Damage to abutments is more than to piers
Table 19 shows a percentage of statistics of damage to piers and abutments for some bridges
on railway lines in the earthquake area. It can be seen that the percentage of earthquake damage
to abutments is nearly twice that of piers because of the influence of bank sliding.
3) Subsidence of bridge approach embankments is a universal damage phenomenon
An abutment is a structure which connects the bridge and embankment. It is usually
constructed of stone masonry or concrete with an independent foundation. But the embankment
of a bridge approach is an earth structure which naturally subsides during an earthquake. This is
a phenomenon hard to prevent. Typical data of subsidence of approaches are listed in Table 20.
The maximum subsidence is up to 3.0 m. Subsidence of approaches caused damage to taper and
abutment fill, and caused rail hanging and suspension of service. Photo 37 is one example.
4) Bridge bearing damages
Damage to bridge bearings was mainly caused by large displacement of piers and abutments.
Piers and abutments displaced greatly on soft ground which lead to serious damage to bridge
bearings. For example, rollers on movable bearings inclined and dislocated, and anchor bolts of
bearings sheared (Photo 38).
5) Beams displaced transversely
The most striking example of a beam moving crosswise (perpendicular to the railway line)
was on the Tongxian to Tuozitou Up-link Line. Seven of the nine bridges displaced crosswise
accounting for 78% (Table 21). Maximum displacement was 210 cm and one of the beams fell
into the river. Transverse displacement of these bridges occurred in the magnitude 7.1
earthquake. The macro-intensity of this earthquake on the Tongxian to Tuozitou Link Line was
IX. This section of line is a curve in plan. The epicenter was located inside the curve and most
of the beams moved towards the outside of the curve (Photos 39 and 40).
6) Untreated concrete construction seams slid
Most of the concrete piers and abutments were damaged in untreated construction joints,
which caused the piers and abutments to break, dislocate and the concrete to locally break into
pieces. On the Tangshan to Zunhua Line K2+955 at the Douhe River Bridge the abutment on
the Tangshan side, pier No. 1 and No. 2, were all sheared at the concrete construction joints, as
shown in Photo 41. But at this same bridge the abutment on the Zunhua side was constructed
continuously, thus, no construction joints existed, it was intact as shown in Photo 42. For piers
and abutments on the Beijing to Shanhaiguan Line, Tongxian to Tuozitou Line and Tongxian to
Tuozitou Link Line, the damage happened mostly at untreated construction joints as shown in

10

Photo 43. Damage to piers and abutments with stone masonry usually happened in mortar joints
as shown in Photo 44.

3. Typical examples of damage
1) New Yongding River Up-line Bridge at K194+048on the Beijing to Shanhaiguan Line
Built in 1971 this superstructure had pre-stressed concrete beams of 23.8 m and had 20
spans. It had a gravity pier with a side-wall abutment. Topographical conditions were not good,
silty sandy clay was buried about 12 m underground. Pier Nos. 1-11 and pier No. 19 had
foundations with four bored piles of diameter 105 cm, the pile length was 32.5 m. Pier Nos. 1218 had foundations with eight steel-pipe piles of diameter 80 cm and the length was 28.0 m.
Both abutments had foundations with four bored piles of diameter 105 cm and length 30.0 m.
This bridge is located in the Tangshan earthquake area of intensity VII as shown in
Figures 21-22. The riverbank slid when the earthquake occurred, the bridge length shortened
1.126 m, the Beijing abutment moved 0.54 m forward, the clearance between two beams
squeezed together, the top of the abutment inclined, and eight anchor bolts were cut on the top
side of the bearing (Photo 45). The clearance between two beams on pier No. 2 was compressed
and concrete at the beam ends shattered. Bearings on pier Nos. 6-11 were normal. Pier No. 12
moved 0.139 m towards the middle of the river. Pier No. 13 moved 0.078 m, the movable
bearing of the 13th beam on pier No. 13 fell down, bolts on the anti-seismic plate were cut, and
the clearance between two beams was enlarged to 0.32 m (Photos 46 and 47). A fixed bearing
on pier No. 15 moved 2.0 cm towards the middle of the river and four anchor bolts were cut. A
fixed bearing on pier No. 16 moved 7.5 cm towards the middle of the river and eight anchor
bolts were cut (Photo 48). A fixed bearing on pier No. 17 moved 2.0 cm towards the middle of
the river and eight anchor bolts on the bottom side of the bearing were pushed and bent. In all,
52 anchor bolts of bearings were sheared on this bridge. The Shanhaiguan abutment moved 0.59
m towards the middle of the river. The approach embankment of both ends of the bridge
subsided about 1.0 m. The riverbank slid. Cracks occurred on the embankment 18-29 m behind
the Beijing abutment and 22-29 m behind the Shanhaiguan abutment (Photo 49).
2) Ji Canal Bridge at K210+827 on the Beijing to Shanhaiguan Line
This bridge was built by the Japanese from 1940 to 1941. There were two spans of top
bearing steel plate girders of 20.7 m and two spans of pass-through steel trusses of 63.7 m in the
superstructure of the bridge. It consisted of concrete gravity piers and abutments as well as an
open caisson foundation. The depth of the open caissons of both abutments and piers Nos. 1 and
3 was 8.9 m. And the depth of the open caisson of pier No. 2 was 16.0 m. The subsoil, about 13
m deep under the ground surface of the bridge site was silty clay as shown in Figs. 23, 24 and 25.
The earthquake intensity at the bridge location was IX. The riverbank slid which caused the
piers and abutments to move toward the middle of the river. The length of the bridge shortened
2.309 m. The bridge was seriously damaged. On the Beijing side the abutment moved 1.64 m
and on the Shanhaiguan side the abutment moved 0.66 m towards the middle of the river. Pier
No. 1 and No. 3 moved 2.43 m and 2.25 m towards the middle of the river respectively. A steel
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truss was displaced on the pier top (Photos 50 and 51). The length of the bridge shortened. The
rail on the approach embankment bent (Photo 52). After the earthquake pier No. 1 and No. 3
sank 0.58 m and 0.66 m respectively relative to pier No. 2 because of the shallow open caisson
foundation, which made the profile of the bridge become an angle (Photo 53). There were
cracks on the bank 6 to 30 m behind the abutment (Photo 54). The embankment of the bridge
approach sank 1.4 m on the Beijing side and 0.8 m on the Shanhaiguan side. The abutment on
the Beijing side sank 0.7 and the Shanhaiguan side sank 0.48 m. All of the bearings and anchor
bolts were damaged.
3) Ji Canal Bridge at K210+827 on the Beijing to Shanhaiguan Down Line
The bridge was built by the English in 1887. Its superstructure was a one span I-shaped
girder with a span length of 8.4 m, three spans of the deck bridge were steel plate girders with
spans of 10.2 m, 10.0 m, and 16.0 m, and two spans were through steel trusses with a span of
63.45 m. The substructure consisted of gravity piers and abutments. The foundations were
wood piles. The surface layer of the bridge site was silty clay. Sketches of the structure and
damage distribution are shown in Figs. 26, 27 and 28.
The bridge was located in an intensity IX area. The banks slid. Piers and abutments moved
towards the middle of the river. The length of the bridge shortened 2.372 m and the bridge was
severely damaged. The bridge deck and rail on the embankment on the Beijing side were
compressed and curved (Photos 55 and 56). The I-girder extended into the back wall of the
abutment on the Beijing side up to 50 cm (Photo 57). The No. 6 steel plate girder stretched into
the back wall of the abutment on the Shanhaiguan side 1.3 m (Photo 58). Pier No. 1 moved
0.99 m towards the middle of the river and broke 0.8 m under ground level. The I-girder was
hanging by a rail (Photo 59). Pier No. 2 broke 1.2 m from the pier top (Photo 60). Pier No. 3
moved 1.215 m towards the middle of the river (Photo 61). Pier No. 4 in midstream was slightly
damaged (Photo 62). The steel truss on pier No. 4 moved transversely 1.12 m towards the upper
reaches of the river. The central line of the bridge structure was a broken line in plan. Pier No. 4
moved transversely 0.27 m towards the down reaches of the river. Pier No. 5 moved 1.734 m
towards the middle of the river. All bearings and anchor bolts were damaged. Two movable
bearings of the truss fell down into the river. Abutments and piers moved and tilted horizontally
and transversely as shown in Fig. 26. The approach embankment on the Beijing side subsided
0.8 m and the Shanhaiguan side subsided 0.5 m. The physical and mechanical data of the soil
layers at the bridge site according to the drilling results are shown in Table 22.
4) Luanhe River Bridge at K318+995 on the Beijing to Shanhaiguan Line
The Luanhe River Bridge was located between Luanxian and Zhugezhuang on the Beijing to
Shanhaiguan Line. It consisted of two spans of concrete arches and twenty spans of 31.75 m
deck bridge steel plate girders both up-line and down-line. The length of the bridge was 677.4 m
as shown in Figs. 29 and 30. All foundations were caissons except for the Beijing abutment to
pier No. 3 which was spread footings. Foundations of pier No. 1 to No. 9 and the abutment on
the Beijing side were on a rock layer. Pier No. 10 and No. 11 were on cobble. Pier No. 12 to
No. 21 and the abutment on the Shanhaiguan side was on clay.
When the magnitude 7.8 earthquake occurred the bridge site was in an intensity VIII area and
damage to the bridge was slight. That afternoon during the magnitude 7.1 earthquake the
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intensity reached IX, damage was more serious. The abutment on the Shanhaiguan side moved
18.3 cm towards the middle of the river and 5 cm downstream. The steel girder squeezed onto
the back wall of the abutment and the back wall broke (Photos 63, and 64). The protective taper
fill was damaged. The embankment fill on the Shanhaiguan side was 13.9 m high before the
earthquake but the embankment subsided more than 1 m. Piers No. 10, 14, and 18 were sheared
at the joint between the pier body and caisson top. Pier No. 10, which was damaged most
seriously, moved 24 cm towards the Beijing side and 5 cm towards downstream. The width of
the fissure of this pier was up to 1 cm. Pier No. 9 moved 18.8 cm towards the Beijing side and 7
cm towards upstream. It was found by excavating after the earthquake that damage existed
between the supporting platform and caisson at pier Nos. 11, 12, 13, 14, 15, 17, 18, 19 and 21,
and that damage existed between the supporting platform and pier body at pier Nos. 12, 16 and
20 (Photo 65); small cracks occurred at the bottom of the supporting platform of pier No. 20.
The bearings were seriously damaged. For instance, some anchor bolts of bearings were cut,
some bearings overturned. A top plate bent and its bolts sheared, a tooth plate bent and its bolts
sheared, a side plate bent and the middle plate dislocated, and the shaft nut separated, etc. The
bearings of the 20th span were damaged most seriously. All the anchor bolts of movable
bearings were cut. Bearings of the up-line were seriously damaged. Bearings of the down-line
were less damaged. Seventy bearings of the bridge were damaged to various degrees. All steel
plate girders from No. 9 to No. 20 moved longitudinally and transversely in varying degrees
which caused the rail on the deck to curve in which the 20th girder moved 21 cm transversely
and 15 cm longitudinally. The girder separated from its supports (Photo 66).
A 150 m embankment on the Beijing side subsided 0.6 m and a 300 m embankment on the
Shanhaiguan side subsided up to 1 m. All taper rubble masonry with cement mortar and all
slope protection of the embankment on the Shanhaiguan side were damaged.
5) Douhe River Bridge at K2+980 on the Tangshan to Zunhua Line
This bridge was built in 1970. The superstructure consisted of 3 spans of 16 m reinforced
concrete beams (Fig. 31), gravity piers and abutments. The subsoil was soft. The foundations
were laid on saturated silty and fine sand stratum. The central line of the bridge crossed the river
in plan with 15°. The piers had foundations with four bored piles of diameter 100 cm, the length
of the piles were about 24 m. Two abutments had spread foundations.
The bridge was located in an intensity X area. The saturated silty and fine sand stratum was
liquefied when the earthquake occurred. With a standard penetration test it was estimated that
the depth of the liquefied stratum was about 8 m underground. Foundations of the abutments
were laid in the liquefied stratum. The two abutments slid towards the middle of the river
together with the sliding bank. There were many fissures on both sides of the banks (Photos 67
and 68). The total length of the bridge shortened 3.73 m but the distance between the two piers
did not shorten. The two piers broke along the concrete working joints and inclined toward the
Tangshan side (Photo 69). Damage to the bridge after the earthquake is shown in Fig. 32.
The abutment on the Tangshan side broke into three pieces along the concrete working
joints. The abutment moved 1.50 m towards the middle of the river (Photo 70).
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The abutment on the Zunhua side moved 2.23 m towards the middle of the river. The body
of the abutment did not break because the concrete was continuously cast in place and there was
no construction joint (Photo 42). All anchor bolts of the bearings were cut. All beams stretched
to the Tangshan side, the central line of the bridge became a broken line in plan. Transverse ribs
of the beam ends were sheared. There was a clearance of 40 cm between two beams of one span.
The entire bridge was damaged, thus, during the emergency repair a temporary bridge was used
to recover traffic.
6) Bridge No. 6 at K2+600 on the Tongxian to Tuozitou Up-line
The superstructure of the bridge was a span of 23.8 m of pre-stressed concrete beams, a
gravity abutment and spread foundations. The bridge was in a gentle curve; the maximum
curvature radius was 600 m. The foundations laid on medium dense sand stratum. There was
ground water. The load-bearing capacity of the stratum was 4.2 to 4.7 Kgf/cm2. There was
water in the river as shown in Fig. 33.
The bridge was located in an intensity VIII area during the magnitude 7.8 earthquake and the
damage to the bridge was slight. That afternoon when the magnitude 7.1 earthquake occurred
the intensity in the area reached IX, the saturated silty and fine sand stratum liquefied and water
and sand spurted out from underground (Photo 71). The bridge was seriously damaged. The
embankment of the bridge approach subsided about 3.0 m and some rails were hanging. The
taper fill was seriously damaged (Photo 26). A piece of beam outside the curve fell down into
the river (Photo 72).
The abutment on the Tongxian side was broken along the construction joints at the top of its
foundations and 2.5 m above ground. Concrete at the lower reaches of the lower part of the
abutment was broken vertically (Photo 73 and Fig. 33). The abutment on the Tuozitou side was
broken horizontally along the concrete construction joints at the bottom of the ballast box, at the
middle of the abutment and 1.3 m above the top of the foundation. There was a vertical joint in
the middle of the foundation (Fig. 33). The abutment on the Tuozitou side inclined backward
and the front of the abutment was higher than the back by 30.5 cm. The movable bearings
inclined (Photo 74).
7) Bridge No. 9 at K3+278 on the Tongxian to Tuozitou Up-link Line
The superstructure of this bridge was a reinforced concrete beam with a span of 16 m. A
highway passed under the bridge. The bridge had gravity abutments and spread foundations.
The subsoil was fine sand and the bearing capacity was 2.5 Kgf/cm2 (Fig. 34).
When the magnitude 7.8 earthquake occurred the bridge was slightly damaged. When the
magnitude 7.1 earthquake occurred on that same day the intensity of the bridge site was IX and
the bridge was seriously damaged. The beam at the lower reaches moved transversely and slid
toward the margin of the abutment top. The space between the two pieces of beam was 125 cm
on the Tuozitou side and 57 cm on the Tongxian side (Photo 75 and Fig. 34). Bearings and their
anchor bolts were all damaged.
The ballast box was sheared along the construction joint. The concrete tray of the abutment
was sheared horizontally (Fig. 34). The lower part of the abutment and its foundation moved
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towards the middle of the river, the abutment tray moved 24 cm backwards, and the front of the
Tongxian abutment became higher than its back by 26 cm.
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4. Effective anti-seismic measures for bridges
1) Measure of joining beam ends
Before the Tangshan earthquake of 1976, under the jurisdiction of the Beijing Railway
Bureau, measures had been taken to join beam ends in order to prevent beams on some big and
medium sized bridges from falling.
(1) Reinforced concrete beam: Join the two beam ends with each other using steel bars of
diameter 20 mm, so it will prevent the beams from moving longitudinally and falling down
(Photo 76). But when the joint between the two beams was too narrow, compression would
shatter the concrete (Photo 77).
Another method was to weld a steel bar of diameter 20 mm onto the upper plate of the
bearings at the beam ends, which would bear tension forces only. As the strength was not
enough, some steel bars broke (Photo 78).
(2) Steel plate girder: Join beam ends with steel side plates and retain certain room around
the hole for the bolts for expansion or contraction so that normal usage would not be influenced.
This measure can bear pulling forces and pressure. It was used successfully on the K266+ 962
Douhe River Bridge on the Beijing to Shanhaiguan Line. It prevented the two abutments from
moving towards the middle of the river during the earthquake, thus, damage was reduced (Photo
79 and Fig. 35).
2) Paving of the riverbed
In order to protect the shallow foundation the riverbed of some small and medium sized
bridges on the Beijing to Shanhaiguan Line were paved with rubble and cement mortar. It
braced abutments horizontally during the earthquake and prevented abutments from moving
towards the middle of the river. As a result, damage was reduced (Photo 80). In addition,
because of the concrete deck for grade separation bridges there was less damage during the
earthquake (Photo 81).
VI. Communication
1. Communication lines
1) Beijing to Shanhaiguan
From Tanggu (K178.8) to Shanhaiguan (K414.5) the communication line was an overhead
open-wire structure with three rows of cross bar in the inter-region or five in the station
according with the grade I strength of Ministry standards. The section from Tangshan to
Beidaihe extended 208 km and the damage was as follows:
(1) Twisted wires caused communication not to work. There were 160 places where lines
were twisted from Zhangguizhuang (intensity VIII, K150.5) to Lutai (intensity IX, K219.7) a
distance of 69 km.
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(2) Communication masts sank near loose and soft riverbanks. For example, the New
Yongdin River bridges (K194+048) i.e., No. 49 and No. 50 bridges from Beitang to Chadian, the
communication masts No. 1272 to No. 1289 (intensity VII); from Chadian to Hangu, the Ji Canal
Bridge, communication masts No. 1612 to No. 1616 (intensity IX); and Kaiping to Wali No. 77
bridge communication mast No. 412 to No. 440 (intensity X); all sank to various levels.
Especially, communication mast No. 430 near the riverbank sank one third of its height.
Communication masts No. 893 to No. 899 near the No. 97 Bridge in the section from Beijiadian
to Leizhuang sank about one meter.
(3) Displacement of communication masts were caused by displacement of bridges.
Communication masts No. 514 to No. 573 on the No. 82 Bridge (intensity X) were pushed
laterally up to 0.15 meters.
(4) Communication masts inclined. From Tangfang (intensity IX, K242.3) to Xugezhuang
(intensity X, K254.8) the communication masts inclined transversely caused by sliding of the
embankment slope (Photo. 82). From Xugezhuang (intensity X, K254.8) to Tangshan (intensity
XI, K264.4) and Tangshan to Kaiping (intensity X, K273.6), the top of the communication masts
of No. 0 to No. 6 and No. 32 to No. 70 inclined to about <50 cm along the line direction, and
masts No. 148 to No. 159 and No. 161 to No. 172, inclined 30-40 cm similarly.
2) Tongxian to Tuozitou
The communication line was an embedded cable type HYFLZ 7×4. Damage was more
serious in the section from Fengrun (intensity VIII, K134.6) to Tuozitou (intensity IX, K189.8).
The high-frequency line was suspended. After an investigation it was found that the cable was
pressed at two places near K185.5 (intensity IX). One of them was compressed like a rope, the
other like the letter "N" standing vertically. The experience in the Fengrun electrical section was
that the embedded cables were damaged more seriously in the soil liquefaction region and where
ground fissures occurred.
2. Communication equipment
Communication equipment was mostly damaged by collapsed buildings where the equipment
was installed. The damage was as follows:
(1) One collapsed building in which all the equipment was destroyed. The equipment that
was damaged in the laboratory of the Tangshan Station (intensity XI) included 500 telephone
exchanges of type 47, three long distance stations of type CT-58, five 12-channel transformers,
four 3-channel carriers, seven chargers and four batteries.
(2) Two buildings which partly collapsed had some of the equipment in them destroyed. For
example, the equipment that was damaged at the laboratory of the Guye Station (seismic
intensity X) included 400 telephone exchanges of type 55, etc.
(3) Five buildings with badly cracked walls had equipment turned over. They included
laboratories in Luanxian (intensity IX), Hangu (intensity IX), Changli (intensity VII), Fengrun
(intensity VIII), and Jixian (intensity VII), etc.
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VII. Signals
1. Beijing to Shanhaiguan
There were 20 stations between Beitang (intensity VIII, K190.1) to Changli (intensity VII,
K354.1) which included 4 large stations with electrical signals (Beitang, Guye, Beijiadian,
Tuozitou), 11 little stations with relays and 5 with color lamps, and they were part of 173 km of
an automatic block district with 6 auto-transformers.
(1) Signal equipment in stations. Collapsed houses and changed topography caused damage
to signal cables over 130 km long for example at: Xugezhuang (intensity IX), Kaiping (intensity
X), Wali (intensity X), Beijiadian (intensity IX) and Zhugezhuang (intensity VIII). All of the
signal equipment at these five stations were broken. And the trunk cable in Beitang broke, the
relays in Guye (intensity X) and Tuozitou (intensity IX) were smashed.
(2) Signal equipment in the automatic block district. 40% of signals and relays were
damaged and some cables were cut. The signal at five road junctions broke.
(3) Power supply of automatic block. Deformed ground caused telephone poles to incline
and cables to droop. The length of such signal lines was more than 70 kilometers. At the Douhe
Transformer Station collapsed buildings destroyed all equipment in them. At the transformer
stations on Jixiang Road and Luanxian, the damaged buildings damaged the equipment. At the
other 4 transformer stations and 5 electrical sections, buildings were all damaged to various
degrees.
2. Tongxian to Tuozitou
The buildings at the Shaheyi Electrical Station, communication office and relay building
were cracked seriously and subsided, some relay frames turned over. To the east of Fengrun
Station at four stations (Shilangzhuang, Langwopu, Fushan Temple, Maliu) and at two signal
houses (Haozhuang, Jiugezhuang) the buildings were damaged and signal equipment and cables
were damaged to different degrees.
VIII. Locomotives
There were only two locomotive depots in the earthquake area, namely the Guye Depot on
the Beijing to Shanhaiguan Line and the Fengrun Depot on the Tongxian to Tuozitou Line.
Collapsed buildings at the locomotive depots destroyed locomotives and equipment causing the
locomotive depots to stop operating (Photos 83-85, Table 23).
IX. Power Supply
1. Beijing to Shanhaiguan
From Tanggu (intensity VIII, K178.8) to Changli (intensity VII, K354.1) there were five
transformer stations (Tangshan, Guye, Beijiadian, Kaiping, Tuozitou). Because the collapsed
buildings destroyed the equipment in them the power supply was suspended. Photo 86 and
Table 24 show the damage situation.
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2. Tongxian to Tuozitou
In Jixian (intensity VII, K92.3) and Fengrun (intensity VIII, K134.6) the transformer station
building cracked but the equipment was undamaged.
On the Beijing to Shanhaiguan Line and on the Tongxian to Tuozitou Line the electrical
poles collapsed and the wires broke, more than 63 kilometers of line was seriously damaged. It
caused 190 kilometers of line to have no power supply after the earthquake.
X. Water Supply
There were 58 stations on the Beijing to Shahaiguan and Tongxian to Tuozitou lines. All
water supplies and power supplies were disrupted after the earthquake. At 18 water supply
points with 40 deep wells the water supply stopped because 20 wells were damaged and could
not be repaired. 46.5 kilometers of water pipe was damaged in which 2.0 kilometers could not
be repaired. There were 223 places where water leaked out of water pipes. A water tower
collapsed and five cracked and inclined.
1. Beijing to Shanhaiguan
From Tanggu (intensity VIII, K178. 8) to Changli (intensity VII, K354.1) there were six
water supply points. The main damage to them was as follows:
(1) Tangshan water supply point (intensity XI): All buildings collapsed destroying the
equipment and breaking water pipes. A cylindrical reinforced concrete water tower full of water
suffered medium damage. The tower cracked horizontally at 1.8 m above ground. The concrete
was compressed along N33°E, the elongated bars bent (Photo 87 and 88). Water pipes broke.
(2) Guye water supply point (intensity X): The machinery house, water supply section and
water pump all collapsed. In 3 out of 7 deep wells the pipes broke, subsided, and some pipes at
the pump station fractured, the centrifugal pump and 55 kW motor were damaged.
(3) Hangu water supply point (intensity IX): A 180 t water tower cracked vertically and the
well pipe inclined and broke.
(4) Lutai water supply point (intensity IX): Of five wells one broke and another one spouted
sand. A 120 t brick masonry water tower partly collapsed and the water container fell onto the
skip tower (Photo 89). Water towers of 100 t and 200 t inclined slightly.
(5) Luanxian water supply point (intensity IX): A section of the well tub was pulled out
about one meter. The boiler displaced.
(6) Changli water supply point (intensity VII):
equipment in it was slightly damaged.

The generator house cracked and the

2. Tongxian to Tuozitou
There were five water supply points from the south of Jixian (intensity VII, K66.2) to
Tuozitou (intensity IX, K189.8) which were slightly damaged.

19

XI. Examples of Earthquake-Proof Railway Structures
In the Tangshan earthquake region some of the railway structures stood up to the high
earthquake intensity and were damaged slightly or remained intact.
1. Reinforced concrete structures
In the intensity VIII-IX regions all reinforced concrete box or circular culverts were intact,
no matter if they were full of water or empty. Only in special cases local damage occurred at the
wing walls of the exits and entrances. On Yonghong Road in Tangshan City an overhead culvert
in an intensity XI area with two spans of 6.0 m was a R.C. box structure and was intact after the
earthquake (Photo 90). Some R.C. culverts on the Jing-Shan Line and Nanbao Special Line all
stood up to the earthquake being intact or damaged slightly (Photos 91-93).
The R.C. water tower was also earthquake-proof. At Tangshan Station a 300 t reinforced
concrete water tower in an intensity XI area only had damage to a medium extent (Photo 87). At
Lutai Station in an intensity IX area two reinforced concrete water towers were slightly damaged
(Photos 94 and 95).
2. Steel structures
At the Tangshan Station (intensity XI) two steel overpass bridges were intact (Photos 96 and
97). At the Lutai Station (intensity IX) the subsoil was soft and the water and sand spouted
repeatedly and the steel overpass bridge was damaged slightly (Photos 98 and 99). Some steel
lamp towers over 20 m high were intact (Photos 100 and 101). And an iron water crane also was
intact (Photo 102).
3. Wood structures
At the Tangshan Station two wood canopy structures, which were joined with steel bolts and
with diagonal members connecting the truss and column, were damaged slightly though they
were in an intensity XI area (Photo 103).
(Translators: Liao Shuqiao, Li Zhengyang, Gong Xun, and Ma Youqiang)
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Photo 1. In the intensity XI area 7 carriages on the
Beijing-Shanhaiguan Line (train No. 117) derailed.

Photo 2. In the intensity IX area 3 oil tank cans on the
Beijing-Shanhaiguan Line (train No. 041) overturned.

Photo 3. In the intensity IX area the No. 40 an express
passenger train on the Beijing-Shanhaiguan Line was
damaged (Earthquake-Resistant Office, Ministry of
Railway).

Photo 4. In the intensity IX area 4 cans on the No. 1017
train on the Beijing-Shanhaiguan Line overturned
(Beijing Railway Bureau).

Photo 5. In the intensity XI area rails in plan and
longitudinal profile on the Tongxian-Tuozitou Line
deformed (Institute of Railway Science).

Photo 6. Similar to Photo 5 (Institute of Railway
Science).
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Photo 7. In the intensity IX area rails at K0+920 to
K1+350 on the Tongxian-Tuozitou Line were
undamaged.

Photo 8. In the intensity VII area continuous rails on the
Beijing-Shanhaiguan Line curved.

Photo 9. In the intensity VIII area sand spouted along
the base of the ballast slope on the Nanbao Special Line.

Photo 10. In the intensity VIII area rails on the Nanbao
Special Line curved.

Photo 11. In the intensity IX area soil liquefaction
deposited sand near the Lutai Station.

Photo 12. In the intensity IX area rails near the Lutai
Station curved.
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Photo 13. In the intensity X area rails at the
Xugezhuang Station on the Beijing-Shanhaiguan Line
were undamaged.

Photo 14. In the intensity XI area rails at the Tangshan
Station on the Beijing-Shanhaiguan Line were
undamaged.

Photo 15. In the intensity VIII area vertical cracks
occurred at the base of the embankment slope at
K191+96 on the Beijing-Shanhaiguan Line.

Photo 16. In the intensity VIII area longitudinal cracks
with a height difference of 40 cm occurred near the foot
of the embankment slope at K191+796 on the
Beijing-Shanhaiguan Line.

Photo 17. In the intensity VIII area longitudinal cracks
occurred near the foot of the embankment slope at
K191+796 on the Beijing-Shanhaiguan Line.

Photo 18. In the intensity VIII area ground fissures
occurred near Xiejiafen Station on the Nanbao Special
Line.
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Photo 19. In the intensity X area the embankment at
K281+750 to K282+088 on the Beijing-Shanhaiguan
Line cracked and settled (Railway Army).

Photo 20. In the intensity X area at K281+750 to K282
+ 088 on the Beijing-Shanhaiguan Line the embankment
settled 3.4 m.

Photo 21. In the intensity X area water and sand boils
occurred on both sides of the embankment at K281+750
to K282+088 on the Beijing-Shanhaiguan Line.

Photo 22. In the intensity IX area water and sand boils
occurred at K2+400 on the Tongxian-Tuozitou Line (the
white areas in the photo are spouted sand).

Photo 23. The damaged embankment at K2+800 on the
Tongxian-Tuozitou Line in the intensity IX area.

Photo 24. The embankment cracked longitudinally and
the slope slid at K246+000 to K253+000 on the BeijingShanhaiguan Line in the intensity IX-X areas.
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Photo 25. The embankment at K249+600 to 249+800 on the BeijingShanhaiguan Line in the intensity IX area was damaged.

Photo 26. In the intensity IX area the embankment in Tongxian at the
end of the No. 6 Bridge on the Tongxian-Tuozitou Line settled 3 m.

Photo 27. Similar to Photo 26. The embankment in
Tuozitou at the end of the No. 6 Bridge settled 2.3 m.

Photo 28. In the intensity X area the embankment at the
Tangshan end of the Douhe Bridge on the TangshanZunhua Line settled and cracked (Institute of Railway
Science).
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Photo 29. In the intensity VIII area the cut slope and retaining wall at K168+500 on the TongxianTuozitou Line were intact after the earthquake (Institute of Railway Science).

Photo 30. In the intensity X area the shoulder wall connecting the upstream side and the
Shanhaiguan end at K267+374 on the Beijing-Shanhaiguan Line slid outward 20 cm.

Photo 31. In the intensity VIII area the platform wall at
the Xiejiafen Station on the Nanbao Special Line
collapsed locally.

Photo 32. In the intensity VIII area the wall of the cut in
the Fengrun County tunnel was intact after the
earthquake.
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Photo 33. In the intensity XI area the Yonghong tunnel
wall in Tangshan City was basically intact after the
earthquake.

Photo 34. In the intensity VIII area the shoulder wall on
the Tangshan-Fengrun Highway was intact after the
earthquake.

Photo 35. In the intensity VIII area the bank protection
wall at K11+740 on the Nanbao Special Line cracked.

Photo 36. In the intensity X area both bank retaining
walls of the Douhe Bridge near the Tangshan Steel Plant
were intact after the earthquake.

Photo 37. In the intensity IX area at K2+945 on the
Tongxian-Tuozitou Line the No. 8 Bridge embankment
settled and the rails were suspended.

Photo 38. In the intensity VII area at K194+199 on the
Yongdingxinhe River Down-Line Bridge on the BeijingShanhaiguan Line, the Beijing abutment slid toward the
center of the river, the abutment broke, and the anchor
bolts of the bearing sheared.
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Photo 39. In the intensity IX area at K2+271 on the
Tongxian-Tuozitou Line the beam of the No. 5 Bridge
displaced transversely and outward 40 cm.

Photo 40. In the intensity IX area at K2+804 on the
Tongxian-Tuozitou Line the beam of the No. 7 Bridge
displaced transversely and outward 100 cm.

Photo 41. In the intensity X area at K2+955 on the
Douhe Bridge on the Tangshan-Zunhua Line the
Tangshan abutment and the No. 1 and 2 piers tilted at
the concrete construction joints.

Photo 42. In the intensity X area at K2+955 on the
Douhe Bridge on the Tangshan-Zunhua Line the Zunhua
abutment which was without a construction joint did not
break.

Photo 43. In the intensity IX area at K2+804 at the No.7
Bridge on theTongxian-Tuozitou Line the Tongxian
abutment sheared along constructing joint and the lower
concrete cracked.

Photo 44. In the intensity IX area the stone laid pier on
the Beijing-Shanhaiguan Line cracked along the mortar
joint (Beijing Railway Bureau).
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Photo 45. In the intensity VII area at the Yongdingxinhe
River Up-Line Bridge on the Beijing-Shanhaiguan Line,
the Beijing abutment displaced forward 0.54 m, the joint
between the beams were compressed, and the abutment
inclined toward the embankment.

Photo 46. In the intensity VII area the No. 12 pier on the
Yongdingxinhe River Up-Line Bridge on the BeijingShanhaiguan Line slid toward the center of the river 13.9 cm
and on the No. 13 pier the joint between beams enlarged 32 cm.

Photo 47. In the intensity VII area at the Yongdingxinhe
River Up-Line Bridge the rocker shaft of the bearing of
the No. 12 pier displaced.

Photo 48. In the intensity VII area at the Yongdingxinhe River
Up-Line Bridge the anchor bolt of the hinged bearing of the No.
16 pier sheared.

Photo 49. In the intensity VII area at the Yongdingxinhe
River Up-Line Bridge the riverbank slid and the
embankment behind the Beijing abutment cracked.

Photo 50. In the intensity IX area at the Ji Canal Up-Line
Bridge on the Beijing-Shanhaiguan Line the riverbank
slid which resulted in the No. 3 pier dispslacing toward
the center of the river 2.25 m (see Photo 51).
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Photo 51. In the intensity IX area at the Ji Canal UpLine Bridge on the Beijing-Shanhaiguan Line the
riverbank slid which resulted in the No. 1 pier displacing
toward the center of the river 2.43 m and the bridge was
seriously damaged.

Photo 52. In the intensity IX area at the Ji Canal UpLine Bridge on the Beijing-Shanhaiguan Line the
riverbank slid and as a result the length of the bridge
shortened 2.309 m and the Beijing abutment rails
curved.

Photo 53. In the intensity IX area at the Ji-Canal UpLine Bridge on the Beijing-Shanhaiguan Line the No.1
and No.3 piers subsided relative to the No.2 pier 0.58 m
and 0.66 m respectively.

Photo 54. In the intensity IX area at the Ji Canal UpLine Bridge on the Beijing-Shanhaiguan Line the bank
on the Beijing side slid and bank fissures perpendicular
to the river occurred.

Photo 55. In the intensity IX area at the Ji Canal DownLine Bridge on the Beijing-Shanhaiguan Line the rails
buckled.

Photo 56. In the intensity IX area at the Ji Canal DownLine Bridge on the Beijing-Shanhaiguan Line the end
rails of the bridge on the Beijing side bent.
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Photo 57. In the intensity IX area at the Ji Canal DownLine Bridge on the Beijing-Shanhaiguan Line the
abutment on the Beijing side displaced forward 1.072 m.

Photo 58. In the intensity IX area at the Ji Canal DownLine Bridge on the Beijing-Shanhaiguan Line the
Shanhaiguan abutment displaced toward the center of
the river and the plate beam extended to the back wall of
the abutment.

Photo 59. In the intensity IX area at the Ji Canal DownLine Bridge on the Beijing-Shanhaiguan Line the No. 1
pier displaced toward the center of the river 0.99 m.

Photo 60. In the intensity IX area at the Ji Canal DownLine Bridge on the Beijing-Shanhaiguan Line the No. 2
pier broke.

Photo 61. In the intensity IX area at the Ji Canal DownLine Bridge on the Beijing-Shanhaiguan Line the No. 3
pier displaced toward the center of the river 1.215 m.

Photo 62. In the intensity IX area at the Ji Canal DownLine Bridge on the Beijing-Shanhaiguan Line the No. 4
pier was intact.
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Photo 63. In the intensity IX area the Shanhaiguan
abutment of the Luanhe Bridge on the BeijingShanhaiguan Line displaced toward the center of the
river 18.3 cm and the wing-wall type abutment broke
(upstream side).

Photo 64. In the intensity IX area the Shanhaiguan
abutment of the Luanhe Bridge on the BeijingShanhaiguan Line displaced toward the center of the
river 18.3 cm and the wing-wall type abutment broke
(downstream side).

Photo 65. In the intensity IX area the connection between the
pier and platform of the No. 16 pier of the Luanhe Bridge on
the Beijing-Shanhaiguan Line fractured locally.

Photo 66. In the intensity IX area the top portion of the hinged
bearing on the No. 20 span of the Luanhe Bridge on the
Beijing-Shanhaiguan Line dislocated.

32

Photo 67. In the intensity X area at the Douhe Bridge on
the Tangshan-Zunhua Line the riverbank slid and the
bank on the Zunhua side cracked.

Photo 68. In the intensity X area at the Douhe Bridge on
the Tangshan-Zunhua Line the riverbank slid, a little
brick house was broken into three sections, and three
fissures crossed through the house.

Photo 69. In the intensity X area at the Douhe Bridge on
the Tangshan-Zunhua Line the piers and abutment broke
off and the bridge was destroyed

Photo 70. In the intensity X area at the Douhe Bridge on the
Tangshan-Zunhua Line the Tangshan abutment displaced 1.5
m toward the center of the river and the abutment broke in 3
sections along the construction joints.

Photo 71. In the intensity IX area near the No. 4-6
bridges on the Tongxian-Tuozitou Up-Line sand boils
occurred on the ground.

Photo 72. In the intensity IX area at the No. 6 Bridge on
the Tongxian-Tuozitou Up-Line the beam moved
transversely 210 cm.
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Photo 73. In the intensity IX area at the No. 6 Bridge on
the Tongxian-Tuozitou Up-Line the Tongxian abutment
was sheared along the construction joints and the lower
concrete cracked.

Photo 74. In the intensity IX area at the No. 6 Bridge on
the Tongxian-Tuozitou Up-Line the bearings were
damaged.

Photo 75. In the intensity IX area at the No. 9 Bridge on
the Tongxian-Tuozitou Up-Line the beam moved 125
cm.

Photo 76. In the intensity VIII area at the
Yongdingxinhe Bridge retrofit ties connecting beams
came into action during the earthquake.

Photo 77. In the intensity VIII area at the
Yongdingxinhe Bridge, retrofit ties where beams
compressed against each other fractured on impact.

Photo 78. In the intensity VIII area at the
Yongdingxinhe Bridge the steel bar used to prevent the
beam from falling off its support broke from tension
(Beijing Railway Bureau).
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Photo 79. In the intensity X area at the Douhe Bridge on
the Beijing-Shanhaiguan Line a retrofit plate for
restraining the ends of beams played a role.

Photo 81. In the intensity XI area at the Tangshan
Station on the Beijing-Shanhaiguan Line the highway
pavement on the grade separation bridge prevented
longitudinal sliding of the abutment, it reduced the
degree of damage.

Photo 80. In the intensity IX area on the Beijing-Shanhaiguan
Line the riverbed pavement prevented longitudinal sliding of
the abutment, it reduced the degree of damage to the bridge
(Beijing Railway Bureau).

Photo 82. In the intensity IX area near Tangfang on the
Beijing-Shanhaiguan Line the poles supporting wires
inclined outward.

Photo 83. In the intensity VIII area at the Fengrun Machinery Section
the roof and walls of the storehouse collapsed (Beijing Railway Bureau).
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Photo 84. In the intensity VIII area at the Fengrun Machinery
Section the roof and walls of the storehouse collapsed and the
locomotive was smashed (Beijing Railway Bureau).

Photo 85. In the intensity X area at the Guye Machinery Section the
roof of the washing and repairing garage collapsed and the
locomotive and equipment were smashed (Beijing Railway Bureau).

Photo 86. In the intensity IX area at the transformer substation the building
collapsed and smashed the electrical equipment (Beijing Railway Bureau).
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Photo 87. In the intensity IX area the 300 t water tower
at the Tangshan Station suffered moderate damage.

Photo 88. In the intensity IX area the 300 t water tower
at the Tangshan Station was damaged inside.

Photo 89. In the intensity IX area at the Lutai Station
the brick body of the 120 t water tower was partly
damaged (Beijing Railway Bureau).

Photo 90. In the intensity XI area the bridge which
crossed the culvert on the Beijing-Shanhaiguan Line was
not damaged.
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Photo 91. In the intensity X area the culvert on the
Beijing-Shanhaiguan Line was not damaged.

Photo 92. In the intensity X area the double opening
culvert on the Beijing-Shanhaiguan Line was not
damaged.

Photo 93. In the intensity X area the double opening
culvert on the Beijing-Shanhaiguan Line was intact but
the wing wall at the entrance was damaged.

Photo 94. In the intensity IX area a R.C. water tower
was slightly damaged.

Photo 95. In the intensity IX area a R.C. water tower
was slightly damaged.

Photo 96. In the intensity XI area a steel overhead
bridge structure was slightly damaged.
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Photo 97. In the intensity XI area the column foot bolts
of a steel overhead bridge structure were intact.

Photo 98. In the intensity IX area a steel overhead
bridge structure was slightly damaged.

Photo 99. The same as Photo 98.

Photo 100. In the intensity XI area a steel beacon
structure was not damaged.

Photo 101. The column foot bolts of a steel structural
beacon were intact.

Photo 102. In the intensity XI area the cast-iron
overhead water pump at the Tangshan Station was not
damaged.
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Photo 103. In the intensity XI area the wooden canopy
structure at the Tangshan Station was slightly damaged.
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Figure 1. Railway engineering distribution of the Tangshan earthquake region.

Figure 2. Nanpu Special Line, K1+650 to K1+703.1, rail curved in plan.
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Figure 3. Curved rails at Lutai Station were placed on a straight line.

Figure 4. Damage to embankments on the Beijing to Shanhaiguan, Tongxian to Tuozitou and Nanpu Special Lines.
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Figure 5. Line profile surveyed after the earthquake (August 15, 1976) of the Beitang Station (K189+200
to K191+100), Beijing to Shanhaiguan.

Figure 6. Damage to the No. 82 Bridge and embankment at K282+109, Beijing to Shanhaiguan Line.
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Figure 7. Link-up line of Tongxian to Tuozitou.

Figure 8. A profile of the Tongxian to Tuozitou link-up line before and after the earthquake.
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Figure 9. A section of embankment at K2+800 of the Tongxian to Tuozitou up link line. (seismic
intensity IX, height of embankment 11.12 m, unit: m)

Figure 10. A section of embankment at K2+510 of the Tongxian to Tuozitou up link line surveyed on
August 17, 1976. (original height of the embankment 9 m, unit: m)

Figure 11. A section of embankment at K2+530 of the Tongxian to Tuozitou up link line surveyed on
August 17, 1976. (original height of the embankment 9.4 m, unit: m)
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Figure 12. A section of embankment at K3+080 of the Tongxian to Tuozitou up link line surveyed on
August 20, 1976. (intensity IX, unit: m)

Figure 13. The embankment sank and cracked at K251+420 on the Beijing to Shanhaiguan Line.
(intensity IX)

Figure 14. A section of cut at K168+600 on the Tongxian to Tuozitou Line.
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Figure 15. A section of cut at K1+050 on the Tongxian to Tuozitou up link line. (unit: m)

Figure 16. A section of subway cut retaining wall in Fengrun
County. (unit: cm)

Figure 17. A section of the Yonghong subway retaining wall. (unit: cm)
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Figure 18. A section of the Tangshan to Fengrun Highway overpass embankment. (unit:
cm)

Figure 19. Douhe River protection wall on the Tangshan Steel Plant Special Line. (unit: cm)
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Figure 20. Damage distribution of railway bridges in the Tangshan
District.
➀ Tangshan Station, 300 t R.C. water tower damaged moderately.
➁,➂ Tangshan Station, steel overhead bridge damaged slightly.
➃ Tangshan Steel Plant Special Line, Douhe River Bridge undamaged.
➄ No. 12 Bridge abutments wing wall cracked, Beijing side cracked
0.02-0.022 m, Shanhaiguan side cracked 2-3 mm clearance between
abutment and beam end disappeared, embankment sank. ➅ Yonghong
subway 2-6.0 m R.C. box culvert undamaged.
➆ Douhe River Bridge on the Huaxin Textile Mill Special Line,
Shanhaiguan side abutment sank 0.3 m and slid, beam constructed into
abutment protecting wall 7 cm, No. 1 pier bearing rocker inclined.
➇ No. 73 Bridge with bed paving (Douhe River), Beijing side abutment
slid 0.14 m, Shanhaiguan side abutment slid 0.09 m, wing wall broke,
all anchor bolts cut.
➈ Tangshan to Zunhua Douhe River Bridge, bank sliding caused the
length of the bridge to shorten 3.73 m, Tangshan side abutment and
No. 1 and No. 2 piers cut, bridge was destroyed.
➉ Jinggezhuan Mine Special Line, Douhe River Bridge, masonry
abutment, No. 1 pier cut, 2.7 m above ground, and dislocated about 30
cm. Other piers intact.
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Figure 21. Damage to the up and down line bridge of the Yongdingxin River, Beijing-Shanhaiguan Line.
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Figure 22. Sliding of the up line Yongdingxin River Bridge, Beijing-Shuanhaiguan Line. (unit: m)
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Figure 23. Location and damage of the up and down line Ji Canal Bridge, Beijing to Shanhaiguan.
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Figure 24. Damage to the up line Ji Canal steel bridge, Beijing to Shanhaiguan.
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Figure 25. Abutment of the up line Ji Canal Bridge, Beijing to Shanhaiguan. (unit: cm)
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Figure 26. Span changed and sketch of down line Ji Canal Bridge, Beijing to Shanhaiguan.

Figure 27. Pier of down line Ji Canal Bridge, Beijing to Shanhaiguan. (unit: cm)

55

Figure 28. Abutment of down line Ji Canal Bridge, Beijing to Shanhaiguan. (unit: cm)
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Figure 29. Location of Luan River Bridge, Beijing to Shanhaiguan Line.
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Figure 30. Damage to Luan River Bridge, Beijing to Shanhaiguan.

Figure 31. Structural sketch of the Douhe River Bridge, Tangshan to Zunhua Line.
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Figure 32. Damage to the Douhe River Bridge, Tangshan to Zunhua Line. (unit:
cm)

Figure 33. Damage to the No. 6 Bridge of the Tongxian to Tuoxitou up link line. (unit: cm)
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Figure 34. Damage to the No. 9 Bridge of the Tongxian to Tuozitou up link line. (unit: cm)

Figure 35. Intensity IX, K266+962 Douhe River Bridge, Beijing to Shanhaiguan Line, moderately damaged.
(unit: cm)
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CHAPTER 2:

HIGHWAY ENGINEERING

EARTHQUAKE DAMAGE TO ROAD SUBGRADES
AND PAVEMENT IN THE TANGSHAN AREA
Mingtian Hu1 and Fengyun Xu2

1. General Description
In the Tangshan area there are 9 trunk highways amounting to 936 km, 28 county roads
accounting for 1,083 km and 103 main commune roads totaling 2,085 km. The total length of
highways in this area is 4,104 km. Eleven trunk highways and county roads with a cumulative
length of 228 km suffered earthquake damage. Damage to highways was classified as severe
(capital repair required) and slight (only routine repair needed). The respective lengths of
highways damaged to various degrees of severity are listed in Table 1.
It is noted from Table 1 that earthquake damage to road subgrade and pavement in the
Tangshan area occurred mainly in the southern part, namely in Laoting County, the Bogezhuang
Reclamation Area and Luannan County where sand and water were heavily ejected and in the
high seismic intensity zone near Tangshan City. Typical earthquake damage to road subgrade
and pavement with site conditions are summarized in Table 2.
II. Types of Earthquake Damage
1. Longitudinal cracks
Longitudinal cracks on subgrades and pavement were the most common phenomenon of
earthquake damage. The width of the cracks were generally 10-30 cm and the length ranged
from dozens of meters to over one thousand meters with a depth of 1-2 m (see Photo 1).
Longitudinal cracks were usually found on the shoulders of the roads. Severely damaged
sections of the Tangshan-Guye, Hugezhuang-Bogezhuang, and Hugezhuang-Laoting highways
had many longitudinal cracks, which occurred on the shoulders and pavement with a width up to
40-50 cm (see Photo 2). Longitudinal cracks were apt to occur at the joints of old and new
subgrades.

1
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2. Transverse cracks
Severe transverse cracks occurred on the subgrade and pavement near the Daodi Bridge in
the intensity XI zone. They extended the entire width of the embankment and cut off the
subgrade and pavement with a width up to 50-60 cm.
3. Settlement of pavement
Settlement of the pavement and subgrade occurred on the Hugezhuang-Bogezhuang,
Hugezhuang-Laoting and Lengda highways. The subgrade near Laoting on Lengda Highway
settled 40-60 cm and trees on the roadside tilted inward over a length of 13 km.
4. Cracks, settlement and slide of subgrade at bridgehead
Damage to the embankment at the bridgehead was more serious than at ordinary subgrade
due to the high fill and the sliding of the riverbank. The subgrade at the bridgehead in the
intensity zones VIII and above suffered various degrees of damage, which usually consisted of
the embankment sliding toward the river and toward the side slopes, settlement, and longitudinal
and transverse cracks. Settlement of the embankment at the bridgehead of the Daodi Bridge
amounted to 1.0 m.
Damage was most severe on embankments at bridgeheads filled with silty soils. The 5.0 m
high embankment at the bridgehead of the Huopao Bridge in the intensity VIII zone was filled
with silty soil, and was deformed and slumped after the earthquake settling about 1.0 m. The
embankment at the bridgehead of the Tuozitou Bridge in the intensity XI zone was also filled
with silty soil with a 1:2 side slope which cracked and settled unevenly after the quake. Four to
five cracks occurred at the same section with a crack width of 5-50 cm. The difference in
elevation between the two sides of the cracks was 10-30 cm. The length of road damaged was
70 m and traffic was suspended.
5. The upheaval of the embankment at the bridgehead
Photo 3 shows the upheaval of pavement on the embankment, which was caused by the
thrust of the bridge span at the bridgehead at the Luanhe River Bridge
III. Earthquake Damage to Culverts Passing Beneath Roads
In the Tangshan area there were a total of 1,852 culverts of various types, mainly of RC box
type, with a total length of 17,126 m of which 80 of them with a cumulative length of 767.81 m
suffered various degrees of damage. According to the severity of damage to the culverts there
were 4 types of damage.
(1) Type I: The main damage of this type was the fracture and collapse of the side wall or
middle pier of the RC culverts resulting in fracture of the top slab of the culvert and fall of the
arch, see Photos 4 and 5. Eighteen culverts totaling 195.20 m in length suffered this type of
damage.
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(2) Type II: The main damage of this type was the tilting and cracking of the side wall or
middle pier, or severe cracks to the top slab of the culvert or to the arch ring. Thirteen culverts
totaling 123.70 m in length suffered this type of damage.
(3) Type III: The main damage of this type was the collapse of the flare wing wall at the inlet
and outlet of the culvert and severe damage to the water flow appurtenances with only slight
damage to the main structure. Thirty-five culverts totaling 320.19 m in length suffered this type
of damage.
(4) Type IV: The main damage of this type was slight damage to the flare wing wall.
Fourteen culverts totaling 128 m in length suffered from this type of damage.
IV. Causes of Earthquake Damage
1. Liquefaction of soil foundations and settlement of soft soil foundations
Damage to the subgrade and pavement occurred mainly in the area south of Tangshan with
heavy ejection of water and sand in the high intensity zone. The foundation soil here is
composed of saturated silty fine sand and soft clay. Liquefaction of silty fine sand took place
during the earthquake with the ejection of water and sand in a large area and side ditches were
filled flush with ejected sand at severely damaged road sections. Samples of ejected sand were
taken from the side ditches of the embankment and sieve analyses were made and gradation
curves from samples of 4 boring holes were obtained as shown in Figures 1 and 2. Liquefaction
of sandy soil or settlement of soft soil was the cause of unequal settlement of the subgrade, as
well as for longitudinal and transverse cracks and sliding of the side slopes.
2. Effect of sliding of riverbanks
Since an embankment is relatively high at the bridgehead and extends into the riverbank
forming a high and steep free face it is more apt to slide and settle unequally. Embankments at
bridgeheads filled with silty soil with low plasticity suffered the most serious damage among all
types of subgrade.
3. Inadequate compaction of subgrades and poor drainage of side ditches
No aseismic measures had been taken for subgrades on most roads in the Tangshan and
Tianjin areas. Some new roads were inadequately compacted. Water accumulated year round in
the side ditches of some sections of road. Some sections of road which were close to the river,
channel, pond and soil of the subgrade were saturated and strength and stability were greatly
lowered. All these aggravated the degree of damage.
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Table 1. Statistics of lengths of damaged trunk highways and country roads in the Tangshan
area.
Damaged Length (km)
No.

Name of Route

Total
Length (km)

Severe
Damage

Slight
Damage

Total

90

2

3

5

162

23

27

50

1

Beijing-Shenyang

2

Tianjing-Qinhuangdao

3

Pingquan-Daqinghe

97

3

12

15

4

Tangshan-Xinglong

76

2

26

28

5

TangshanBogezhuang

32

18

4

22

6

Tangshan- Baodi

71

2

28

30

7

Tangshan-Jianhe

46

11

12

23

8

ChangningBogezhuang

62

2

8

10

9

Fengrun-Hancheng

24

2

8

10

10

Laoting-Wangtan

18

5

10

15

11

Tangshan-Laoting

33

15

5

20

35.2%

4.21%

7.08%

11.29%

Percentage of total length

XI

X

IX

Head of Daudi Bridge
(Douhe River)

Touzitou Arch
Bridge, TangshanLuanxian Road

Earthquake
Intensity

Bridgehead of
Shengli Bridge,
Tangshan City
(Douhe River)

Location

The subgrade adjacent to the back of the abutment at the
bridgehead settled 1 m, the middle portion of the pavement
depressed for a length of 80 m of the subgrade with 2-4
longitudinal cracks 0.1-1.0 m in width and 1.2 m in depth. The
subgrade on both sides of the cracks differed by an elevation of
10-30 cm.

The height of the embankment at the bridgehead was 2 m with a
side slope of 1:1.2. The river levee slid toward the river having
several ground cracks in the same direction as the river. The
embankment at the bridgehead settled about 1 m and transverse
cracks occurred 15-30 cm in width with a depth of 1.5 m.
Water accumulated inside ditches of the embankment at the
Tangshan bank, shoulders slid and longitudinal cracks occurred:
width 15-30 cm, length about 50-70 cm.

The height of the embankment was about 1 m, width 11 m. The
embankment settled forming lateral cracks 2.2-3.0 m in width
(direction N 40° W). The inspection station at the bridgehead
settled 50-80 cm with several cracks in the courtyard 10-25 cm
in width. The river levee slid toward the river, several
longitudinal cracks 10-25 cm in width and about 120 m in
length occurred on the subgrade along the river in the city;
curbs were damaged and pavement depressed locally. The
embankment at the east bridgehead settled: width 32 cm,
maximum depth 2.2-2.3 m. The subgrade and river levee along
the east bank slid toward the river resulting in several
longitudinal cracks along the river.

Damage

Surface soil is clayey and silty sand; the height
of the subgrade is 2-2.5 m with side slope of
1:20. Side ditches at two sides joint with paddy
field. Water accumulated on the ground surface
and the water table is high. The subgrade was
filled with silty sand and clayey loam, and sand
and water ejected nearby.

Alluvial deposit of the Douhe River. Soil is
clayey loam. Low land. Water accumulated
inside ditches and on the ground.

Alluvial silting deposit of the Douhe River. Soil
is a silty sand loam and clayey loam with mud at
the river bottom.

Site Conditions and Damage
to Ground Surface

Table 2. Earthquake damage to subgrade and pavement in the Tangshan area.
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VIII

XI

X

VIII

VIII

Road section at
Shengli Bridge,
Tangshan City

Fanzhuang-Daodi
Bridge road section,
TangshanBogezhuang
Highway

Menggezhuang road
section,
TangshanBogezhuang
Highway

The road section,
south of
Wangyangzhuang
Village, TangshanBogezhuang
Highway

Earthquake
Intensity

Huopao Bridge,
Luannan County,
LuanxianBogezhuang Road

Location

The subgrade area settled about 10-20 cm. Water accumulated
in the settled area and joined with that in the side ditches.
Ejection of water and black sand occurred in large areas of
farmland, side ditches and shoulders.

Several longitudinal cracks occurred on the pavement, shoulders
slid, black sand and water ejected at side ditches and farmland.
Longitudinal cracks occurred on the subgrade near
Menggezhuang with width of cracks 40-60 cm. Water accumulated in the cracks with a water level of 0.5 m. Black sand and
water ejected from the side ditches.

Longitudinal cracks occurred at the middle portions of the subgrade: width of cracks 5-39 cm, length 50 m, depth up to 2.5 m.
Subgrade and shoulders slid toward the side ditches. A large
amount of water and sand ejected at two side ditches and farmland.

Several cracks occurred on the subgrade of Shengli Bridge
downstream along the river: length about 150 m, width of
cracks 10-25 cm. Curbs dislocated. Several longitudinal cracks
occurred at the subgrade on the north bank (upstream, along the
river) with local settlement of the subgrade about 40-60 m from
the river.

The embankment at the bridgehead settled 0.4-1.0 m. The river
levee slid toward the river with cracks in the same direction as
the river. The embankment at the south bridgehead settled, the
subgrade slid toward two side ditches, longitudinal cracks
occurred and extended to the village entrance for a distance of
about 100 m. The subgrade was widened by the slide.

Damage

Table 2. Continued.

Surface soil is clayey sand. Ground was relatively
low with accumulation of water in large areas and
high water tables.

Relative low height of the subgrade, low land,
water accumulated on the ground surface with a
high water table. Surface soil is silty fine sand.

Surface soil is of alluvial deposit. Relative low
land with a high water table. The width of water
in side ditches was 2-3 m. The embankment was
filled with clayey sand and silty soil, a height of
1 m and side slope 1:1.2.

Surface soil is a clayey loam. Sliding occurred in
a large area of the riverbank on both banks of the
Douhe River due to the strong earthquake and several cracks in the same direction as the river were
also observed. Willows along the riverside tilted
toward the riverbank.

Surface soil is silty fine sand. The height of the
embankment was about 5 m and was filled with
silty fine sand. Water stood in the side ditches and
the water table was high. Sand and water ejected
at side ditches and farmland.

Site Conditions and Damage
to Ground Surface
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VII

IX

VIII

Beiwei Highway

Ninghe-HanguBeitang, about 2 km
to Ninghe

Hangu-Beitang
Highway

(Translator: Mingtian Hu)

VII

Earthquake
Intensity

Laoting-HugeZhuang road section

Location

The pavement and subgrade fractured transversely, sand and
water (grayish-black) ejected at the middle portion of the
pavement and shoulders. Many sand mounds occurred on
pavement and side ditches filled flush with ejected sand.
Ejected sand covered farmland and salt fields.

The width of the embankment was 7 m. On Aug. 22, 25 days
after the earthquake, water and sand (grayish-black) ejected at
three places along the pavement centers and shoulders with low
water temperature. Local settlement occurred with undulation,
resembling a frost boil.

These longitudinal cracks occurred on the subgrade with a
maximum width of 4-10 cm. The side slope at the north side
settled 5 cm. Cracks occurred between the curbs and pavement,
crack width 4 cm, depth 1.0 m. Shoulders which were 1 m in
width slid toward side ditches.

Several segments of subgrade settled with some lateral cracks,
the maximum width was 2 m. A section of crack showed that
the surface soil was clayey loam 50-60 cm thick, underlain by
silty fine sand. Cracks distributed over a length of more than 5
km.

Damage

Table 2. Continued

Surface soil is clayey sand, low subgrade almost
level with ground. Water accumulated in both
side ditches year round. Farther is the salt field
and seawater.

Surface soil is clayey loam and silty fine sand.
Low land, accumulation of water in side ditches,
low subgrade.

Surface soil is clayey loam. The height of the subgrade was about 2 m. Side slopes joined with low
land with water locally. Water and sand ejected
50-70 m from the subgrade.

Height of the subgrade is about 1 m. Relatively
high land. No accumulation of water in both side
ditches. No ejection of water and sand adjacent to
the road.

Site Conditions and Damage
to Ground Surface
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Photo 1. A longitudinal crack.

Photo 2. Longitudinal cracks.
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Photo 3. Upheaval of pavement at a bridgehead.

Photo 4. Collapse of the Dongjiapu arch culvert.

Photo 5. Fracture of a side wall at the Zhenzizhen stone
masonry culvert.
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Figure 1. Sieve analysis curve of ejected sand, grain size (mm).

Figure 2. Sieve analysis curve of ejected sand, grain size (mm).
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EARTHQUAKE DAMAGE TO ROAD SUBGRADES
AND PAVEMENT IN TIANJIN CITY
The Investigation Team of the
Tianjin Municipal Engineering Bureau*

I. General Description
Roads totaling 2,140 km with high grade and semi-high grade pavements were in Tianjin
City (including the city limit, suburbs and counties under the city's jurisdiction); of which 76 km
suffered earthquake damage (3.5%). The total length of suburb and county roads was 1,500 km
of which 74 km were damaged accounting for 4.9% of the total length (in which 25 km were
seriously damaged and 49 km were moderately damaged representing 1.7% and 3.2% of the total
length respectively). The total length of city roads was 640 km of which only 2 km were
damaged amounting to 0.30% of the total length. Most of the road damage occurred in suburbs
and counties and the damage was serious for roads in Ninghe County, which is adjacent to
Tangshan City and Fengnan County, as well as in the Hangu area and the area near the coast at
the southern suburb. The severity of road damage in Wuqing County came next. Damage to
roads within the city limit occurred mainly in the Heping and Hexi Districts. The distribution of
damaged roads in Tianjin City with lengths of damage is shown in Figure 1.
Although not many roads in Tianjin City were damaged by the earthquake, the damage to
some sections of road was serious. For example, two sections of the Beijing-Tianjin Highway
had stepped settlement, many cracks occurred in several kilometer long sections in Beitang on
Hanbei Road and serious slide and settlement of side slopes and pavement occurred on Dazha
Road which caused traffic problems.
II. Types of Earthquake Damage
Most roads in Tianjin City had a low subgrade with a fill height of less than 1.0 m. River
levees were used as roads for some highways and the embankment had a height of over 3.0 m.
Most subgrades were filled with clayey loam and some were filled with sandy soil, generally
with a plastic index of 7-15. Concrete pavement and bituminous pavement were used for road
surfaces. The thickness of the concrete pavement was generally 18-23 cm underlain by 2 to 3
cm of sand cushion and 15 to 20 cm of a lime soil layer. The thickness of bituminous pavement
was generally 3-5 cm underlain by 20 to 60 cm of lime soil. There was a 7 to 10 cm layer of
quarry waste used as an intermediate course between the bituminous concrete and lime soil
layers on a few roads. The subgrade and pavement suffered various types and degrees of
damage depending on the geographic location, hydrogeological and geomorphological features,
the distance from the epicenter and the direction of the road.
* The Investigation Team consisted of the Department of Highway Administration, the
Department of Road and Bridge Administration in Tianjin, the Tianjin Municipal Engineering
Survey and Design Institute and the Tianjin Municipal Science Research Institute.
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(I) Cracks in subgrade and pavement
1. Longitudinal cracks
Longitudinal cracks in subgrade and pavement were common types of earthquake damage
found on Tianjin roads. Twenty-one selected suburb and county roads were investigated and
longitudinal cracks occurred on 14 of them: Liwan Road, Beijing-Tianjin Highway, Jingning
Highway, Beiweidi Road, Qinglongwan Road, Banchang Road, Dazha Road, Yangbei Highway,
Hanbei Highway, Jinlu Highway, Xianqi Highway (Xiaozhan-Shanggulin), Taierzhuang Road,
Sidaoqiao Road and Chongqing Street. Longitudinal cracks also occurred on portions of 5
roads: Luhan Highway, Liulin Road, Tangbei Road, Jinhan Highway and Xiaoqi Highway
(Mapengkou-Qikou). The types of longitudinal cracks which occurred are as follows:
(1) Longitudinal cracks on bituminous pavement. Beiweidi Road, Liwan Highway, Yangbei
Highway, Banchang Highway and Dazha Road suffered serious longitudinal cracks, which were
usually 1-3 in number with a maximum of 9 on Yangbei Highway. The crack width was usually
1-5 cm with a maximum of 15 cm. The depth of the cracks were 20-50 cm with a maximum of
3.3 m and generally 1.6-2.0 m on the high embankment on Beiweidi Road.
(2) Longitudinal cracks on cement pavement along original concrete blocks. The width of
the cracks were generally 2-5 cm with a maximum of 20 cm. The depth of the cracks were
generally 20-30 cm with some cracks 56 cm in depth.
(3) Longitudinal cracks along joints between bituminous roads and soil shoulders. This was
a prevalent phenomenon. It occurred for 2 km, almost the whole length of Banchang Road, as
well as on most portions of damaged road sections on Liwan Highway, Beiweidi Road and
Jingjin Highway. The width of the cracks was generally 3-12 cm with a maximum of 16 cm and
0.5-2.0 cm for slight damage. The depth of the cracks on the high embankment on Beiweidi
Road was generally 1.6-2.0 m with a maximum of 3.40 m.
(4) Longitudinal cracks at joints between bituminous pavement and curbstones of sidewalks.
This occurred in the city limits. Longitudinal cracks occurred at joints between red curb bricks
and the pavement for a distance of 239 m on Taierzhuang Road with a width of 2-6 cm and a
maximum width of 15 cm. This also occurred at joints between curbstones and pavement on
Chongqing Street with a width of 6-8 cm and a depth of 30-50 cm.
(5) Longitudinal cracks along shoulders. This generally occurred on sections of road with
serious damage such as on K 65+800 to K 66+300 and K 70+200 to K 70+400 on BeijingTianjin Highway within an extent of 500 m west of the intersection of Beiweidi Road and
Dahuaxian (or the Chemical Fabrics Factory), Banchang Road within an extent of 200 m west of
Qianmiqiao Branch Road, Liwan Highway and a 1.0 km section of Yangbei Highway east of the
Hezhuhe River. There were 1-2 longitudinal cracks on the east side of the shoulder with a width
of 2-10 cm. The crack depth varied generally between 30 and 50 m depending on the height of
the embankment. The crack depth was 1.5-2.2 m on the high embankment on Beiweidi Road.
(6) Cracks at the joints of widened old roads. Longitudinal cracks occurred at the joints of
widened old roads and were characterized by long and straight cracks with uniform width and a

72

depth that went all the way through between the old and new pavements (or old and new
subgrades). This type of damage occurred on the following three roads:
Beijing-Tianjin Highway. This highway was built in 1952 with a subgrade 6 m wide and a
20 cm concrete pavement on a 3 cm sand cushion. In 1975 an asphalt concrete pavement 2 m in
width was added on each side of the old road bed (the subgrade was 35 cm of lime soil plus 5 cm
of bituminous surfacing). Longitudinal cracks occurred at 10 locations extending 781 m
between Hexiwu and Caicun at the intersection of the widened road. The width of the crack was
1-8 cm and reached 39 cm in locations with serious damage. Sand was ejected at side ditches of
roads where cracks occurred and parts of the shoulders settled and became deformed.
Xiaoqi Highway (Xiaozhan-Shanggulin section). This road was built in 1965 with a
subgrade 6 m in width and 30 cm of lime soil pavement plus a 10 cm bituminous penetration
course. It was widened in 1974 on one side or both sides. The height of the embankment was
1.5-2.0 m. In 1975 a new pavement was put on top of the original pavement and old shoulders
and the width of the pavement was widened to 10.50 m. The new pavement was 60 cm of lime
soil with 5 cm of residual oil surfacing. After the earthquake cracks occurred at 10 joints located
between the old road and the widened part for a total length of 5,600 m and the width of the
cracks were generally 5 cm.
The juncture at Dahuaxian and Beiweidi Roads. Beiweidi Road was built in 1972 on an old
dirt road with a 7 m subgrade and pavement, which consisted of 20 cm of lime soil, 20 cm of
lime soil concrete and 5-cm of bituminous concrete. The Dahuaxian Living Area Road, which
intersected Beiweidi Road was built in 1974 on a soil embankment about 3 m high and 7 m wide.
The lime soil pavement was 40 cm plus 5 cm of bituminous concrete. All the joints cracked
through and the maximum width of the cracks was 75 cm at the west intersection with a 22 cm
difference in elevation on both sides of the crack. Three transverse cracks occurred on each of
the two branch roads and the side slopes of the shoulders cracked due to the collapse of the high
embankment, see Figure 2.
2. Transverse cracks
Only 6 out of the 21 damaged roads investigated suffered several transverse cracks on the
subgrade and pavement. These roads were: Luhan Highway, Tangshan Highway, Hanbei
Highway, Liulin Road and Xiaoqi Highway (Mapengkou-Qikou section). The direction of these
roads was almost parallel to the radiant lines from the epicenter. Transverse cracks occurred
only in exceptional cases on other roads. Transverse cracks occurred on a road with asphalt
pavement on both sides of a newly built culvert (which had settled locally) on Jinlu Highway. It
also occurred at the approach of the bridgehead of Lutai Bridge on Jinyu Highway where the
approach slid toward the river pulling the pavement apart. The width of the cracks was 2-5 cm
in general and, in a particular case, was 1.4 m on Hanbei Highway where a deep gulch was
observed.
(II) Upheaval, settlement, blister and cave-in of the subgrade and pavement
This occurred mostly on sections of road where water and sand was heavily ejected onto the
nearby courtyard, farmland and drainage ditches. Some subgrades settled at inadequately
compacted roads or on soft soil foundations such as on Liulin Road, Changde Street, Yueyang
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Street in the city limit, Hanbei Highway, K 65+800 to K 66+300 and K 70+250 to K70+400 of
Beijing-Tianjin Highway, a section of road near the Houheyu Production Team on Jingning
Highway, and Mapengkou to the Qikou section of Xiaoqi Highway. All these roads are in
suburbs and counties.
1. Transverse upheaval in a triangular shape on pavement
This occurred on Hanbei Highway, Jinhan Highway, Tangbei Highway and Luhan Highway.
The width of the base of the triangle was 50-120 cm and the height of upheaval was 15-25 cm
with a maximum of 35 cm. Pavement courses within the triangle were all crushed.
2. Transverse upheaval of pavement in a hill shape
This occurred on Liulin Road with an upheaval width of 2.5-4.0 m in general. The height of
the upheaval was 10-22 cm and the pavement that was upheaved was fractured.
3. Depression of pavement in a transverse stepped form
The phenomenon of pavement being depressed in a transverse stepped form occurred on
sections of the road with severe longitudinal cracks such as on K 65+800 to K66+300 of BeijingTianjin Highway where depressions in serious stepped form were observed with a maximum
vertical dislocation of 33 cm and the bottom of the pavement was overhanging. One to two
vertical dislocations with a difference in elevation of 3-22 cm occurred on Beiweidi Road, Liwan
Highway, Qinglongwan Road and on Taierzhuang Road. Transverse concave depressions with a
width of 2-6 m at the middle portion with a depth of 10-15 cm occurred on Jingning National
Highway, Sidaoqiao Road, and on Beijing-Tianjin Highway as shown in Figures 3 and 4.
4. Longitudinal depression of pavement
Large scale longitudinal depressions of pavement generally occurred at locations where there
were large amounts of ejected sand on pavement such as on K 70+250 to K 70+400 of BeijingTianjin Highway, Hanbei Highway, the road near the Houheyu Production Team on Jingning
Highway, and east of the link road of Yangbei Highway. The length of depression was 80-150
m in general and the depth of depression was 15-25 cm. See Figure 5.
5. Depression of pavement at culverts
Local longitudinal depressions of pavement 10-22 cm occurred at culverts after the
earthquake on Beiweidi Road and Jinlu Highway with depression lengths of 10-15 cm.
6. Blisters
In this case, pavement upheaved locally but was not crushed. This rarely happened and
occurred only on Hanbei Highway and Yueyang Street in the city limits. The diameter of the
blister was 1.5-2.5 m and the difference in elevation was 10-20 cm.
7. Cave-in
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This rarely happened and only occurred on roads where there were large amounts of ejection
of water and sand on adjacent land such as on Changde Street, Yueyang Street, Hanbei Highway,
and on the Mapengkou to Qikou section on Xiaoqi Highway.
8. Settlement of bridgeheads
Vertical settlement of various degrees generally occurred at the approaches of bridgeheads
with a depth of 2-20 cm. Settlement of bridge approaches on roads closer to the epicenter such
as on Jinyu Highway, Luhan Highway and Jinhan Highway were generally 20 cm and was 25 cm
at the Ma'anzi Bridge.
9. Tilting over of curbstone
There were not many cases of tilting over of curbstones due to the earthquake but there were
various degrees of damage such as on Beiweidi Road, Yueyang Street and Xiaoqi Highway.
Beiweidi Road (from Shangulin to Wanjiamatou) was a total of 14 km in length and 7 m in
width with concrete curbs on both sides and one auxiliary lane 3 m in width on one side of the
shoulder and a 1 to 1.5 m wide shoulder on the other side. Within the extent of the entire road a
50 to 60 m length of curb on the side of the 3 m wide auxiliary lane tilted over and the maximum
depth of the crack was 3.3 m. Four sections of the road totaling about 100 m in length cracked
and tilted. The width of the crack was 1-5 cm and the maximum width was 16 cm.
All concrete curbstones on both sides of Yueyang Street (from Xiangyang Road to Guilin
Road), which was 300 m in length, tilted toward the center of the road and the maximum
difference in elevation between the curbstone and the original sidewalk was 26 cm. A crack 68 cm wide occurred between the curbstone and sidewalk. Curbstones were also parted by
longitudinal undulations with vertical dislocation between curbstones. The dislocation was 612 cm in general and 18 cm maximum and its width was 5-7 cm.
(III) Slides or cracks on the side slope of embankments
Not many sections of road in Tianjin City suffered slides or cracks of side slopes due to the
earthquake but the damage was rather serious. There were only two roads, Taierzhuang Road
and Dazha Road, where pavement on the riverbanks cracked and depressed due to sliding of the
slope of the river. Both roads suffered serious damage. Many road subgrades in Tianjin
consisted of embankments with the height of fill less than 1.0 m in general and over 3 m in a few
cases. During the earthquake there was a slight collapse of the embankment and fill at 1 or 2
locations on the Beijing-Tianjin Highway and on Qinglongwan Road. Long longitudinal cracks
occurred on some high embankments with a height of fill about 3 m such as on Beiweidi Road.
1. Collapse and sliding of side slopes on riverbanks
Dazha Road in the Tanggu area is located along the bank of the Haihe River. Its total length
is 1,500 m and the pavement is 7 m wide and consists of 7 cm of a bituminous penetration
surface on a soil bond broken stone base course. There is a 4 m wide soil shoulder on the river
side and 10 m of open field on the other side. The top of the pavement is about 3 m above water
level of the Haihe River. There is rubble facing on the upper portion of the riverbank slope and
saturated soft soil on the lower portion. The slope of the river slid during the earthquake and the
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rubble facing cracked and was dislocated. Long longitudinal cracks occurred on side slopes of
soft soil with a maximum width of 280 cm, and the slope slid to 1:7 after collapse. Due to the
sliding of the side slope a serious longitudinal crack occurred on the pavement 998 m in length
with a width of up to 25 cm. The pavement on the river side was depressed with a maximum
depth of 70 cm. The severe damage to the pavement is shown in Figure 6.
2. Fracture and displacement of concrete revetment
Taierzhuang Road in Tianjin City is located along the bank of the Haihe River. Its total
length is 1,617 m and the pavement width is 6.5-7.5 meters, which consists of three layers of a
bituminous surface treatment plus 10 cm of broken stone and 30 cm of lime soil courses. The
inner side of the road is connected by buildings and there are brick curbs and a 2 m sidewalk on
the outer side of the road. There is a water protection wall 1.0 m in height and 0.4 m in width
outside of the sidewalk and there is a concrete revetment with a slope about 2:1 outside the wall.
The pavement is 1.7-1.8 m above water level of the Haihe River. During the earthquake the
concrete revetment fractured longitudinally and the width of the fracture ranged from several
centimeters to 20 or 30 cm. The revetment displaced toward the river and the water protection
wall tilted by a maximum of 14 cm. This resulted in large amounts of longitudinal cracks
occurring on a 239 m long section of pavement on the riverbank with cracks ranging in width
from several millimeters to over 10 cm and the depth of some cracks was over 1.0 m. All the
cracks had vertical dislocation of 1-6 cm in general. There was depression of pavement on the
riverside. All these led to serious damage of Taierzhuang Road, see Figure 7.
3. Cracks on the side slopes of embankments
Beiweidi Road in the southern suburb of Tianjin City is a total of 14 km in length. The
height of the embankment is over 3 m with a side slope of about 1:3. The pavement consists of
5 cm of bituminous concrete plus 40 cm of lime soil and is 7 m in width with concrete curbs and
a 2.5-m soil shoulder on each side. During the earthquake many longitudinal cracks occurred on
the side slopes of the embankment with a width of 3 or 4 cm to over 10 cm with a depth of 0.52.8 m which resulted in serious damage to the pavement, see Figure 8.
(IV) Ejection of sand
Ejection of sand generally occurred alongside 12 of the roads investigated which included
Beiweidi Road, Hanbei Highway, Beijing-Tianjin Highway, Liwan Highway, Xiaoqi Highway
and Banchang Road which are suburb and county roads, and Yueyang Street, Shashi Street,
Changde Road, Liulin Road, Taiwan Road and Taierzhuang Road which are city roads. The
location of sand ejections were different for roads in the city limit and roads in the suburbs. In
the city limit, with the exception of individual cases where sand ejected in street centers such as
on Taiwan Road and Yueyang Street, sand was ejected mainly on the roadside, at joints between
the side road, walls and in lanes. The height of the sand mound was 10 cm in general and
maximum height of 30 cm, such as on Shashi Street (from the Kunming Road to Xikang Road
191 m in length with a sidewalk 3-cm bituminous concrete plus 15-cm lime soil) in which sand
ejected at 7-8 places. Roads in the suburbs, with the exception of individual cases where serious
sand ejection occurred on the subgrade (such as on Hanbei Road), a large amount of sand
ejection occurred mostly at both side ditches and on farmland destroying a large amount of
crops. For example, sand was ejected along the pavement at 2 km from Beitangzha on Hanbei
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Road (from Hangu to Beitang) with a distance of 4-7 m between sand mounds. The height of a
sand mound was 10-15 cm in general up to a maximum of 35 cm and its average diameter was
0.5-5.0 m. The width of Hanbei Road is 6 m and its pavement consists of 3 cm of bituminous
concrete on 20 cm of a lime soil base.
During the earthquake side ditches of individual roads were silted up by ejected sand, which
obstructed the drainage of the pavement and the irrigation of farmland. This was more serious
on Beijing-Tianjin Highway.
The maximum difference in elevation between side ditches and the edge of the subgrade was
1.50 m at K 70+250 to K 70+400 and was 150 m long on the Beijing-Tianjin Highway.
According to the investigation there was a shallow layer of liquefiable sandy soil 2 m below the
pavement. The sandy soil ejected at weak places of overburden on the side ditches during the
quake and the side ditches were silted up with a maximum depth of 1.2 m (Figure 9).
The difference in elevation between side ditches and the edge of the road was 1-5 m on
Liulin Road and the side ditches were silted up with sand for a length of 400-500 m with a height
of 30-40 cm.
III. Characteristics of Earthquake Damage
1. The roads where serious damage to the subgrade and pavement occurred were mostly built
on soft ground near the coast and on soil foundation with a shallow embedded liquefiable
saturated silty fine sand layer such as on Hanbei Highway, the Mapengkou-Qikou section of
Xiaoqi Highway, the Hexiwu-Caicun section of Beijing-Tianjin Highway in suburbs and
counties, Liulin Road, and on Yueyang Street and Changde Street in the city limit.
2. The prevalent phenomena of earthquake damage was settlement and sliding toward the
river at bridgeheads, settlement of shoulders, settlement of subgrades and pavement at culverts,
and settlement of subgrades and pavement on high embankments.
(Translator: Mingtian Hu)
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Figure 1. Distribution of damaged roads and lengths of damage in Tianjin City.
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Figure 2. Cracks at the joining parts of old and new subgrade at
the junction of Dahuaxian and Beiweidi Roads (unit: cm).
(a) Plan; (b) Section A-A

Figure 3. Stepped depression measured at Beijing-Tianjin
Highway (unit: cm).

Figure 4. Depression at mid-part of pavement on BeijingTianjin Highway (unit: cm).

Figure 5. Longitudinal deformation on Beijing-Tianjin
Highway.
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Figure 6. Cross-section of side slope of riverbank of Dazha
Road in Tanggu after the slide.

Figure 7. Fracture and displacement of revetment on Taierzhuang Road (unit: cm).

Figure 8. Cracks on side slope of embankment on
Beiweidi Road (unit: cm).

Figure 9. Silting of side ditch at 70K+321 to 70K+400 of
the Beijing-Tianjin Highway (unit: cm).
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EARTHQUAKE DAMAGE TO GIRDER BRIDGES
Fengyun Xu1, Wenji Huang1 and Qianmei Wang2

I. General Situation
Damage data for 130 large and medium reinforced concrete girder bridges located in
intensity zones VII to XI were collected by Chinese highway scientists and technical personnel
after the Tangshan earthquake. Table 1 presents a summary of intensities at the bridge sites,
distance from the epicenter, type of structure and foundation soil and damage description of
various bridges. Figure 1 shows the geographical location of bridges in high intensity zones and
Figure 2 shows the geographical location of other main bridges damaged by the earthquake.
The earthquake damage is classified into 5 types based on degree of severity i.e. collapse,
severe damage, moderate damage, minor damage, and intact or essentially intact. The criteria
for determining these types of damage is as follows:
Type 1: collapse. Characterized by fallen girders or arches, fracture and collapse of
abutments and piers making the bridge unusable.
Type II: severe damage. Characterized by severe damage to the main load-bearing structure
such as severe tilting and cracking of piers and abutments, occurrence of large horizontal
displacements, differential settlements, severe cracks in arch rings and deformation of arch axis,
great loss of bearing capacity of the structure which is reduced to a dangerous state. Capital
repairs or reconstruction are needed to put the bridge back into service.
Type III: moderate damage. Local damage to the main load-bearing structure and severe
damage to the auxiliary structure, such as slight tilting or shifting of piers and abutments, small
cracks on top of piles, at joints between piles and cross tie beams, in places of change in pier
sections, and main arch rings; tilting and displacing of movable bearings; damage of fixed
bearings, lateral or longitudinal displacements of main girders, large cracks on arch spandrel;
settling of bridge approaches and severe damage to the gore. Bearing capacity is reduced but the
bridge is serviceable after repair.
Type IV: minor damage. Represented by damage to the non-structural path, but load
carrying structure is intact or merely suffers allowable cracks. Load capacity is not affected and
the bridge is usable with minor repairs.
Type V: intact or essentially intact.
Damage to each bridge was examined according to the above classifications of damage and
is listed in Table 2(a)-(d) for different intensity zones. It can be seen that of the total 130
highway girder bridges 18 collapsed accounting for 13.86% of the total; 20 were severely
1
2
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damaged amounting to 15.36%; 34 were moderately damaged representing 26.15%; 25 suffered
minor damage reaching 19.23%; and 33 were intact or essentially intact accounting for 25.38%
of the total. All together 72 bridges or 55.38% of the total sustained moderate or severe damage
and strengthening was needed to make them usable.
II. Basic Earthquake Damage
1. Earthquake damage to superstructure (fall of girder)
The falling of girders was the most severe earthquake damage and occurred at 18 large and
medium sized bridges during the Tangshan earthquake. Girders that fell took three forms:
(1) Falling of girders due to tilting and toppling of pile piers
In this case, girders and pile piers slid longitudinally in the same direction making piers tilt
and even topple and girders dropped to the ground. The toppled pile piers laid under the fallen
girders after collapse as in the case of Shengli Bridge and Nizhizhai Bridge as shown in
Photos 1(a) and (b). The characteristics were small relative displacements between girders and
pile piers by, say, 3-5 cm in the case of the Shengli Bridge, but the absolute displacements
between girders and pile piers were larger, up to 3 m for the Shengli Bridge and 6 m for the
Nuzhizhai Bridge.
(2) Falling of girders due to longitudinal movement of piers
The relative displacement between girder and pile pier was greater than the width of the pier
cap making the girders drop or displace longitudinally but the pile pier remained plumb. There
was only minor damage to riverbanks such as at the Yanzhuang Bridge and Xiazhuang Bridge as
shown in Photo 2.
The falling of girders longitudinally also occurred at girder bridges with solid piers, see
Photo 3. Piers broke and toppled and the broken pier fell on top of the dropped span which
meant that the girders had dropped before the pier was broken. The moveable bearings dropped
while the fixed bearings were sheared. These were the cases at the Luanhe River Bridge in
Luanxian County and at the Luanhe River Bridge in Qian'an County.
(3) Falling of girders laterally
In this case there was a large ateral displacement and rotation of the superstructure. When
the lateral displacement at one end of the span was greater than the length of the cap beam the
girders dropped laterally off the pier. This was the case for span #30 at the Luanhe River Bridge
in Luanxian County where the side span dropped off laterally, see Photo 4.
The superstructure suffered minor damage except for the collapse of the girders. There were
generally (1) collision of ends of adjacent girders with local crushing of the ends; (2) falling-off
of bearings and damage to the bottom of the girders; (3) cracking of deck paving due to lateral
and longitudinal displacements of the girders; and (4) damage of railings and posts as shown in
Photo 5.
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In addition, twisting in horizontal plane of the superstructure occurred at skew slab bridges
and girder bridges with high centers of gravity such as at the Lutai Bridge, Hongqiao Bridge and
Jituo Bridge, etc.
2. Earthquake damage to pile piers
Tilting and even rupture of pile piers occurred at bridges in high intensity zones and at
riverbanks that slid severely and at bridges with shallow embedded piles. The damage took three
forms:
(1) The pile piers tilted in one direction and cracked or ruptured at the lower ends. The
Shengli Bridge, Hangu Bridge and Wangtu Bridge had this type of damage. Tilting of piers at
Shengli Bridge increased from 12 to 14 degrees from east to west and that at Nuzhizhai Bridge
increased from 5 to 14 degrees from east to west, see Photo 6.
(2) The pile piers tilted at the Wangtu #2 Bridge, the Xiazhuang Bridge and Nuzhizhai
Bridge, etc. The top of the pier tilted toward the center line of the river and the angle of tilting
increased from the center line of the river toward two banks but the intermediate piers remained
plumb forming an inverted V-shape, see Photo 7.
(3) The pile piers tilted in a V-shape. The top of the pile pier tilted toward each bank
respectively and the angle of tilting increased from the river center line to each bank, but the
middle piers remained plumb at the Yuehe River Bridge, Sicundian Bridge and Daodi Bridge,
see Photo 8.
Generally, the pier body of solid piers cracked or ruptured as they tilted for example at the
Beimen Bridge and Qiyi Bridge near the power plant, see Photo 9.
Cracking of pile piers the most common phenomenon of earthquake damage to girder bridges
and occurred at three places: (1) at the bottom of the pile pier, as shown in Photo 10; (2) at the
joints of the pile top and cap beam, see Photo 11; and (3) at joints between pile piers and cross
tie beams or at change of section of pile piers, see Photo 12.
The bottom of the pile pier was separated from the surrounding soil by ejection of
surrounding water and sand, see Photo 13.
3. Earthquake damage to bearings
The phenomena of earthquake damage to bridge bearings (Photo 14) was mainly:
(1) Pull-out of felt bearing from the bottom of the girder.
(2) Tilting and crushing of the rocker bearings: Photos 14(c) and (d) show the tilting of the
rocker bearings at the Yanghe River Bridge in the intensity VII zone. Since the toppling of the
bearings was restrained by the breast wall of the abutment, the fall of the bridge was avoided.
The rocker bearings of the Luanhe River Bridge in Luanxina and Qian'an Counties and the Lutai
Bridge in Ninghe were all in intensity IX zones and toppled without exception.
(3) The falling of the simple roller bearings as was the case at the Lao'andian Bridge resulted
in a stepped bridge deck.
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(4) The falling of the steel plate bearings, shearing of welded joints and anchor bolts.
(5) Displacement of the elastomeric bearings.
4. Sliding of abutments and riverbanks
The sliding of riverbanks was another distinct phenomenon. It was even more conspicuous
along both banks of the Douhe River in the high intensity zone in the suburbs of Tangshan City,
as well as on the banks of soft soil and light clayey loam on the outskirts of Tianjin City in
Laoting and Luanan Counties. The slipping soil mass of the sliding riverbanks exerted a great
thrust on abutments, hence leading to the most severe damage to the bridge. The main damage
consisted of tilting, fracturing and cracking of the pile column of the cylinder abutment, cracking
of the breast wall, slide, settlement and rotation of the gravity abutment, tilting and settlement of
bridge approaches as shown in Photo 15.
The sliding of abutments and riverbanks was characterized by the following features:
(1) Many tensile ground cracks occurred along the riverbank with a maximum width of 1.52.0 m and a length extending to several hundred meters. These cracks extended up to 500 m in
length but its width decreased with distance from the riverbank.
(2) Investigation of the test pit at Shengti Bridge revealed that ground cracks during sliding
of the riverbank were nearly vertical and extended downward to the liquefied sand layer under
the riverbed, see Figure 3 and Photo 16.
(3) A soil mass separated by cracks slid as a whole toward the river and was accompanied by
irregular settlement and rotation, see Figure 4.
(4) There were saturated liquefiable soil layers (silt, fine sand and light clayey loam) at the
bottom or at a shallow depth of the riverbed and ejection of sand and water during the
earthquake. The soil of the riverbank was mainly clay or clayey loam, good in density.
(5) The riverbed contracted and the river bottom raised up after the sliding of soil mass. The
maximum amount of contraction was 5.0-6.0 m and the rise of the river bottom reached 2.03.0 m.
(6) The damage sustained by a bridge due to sliding of riverbanks consisted of displacement,
settlement and rotation of abutments and in severe cases damage extended to several piers from
both banks. There was severe damage to bridge approaches and damage to appurtenances at
bridgeheads such as wing walls and revetments.
There were 24 bridges that suffered from sliding riverbanks during the Tangshan earthquake
and the relevant data are presented in Table 3.
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III. Particular Problems of Earthquake Damage to Girder Bridges
1. Damage was increased by successive earthquakes
The duration of the magnitude 7.8 (Richter scale) Tangshan earthquake lasted more than 200
seconds and was followed by a quake with a magnitude over 7 and ten aftershocks with a
magnitude over 6. The Shengli Bridge, Luanhe River Bridge in Luanxian County and the
Luanhe River Bridge in Qian'an County all collapsed during the magnitude 7.1 earthquake on
July 28. The Laoandian Bridge was slightly damaged during the magnitude 7.8 quake; the roller
bearings were displaced and the earth retaining wall was hit by girders displaced longitudinally
during the magnitude 6.2 aftershock on August 9 the epicenter of which was in Ninghe.
2. Liquefaction of foundations had a greater effect on bridges with a shallow foundation
than bridges with piles of great embedded depth
During the Tangshan earthquake there was ejection of water and sand in large areas in high
intensity zones as well as in Hangu, Ninghe, Fengnan and Laoting Counties. But there were rare
cases of differential settlement of pile foundations of girder bridges in these areas. This was
probably due to a shallow and thin underlying layer of liquefiable sand and the penetration of
bored piles through this layer.
3. Girders fell down from the accumulation of longitudinal displacement at some long
bridges with multiple spans
The Luanhe River Bridge in Luanxian County was composed of 35 spans of simple
supported girders. The 11 spans in the east did not fall down but were all displaced toward the
east. All expansion joints of these spans closed tightly and the displacement increased gradually
toward the west with accumulated displacement amounting to 61 cm (total width of expansion
joints at the end of 11 spans was 11×4=44 cm and the east side span pushed a distance of 27 cm
into the east bank) which was nearly equal to the distance from the end of the girder to the edge
of the pier top (63 cm), and all 23 spans to the west fell down.
(Translator: Mingtian Hu)

Shengli Bridge,
east of Tangshan
City

Yuehe River
Bridge, southeast
of Tangshan City

1

2

No.

Name and
Location of Bridge

XI
Type II

XI
Type I

Intensity,
Type of
Damage

silty and fine sand

mud on surface
underlain by fine
sand

Foundation Soil

5 10 m R.C. girders, width of bridge 3+2×0.55 m.
Felt bearing. Aseismic connecting plates provided at
expansion joints of end of girders. Piers were 2
hexagonal columns, height 5.7 m, 2 φ0.8 m bored
piles foundation. Abutments were of 2 φ0.8 m
columns, height 0.6 m.

5 11 m R.C. simple supported girders. Width of
bridge 10+2×1.5 m. Felt bearing. Piers of 3 φ 0.8 m
columns, height about 6.0 m, 3 φ 1 m bored piles,
depth 18 m. Leaning forward stone masonry
abutments, height about 2.6 m on spread foundation.

Structure in Brief
Damage in Brief

Abutments tilted toward the center of the river 25-31° for the west abutment,
10.5° for the east one. Pier #2 on the west side remained plumb; all other
piers tilted 3-16° symmetrically toward both banks and were broken at
ground level. Heavy cracks were found on top of the columns. Girders on
top of Piers #3, #4 dislocated longitudinally by 2-40 cm. Girders extended
into the embankments for a distance of 3.8 m in the west and 21 m in the
east. Aseismic connecting plates were deformed by tension or compression.

Both banks slid toward the center of the river, ground fissures with a width
of 1-1.5 m occurred in the same direction as the river with large amounts of
ejection of water and sand. All trees tilted toward the center of the river.
The total length of the bridge was shortened about 9.1 m (5 m for the west
side span, 2.5 m for the east side span and 10-40 cm for each middle span).

Two spans on the west bank fell down. Girders dropped after being
dislocated 5-26 cm with different dislocations upstream and downstream.
Girders extended into the embankment for a distance of 1.65 m on the west
side and 0.41 m on the east side. There was a horizontal twist of girders.
Expansion joints were in tight contact.

Side pier on the west bank was fractured and fell toward the west, all other
piers tilted 11.5-14.5° toward the west but the tilting was different upstream
and downstream. Abutments slid, rotated and tilted toward the embankment
and in the direction transverse to the bridge; side walls separated from the
body of the abutment and breast wall was pushed into the embankment.

Both riverbanks slid toward the river, ground fissures occurred in the same
direction as the river with crack lengths about 40 m. Pavement on the east
bank heaved up forming an arc shaped depression. Sliding plane occurred at
24 m with difference in elevation of 1.7 m. Abutments slid toward the center
of the river amounting to 1.13 m for the east abutment and 2.45 m for the
west one. Bridge span was shortened by 3.58 m.

Table 1(a). Summary of the earthquake damage to the girder bridges.
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Nuzhizhai Bridge,
north suburb of
Tangshan City

Xiazhuang Bridge,
north of Tangshan
City

Daodi Bridge,
Fengnan County

Quzhuang Bridge,
north of Tangshan
City

3

4

5

6

No.

Name and Location
of Bridge

X
Type II

X
Type II

X
Type I

X
Type I

Intensity,
Type of
Damage

fine sand

Foundation Soil

R.C. simple supported girders with spans of 5.3+27.4+6.0 m. Width of bridge 3.2+2×0.15 m. Felt
bearing. Piers were of 2 φ0.75 m columns, height 4.05.0 m. Stone masonry arch abutments, span of arch
2.0 m, length of abutment 3.7 m, height of abutment
3.3-3.9 m.

3 16.8 m slight curved slabs. Width of bridge 7+2×
0.75 m. Arc steel plate bearings. Piers and abutments
were of 2φ 0.7 m columns. Stone masonry retaining
walls. Height of pier 4.2 m, 2 φ0.9 m bored pile
foundation. Transverse tie beam provided at the
middle piers.

4 10 m R.C. simple supported girders. Width of
bridge 7+2×0.75 m. Felt bearing. Piers were of 2 φ1.0
columns, height 5.75 m, 2 φ1 m bored pile foundation. Leaning forward stone masonry abutments,
height 20 m.

5 10 m R.C. simple supported girders. Width of
bridge 3+2×0.55 m. Felt bearing. Structure same as
Yuehe River Bridge, height of pier 4 m, height of
abutment 1.5 m.

Structure in Brief

Table 1(a). Continued.

Pavement within 20 m behind east abutment depressed greatly, maximum
is about 50 cm. Bank at west abutment cracked, slid and settled. East side
span shortened 84 cm. Total length of bridge shortened 113 cm. East
abutment tilted 3° toward east. Arch ring of abutment cracked at L/4 span.
Girders displaced horizontally toward east 26-48 cm and laterally toward
north 3-10 cm.

Pavement at the back of abutment settled 50 cm. Banks cracked and slid.
Length of bridge was shortened 3.2 m. Piers and abutments tilted
symmetrically toward each bank with maximum of 9.5° at north side pier.
Cracks occurred at joints between column top and cap beam. Anchor bolt
of bearing of north abutment sheared. Girders extended into embankment
2.0 m at north abutment and 1.2 m at south abutment. Expansion joints
were in tight contact. Girders on piers displaced 5-10 cm longitudinally
toward south.

Many ground cracks occurred within 16 m at back of abutments on both
banks. Embankment settled, cracked, and slid toward the river. Shortenings
of spans were 1.78 m for two spans at north bank, 0.44 m for two spans at
south, Pier #1, #2 from south tilted 2.9°, 1.7° toward north, and Pier #3
tilted 4.1° toward south. Four cracks occurred on the south side of the pier
body. South end of girders of the side span at the north bank dropped into
river, north end of girders of the second span from the north bank displaced
longitudinally 1.5 m toward north. Girders on Pier #1, #2 displaced 5-30
cm toward north and 1.0-2.0 cm laterally.

Ends of girders displaced from west toward east longitudinally increasing
to 7-46 cm. Girders of two west spans fell down.

Abutments tilted toward the river: 5° for east abutment, 13.5° for west
abutment. West side pier fractured and dropped, concrete at the top of the
pier column was crushed and reinforcement exposed. All other piers tilted
toward west 8-43°. Ends of girders extended into embankment: 1.73 m at
east abutment and 4.91 m at west abutment.

Both banks slid, many ground cracks occurred behind the abutment in the
same direction as the river. Shortenings of spans were: 1.3 m for east side
span, 4.5 m for two west side spans, and 7 cm for middle span, totaling
about 6.0 m.

Damage in Brief

86

Xiyao Bridge,
suburb of Tangshan
City over the Douhe
River

Leizhuang Bridge,
suburb of Tangshan
City over the Douhe
River

Power Plant Bridge,
Tangshan City over
Douhe River

7

8

9

No.

Name and Location
of Bridge

X
Type II

X
Type IV

X
Type IV

Intensity,
Type of
Damage
Foundation Soil

5 span 11.5 m simple supported girders. Width of
bridge 6+2×1.8 m. Plane steel plate bearings. Stone
masonry gravity piers and abutments. Height of pier
5.3 m. .Wooden pile foundation pile length about 4
m. There was a stone masonry revetment
downstream, north bank.

Continuous R.C. bridge cast-in-situ with spans of
7+2×8.4+7 m. Width of bridge 6.76+2×0.5 m. Plane
steel plate bearings. Stone masonry gravity piers and
abutments. Wooden cluster pile foundation. Height
of pier 4.95 m.

2 15.55 m R.C. single cantilever bridge cast-in-situ
with a 12 m suspended span. Width of the bridge
5.65+2×0.55m. Plane steel plate bearings. Concrete
gravity piers and abutments. Wooden piles with
wooden crib cofferdam, foundation had rip rap
protection. This bridge was an old bridge with poor
concrete and corroded reinforcement.

Structure in Brief

Table 1(a). Continued.

The deformation joint between the revetment and the wing wall dislocated
5 cm toward the river. Pavement at 10 m from back of the abutment at the
north bank depressed 70 cm and depressed 30-40 cm at the south bank.
Total bridge length shortened 83 cm, 67 cm at north side span, 20 cm at the
south side span but middle three spans lengthened 4 cm. North abutment
tilted toward embankment, horizontal cracks occurred at 32 cm below
coping of the bridge seat of the abutment with width 8-32 cm, abutment
body dislocated 14 cm toward the river. South abutment was essentially
intact, tilting of piers was small, cracks occurred at the mortar joints at 3.1
m from pier top. Ends of girders at the north abutment extended 45 cm into
embankment, and pushed into breast wall, crushing concrete at the ends of
girders. Diagonal crack, width 1 mm occurred on web of side girder
downstream at 22 cm from the end of the girder and inclined 50° with the
bottom of the girder. Girders on the middle pier dislocated 5-15 cm toward
the north.

Difference in elevation between two abutments relative to the bridge center
was about 12 cm. There were cracks throughout the whole length of the
top transverse girder and horizontal cracks occurred at mortar joint 1 m
above ground of the front wall of the east abutment. Horizontal cracks
occurred at the wing walls of both abutments. There was local spalling, 50
×100 cm, of the corner of the pier top upstream of Pier #1 from the west.

Joints between abutments and wing walls cracked and dislocated, width of
cracks upstream were 10-26 cm at north abutment, 3-6 cm at south
abutment. Displacements of the wing wall toward the river were 2-3 cm at
north abutment, 1-6 cm at south abutment. North abutment tilted 1.3°
toward north. Bridge deck on the south abutment depressed 15 cm,
difference of elevation between the deck and the center of the bridge was
10-24 cm. Pier tilted 24° toward south, there was no settlement. Girders
pressed tightly against the breast wall of the south abutment and the gap
between the girders and the breast wall of the north abutment there was no
settlement. Girders pressed tightly against the breast wall of the south
abutment and the gap between girders and the breast wall of the north
abutment was 6 cm. Width of the opening of expansion joint at the south
end of the suspended span was 5 cm at top and 2 cm at bottom.
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Power Plant Qiyi
Bridge, Tangshan
City over the Douhe
River

Chengzizhuang
Submersible Bridge,
Tangshan City

Steel Plant Bridge,
Tangshan City

Houtun Submersible
Bridge, suburb of
Tangshan City

10

11

12

13

No.

Name and Location
of Bridge

X
Type II

X
Type III

Solid stone arch with 19 spans of 1.8 m. Width of
bridge 3.8 m, height 2.5 m. Stone masonry piers and
abutments, pitching of whole riverbed with lime
mortar rubble.

5 spans of 10.6 m T-girder. Width of bridge 10+2×
0.20 m. Plane steel plate bearings. R.C. thin wall
piers cast-in-situ, height 5.9 m with wooden piles
5 m in length. Solid concrete abutment with wooden
piles 6 m in length.

Stone slab bridge with seventeen spans 2.5-3.7 m.
Width of bridge 4.2+2×0.15 m. Stone masonry piers
and abutments, height of pier 4.8 m. Lime concrete
and wooden pile cluster foundation, length of pile 36 m. Revetment at east bank.

X
Intact

Structure in Brief
5 spans of T-girders (side span 7.5 m, center span
10.0 m) and three added spans 8.33 m each, width of
bridge 4.0+2×0.15 m. Steel plate bearings. Stone
masonry piers and abutments, height of pier 5-7 m.
Wooden cluster pile foundation, pile length 10 m.

Foundation Soil

X
Type II

Intensity,
Type of
Damage

Table 1(a). Continued.

Riverbank slid with occurrence of many cracks, the pavement back of the
north abutment settled 1 m, width of the crack 50 cm. South bank settled
0.3 m, width of crack 10 cm. 6 piers adjacent to both banks all tilted
toward the riverbank, 5° at north, 1-1.5° at south. Crack occurred at the
springing of the arch over pier top throughout its whole width: width of
crack was 0.5 cm at north, 2 cm at south, width of the crack opening was
greater at the bank side and smaller at the channel side. No discernible
settlement of abutment was observed, difference in the elevation of both
abutments relative to bridge center was 33-38 cm.

Slight cracks on the stone masonry revetment. Joints between the abutment
and gore dislocated, severe on the east bank and light on the west bank.
Side spans at two banks shortened 22-23 cm, total bridge shorting was 50
cm. Breast wall of the east abutment pushed into embankment, girders
displaced longitudinally 51 cm. Vertical cracks of width 27-30 cm
occurred at the joints between the abutment and the coping of the bridge
seat. Cantilevered return wall cracked, the bridge gore shifted 15-20 cm
out of the abutment. Breast wall of the west abutment pressed tightly
against ends of the girders, all the girders dislocated 10-17 cm toward east.
Girders displaced 1-3 cm toward south (downstream).

Pavement back of the east abutment raised 50 cm. Span length was
shortened 10-20 cm. Stone slab of the east side span extended 20 cm into
embankment. There was no discernible damage to the rest spans.

Total span shortened 2.34 m: 1.87 m at the north side span, 0.32 m at the
south side span, not significant at the middle spans. Coping of the bridge
seat of the north abutment dislocated 65 cm toward embankment; the
breast wall was turned over. Pier #1-#6 from the north tilted toward the
north decreasing 9.2-2.6°. Columns of the piers and the masonry piers
were cracked at bottom. Ends of the girders at the north abutment extended
170 cm into embankment and only 2-6 cm for the rest of the spans.

Damage in Brief

88

Huaxin Bridge,
Tangshan City

Daodicun Bridge

Huaxin Sluice Gate
Bridge, Tangshan
City

Dazhong Bridge,
Tangshan City

Donggezhuang
Sluice Gate Bridge,
Fengrun County

14

15

16

17

18

No.

Name and Location
of Bridge

X
Intact

X
Type II

XI
Intact

X
Type I

X
Intact

Intensity,
Type of
Damage
Foundation Soil

9 3.7 m slab, stone masonry piers and abutments
with gates. Pitching of riverbed.

Consisted originally of three-span continuous
girders on solid piers and abutments with spread
footing on wooden cluster piles. Three spans of
simple supported girders, total length 68.6 m and
pile piers were added with an intersection angle 30°
with original bridge.

5 10 m T-girders, plate type turning steel gate. R.C.
thin walled pier. Pitching of riverbed with bottom
strut beams.

3-span 16.8 m slightly curved slabs, width of bridge
6+2×0.45 m. Arc steel plate bearings. Stone piers
and abutments with flaring wing wall. Height of pier
4.7 m, height of abutment 2.5 m. Wooden pile
foundation.

5-span 10.5 m T-girders, width of bridge 5+2×0.75
m. Felt bearings. R.C. thin wall solid piers, height 6
m 2 φ1 m bored piles 15.5 in length (driven to
pebble layer). One 80×100 cm concrete bottom strut
beam was placed on upstream side, there was
pitching of whole riverbed from 44 m upstream to
7.5 m downstream with thickness 45-65 cm. Stone
masonry abutment founded on the spread footing.
Revetment at the east bank.

Structure in Brief

Table 1(a). Continued.

Crack occurred on the ground at the back of abutment in the same direction
as the river. Embankment at bridgehead settled, slope protection cracked.
Otherwise intact.

Riverbanks cracked and slid. Span was shortened. Left abutment slid
toward the river, pier coping was cracked by thrust of steel girders. Piers
tilted. Cracks occurred at many places on the bottom parts of the pile pier.
Bridge deck at the intersection of the old and newly added bridges
dislocated vertically, concrete crushed.

Riverbank cracked and slid. Bridge deck dislocated longitudinally and
laterally with transverse cracks. Operation of the gate was out of order.

Riverbank cracked and slid toward the river, pavement settled. Span
shortened: 1.55 m at the north side span, 0.4 m at the south side span, 0.65
m at the central span. Abutments and piers tilted 0.5-2.5° toward the river.
Vertical crack occurred on the south pier body, width about 10 cm. Breast
wall of the north abutment in tight contact with the ends of girders. Breast
wall of the south abutment and the ends of girders pushed 1.45 m into
embankment. Side span at the south bank and the middle span collapsed,
the side span at the north dislocated 15 cm toward the embankment and
130-145 cm toward the south.

Riverbank cracked, settled and slid toward the river. Span on pier top
shortened 5-6 cm. Crack of width 10-15 cm occurred at the joints between
the abutment body and the wing wall on the upstream side of the west
abutment. Girders all displaced slightly westward longitudinally and in
tight contact with breast wall. Width of expansion joint on top of the first
pier at the west bank diminished to 1 cm. All other parts were essentially
intact.
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Zhaogezhuang
Bridge

Bridge #11, Jinyu
Road

Bridge #12, Jinyu
Road

Bridge #13, Jinyu
Road

Overpass at Fuxing
Road, Tangshan City

Leizhuang Shahe
River Bridge,
Luanxian County

Hanjiahe Bridge,
Fengnan County

19

20

21

22

23

24

25

No.

Name and Location
of Bridge

IX
Type II

IX
Type I

X
Intact

X
Type III

X
Type III

X
Type III

X
Type III

Intensity,
Type of
Damage

clayey loam

silt and fine sand

Foundation Soil

4 6.6 m R.C. slab. Width of bridge 7+2×0.5 m. Felt
bearings. 2 φ0.5 m column piers and abutments,
stone masonry retaining wall at back of column of
abutment. Height of piers 2.3-2.9 m, height of
abutment: 0.9-1.6 m.

12 11.4 m T-girders at east bank, seven 10.6 m
hollow slabs at west bank. Width of bridge 7+2×
0.75 m. Roller bearings at Pier #6, #12 from east
abutment and felt bearing for the rest. Abutments
and piers were of 2φ 0.7 m columns, height of pier 3
m, height of pier at main channel 4.5 m, and 1.5-2 m
at west over bank. 2φ 0.8 m bored pile foundation.
Stone retaining wall at the back of two column
abutments, Pier #12 located at the change of the
slope of the over bank.

Single span box of monolithic construction, thin
walled pier

One 5.9 m T-girders, gravity abutments.

3 6 m slab bridge, skew 45°. Gravity piers Uabutments.

2 6 m concrete slabs, width of bridge 7 m. Felt
bearings. Gravity pier, U-abutments.

2-span 8 m R.C. slabs, width of bridge 7 m solid
pier, U-abutments.

Structure in Brief

Table 1(a). Continued.

Riverbanks cracked and slid with ejection of water and sand. Approach of
the bridge settled 75-100 cm. Total span length shortened about 1.5 m.
Both abutments tilted 6-7° toward the river. Piers tilted toward the bank
21.3-24°. Circumferencial cracks occurred on joints between the pier
column and the cap beams. Ends of girders extended into embankment: 25
cm at the north abutment, 30 cm at the south abutment. Girders all
dislocated 2-10 cm toward the north.

Water and sand ejected along piles at the west over bank, pile separated by
a width of 1-2 cm from soil ground. At east bridgehead pavement
depressed 120 cm, abutment tilted toward the river, side walls sheared and
displaced about 20 cm along horizontal mortar joints. West abutment
suffered slight damage. Pier #12 was broken under the cap and fell down
toward the west. Top of Pier #11 displaced 80 cm toward east and tilted
15° toward the river, 2-4 cracks at spacing 20-30 cm and with width 20-40
mm occurred at top of column and 50 cm below ground surface. Piers
tilted symmetrically toward span #11. Spans #12, #13 fell down. Girders of
span #11 dislocated 1.05 m toward west. All other girders dislocated
longitudinally and laterally with maximum of 40 cm. Girders displaced
longitudinally toward river center.

Intact.

Slope protection cracked. Horizontal cracks on both abutments otherwise
intact.

Same as Bridge #11.

Slope protection cracked. One horizontal crack 5 cm wide occurred on
each breast wall of both abutments. Otherwise intact.

Slight damage to slope bank. Abutment displaced laterally 1-10 cm and
tilted backward toward the riverbank. Side wall cracked, tilted outward.
Horizontal crack along coping of the bridge seat of abutment. Middle pier
intact.

Damage in Brief

90

Hangu Bridge,
Hangu District

Xiweidian Bridge,
Ninghe County

Zhangfengzhuang
Bridge, Ninghe
County

Badadui Bridge,
Ninghe County

Yanzhuan Bridge,
Ninghe County

Yeli Submersible
Bridge, suburb of
Tangshan City

26

27

28

29

30

31

No.

Name and Location
of Bridge

IX
Intact

IX
Type I

IX
Type I

IX
Type I

IX
Type I

IX
Type II

Intensity,
Type of
Damage

soft plastic clay

mud riverbed
underlain by silty
soil and clayey
loam

topsoil is 3 m mud
underlain by soft
clay; clayey loam
with pebble at
depth below 20 m

Foundation Soil

15 1.6 m circular pipes, width 6.75 m, height 2.5 m.
Pitching of shallow depth of whole riverbed.

Some settlement of embankment at bridgehead. Pipe #8 cracked at the
middle about 1 cm.

Riverbanks cracked at many places, settled and slid with ejection of water
and sand. With the exception of 2 spans at the north bank, all the
remaining 14 spans fell down. Where north ends of girders of 4 spans at
the south bank dropped into river and its south ends displaced
longitudinally toward south and projected out of the piers or lapped over
the dropped girders of preceding spans. Girders of the other 10 spans all
dropped into river. All piers in water collapsed, but piers on bank still
stood without much tilting.

Bored piles cracked and tilted. 11 spans at the middle parts of the bridge
fell down. No fall of 3 spans at the east bank and 2 spans at the west bank.

16 10.7 m slightly curved slabs. 2 φ0.8 m bored pile
piers.
16 10.7 m slightly curved slabs. Width of bridge 6.4
m. Felt bearings. 2φ0.8 m column piers. 2 φ0.9 m
bored piles foundation, depth 10 m

Riverbanks cracked, soil liquefied. Bored piles cracked and tilted. Span #9
at west bank dropped.

Span #4, #5 at west bank fell.

Riverbank cracked and slid with ejection of sand and water. Girders at the
east abutment pushed into the embankment and pavement heaved up 71
cm. At the west abutment pavement depressed 14 cm and several cracks
occurred at a distance 50-60 m from bridge. Total span length shortened
2.1 m with maximum of 1.8 m at east side span. Piers tilted progressively
from the west to east with maximum of 17.3° at east side pier. Piers
cracked at the riverbed with width 1.5-2.0 cm and depth 4.0 cm. Cracks
occurred between the joints of pier columns and cap beams. There was no
discernible tilting of both abutments. The elevation of Pier #5 and
abutment differed by 1.26 m. 8 anchor bolts of fixed bearing at Pier #1 east
bank all sheared and girders extended about 1.8 m into embankment.
Whole bridge displaced toward the east longitudinally with undulation of
bridge deck at many locations. Whole bridge displaced laterally
downstream with lateral dislocation of 23.5 cm between pier and girder on
Pier #6 and dislocation between top and bottom bearing plates.

Damage in Brief

16 10.7 m T-girders. Width of bridge 4.6 m. Roller
bearings on Pier #4, #14 and felt bearings on rest.
Piers and abutments were 2 φ0.8 m columns, height
2.5-9.0 m. 2 φ0.8 m bored piles, depth 8.5 m.

16 10.7 m T-girder. Width of bridge 6 m. Felt
bearings. Single row bored piles.

11 16 m R.C. girders with no diaphragm. Width of
bridge 9+2×1.25 m. Arc steel plate bearings. Piers
and abutments were of 3 columns each φ 0.8 m.
Stone retaining wall at back of columns of abutment.
Height of piers 6-11 m. Piers had tied beams. 2 φ 0.8
m bored piles foundation, depth 24 m.

Structure in Brief

Table 1(a). Continued.
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32

No.

Luanhe River
Bridge, Luanxian
County

Name and Location
of Bridge
IX
Type I

Intensity,
Type of
Damage
sand gravel and
pebble riverbed,
#8-#24 spans on
Taoyuan Fault

Foundation Soil
35-22.2 m T-girders. Width of bridge 7+2×1.0 m.
Arc steel plate fixed bearings at the west side of the
piers: and the R.C. rocker bearings at the east side of
the piers and abutments. One pipeline was placed at
2 m below top of pier upstream. 2 φ1.25 m bored
piles, depth 21-27 m. Stone masonry piers, height
8.8 m, depth of coping 1.5 m. φ1.25 m single
column abutment, height 5.6-7.1 m.

Structure in Brief

Table 1(a). Continued.

Breast wall of abutment tilted toward river levee and cracked by collision,
bridge gore slid about 4-8 cm toward the river with many cracks that were
wide at bottom and narrow at the top. Pavement back of abutment settled
23-26 cm. Many longitudinal cracks occurred on the pavement at the east
bank extending over hundred meters, with width 10-30 cm. Change of
span length of the various spans was not greater than 20 cm, total length of
span altered about 50 cm. At the west bank, except for the side span that
still remained on supports, all the west ends of girders of span #2-#24 fell
down and the end still on pier dislocated 21-50 cm toward the east and 436 cm laterally upstream (north). R.C. rockers were turned over toward
east or dropped. Two side plates of fixed bearing were torn apart laterally
or dropped. Bridge decks of span that did not fall down were in the shape
of steps that were high at the east and low at the west. 12 piers out of 23
dropped, spans collapsed toward east with 2 horizontal circumferential
cracks that occurred 60-120 cm above the top of pile caps. Tilting of piers
that did not fall down was about 3%. Investigation of the test pit at the east
abutment revealed that there were 6 circumferential cracks on the column
at spacing of 0.7-1.2 m, and width 2-3 mm.
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Zhuacun Luanhe
River Bridge,
(Qian'an County)

Lutai Bridge, Lutai,
Tianjin

33

34

No.

Name and Location
of Bridge

IX
Type I

IX
Type I

Intensity,
Type of
Damage

soft saturated gray
silty sand

pebble with sand; rock
outcrop at south bank

Foundation Soil

A total of 9 spans composed of 6+2×12+20 m
simple supported girders symmetrical at each side of
the central span was a 54 m R.C. tied arch. Width of
bridge 7+2×1.5 m. R.C. rocker bearings were used
on main span and steel plate bearings for the other
spans. There were two pile piers at each side of the
central span, each pier was composed of two rows of
piles, vertical for one row and batter 1:8 for another
row; 4 thin walled piers for the intermediate piers,
height 11 m. Cluster concrete pile foundation, depth
about 17 m. High piles under cap.

31-22.2 m T-girders, width of bridge 7+2×0.75 m
Arc steel plate fixed bearings at the north side of the
piers and R.C rockers at the south side of the piers
and abutments. 2 φ1.25 m bored piles, depth 1721 m. Stone masonry piers, height 6.71 m, depth of
pile cap 1.5 m. φ1.25 m single column pier at the
north abutment, height 3.5 m. Stone masonry Uabutment for the south abutment height 7 m.

Structure in Brief

Table 1(a). Continued.

Ground cracks in the same direction as the river occurred on both
riverbanks, which slid. 8 cracks occurred within 51 m on embankment of
Tianjin bank, width 10-20 cm. Subgrade settled 11-17 cm relatively.
Distance between centers of both abutments shortened 1.89 m (upstream)
and 1.64 (downstream), and main spans shortened 1.27 m. Shortening at
Tianjin bank was 0.36 m greater than that at the Tangshan bank. Tilting of
piers: longitudinally, Pier #0-2 toward Tianjin, Pier #4-#9 toward
Tangshan, angle of tilting 0.5-2°; laterally tilting toward upstream side for
piers at the Tianjin bank, toward downstream side for piers at Tangshan
bank, angle of tilting 0.5° for each side. Large relative settlement between
piers with maximum difference in relative elevation of 0.47 m. Pier #1 was
damaged by collision of dropped girders and battered piles were broken by
bending; cracks occurred on the rest of the piles and lateral tie beams.
Main span dropped into river, rocker bearings toppled and crushed. Second
T-girder span on Tangshan side dropped. Longitudinal and lateral
displacements of spans were: 96 cm lateral displacement upstream and 91
cm lateral displacement downstream for 6th span; longitudinal
displacement of 55 cm upstream which was the maximum and 46 cm
downstream for 4th span on Tangshan side forming clockwise twisting;
displacement of 45 cm upstream and 16 cm downstream for 6th span
forming counterclockwise twisting. Ends of girders were pressed or
collided against each other with spalling of concrete and exposure of steel.
Arc plate bearing at 7th span on Tangshan side was twisted by 45°. Bridge
deck displaced laterally.

Pavement back of north bank depressed 40 cm with 3-4 cracks and
maximum width of 50 cm. Total length of the span altered about 20 cm.
South ends of span #10, #11 from south dropped, girders on top of the
piers displaced longitudinally toward north 15-19 cm, displaced laterally
downstream (east) with maximum 10.5 cm. With the exception of Pier #2#8, #27, #28, all R.C. rockers turned over toward north, 70% fixed
bearings were damaged and bridge decks were in step form which was
high in the south and low in the north. Girders displaced longitudinally
toward the north colliding with bed stone of the fixed bearing and the
concrete was locally crushed. Pier #10 collapsed toward north, pile cap
displaced longitudinally 17.8 cm toward south. Piers tilted 2%. Horizontal
circumferential cracks occurred within 1 m below pier bottom. Excavation
and investigation of 12 piers and north abutment revealed that
circumferential cracks occurred within 30 cm of the bottom of the pile cap
and the top of the pile, there were four and half circumferential cracked at
the lower part of piles at the north abutment, width of which 10 mm. 8
spans at the south end suffered slight damage.
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Zhakou Bridge,
Ninghe

Dujiakan Bridge,
Fengnan county

Dujiakan Sluice
Gate Bridge

Wangtu Bridge,
Luannan County

Wangtu Bridge,
Luannan County

Hupao Bridge,
Luannan County

35

36

37

38

39

40

No.

Name and Location
of Bridge

VIII
Type III

VIII
Type I

VIII
Type II

IX
Type IV

IX
Type I

IX
Type III

Intensity,
Type of
Damage

It is at a distance
500 m from Wangtu
Bridge with similar
soil

saturated silt and
fine sand

soft soil

soft soil

Foundation Soil

9 spans of hollow slabs 8.88+7×8.65+8.88 m. Width
of bridge 7+2×0.5 m. Felt bearings. 2φ0.8 m column
piers and abutments. Stone retaining wall at back of
column of abutment. Height of pier 2-5 m 2φ 1 m
bored pile foundation, depth 16 m.

3 8.6 m hollow slab, width of bridge 7+2×0.5 m.
Felt bearings. 2 φ 0.8 m column piers and abutments,
height of pier 3.0 m. Bored pile foundation, depth
14 m. Stone retaining wall at back of column of
abutment.

8 8.6 m hollow slab bridge, width of bridge 7+2×0.5
m. Felt bearings. 2φ0.8 m column piers and
abutments. Stone retaining walls at the back of
columns of abutments. Height of piers 2-6m. 2φ 1 m
bored pile foundation, depth 17 m.

Composite structure of gate and bridge.

4 5.4 m slabs, stone masonry piers and abutments.

2 8 m R.C. slabs, width of bridge 6.0 m. Rubble pier
and abutments.

Structure in Brief

Table 1(a). Continued.

Severe ground cracks occurred on both banks. Embankment settled at
bridgehead, 0.4 m at east bridge head, 1-1.5 m at west one. Both abutments
tilted 4-5° toward the river. Side span shortened 0.9-1.4 m. Girders
extended into embankment: 1.02 m at east abutment, 0.86 m at west
abutment. Not much longitudinal dislocation which was only 2-6 cm of
girders on the pier top. No apparent tilting of piers. Retaining wall of
abutment and gore seriously cracked.

Bridgehead settled: 40 cm in east. 70 cm in west. Abutments slid toward
river center, bridge span shortened: 0.7 m for east side span, 1.2 m for
middle span, and 0.5 m for west side span. East abutment and east side pier
tilted almost equally toward west: 5° for column upstream, and 8° for
column downstream. Many cracks occurred on the column body with
spacing 40-60 cm and width of cracks was 3-8 cm at bottom of the column.
4 diagonal cracks occurred on the cap beam of the west side pier. Girders
of the west side span displaced longitudinally toward embankment and its
east end dropped. Girder of the middle span displaced longitudinally
toward the west with its west end overhanging 1.54 m out of pier top.
Girders of the east side span dislocated 10 cm on the top of abutment.

Severe ground cracks occurred on the both banks, width of crack up to 2
m. The riverbed got shallow and the bank shortened: 215 cm at west side
span, 30 cm at east side span, and 10 cm at the middle spans. Sand and
water ejected in river. Embankment at bridgehead settled about 1 m. Both
abutments tilted toward the river. Piers tilted in increasing amount from
east toward west with maximum of 15°. Circumferential cracks occurred at
joints between column top and cap beam. Retaining wall at abutment
cracked seriously. Ends of girders extended into embankment: 215 cm at
west abutment, 25 cm at east abutment. No dislocation of girders on top of
Pier #4, girders on rest piers displaced longitudinally and symmetrically
toward each bank in increasing amount with maximum of 30 cm.

Riverbanks cracked and slid. Superstructure slightly damaged.

Riverbanks cracked, slid severely. One span fell down. Abutments
cracked.

Bridgeheads at both banks settled about 0.3 m. North abutments displaced
0.35 m toward river center. Span shortened.
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Shaheyi Bridge,
Qian'an County

Guochiying Bridge,
Fengrun County

Lao'andian Bridge,
Ninghe County

Yujialin Bridge,
Hangu District

Dawangfu Bridge,
Wuqing County

41

42

43

44

45

No.

Name and Location
of Bridge

VIII
Type I

VIII
Type III

VIII
Type III

VIII
Type III

VIII
Type III

Intensity,
Type of
Damage

mud and silty
clayey loam on top
and clayey loam
and clay at 9 m
below

sandy soil

Foundation Soil

8 10.7 m T-girders, width of bridge 7 m. Bearings
were felt between galvanized iron plates. 2φ0.7 m
column piers and abutments with stone retaining
wall behind column of abutment and tie beam at 2.4
m below cap beam. Height of piers on the bank and
abutments 1-1.3 m, height of piers in water 4.5-5.6
m.

5.2-13.5 m T-girders, width of bridge 7+2×0.75 m.
Roller bearings on abutments and 6 piers and felt
bearings on the other piers. 2φ 0.8 m column piers
and abutments with lateral tie beams at piers in deep
channel. Height of pier 3.3-9.3 m. Length of pile
18.7-26 m

5 22.2m+(north) 49×14.1 m T-girders. Width of
bridge 7+2×0.75 m. Each group of 7 spans of 14.1
m T-girders had roller bearings at two ends and
felting bearings at intermediate spans. Substructure
for 22.2 m girders: gravity piers and abutments with
low piles under pile caps. Substructure for 14.1 m Tgirders was 2 φ 0.8 m column piers and abutments
with lateral tie beams.

4 10.5 m hollow slabs, width of bridge 7 m. Felt
bearings. 2φ0.9 m bored pile foundation. 2φ0.8 m
column piers and abutments with soil retaining slab
at back of the abutment.

17 10.6 m hollow slabs, width of bridge 7+2×0.75
m. Felt bearings. 2×0.8 m column piers and
abutments with stone masonry gore at the abutment.
Height of pier 3.5 m. 2φ 1 m bored pile foundation.

Structure in Brief

Table 1(a). Continued.

Sand ejected on over the bank, which had ground crack in the same
direction as river. Columns of west abutment and west side pier tilted 2-3°
toward east with circumferential cracks on top of columns. Reversed Vshaped cracks occurred at cap beams below bearings. West side span
lengthened 17 cm, and second span from west shortened 57 cm. Not much
change was observed in other spans. Girders on west side span extended
29 cm into embankment and girders on second span displaced
longitudinally 56 cm toward west, all other girders displaced longitudinally
5 cm toward east. Girders of one span fell down.

Relative settlement between piers and abutments were 17.5-37.5 cm. Total
span length was shortened 19 cm, all occurred at several north spans.
Cracks occurred on top of column. There was a gap 15-20 cm between soil
and pile. Stone masonry breast wall and wing walls of abutments settled,
tilted and cracked, joints between bridge decks all pressed toward west
bank, surface of sidewalk was crushed, girders at west bank were at the
brink of falling down. Bridge displaced laterally 25 cm, most of the roller
bearings on piers dropped with the exception of those on abutments.

Bank cracked and slid with ejection of water and sand. Cracks occurred at
joints between top of columns and cap beams. Bottom of column on
upstream side of Pier #7 from north was badly cracked; soil surrounding
piles of Pier #11 had round cracks. Many cracks occurred on piles within
range from 0.25 m above ground to 2.5 m below ground. Roller bearings
on Pier #25, #46 dropped and the bridge deck was stepped. Ends of girders
at bridgehead were crushed.

Embankment at bridgehead settled 1.5-2.0 m, ground at the west bank
cracked seriously. Column of the abutment tilted toward river and had 4
cracks. Not much change was observed at the east bank. Middle piers
cracked slightly. Side wall behind abutment and bridge gore were broken.
Bearing structure was essentially intact.

Embankment at bridgehead settled 50 cm, both abutments tilted toward the
river. Top of abutment cracked with width about 5 mm. Breast walls and
gore seriously cracked. Piers tilted less than 0.8°. Girders on pier top
displaced longitudinally in amount less than 10 cm. Whole substructure
displaced laterally toward upstream side with shape approximating arc
curve. Side spans shortened in small amounts.
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Nancaicun Bridge,
Wuqing County

Huozhuangzi
Bridge, north suburb
of Tianjin City

Dazhangzhuang
Bridge, north suburb
of Tianjin City

Shizilin Bridge,
Tianjin City

Chenying bridge,
Luanxian County

Sicundian Bridge,
Wuging County

46

47

48

49

50

51

No.

Name and Location
of Bridge

VIII
Type II

VIII
Type III

VIII
Type IV

VIII
Type III

VIII
Type IV

VIII
Type I

Intensity,
Type of
Damage
Foundation Soil

10 6.5 m R.C. slabs, width of bridge 4+2×0.4 m.
Felt bearings, 2φ0.5 m pile piers and abutments.
Height of abutment 0.35 m, height of piers on bank
0.5-1.9 m, height of piers in water 3.3-4.7 m all with
lateral tie beams.

3 12.5 m T-girders, width of bridge 7.0 m. Pile piers
and abutments with single row of two bored piles,
height of pier 2.7 m.

25.8 m pre-stressed concrete single cantilever box
girders for 2 side spans, 45 m for central span.
Width of bridge 18+2×1.5 m. Pile piers of single
row of two bored piles.

21 22.5 m truss arch with slight curved slabs. Width
of bridge 7+2×0.75 m. Pile piers of single-row bored
piles, 2φ1.2 m, depth 22 m.

36 13.5 m T-girders, width of bridge 14+2×0.75 m.
Bearings were felt, roller and elastomeric bearings.
Pile piers composed of single row of 2 bored piles.

5 16 m R.C. simple supported tied arch with Tdiaphragm and slightly curved slab for bridge deck.
Width of bridge 4.5 m. Bearings were felt between
galvanized iron plates. 2 φ 0.7 m column piers and
abutments with lateral tie beam. Height of abutments
1-1.5 m, height of piers 3-3.5m.

Structure in Brief

Table 1(a). Continued.

Embankment at the bridgehead settled about 1 m. Soil retaining slab and
pile column of abutment slid and tilted toward the river with ejection of
sand in river. Total span length shortened 1.9 m; 8 cm for middle span,
greater for side spans. Pier #1, 2# at west bank tilted about 1° toward west
and the other 7 piers tilted increasingly 1.8°-18.5° from west toward east.
Circumferential cracks 2-3 cm wide occurred on piles at ground level. Slab
extended 78 cm into embankment of the east abutment. Slabs on top of the
4 piers at the east displaced no greater than 6 cm toward west. Bearing
deck was stepped.

Cracks occurred at slope protection and pile piers.

Superstructure was intact, pile piers slightly cracked.

No change of the riverbank and span was observed. Slight cracks occurred
on the pile piers. Superstructure was essentially intact. Expansion joints on
the bridge decks were damaged. End posts of #3, #4 truss arches at the
north bank were sheared and displaced.

Pile foundation of the old bridge was essentially intact. Many cracks
occurred on piles of the new bridge. Roller bearings dropped. Bearing
structure was intact. Aseismic blocks were destroyed by the earthquake.
Bridge deck on top of Pier #19 was crushed.

Ground crack occurred on west bank in the same direction as river.
Pavement behind abutment depressed 20-30 cm and the width of the crack
was 0.6 m at a distance of 20 m. Severe ejection of water and sand
occurred on both riverbanks. West side span shortened 74 cm and the
second span 1.4 m. Not much change of span was observed in the 3rd and
4th spans. East side span shortened 31 cm. Tilting of abutments toward the
river: 18° toward east for west abutment, 7° toward west for east abutment.
Tilting of piers: 4.6° toward east for Pier #1, and 4.5-5.9° toward west for
all other piers. East ends of girders of 2 spans at west side dropped into the
river and its west ends projected 90-110 cm out of the piers and abutment
toward west. Arch on the east abutment extended 25 cm into embankment,
all the other arches on top of the piers displaced longitudinally 2-3 cm
toward west.
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Jituo Bridge, Laoting
County

Yonghecun Bridge,
east suburb of
Tianjin City

Nandapeigan Bridge,
Tanggu

Meihe River Bridge,
Ninghe County

Xiaoxinhe River
Bridge, Ninghe
County

Chaobaihe River
Bridge, Baodi
County

Bridge #1, Jintang
Highway

Quhuangdian
Bridge, Luannan
County

Anniudian Bridge,
Luannan County

52

53

54

55

56

57

58

59

60

No.

Name and Location
of Bridge

VIII
Intact

VIII
Intact

VIII
Type III

VIII
Type II

VIII
Type II

VIII
Type I

VIII
Type I

VIII
Type I

VIII
Type II

Intensity,
Type of
Damage

sandy clay

sandy clay

soft soil

saturated fine sand

Foundation Soil

6 10 m voided slabs. Other structural aspects are the
same as for the Quhuandian Bridge.

9 10 m voided slabs, felt bearings. Slabs connected
to cap beams vertically with bolts. 2 φ0.8 m column
piers, 2 φ1.0 m bored piles, depth 18 m. No breast
wall on abutments.

5 16.6+5 m T-girders, width 7+2×1.5 m. Arc plate
bearing at one end, rocker bearing at the other end.
Pile piers of two-row R.C square piles.

73 10.7 m T-girders, width 7+2×0.75 m. Felt
bearings. Piers and abutments of 2 columns, 2 φ
0.6 m single-row bored piles foundation.

2 6+6×10.7 m T-girders, width 7 m. Felt bearings.
Pile piers and abutments of 2 piles, 2φ0.8 m bored
piles foundation.

6 8.7 m T-girders, width 7+2×0.75 m. Felt bearings.
Piers and abutments of 2 columns, single-row bored
piles.

6 8.7 m T-girders, width 7+2×0.75 m. Felt bearings.
Piers and abutments of 2 columns.

34 13.5 m T-girders, width 7+2×0.75 m. Felt and
roller bearings. 2φ0.8 m column piers and
abutments, single-row 2φ0.8 m bored piles, depth
17-31 m.

3 8.6 m hollow slabs, skew 45°, width 7+2×0.75 m.
Felt bearings. 2φ0.6 m column piers and abutments
with R.C. retaining slab behind the column of
abutment. Height of abutments 1.8-2.3 m, height of
piers 3.1 m, 2φ 0.7 m bored piles 3.1 m in length.

Structure in Brief

Table 1(a). Continued.

Intact.

Intact.

Tilting of 16 rocker bearings, pile piers shifted toward the river. Span
shortened.

Longitudinal and lateral displacements of the bridge deck. Serious cracks
occurred on columns.

Bridge deck twisted and displaced laterally 19-28 cm. Columns cracked.
Constriction of riverbed was 29 cm.

Riverbanks cracked and slid, columns tilted and fractured.

Fall of one span at the west bank.

17 spans collapsed by impact of ice before the earthquake. 2 spans fell
down during the earthquake.

Both abutments tilted about 8° toward the river center, pier tilted about
1.7° with large amount of horizontal twisting for both piers and abutments,
upstream column tilted toward south, downstream column tilted toward
north with unequal tilting for each. Top of columns were crushed and
many circumferential cracks occurred on the column body. Slab on
abutment at the west bank extended 41-131 cm into embankment. Slabs on
the north abutment dislocated 43 cm laterally. Slabs on piers displaced 516 cm longitudinally and laterally. There was a large amount of horizontal
twisting of the bridge deck.
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Dagang Bridge,
Laoting County

Dakan Bridge,
Fengnan County

Heiyan Bridge,
Fengnan County

Bayongzhi Bridge,
Bogezhuang

Zhengjiazhuang
Bridge

Wupaigan Bridge,
east of Bogezhuang

Tangjiahe Bridge,
Laoting County

Yanzhuang Bridge,
Laoting County

Xiwangzhuang
Bridge, Laoting
County

61

62

63

64

65

66

67

68

69

No.

Name and Location
of Bridge

VIII
Type III

VIII
Type III

VIII
Type III

VIII
Type II

VIII
Type III

VIII
Type IV

VIII
Type III

VIII
Type III

VIII
Type II

Intensity,
Type of
Damage

sand, clay

clayey loam

clayey loam

Foundation Soil

3 5.7 m voided slabs, width 6.5+2×0.15 m. Angle of
skew 45°. Felt bearings. Stone masonry piers and
abutments on spread foundation. Rubble pitching of
riverbed under bridge.

3 5.6 m voided slabs. Felt bearings. Stone masonry
piles and abutments, height 1.5 m

3 3.5 m voided slabs, width 6.5 m Felt bearings.
Stone masonry piers and abutments, height 1.4 m
Spread foundation.

4 5.6 m voided slabs, total length 22.6 m. Width of
bridge 7+2×0.4 m. Angle of skew 45°. Felt bearings.
Gravity stone masonry piers and abutments, height
1.7 m, depth 2.5 m.

8 10.0 m T-girders. Felt bearings. Pile piers of single
row of 2 bored piles.

5 6.6m slabs. Felt bearings. Pile pier of single-row
of 2 bored piles.

T-girders. Pile pier of single row of 2 bored piles.

8 11.4 m T-girders. Felt bearings. Pile pier of singlerow 2 bored piles.

8 4.5 m slabs. Felt bearings. Shallow buried pre-cast
piers of two columns.

Structure in Brief

Table 1(a). Continued.

Water ejected on riverbank, riverbed was raised with 0.5 m upheaval of
pitching. Sand ejected along bridge which was silted up. Piers tilted 0.21.8°. Vertical stepped cracks occurred at Pier #1. Middle piers were raised.
Slabs slightly dislocated. Slabs on west side of expansion joint dislocated
toward north and slabs at east side dislocated toward south, expansion joint
dislocated 1.5-3.0 cm. There was twist of slabs.

Bridge span lengthened 0.93 m. Mid pier settled 0.15 m. Two abutments
settled relatively 0.35 m. Superstructure was slightly damaged and
dislocated.

Riverbank contracted 1.8 m, whole bridge uniformly settled 1.0 m. There
were longitudinal and lateral dislocations. Longitudinal dislocation was 1.0
m for north abutment, 0.8 m for south abutment. Lateral dislocation was 510 cm.

Abutments were parted from wing walls by cracks. Relative settlement of
piers and abutments: 10.7 cm for east abutment, 23.5 cm for west
abutment. Curbstones on top of Pier #1 were parted at the expansion joint.
East end of the girders of span #2 were cracked, width of crack 2 cm, and
east end dislocated upstream and west end dislocated downstream for an
amount of 1.5 cm, crack occurred at acute angle of slab and was an
indication of twist of girders.

Piles of piers and abutments tilted. Top of piers and breast walls of the
abutments cracked. Expansion joints at the ends of girders were pressed
tightly together. Girders dislocated longitudinally and laterally.

Tilting and crack of pile pier.

Tilting and crack of pile pier.

Abutment slid toward river, pile pier cracked at the construction joint.
Longitudinal relative dislocation of girders and piers occurred.

Serious tilting of piers, superstructure dislocated longitudinally.
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Yueze Bridge, west
of Laoting Town

Rainbow Bridge,
Changli County

Shiqiao Bridge,
Baodi County

Dayang-huang
Bridge, Baodi
County

Jintang Bridge,
Tianjin City

Anniudian Bridge,
Luannan County

Baiguantun Sluice
Gate Bridge

Changzhuang
Bridge, Laoting
Counting

Nanyinmahe River
Bridge, Changli
County

70

71

72

73

74

75

76

77

78

No.

Name and Location
of Bridge

12 11.4-m T-girders, width 7+2×0.75 m. Roller
bearings on abutments and Pier #6 and felt bearings
on the other piers. 2φ1-m bore pile foundation, depth
12-16 m. Column piers and abutments of 2φ0.8-m
columns. Height of piers about 4-5 m.

VII
Ty[e IV

13 10 m composite structure of T-girders and arch.
Gravity piers and abutments. Pitching of riverbed.

2×6-m solid slabs, felt bearings, stone masonry piers
and abutments, spread foundation.

3 20.26 m steel stringers, caisson foundation.

2 4.5 m concrete slabs, mortar bond rubble piers and
abutments.

5 4.0 m concrete slabs, mortar bond rubble piers and
abutments.

Four spans of 6.0 m voided slabs +8 spans of 7.0 m
T-girders, width 7+2×0.45 m. Felt bearings. Stone
masonry piers and abutments, height of piers 3.554.15 m, height of abutments 3.6-4.2 m. Spread
foundation, depth 1.5 m for Piers #1-3, with 4
bottom strut beams. Wooden pile foundation for
Piers #4-6 at south, piles of φ0.18 m, length 6 m, and
23 wooden piles for each pier.

7 3.5 m continuous beams. Width of bridge 6.0 m.
Concrete solid piers, spread foundation, height of
piers 2.8 m. Pitching of riverbed.

Structure in Brief

6 3-m solid slabs. Pile piers of single-row 2 bored
piles. Piles shallowly embedded. Stone masonry
piers and abutments.

surface soil was
clayey loam with
fine sand
underneath

sandy clay

clayey loam

Foundation Soil

VIII
Type II

VIII
Type IV

VIII
Intact

VIII
Type IV

VIII
Type II

VIII
Type II

VIII
Type III

VIII
Type III

Intensity,
Type of
Damage

Table 1(a). Continued.

Slight cracks occurred at the joints between the cap beams and columns.
Bridge gore settled 12 cm and cracked, gap of 1-2.5 cm occurred between
piles and surrounding soil.

Water and sand ejected in the river. Piers and abutments settled
symmetrically, maximum at two abutments, difference of elevation
between bridge center and 2 abutments was 1 m. Piers tilted all toward the
same bank. Not much dislocation of slabs on the pier top. Bridge deck
deformed in arch shape.

Riverbank slid, arch springing settled, side wall cracked, upheaval of
pitching.

Abutments tilted and slid toward the river, breast wall displaced toward
embankment. Slabs on top of middle pier displaced about 10 cm
longitudinally toward east.

Piers and abutments cracked.

Piers and abutments cracked and settled.

Pitching of the riverbed deformed and dislocated. Horizontal crack
occurred at the breast wall of abutment, width of crack 5 cm.
Superstructure was essentially intact.

Pitching of the riverbed was deformed and dislocated, Pier #4 at the middle
of the bridge was plumb, piers on the south side tilted 1-6° toward south,
south abutment tilted 42° toward north, pier at north side tilted 0.8-1.2°
toward north, north abutment tilted 0.5° toward south. Abutments had a
relative settlement of 0.1-0.3 m. Superstructure essentially intact.
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Xiyinmahe River
Bridge

Yanghe River
Bridge, Funing
County

Mengliuhe River
Bridge, Lulong
County

Cheyuanzhai Bridge,
Qian'an County

Beishahe River
Bridge, Qianxi
County

Xinzhuangzi Bridge,
Qianxi County

Baimiaozi Bridge,
Qianxi County

Xianfeng Bridge,
Qianxi County

79

80

81

82

83

84

85

86

No.

Name and Location
of Bridge

VII
Intact

VII
Intact

VII
Intact

22 16.8-m slightly curved slabs, width 7+2×0.75 m.
Piers of 2 columns. Stone masonry U-abutments.
Height of piers 3.5-5.0 m. Tangential steel plate
bearings. Single-row bored piles.

8 10.6 m voided slabs: width 7+2×0.75 m. Piers of 2
columns. Stone masonry U-abutments, single-row
bored pile foundation. Felt bearings.

10 10.6-m voided slabs, width 7+2×0.75 m. Column
piers and abutments of 2 φ0.8-m columns, height of
piers about 3.5 m. Single-row bored pile foundation.
Felt bearings.

17 10.6-m voided slabs, width 7+2×0.75 m. Column
piers and abutments of 2 φ0.8-m columns, height of
piers 1.5-3.0 m, height of abutments 1.5 m, 2 φ1m
bored piles, depth 10 m, felt bearing.

VII
Type IV

4 10.6-m voided slabs, width 7+2×0.75 m. Column
piers and abutments of 2 φ0.8 m columns with stone
retaining wall behind. Height of piers 3-3.5 m.
Single-row bored piles. Felt bearings.

8 20 m T-girders, width 7+2×0.75 m. Movable
rocker bearings. Piers and abutments were 2 φ 0.8-m
columns with lateral tie beam 4 m below cap beam.
Stone retaining wall at back of abutments. 2 φ1m
bored piles foundation.

12 10-m voided slabs. Width 7+2×0.75 m. Type of
bridge same as bridge above. Column piers and
abutments of two 2 Φ0.8-m columns with stone
retaining wall behind abutments. 2 φ1.0 m bored pile
foundation.

Structure in Brief

5 10.0-m voided slabs, width 7+2×0.75 m. Column
piers and abutments of 2 φ0.8 m columns with stone
retaining wall behind abutments. Height of piers
3.5-5.6 m, height of abutments 2.7-3.4 m. 2 φ1.20 m
bored piles. Lateral tie beams 4 m below cap beams.
Elastomeric bearings.

Foundation Soil

VII
Type III

VII
Type III

VII
Type III

VII
Type IV

Intensity,
Type of
Damage

Table 1(a). Continued.

Side walls of abutments cracked. Slight displacement of abutments.
Otherwise intact.

Side walls of abutments settled and cracked.

Bridge gore of abutments settled and cracked. Otherwise intact.

Horizontal crack occurred at the wing wall of the south abutment near the
cap of abutment, 4 vertical cracks occurred at the front wall. Breast wall
was pressed against the end of slab but with no cracks. North abutment and
piers intact.

Ground crack of width up to 1 m occurred near north abutment,
embankment at bridge head settled 1.4 m, slab on north abutment
dislocated 46-51 cm toward embankment. Column of abutment tilted 35°
toward the river and about 1° laterally. Wing wall of stone masonry
retaining wall cracked vertically and parted seriously. Two vertical cracks
occurred on the front wall, and slight crack occurred at 60 cm below cap
beam. Stone retaining wall at the south abutment cracked slightly, piers
tilted 0.4-1.1° toward south.

Slight displacement of slab of side span with widening of expansion joints.
Breast walls of abutments cracked by collision, severe at the north
abutment and slight at the south abutment. Top of columns cracked
slightly, slight cracks occurred at joining parts of piles and columns.

Pavement at the bridgehead of two banks depressed 30 cm, abutments were
pushed toward the river and breast walls cracked by push. Rocker bearings
on two abutments tilted toward bank and rocker bearings on piers tilted
with different directions. Not much longitudinal and lateral dislocations of
T-girders.

Slight crack on the stone retaining wall behind the column of abutment.
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Wangzhudian
Bridge, Qianxi
County

Luanhe River
Bridge, Qianxi
County

Hongjiatun Bridge,
Zunhua County

Qinglong-wan
Bridge, Ninghe

Badaogu Bridge,
Baodi

Madao Bridge,
Wuqing

Xinkai Bridge,
Yangcun, Wuqing

Xiaoshizhuang
Bridge

Daozuo Bridge #1

87

88

89

90

91

92

93

94

95

No.

Name and Location
of Bridge

VII
Type IV

VII
Type IV

VII
Type IV

VII
Type III

VII
Type III

VII
Type III

VII
Intact

VII
Type IV

VII
Intact

Intensity,
Type of
Damage

sand pebble

Foundation Soil

2 8.0 m slabs, width 7 m. Piers and abutments of two
columns. Single-row bored piles. Felt bearings.

18 12.0-m slabs, width 7+2×1.0 m. Piers and
abutments of two columns. Stone retaining wall.
Single-row bored piles. Felt bearings.

4 13.5-m slabs, width 9+2×1.5 m. Piers and
abutments of two columns. Single-row bored piles.

7 14.1-m slightly curved slabs, width 7+2×0.75 m.
Piers and abutments of two columns. Single-row
bored pile foundations.

17 14.8-m T-girders, width 7+2×0.75 m. Column
piers and abutments with 2 φ0.8 m columns. Singlerow bored pile piers, depth 18.3 m. Felt bearings.
Roller bearings at the river center side of Pier #45.

7 14.1-m T-girders, width 7+2×0.75 m. Piers and
abutments of 2 columns with lateral tie beams.
Single-row bored piles. Tangential plate bearings.

40 10.0 m voided slabs, width 7+2×0.75m. Column
piers and abutments of 2 φ0.8 m columns, heights of
piers 3.5-4.5 m. Stone retaining wall behind the
column abutments. Felt bearings. Single-row bored
pile foundation.

30 22.2-m T-girders, width 7+2×0.75 m. Light piers
of 2 φ1 m columns with lateral diaphragm 40 cm
thick, height about 6 m. Gravity stone abutments. 2φ
1.2 m bored piles foundation at the over bank and
caisson or bored piles foundation in the main
channel. Arc steel plate used for fixed bearing at the
west side of piers, and rocker bearing at the east
side.

8 10.6-m voided slabs, width 7+2×0.75 m. Piers of 2
columns, stone masonry U-abutments. Single-row
bored piles. Felt bearings.

Structure in Brief

Table 1(a). Continued.

Spalling of concrete occurred at the cap of the east abutment.

Spalling of concrete occurred at the edge of the cap of Pier #3 with
exposure of reinforcement. North abutment cracked by pushing. Rubble
retaining wall settled.

Ends of girders at the downstream side of span #2 at the east bank cracked
by pressing.

Inverted V-shaped cracks occurred at the cap beams of Pier #3 from the
north under bearings.

Piles at both banks tilted toward bank, roller bearings dropped out. Girders
displaced longitudinally and laterally with longitudinal displacement of 18
cm. Local crushing of the ends of the girders and cap beams. Piles parted
10 cm from surrounding soil and there was ejection of water and sand.

Girders on abutment on Tianjin side displaced 5 cm longitudinally toward
the river. Pull out of the felt bearings. Local crushing of the cap beams.
Vertical cracks occurred at the joints between tie beams and columns.

Intact.

Rocker bearing under the north side girder on the side pier on the west
bank displaced 4-5 cm laterally toward the north. South side plate
loosened, rocker bearing on the west abutment tilted slightly toward the
bank. West bridgehead settled and cracked. Slight horizontal cracks
occurred at the joints between the east abutment pier columns and piles.
Fine cracks occurred at the joints between the column top and cap beams.
Otherwise intact.

Side walls of abutments cracked.
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Ningchegu Bridge,
Tanggu

Jinzhonghe River
Bridge, east suburb
of Tianjin City

Dongditou Huabei
Bridge, north suburb
of Tianjin City

Yinhe River Bridge,
north suburb of
Tianjin City

Xiaosunzhuang
Bridge west suburb
of Tianjin City

Wanjiamatou
Bridge, west suburb
of Tianjin City

Ziyahe River Bridge,
west suburb of
Tianjin City

Xianqi #2 Bridge

Xianqi #7 Bridge,
south suburb of
Tianjin City

Dongfeng Bridge,
south suburb of
Tianjin City

96

97

98

99

100

101

102

103

104

105

No.

Name and Location
of Bridge

Dislocation of 3-6 cm between girders and piers. Felt bearings pushed out

71 14.5-m T-girders, width 7+2×0.75 m. Piers of 2 φ
0.7 m columns, height 2.5 m. 2 φ0.9 m bored piles.
Felt bearings.

VII
Type IV

Joint between old and new bridge decks cracked with width 7 cm and the
difference in elevation 4 cm. Top of columns cracked. At south abutment,
pavement at its joint with slab heaved 5 cm.

Slight damage.

Roller bearings under 2 side girders dropped out and intermediate bearings
were displaced laterally. Piles were separated by 3-5 cm from surrounding
soil.

Concrete at the side of side girders of Pier #1, #2 were spalled and
reinforcement exposed.

Concrete at the girder ends of 3 spans spalled, felt bearings pulled out.

Top of column cracked, girders dislocated 1 cm laterally. Gap between the
girders on the roller bearings on Pier #9 from the north bank was widened
by 4.5 cm.

Vertical cracks occurred at the ends of girders at the support of the south
abutment. Otherwise intact.

South end of span #9 displaced 25 cm longitudinally toward the south and
laterally 41 cm toward the east. South end of span #27 displaced laterally
31 cm toward the west. North end of span #28 displaced 51 cm laterally
toward the west, dislocated 20 cm longitudinally. Drop of roller bearings,
column top cracked. Round crack of soil surrounding piles and separation
of pile from surrounding soil.

Damage in Brief

Joint between old and new bridge decks cracked with width 4 cm and
difference in elevation 5 cm. Bridge deck crushed locally.

Skew bridge with 2 7.86+8-m voided slabs, width
12.3 m. Twin-column piers. Bored pile foundation.
Felt bearings.

6 16.0+33.0-m T-girders, width 7+2×1.5 m.

73 14.1-m T-girders, width 7+2×0.75 m. Piers and
abutments of 2 columns. 2 φ0.9 m bored piles. Felt
bearings.

2 7.83+5 15.0+2 8.3+8.08 m T-girders, width 12+2×
0.75 m. Piers of 3 columns, height 2.5 m. 3 φ1.20-m
bored piles.

34 13.5-m T-girders, width 14+2×0.75 m. Twincolumn piers and abutments. Single-row bored piles.
Felting bearings.

36 13.5 m T-girders, width 7+2×0.75 m. Piers and
abutments of 2 columns, 2 φ0.8-m bored piles. Felt
and roller bearings.

6 17.0 m. T-girders, width 15+2×1.0 m. Piers of
multiple columns. 2 φ0.8 m bored piles. Elastomeric
bearings.

36 13.5-m T-girders, width 4.5 m. Piers and
abutments of 2 columns. 2 φ0.8 m single-row bored
piles. Felt bearings.

Structure in Brief

West 4 5.8-m, east 2 7.8-m voided slab skew bridge,
width 14.4 m. Pile piers of square piles, column
piers and border piles. Felt bearings.

pebble with sand

Foundation Soil

VII
Type III

VII
Type III

VII
Type IV

Vii
Type III

VII
Type IV

VII
Type IV

VII
Type IV

VII
Type IV

VII
Type II

Intensity,
Type of
Damage

Table 1(a). Continued.
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Beiweidi Bridge,
south suburb of
Tianjin City

Xiliucheng Bridge,
Jinhai County

Hongfangzi Bridge,
Laoting

Bali Bridge, Laoting

Sandaohe Bridge,
Laoting County

Erdaohe Bridge,
Laoting County

Datanghe River
Bridge,
Qinhuangdao

Xiaotanghe River
Bridge,
Qinhuangdao

Chitushan Bridge,
Qinhuangdao

Nanyanghe River
Bridge, Funing
County

106

107

108

109

110

111

112

113

114

115

No.

Name and Location
of Bridge

VII
Intact

VII
Intact

VII
Intact

14 11.4 m slightly curved slabs. Felt bearings. Pile
piers of single-row 2 bored piles.

10 6.8 m R.C. slabs, pile piers of single-row piles,
bored piles. Felt bearing.

5 10 m slightly curved slabs. Substructure same as
Datanghe River Bridge. Felt bearings.

10 10 m slightly curved slabs. Diaphragms at the
ends of slabs were connected logitudinally by φ32
bolts through holes in diaphragms, slabs connected
to cap vertically by bolts. Pile piers of 2 φ1.0 m
piles, height 5.0 m. There was pitching of the
riverbed with mortar bond rubble masonry,
thickness 0.8 cm.

VII
Intact

4 6.6 m slabs, pile piers of 2 piles, single-row bored
piles. Separate retaining wall. Felt bearings.

4 6.6 m voided slabs, width 7 m. Piers and
abutments of 2 φ0.6 m columns with R.C. soil
retaining slab at the back of the abutments. 2 φ0.7 m
bored piles. Felt bearings.

5 6.6 m voided slabs, width 7 m. Piers and
abutments of 2 φ0.6 m columns with R.C. soil
retaining slab at the back of the abutments. 2 φ0.7 m
bored piles. Felt bearings.

61 13.5 m T-girders, width 7 m. Column piers and
abutments of 2 φ0.7 m columns. 2 φ0.8 m bored
piles.

6 16.0-m T-girders, width 9+2×0.75 m. Piers of two
columns. Single-row bored piles. Elastomeric
bearings.

Structure in Brief

2 6.6 m slabs, pile piers of 2 piles, single-row bored
piles. Separate retaining wall. Felt bearings.

silty fine sand

silty fine sand

Foundation Soil

VII
Intact

VII
Intact

VII
Type III

VII
Type III

VII
Type III

VII
Type IV

Intensity,
Type of
Damage

Table 1(a). Continued.

Intact.

Substructure was corroded by seawater with spalling of concrete.
Superstructure intact.

Intact.

Intact.

Intact.

Intact.

Both abutments tilted 3-5° toward the river center. Front wall of soil,
retaining slab bulged toward river, slab was fractured.

Pier #2 from north settled visibly, bridge deck was depressed. Wing wall
of soil retaining slab at the north abutment cracked slightly. Slab on the
north abutment extended 74 cm into embankment. South abutment intact.

This bridge was originally defective due to long length, high pier, and
slender columns. Joints between lateral tie beams and columns cracked.
Piers displaced 35 cm longitudinally and laterally. Many cracks distributed
uniformly on columns of piers above ground, maximum width up to 2.5
cm.

Elastomeric bearings on Pier #2 from east displaced 3 cm.

Damage in Brief
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Xiyanghe River
Bridge.

Nanshahe River
Bridge, Zunhua
County

Lihe River Bridge,
Zunhua County

Pinancheng Bridge,
Zunhua County

Guohe River Bridge,
Zunhua County

Beidaihe Bridge,
Qinhuangdao

Mengtuandi Bridge,
Lulong County

Xiapandian Bridge,
Qian'an County

Wuli Bridge, Zunhua
County

Yinzhuang Bridge,
Qian'an County

Huanguanying
Bridge, Qian'an
County

Panjiakuo Luanhe
River Bridge

Liutianzhuang
Bridge, Lulong
County

116

117

118

119

120

121

122

123

124

125

126

127

128

No.

Name and Location
of Bridge

16 6.0 m slabs skew 45°. Stone masonry piers and
abutments, height about 2.6 m. Pitching of riverbed.
Felt bearings.

VII
Intact

11 6.0 m slabs skew 45°. Stone masonry piers and
abutments, height about 3.2 m. Felt bearings.

9 6.0 m slabs skew 30°. Stone masonry piers and
abutments, height about 2.5 m. Felt bearings.

4 10.0 m voided slabs. Stone masonry piers and
abutments.

5 6.0 m slabs. Stone masonry piers and abutments.

5 6.0 m slabs. Stone masonry piers and abutments.

5-span R.C. bridge with double cantilever girders
with suspended span monolithically poured in place.
Solid separate piers with buried rocker bearings.

12 6.6 m slabs, pile piers of single-row 2 piles,
bored piles. Felt bearings.

12 10.6 m voided slabs. Felt bearings. Pile piers of
single-row piles, bored piles.

19 10 m voided slabs. Felt bearings. Pile piers of
single-row 2 piles, bored piles.

16 6 m slabs. Felt bearings. Pile piers of single-row
2 piles, bored piles.

19 10 m voided slabs. Felt bearings. Pile piers of
single-row 2 bored piles.

Structure in Brief

37+4 55.3 m continuous steel truss bridge at the
west bank. 3 22.5 m simple supported steel plate
girders at the east bank. R.C. solid piers, height
about 20-25 m. Arc steel plate bearings rocker
bearings.

Foundation Soil

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

Intensity,
Type of
Damage

Table 1(a). Continued.

Side walls of abutments and slope protection cracked. Embankment at
back of abutments settled.

Intact.

Intact.

Intact.

Intact.

Superstructure was intact, side walls of abutments settled and cracked.

Intact.

One minor crack at the construction joint occurred at 0.8 m and 1.6 m
under pier. Crack was apparent on one side longitudinal to the bridge and
not apparent on the other side. Superstructure was intact.

Intact.

Intact.

Intact.

Intact.

Intact.

Damage in Brief
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Shuang-fenghe River
Bridge, Fengrun
County

Balizhuang Bridge,
Yutian County

129

130

No.

Name and Location
of Bridge

VII
Type III

VII
Type III

Intensity,
Type of
Damage
Foundation Soil

3 6.0 m slabs. Stone masonry piers and abutments.

5 6.0 m slabs. Felt bearings. Stone masonry piers
and abutments.

Structure in Brief

Table 1(a). Continued.

Slope protection at abutments cracked.

Side walls of abutments cracked. Slabs displaced longitudinally. Ends of
slabs were pressed tight with local crushing of concrete.

Damage in Brief
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Table 1(b). Summary of earthquake damage to wooden bridges.

No.

Name and
Location of
Bridge

Intensity,
Type of
Damage

Foundation
Soil

Structure in Brief

Damage in Brief

1

Houbianzhuang
Bridge

XI
Type I

7 spans, total length 32 m, width of
bridge 3.4 m.

Displacement of bridge as a whole. Tilting.
Collapse of one bridge deck.

2

Douhe Water
Pipe Bridge

IX
Intact

9 spans, total length 38 cm, width of
bridge 2.0 m. Wooden pile piers.

Main structure intact, cracks occurred only at
side walls.

3

Xiaojji Bridge

IX
Type I

28 5.326=157.7 m.

Several ground cracks behind abutment on
Xiaoji side. Abutments tilted toward the river,
slid, and parted for a distance of 1.5 m. 11
middle spans fell down, altogether 20 spans
collapsed. Severe deformation of entire bridge.

4

Hongqi Bridge

VII
Intact

2-span pedestrian bridge.

Essentially no damage.

5

Funu Bridge

VII
Intact

4-span pedestrian bridge.

No damage.

6

Yahong Bridge

VIII
Type II

11 5.7 to 6.8 m spans, total length
122 m.

Deformation of wooden pile bent,
discernible damage to superstructure.

7

Quhuangdian
Bridge

VIII
Type II

12 4.4 m spans, total length 53.4 m.

Wooden pile bents deformed and settled.
Undulation of bridge deck.

8

Anniudian
Bridge

VIII
Type I

11 3.7 m spans, total length 46.3 m.

Beams of one span fractured, tilting of 3 pile
bents, deformation of bridge deck.

9

Xiaoshuantuo
Bridge

VIII

10

Jiaoliu Bridge

VIII
Type II

11

Huangtuo Bridge

Type II

12

Weizhuang
Bridge

13

no

Pavement at bridgehead settled about 1.0 m,
no tilting of wooden retaining wall.

7 5.5 m spans, total length 40 m.

Pile bents deformed, displacement of bridge
deck.

Type II

6 5.0 m spans, total length 30 m.

Pile bents tilted.

Huanggezhuang
Bridge

Type I

9 4.5 m spans, total length 44.7 m.

Pile bents tilted.

14

Bijiakou Bridge

Type II

12 5.2 m spans, total length 68 m.

8 spans collapsed.

15

Huangkou
Bridge

Type II

18 4.5 m spans, total length 81 m.

Piles tilted and settled, undulation of bridge
deck.
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Table 2(a). Classification of earthquake damage to bridges in X-XI intensity zones.
Type of
Damage

Name of Bridge

Nos.

Percentage
of Bridges
in the Area

Percentage
of Bridges
Investigated

Type I

Shengli Bridge, Nuzhizhai Bridge, Xiazhuang Bridge,
Daodicun Bridge

4

17.40%

3.10%

Type II

Daodi Bridge, Yuehe River Bridge, Quzhuang Bridge,
Dazhong Bridge, Power Plant Bridge, Power Plant Qiyi
Bridge, Houtun Submersible Bridge

7

30.40%

5.38%

Type III

Zhaogezhuang Bridge, #11, #12, #13 Bridges on Jinyu Road,
Steel Plant Bridge

5

21.70%

3.84%

Type IV

Xiyao Bridge, Leizhuang Bridge, Huaxin Sluice Gate Bridge

3

13.00%

2.31%

Type V

Chengzizhuang Submersible Bridge, Donggezhuang Sluice
Gate-Bridge, Fuxing Road Overpass, Huaxin Bridge

4

17.40%

3.07%

Table 2(b). Classification of earthquake damage to bridges in IX intensity zone.
Type of
Damage

Name of Bridge

Nos.

Percentage
of Bridges
in the Area

Percentage
of Bridges
Investigated

Type I

Luanhe River Bridge in Luanxian County, Luanhe River
Bridge in Zhuacun, Leizhuang Shahe River Bridge,
Yanzhuang Bridge, Zhangfengzhuang Bridge, Xiweidian
Bridge. Badadui Bridge, Lutai Bridge, Dujiakan Bridge

9

64.30%

6.92%

Type II

Hanjiahe Bridge, Hangu Bridge

2

14.3%

1.53%

Type III

Zhakou Bridge

1

7.10%

0.77%

Type IV

Dujiakan Sluice Bridge

1

7.10%

0.77%

Type V

Yeli Submersible Bridge

1

7.10%

0.77%
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Table 2(c). Classification of earthquake damage to bridges in VIII intensity zone.
Type of
Damage

Name of Bridge

Nos.

Percentage
of Bridges
in the Area

Percentage
of Bridges
Investigated

Type I

Wangtu Bridge, Nancaicun Bridge, Yanghecun Bridge,
Dawangfu Bridge, Nandapaigan Bridge

5

12.80%

3.84%

Type II

Wangtu Major Bridge, Sicundian Bridge, Shiqiao Bridge,
Dayangzhuang Bridge, Meihe River Bridge, Xiaoxinhe River
Bridge, Chaobeihe River Bridge, Jituo Bridge, Dagang
Bridge

9

23.10%

3.92%

Type III

Huopao Bridge, Dazhangzhuang Bridge, Dakan Bridge,
Guochiying Bridge, Shaheyi Bridge, Zhenying Bridge,
Yujialing Bridge, Zhengjiazhuang Bridge, Tangjiahe River
Bridge, Huozhuang Bridge, lao'andian Bridge, Heiyanzi
Bridge, Wupaigan Bridge, Xiwangzhuang Bridge, Yueze
Bridge, Rainbow Bridge

16

41.00%

12.31%

Type IV

Huozhuangzi Bridge, Shizilin Bridge, Baiguantun Sluice
Gate Bridge, Jintang #1 Bridge, Bayongzhi Bridge, Jintang
Bridge

6

15.40%

4.61%

Type V

Anniudian New Bridge, Anniudian Bridge, Quhuangdian
Bridge

3

7.60%

2.31%
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Table 2(d). Classification of earthquake damage to bridges in VII intensity zone.
Type of
Damage

Name of Bridge

Type I

Nos.

Percentage
of Bridges
in the Area

Percentage
of Bridges
Investigated

0

0

0

Type II

Zhangzhuang Bridge, Ningchegu Bridge

2

3.70%

1.53%

Type III

Yanghe River Bridge, Mengliuhe River Bridge, Cheyuazhai
Bridge, Badaogu Bridge, Madao Bridge, Wanjiamatou
Bridge, Xiangqi #2 Bridge, Xiangqi #7 Bridge, Xiliucheng
Bridge, Hongfangzi Bridge, Bali bridge, Shuangfenghe River
Bridge, Qinglongwan Bridge

13

24.05%

10.00%

Type IV

Nanyinmahe River Bridge, Xiyinmahe River Bridge,
Beishahe River Bridge, Guogou Luanhe River Bridge,
Yangcun Xinkai Bridge, Xiaoshizhuang Bridge, Daozuo #1
Bridge, Jinzhonghe River Bridge, Dongditou Huabei Bridge,
Yinhe River Bridge, Xiaosunzhuang Bridge, Ziyahe River
Bridge, Dongfeng Dabeiweidi Bridge

14

25.95%

10.87%

Type V

Xinzhuangzi Bridge, Baimiaozi Bridge, Xianfeng Bridge,
Wangzhudian Bridge, Hongjiatun Bridge, Sandaohe River
Bridge, Erdaohe River Bridge, Datanghe River Bridge,
Xiaotanghe River Bridge, Chitushan Bridge, Nanyanghe
River Bridge, Xiyanghe River Bridge, Nanshahe River
Bridge, Lihe River Bridge. Ping'ancheng Bridge, Guohe
River Bridge, Beidaihe Bridge, Mentuandi Bridge,
Xiapangdian Bridge, Wuli Bridge, Yinzhuang Bridge.
Huangguanying Bridge, Panjiakou Luanhe River Bridge,
Balizhuang Bridge, Liutianzhuang Bridge

25

46.30%

19.23%
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Table 3. Bridges with slide of riverbank.
Contraction of
Riverbed (m)

Intensity

Type of
Damage

Name of River

Shengli Bridge

5.40

XI

I

Douhe

clayey loam

Yuehe River Bridge

9.10

XI

II

Douhe

clayey loam

Nuzhizhai Bridge

6.00

XI

I

Douhe

clayey loam

Xiazhuang Bridge

2.22

XI

I

Douhe

clayey loam

Daodi Bridge

3.20

X

II

Douhe

clayey loam

Quzhuang Bridge

1.13

X

II

Douhe

clayey loam

Hanjiahe River Bridge

1.50

IX

II

Douhe

clayey loam

Power Plant Bridge

0.85

X

II

Douhe

clayey loam

Power Plant Qiyi Bridge

2.34

X

II

Douhe

clayey loam

Steel Plant Bridge

0.50

X

III

Douhe

hard plastic
clay

Dazhong Bridge

1.20

X

II

Douhe

clayey loam

Wangtu Major bridge

2.45

VIII

II

Wangtu Bridge

2.40

VIII

I

Huopao Bridge

1.40

VIII

III

Lutai Bridge

1.77

IX

I

Ji Canal

soft clay

IX

I

Name of Bridge

Yanzhuang Bridge
Hanuo Bridge

2.10

IX

II

Nancaicun Bridge

2.50

VIII

\I

Yujialin Bridge

0.19

VIII

III

Sicundian Bridge

0.83

VIII

II

Jituo Bridge

1.90

VIII

II

Daodicun Bridge

2.70

X

I

Tangjiahe River Bridge

1.00

VIII

III

Ji Canal

Douhe

Soil
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Photo 1. Girders fell due to toppling of piers at Shengti Bridge.

Photo 2. Girders that fell longitudinally.
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Photo 3. Girders fell due to longitudinal displacement of solid piers.
(a) Daodicun Bridge; (b) Luanhe River Bridge in Luanxian County

Photo 4. Girders dropped due to lateral displacement.

113

Photo 5. Local damage to the superstructure.

Photo 6. Tilting of pile piers in one direction.
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Photo 7. Tilting of pile piers in an inverted V-shape.

Photo 8. V-shaped tilting of pile piers.

Photo 9. Cracks on a solid pier.
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Photo 10. Cracks at the bottom of a pile pier.

Photo 11. Cracks on top of a pile.

Photo 12. Local cracks on a pile pier.

Photo 13. Ejection of sand around a pile; separation of
the pile from the soil.
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Photo 14. Earthquake damage to bearings.
(a) Pulled out felt bearing; (b) Same as (a); (c) Tilting of rocker
bearing; (d) Crushing of rocker bearing; (e) Displacement of
elastomeric bearing; (f) Roller bearing dropped onto ground
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Photo 15. Earthquake damage to bridge abutments.
(a) Tilting of abutment column; crack and settlement of abutment; (b) Breast wall pulled out; (c)
Horizontal crack on abutment

118

Photo 16. Crack at slide plane in test pit at west
abutment (15.7 m from bridgehead).

119

Figure 1. Location of bridges in high intensity zone.

120

Figure 2. Location of main bridges damaged by the Tangshan earthquake.

Figure 3. Cracks in riverbank investigated by test pit at Shengli Bridge.
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Figure 4. Sliding plane and sliding soil mass of riverbank.
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EARTHQUAKE DAMAGE TO ARCH BRIDGES
Gaozhong Yang*

I. General Situation
After the Tangshan earthquake 32 arch bridges were investigated for damage; 12 were
single-span arches and 20 were continuous span arches. The damage was classified according to
degree of severity; collapse, severe damage, moderate damage, minor damage, and intact or
essentially intact (refer to “Earthquake Damage to Girder Bridges” for criteria of classification).
The statistical data of damage is presented in Table 1, which shows that 16 arch bridges, 50% of
the total arch bridges investigated, suffered moderate or more serious damage and needed
rebuilding or strengthening. The statistical data of different intensity zones is presented in Table
2.
Since the degree of severity of damage to arches is closely related to the condition of soil
foundation at a bridge site, the soil foundation is classified as good foundation and poor
foundation in this paper. Good foundation refers to a soil foundation where no settlement,
rotation or horizontal slide occurred at the arch spring line. Otherwise, it is poor foundation.
Table 3 shows the statistical data for damage to single-span arches for these two types of
foundation. Twenty single-span arch bridges in Tianjin City suffered no damage and they are
not included in Table 3. (Table 4 shows continuous arches).
A summary of earthquake damage to arch bridges is presented in Table 5(a) to (d). Photos 1
to 4 show some aspects of damage.
II. Examples of Typical Damage
(I) The Xiaobozhuang Bridge
This bridge is located in a IX intensity zone in Ninghe County. The axis direction of this
bridge is N20E. It consists of ten 22 m spans of open spandrel two-way curved continuous
arches with two column piers with a rise to a span ratio of f/L=1/7 and a pier height of 9 m. It is
a bridge of high piers and multiple spans. Nine arch spans dropped during the earthquake and
traffic was suspended, see Photo 5 and Figure 1.
1. Structure in brief
(1) Superstructure: There were 4 arch ribs in each span with a net rib span of 21 m, a rise of
3 m, a c-to-c distance of ribs 1.38 m, the rib cross-section was 18×25 cm. The lateral tie rods
were 16×16 cm spaced 2 m along the direction of the bridge and a diaphragm was placed at the
crown of the arch.

* Highway Planning and Design Institute, Ministry of Construction
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Five spandrel arches (4 on Spans #1 and #2) were placed on two sides of each span and one
additional spandrel arch was placed at the side span adjacent to the abutment.
(2) Substructure: The substructure was a composite of abutments and piers with two columns
and two 90 cm diameter bored piles with a length of 17.5-24.5 m provided for each pier and
abutment.
Heights of the pier and abutment from ground level to spring line of arch were 1.00, 1.00,
1.00,1.00, 4.20, 9.00, 9.00, 9.00, 9.00, 6.20, and 1.00 m respectively, measured from north to
south. There was no covering on the riverbed.
2. Earthquake damage
Nine out of a total of ten arch spans fell down with the exception of Span #1 whose axis was
deformed severely and its arch ring cracked seriously.
Abutments on both banks tilted visibly backward 4° for Abutment #1 and 3° for
Abutment #11. Five intermediate piers were fractured and the other piers tilted toward south.
The subgrade behind the abutment had visible settlement. Cracks occurred at bridge gores and
were more serious for the gore on the south bank.
No ground cracks on the bank in the same direction as the river were observed near the
bridge site and no traces of ejection of water and sand were found.
The total span length was 220 m before the earthquake and 219.10 m after the quake with a
shortening of 90 cm.
(1) Earthquake damage to the superstructure
Span #1: The clear span was lengthened 45 cm, the crown of the arch settled about 70 cm.
The upper edge of both arch spring line cracked and transverse arches were all separated from
the arch supports, and the concrete at the lower edge of the arch rib was crushed. Deformation
of the arch ring was unsymmetrical, the elevation at L/4 to the south was lower than L/4 to the
north. The lower edge of the arch crown was cracked. The bridge deck at the arch spring line at
the north end was pulled apart about 35 cm and the spandrel arch dropped.
Span #2: The arch dropped. Arch ribs dropped on the ground and broke into 5 pieces but
arches at both ends still remained on top of the pier.
Span #3: The arch dropped. The arch spring line at the south end dropped on the ground and
was in close contact with Pier #4; arch spring line at the north end dropped on the ground and
was at a distance of about 55 cm from Pier #3.
Span #4: The arch dropped. Spring line at the south end dropped on the ground and was in
close contact with Pier #5; dropped arch end at the north end was at a distance of about 70 cm
from Pier #4.
Span #5: The arch dropped. Not certain about the dropped south arch. Dropped arch spring
line at the north end was at a distance of about 40 cm from Pier #5.
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Spans #6-#8: Arches dropped into the river.
Span #9: The arch dropped. The spring line at the south end together with Pier #10 fell
against Span #10 but the end of the arch spring line was still connected to the original pier cap.
Span #10: The arch dropped. The arch spring line at the south end lapped over Abutment
#11 and the spring line at the north end dropped on the ground and was at a distance of about
200 cm from the bottom of Pier #10. Fractured Pier #10 was on top of the arch rib at the north
end of Span #10, and the arch rib at the north end of Span #9 was on top of Pier #10 and finally,
the bridge deck at the north end of Span #10 was on top of the arch rib at the south end of Span
#9. This meant that the fracture of Pier #10 and arch ribs at the south end of Span #9 took place
between the arch rib at the north end of Span #10 and the bridge deck.
(2) Earthquake damage to the substructure
Abutment #1: Tilted 4° north in the same direction as the bridge and 1° laterally downstream.
Cracks occurred on the cap and back abutment, width of crack 5 cm. The foundation on natural
ground settled 15 cm relative to the pile foundation.
Pier #2: Tilted 2.5° south in the same direction as the bridge and 1° laterally downstream. A
40 cm gap was observed between the north side of the pile and the ground with upheaval of soil
at the south end, which meant that the top of the pier was displaced at least 40 cm toward the
south. There were horizontal circumferential cracks on top of the pier.
Pier #3: Tilted 11° south in the same direction as the bridge and 1° laterally downstream. A
60 cm gap was formed between the north side of the pile and the ground with upheaval of soil on
the south side, which meant that the top of the pier was, displaced at least 60 cm toward the
south. Horizontal circumferential cracks occurred on the pile top with a crack width of 0.5 cm
upstream and 3.5 cm downstream.
Pier #4: Tilted 22° south in the same direction as the bridge and 3° laterally downstream.
Due to the southward displacement of Pier #4 a 70 cm gap was formed between the north side of
the pile and the ground with upheaval of soil on the south side. A circumferential horizontal
crack about 1 cm in width occurred on top of the pile. One vertical crack extending the whole
depth of the beam occurred on the cap beam on the inner side of the pile downstream. The crack
opening was toward the south with a width over 1.0 cm.
Pier #5: Tilted 7° south in the same direction as the bridge and 5° laterally upstream. A
circumferential crack occurred on top of the pile crushing the concrete and exposing the
reinforcement. Bending cracks occurred at the joints between piles and tie beams.
Piers #6 to #9: All fractured toward the south in the same direction as the bridge.
Pier #10: It was fractured toward the south in the same direction as the bridge and fell
between ribs at the north end and bridge deck of Span #10.
Abutment #11: Tilted 3° south in the same direction as the bridge. The back abutment
settled 20 cm relative to the pile foundation.
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3. Characteristics of damage
This bridge was structurally weak due to small rigidity of the two columns of bored piles
longitudinal to the bridge as well as high piers, 9 m in height, and multiple spans. An analysis of
collapse shows that Span #10 probably fell down first leading to the successive collapse of the
other spans.
(II) The Yanghuazhuang Bridge
This bridge is located in a IX intensity zone in Ninghe County with the direction of the
bridge axis N75°E. It is composed of 8 spans of 22 m open spandrel two-way curved arches
f/L=1/7 with piers of two columns and pier height of 5.82 m. Span #4 was seriously damaged by
the earthquake and traffic was suspended (Photo 6 and Figure 2).
1. Structure in brief
The superstructure and substructure of this bridge is the same as the Xiaobozhuang Bridge
except that the length of the pile was only 19-24 meters. The height of piers from west to east
from ground to arch bridge are 1.00, 1.00, 2.00, 5.82, 5.82, 5.82, 2.00 1.00 and 1.00 m
respectively. There was no paving on the riverbed.
2. Earthquake damage
The span length of the #4 arch ring was shortened 85 cm, the crown of the arch raised
147 cm, the f/L changed from 1/7 to 1/4.7, arch springing was sheared and slipped down 12 cm
and was on the brink of falling down, the arch crown and springing were seriously damaged and
the ribs deformed severely. Piers #4 and #5 tilted by 7° to 8°, the pier top cracked exposing the
reinforcement. The bridge deck on top of the piers was badly damaged. Both abutments tilted
visibly backward and intermediate piers all tilted toward Span #4. The subgrade behind both
abutments on two banks and bridge gores settled visibly and the gores cracked. No discernible
evidence of sliding of the riverbed was observed near the bridge site.
The total length of the bridge decreased from 176 m to 175.675 m after the earthquake and
was shortened by 32.50 cm.
(1) Earthquake damage to the superstructure
Span #1: The clear span was lengthened 18 cm and the arch crown settled 12 cm. Both arch
springings were cracked at their upper edges and the crown cracked at its lower edge. The
bridge deck west of the arch springing pulled apart 14 cm.
Span #2: The clear span was lengthened 3 cm and the arch crown settled 6 cm. Both arch
springings were cracked at their upper edges and the crown cracked at its lower edge. The
bridge deck west of the arch springing pulled apart 10 cm.
Span #3: The clear span was lengthened 8 cm and the crown settled 5 cm. Both arch
springings were cracked at their upper edges and the crown cracked at its lower edge. The bridge
deck west of the arch springing pulled apart 6 cm.
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Span #4: The clear span was shortened 85 cm and the crown raised 147 cm. Both arch
springings were cracked at their lower edges and concrete at the top edge of the transverse arch
was crushed. The west arch springing was sheared and concrete of the pier top slipped 12 cm
and was on the brink of falling down. The upper edge of the arch crown was cracked a width of
12 cm, concrete ribs of the arch crushed and steel reinforcement in the rib buckled from
compression for a length of 5 cm and protruded. Joints between the arch ribs and transverse
arches were all damaged with apparent shear displacement. Three spandrel arches at the west
end were pressed by adjacent spans and the #1 and #2 spandrel arches fell down and its column
toppled. The bridge deck at the west end extended into the east end of Span #3 and lapped 40
cm over the deck at the east end of Span #3. As Span #5 pressed toward Span #4 the bridge deck
at the east end of Span #4 extended into the deck at the west end of Span #5, and the latter
lapped 35 cm over the deck at the east end of Span #4.
Span #5: The clear span was lengthened 5.5 cm and the crown of the arch settled 5 cm. Both
arch springings were cracked at their upper edges and the crown cracked at the bottom edge.
The first spandrel arch on the west end dropped and the bridge deck at that end lapped 35 cm
over the deck of Span #4.
Span #6: The clear span was lengthened 5 cm and the crown of the arch settled 6 cm. Both
arch springings were cracked at their upper edges and the crown cracked at the bottom edge.
The bridge deck over the arch springing at the west end pulled apart 5 cm.
Span #7: The clear span was lengthened 5 cm and the crown of the arch settled 8 cm. Both
arch springings were cracked at their upper edges and the crown cracked at the lower edge. The
bridge deck west of the arch springing pulled apart 6 cm.
Span #8: The clear span was lengthened 8 cm and the crown of the arch settled 7 cm. Both
arch springings were cracked at their upper edges and the crown cracked at the lower edge.
Bridge decks over two arch springings pulled apart 8 and 15 cm respectively.
(2) Earthquake damage to the substructure
Circumferential cracks occurred on caps of Piers #2, #3, #4, and #7 and were located 1.5 m
from the edge of the cap just between the #2 arch rib and inner side of the pile (Figure 2).
At the joints between the concrete cap beam and rib at the arch support at Piers #1, #2, #3
and #6 and abutments, the concrete of the arch support on two sides and bottom of the arch ribs
were split due to deformation of the ribs.
Both abutments tilted toward the riverbank and all of the piers tilted toward Span #4,
Abutment #1 tilted 4° toward the riverbank, Pier #4 tilted 7° toward the east, Pier #5 tilted 8°
toward the west, Pier #7 tilted 0.5° toward the west and Abutment #9 tilted 0.5° toward the
riverbank.
There were serious circumferential cracks on top of Piers #4, #5 and #6 with spalling of
surface concrete and exposure of reinforcements.
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3. Characteristics of damage
This bridge and the Xiaobozhuang Bridge had common construction design drawings and
both were located in a IX intensity zone but the number of spans of this bridge was 2 spans less,
height of piers 3 m less and the degree of severity of damage was less than at the Xiaobozhuang
Bridge.
(III) The Nanmaizhu Bridge
This bridge is located in a IX intensity zone in Ninghe County with the direction of the axis
of the bridge S25°W. It is composed of 6 spans of 22 m open spandrel two-way curved arches,
f/L=1/7 with piers of two columns and pier height of 5 m. It suffered moderate damage.
1. Structure in brief
The superstructure and substructure of this bridge are the same as the Xiaobozhuang Bridge.
The height of abutments and piers from arch springing to ground surface is 1.00, 5.00, 5.00,
5.00, 0.50, 0.50 and 0.50 m respectively. There was no paving on the riverbed.
2. Earthquake damage
The lengthening and shortening of all spans after the earthquake ranged from 1-4 cm;
variation of rise of the arch was 1-3 cm. The damage was apparently minor (Photo 7 and
Figure 3).
(1) Earthquake damage to the superstructure
Span #1: The upper edge of the main arch springing at the north end cracked, the width of the
crack was 0.4 cm and there were many cracks at the upper edge of L/4 of the main arch and
cracks between arch ribs and transverse arches in the same direction as the bridge at the north
end. No observation was made on the main arch at the south end. Tensile cracks at bridge decks
occurred at both arch springings and L/4 of the main arch; the crown of the spandrel arch at L/4
of the main span cracked.
Span #2: No observation was made.
Span #3: No observation was made on the springing of the main arch at the north end. At the
springing of the main arch at the south end there was a crack 0.2 cm in width at the upper edge
of the main arch as well as cracks between ribs and transverse arches in the same direction as the
bridge. Tensile cracks occurred on bridge decks at springing and L/4 of the main arch at the
south end.
Span #4: The upper edges of both springings of the main arch cracked and joints between
ribs and transverse arches at springings cracked in the same direction as the bridge. Tensile
cracks occurred on bridge decks at both springings of the main arch.
Span #5: At both springings cracks occurred at the upper edge of the main arch and tensile
cracks occurred on the bridge decks.
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Span #6: At both springings cracks occurred at the upper edges of the main arch and tensile
cracks occurred on the bridge decks.
A relative lateral displacement of 1.0-1.2 cm in the same direction between decks of the
whole bridge occurred on top at each pier.
(2) Earthquake damage to the substructure
There was visible settlement of embankments behind the abutments and the bridge gores.
Gores in general cracked and cracked seriously at the north abutment in particular.
North Abutment (Abutment #1): A crack 7 cm in width occurred between piles and the
ground, circumferential cracks occurred at joints between the pile top and the cap beam. Piles
tilted 2° toward the riverbank. A peripheral crack 1.0 cm in width was observed mid-span on the
cap beam.
Pier #2: Circumferential cracks occurred at joints between the pile top and the cap beam.
The pier tilted 2° toward the bank.
Pier #3: There were circumferential cracks at joints between the pile top and the cap beam.
Pier #4: Excavation revealed that there were circumferential cracks at joints between the pile
top and the cap beam and two peripheral cracks on the cap beam on the inner side of two piles.
Pier #5: No damage.
Pier #6: Peripheral cracks occurred on the cap beam on the inner side of two piles.
South Abutment (Abutment #7): The abutment tilted 2° toward the bank.
3. Characteristics of damage
This bridge, the Yanghuazhuang Bridge and the Xiaobozhuang Bridge have common
construction design drawings and all are located in a IX intensity zone. Three out of six spans of
this bridge were almost directly on the ground, thus, this bridge was continuous in 3 spans and
was 5 spans less than the Yanghuazhuang Bridge. The piers were similar to the Yanghuazhuang
Bridge in height. The degree of damage to this bridge was conspicuously less severe than that at
the Xiaobozhuang Bridge and the Yanghuazhuang Bridge.
(IV) The Dayuzhuang Bridge
This bridge is located in Ninghe County in a IX intensity zone with the direction of the axis
of bridge south and north. It consists of 3 spans of 17 m open spandrel two-way curved arches,
f/L=1/6, with piers of 2 columns 2.8 m in height. It suffered minor damage during the
earthquake.
This bridge, just like the Nanmaizhu Bridge, is a continuous 3 span arch bridge but has a
smaller pier height (2.8 m) and shorter span length. It suffered less damage than the Nanmaizhu
Bridge (Photo 8 and Figure 4). The damage is as follows.
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Cracks occurred on the arch rings of 3 main arch spans and were more serious on side spans
than on the central span and were symmetrical on the two side spans.
Arch #1: At the north end the upper edge of the arch springing cracked and joints between
the arch ribs and transverse arches at springing cracked in the same direction as the bridge. Two
cracks were observed on the upper edge of L/4 at the south end. At the south end cracks
occurred at the crown of the #1 and #2 spandrel arches and tensile cracks occurred on the bridge
deck. Tensile cracks also occurred on the bridge deck over both arch springings.
Arch #2: The upper edges of both arch springings cracked and joints between the arch ribs
and transverse arches at the arch springing cracked in the same direction as the bridge. Tensile
cracks occurred on the bridge decks over both arch springings.
Arch #3: The upper edges of both arch springings cracked and the joints between the arch
ribs and transverse arches at the arch springing cracked in the same direction as the bridge.
Tensile cracks occurred on the bridge decks over both arch springings. The crown of the #1
spandrel arch at the north end cracked.
Embankments behind both abutments visibly settled. Circumferential cracks were observed
at the joints between the piers and the cap beams of two middle piers. One peripheral crack
occurred on the cap beam of Pier #2 inside two columns.
(V) The Nancaicun Bridge
This bridge is located in Wuqing County in a VII intensity zone with the direction of the
bridge axis N75°W. It was composed of 5 spans of 16 m tied arches. Two spans fell down
during the earthquake and the damage is shown in Photo 9 and Table 6.
There was a ground crack in the same direction as the river at a distance 20 m from the
abutment on the west bank with a width of 60 cm. The ground visibly settled and there was
heavy ejection of sand and water at both banks with traces of rising of the riverbed.
The total length was shortened 2.36 m and two arch spans on the west bank fell down.
Piers and abutments tilted toward Span #2 longitudinal to the bridge with a maximum angle
of tilting 13° and a maximum angle of tilting laterally 6°. There was not much settlement of
piers and abutments, which was about 5 cm in general. No cracks were observed on piers and
abutments above ground but there were serious cracks at the joints of the tie beams and the
columns of piers as well as the spalling of concrete and the exposure of reinforcement.
The damage to this bridge was related to the sliding of the riverbank toward the channel.
III. Characteristics of Earthquake Damage to Arch Bridges
The following characteristics of earthquake damage to the single-span arch and continuous
arches may be deduced from the damage described above.
1. The earthquake damage to the arch bridges, single-span or the continuous arches were
more severe in the longitudinal direction of a bridge than in the transverse direction. Six arch
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bridges out of 32 investigated dropped in the longitudinal direction of the bridge and the
essential damage was in the same direction also for the arches not dropped.
2. The earthquake damage to the arch bridges was more severe for those on a poor
foundation than those on a good foundation. The damage to the arch bridges was aggravated by
the sliding of the riverbanks or the liquefaction of the soil. Five out of six arch bridges dropped
were on poor foundations.
3. For the same soil foundation, damage to continuous arches was more severe than to singlespan arches. From the 32 bridges investigated, for arch bridges on good foundations, no damage
of Types I to III was observed on single-span arches; these types of damage were observed on
25% of the total continuous arches while the damage of Types I to III amounted to 75% of the
total for single-span arches and 88% of the total for continuous arches, for bridges on poor
foundations.
4. For single-span arches on good foundations the main parts of the arch that were weak in
seismic resistance were, first, the arch springing and second, the section at L/4. The joints
between the arch ribs and transverse arches have weak aseismic resistance, for composite arches.
The end spandrel arches were also liable to be damaged.
5. For single-span arches on poor foundations the forms of damage depended entirely on the
deformation of abutments such as differential settlement, shortening or lengthening of spans,
rotation and differential settlement of abutments.
6. For continuous arches on good foundations the damage was related to the number of spans
and height of piers and was more severe for bridges with higher piers and more spans.
Table 7 shows the damage to 4 continuous arch bridges all located in a IX intensity zone and
on good foundation.
7. The parts that were weak in seismic resistance of continuous arch bridges on good
foundation were: crown and springing of main arch, since cracking and sliding of arch springing
could lead to falling of the arch; spandrel end of arch; top of pier and place of maximum bending
moment below ground since cracks occurred at these places.
8. The form of damage to continuous arch bridges on poor foundations was similar to singlespan arches and depended solely on characteristics of deformation of foundation of piers and
abutments.
9. The total collapse of whole bridges of continuous arches might follow the dropping of one
span which eliminates the thrust on an adjacent arch and span.
(Translator: Mingtian Hu)
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Table 1. Statistical data of the arch bridges according to the type of damage suffered.

Type of
Damage
Number
of Bridges

Collapse

Severe
Damage

Moderate
Damage

Minor
Damage

Intact or
Essentially
Intact

6

2

8

6

10

Total
32

Table 2. Statistical data of the earthquake damage to the bridges with respect to intensity.
Type of
Damage
Intensity

Collapse

X

1

IX

3

VIII
VII

Severe
Damage

Moderate
Damage

Minor
Damage

Intact or
Essentially
Intact

1

Total
2

1

3

2

2

11

1

3

3

2

9

1

1

6

10

2

Table 3. Statistical data of the earthquake damage to the single-span arch bridges.
Type of Damage
Soil
Foundation

Intensity Collapse

Severe
Damage

Moderate
Damage

IX
good
foundation

Intact or
Essentially
Intact

1

VIII

1

VII

2

Total

poor
foundation

Minor
Damage

1

X

1

IX

2

VIII
Total

3

1
2

2

3

2

3
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Table 4. Statistical data of the earthquake damage to the continuous arch bridges.
Type of Damage
Soil
Foundation

Intensity

Collapse

Severe
Damage

Moderate
Damage

Minor
Damage

Intact or
Essentially
Intact

IX

1

1

1

1

2

VIII

good
foundation

1

VII
Total

poor
foundation

1

1

1

X

1

IX

1

VIII

1

VII

2

Total

2

1

1

4

2

7

1

1
1

4

1

Table 5(a). Earthquake damage to the single-span arch bridges on good foundations.
Name of
Bridge

Structure and Soil
Foundation

Type of
Damage

IX

Single-span 32 m twoway curved bridge,
f/L=1/8. Stone masonry
gravity abutments. Spread
foundation. Coarse sand
gravel soil foundation.

minor
damage

Baodi
County

VIII

Single-span 25 m twoway curved bridge,
f/L=1/8. Stone masonry
gravity abutments. Spread
foundation on soil.

intact or
essentially
intact

Intact.

Qiantu Bridge

Changli
Coungy

VII

Single-span 12 m twoway curved arch.

intact or
essentially
intact

Intact.

Lukou Bridge

Xianghe
County

VII

Single-span 15 m shell
bridge.

intact or
essentially
intact

Intact.

Location

Intensity

Zhaogezhuang
Bridge

Tangshan

Sizhuangzi
Bridge

Damage Details
Slight cracks occurred
between arch rib and
transverse arch, top and
bottom of column and end
spandrel arches. No
strengthening after the
quake.
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Table 5(b). Earthquake damage to the single-span arch bridges on poor foundations.
Name of
Bridge

Type of
Damage

Location

Intensity

Structure and Foundation

Damage Details

Linguantun
Bridge

Tangshan

X

Single-span 40 m twoway curved arch, f/L=1/8,
width of bridge 5.4 m.
Loading: truck 10.
Gravity stone masonry U
abutment. Spread
foundation.

collapse

Total span shortened 86 cm.
South abutment settled
16.4 cm relative to north
abutment where settlement
upstream was 33 cm,
downstream 29.5 cm.
Whole superstructure
collapsed.

Yelihongqi
Bridge

Tangshan

IX

Single-span 37 m twoway curved arch, f/L=1/8,
gravity stone masonry U
abutment, spread
foundation.

collapse

Top of abutments at both
banks tilted toward the river
center. East abutment tilted
22.5° toward the river
center, west abutment tilted
6° toward the river. Whole
superstructure collapsed
into the river.

Ji Canal
Bridge

Ninghe
County

IX

Main span: 54 m through
tied arch bridge, f/L=1/5.
Width of bridge 10 m.
Loading: truck 13.
Gravity piers for main
span. Pile foundation.

collapse

Main span shortened
120 cm, distance between
the ends of two spans
adjacent to the main span
shortened 200 cm.
Superstructure of the main
span collapsed into the
river.

Da'an Bridge

Tianjin

IX

Single-span 40 m twoway curved arch bridge,
f/L=1/8. Width of bridge
5.4 m. Loading 5.4 t.
Composite abutments
with bored piles.

moderate
damage

Two abutments displaced
15 cm horizontally outward.
Crown of the arch settled
39 cm. Cracks on the
springing, spandrel arches
and the columns observed.

Geguxin
Bridge

Tianjin

VIII

Single-span 18 m twoway curved arch bridge,
f/L=1/9. Composite
abutments with bored
piles.

moderate
damage

Settlement was 32 cm on
one abutment and 26 cm on
the other. Crown of the arch
settled 38 cm. Span
lengthened 6 cm. Serious
cracks with the width of 11.5 cm occurred between
transverse arches and the
ribs of main arch. Shear
displacement and the shear
cracks occurred on the
column. Maximum shear
displacement reached
3.5 cm.
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Table 5(b). Continued.
Name of
Bridge

Location

Intensity

Structure and Foundation

Type of
Damage

Damage Details

Xiaojinzhuzng
Bridge

Tianjin

VIII

Single-span 30 m twoway curved arch bridge,
f/L=1/6. Gravity
abutments, wooden pile
foundation.

minor
damage

Crown of the arch settled
2.5 cm. Spandrel arch and
the columns cracked
slightly.

Wuzhiqu
Bridge

Tianjin

VIII

Single 20 m two-way
curved arch bridge,
f/L=1/8.

minor
damage

Discernible lengthening of
span. Settlement of the
crown of arch.

LuanxianTangshan
Bridge

Between
Luanxian
County
and
Tangshan

VIII

Single-span 3 m stone
arch bridge, f/L=1/2.

moderate
damage

Widened part of the arch
settled 80 cm relative to
original arch due to the
settlement of the ground.
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Table 5(c). Earthquake damage to the continuous arch bridges on good foundations.
Name of Bridge
Location

Intensity

Structure and Foundation

Type of
Damage

Damage Details

Xiaobozhuang
Bridge

Nignhe
County

IX

10×22 m open spandrel
two-way curved arch
bridge on piers and
abutments with two
columns and bored pile
foundation.

collapse

9 spans fell down. Arch ring
of one span was seriously
deformed. Bridge close to
traffic. 5 abutments out of 9
fractured and tilted.

Yanghuazhuang
Bridge

Ninghe
County

IX

8×22 m open spandrel
two-way curved arch
bridge on piers and
abutments with two
columns and bored pile
foundation.

severe
damage

Span of #4 arch ring
shortened 85 cm, crown of
arch raised 147 cm, serious
deformation of the arch
axis. Serious cracks at the
tensile edges of the crown
and springings, width of
crack 10 cm, and the
crushing of the concrete at
the compression edges with
exposure of reinforcement.
Cracks on top of Pier #4, #5
with exposure of
reinforcement.

Nanmaizhu
Bridge

Ninghe
County

IX

6×22 m open spandrel
two-way curved arch
bridge on piers and
abutments with two
columns and bored pile
foundation.

moderate
damage

Cracks occurred at arch
springings of each span as
well as at the arch ring at
L/4 of side span.
Circumferential cracks on
top of all the piers and the
peripheral cracks on the cap
beams.

Dayuzhuang
Bridge

Ninghe

IX

3×18 m open spandrel
two curved arch bridge.
Piers and abutments of
two columns. Bored pile
foundation.

minor
damage

Arch rings of the two side
spans cracked at L/4 span.
Cracks occurred between
joints of the arch rings and
the top of mid-piers.
Circumferential cracks on
the top of mid-piers.

County
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Table 5(c). Continued.
Name of Bridge
Location
Yeli Submersible
Bridge

Intensity

Structure and Foundation

Type of
Damage

Damage Details

IX

15×1.6 m circular piers.

intact or
essentially
intact

Intact.

Xiangshuihe
River Bridge

Luanxian
County

IX

3-span 3 m stone arches.
Pitching of whole
riverbed.

intact or
essentially
intact

Intact.

Dongfeng Bridge

Luanxian
County

VIII

3×8 m stone arches on
stone masonry piers and
abutments.

intact or
essentially
intact

Intact.

Zhuanggezhuang
Bridge

Changli
County

VII

3 spans of 8 m shell
bridge on stone masonry
piers and abutments.

intact or
essentially
intact

Intact.

Guiyizhai Bridge

FengrunQianxi

VII

6 spans of 4 m stone
arches.

Intact.

Xishae River
Bridge

Changli
County

VII

3 spans of 16 m two-way
curved arch bridge.

Shuangchenge
River Bridge

Yutian
County

VII

3 spans of 6 m stone arch
bridge.

intact or
essentially
intact
intact or
essentially
intact
minor
damage

Gaoqiao Bridge

Yutian
County

VII

5 spans of 3 m stone arch
bridge

intact or
essentially
intact

Intact.
Longitudinal and transverse
cracks along the mortar
joints of the arch ring, not
much deformation of the
ring.
Intact.

137

Table 5(d). Earthquake damage to continuous arch bridges on poor foundations.
Name of Bridge

Structure and Foundation

Type of
Damage

Location

Intensity

Damage Details

Houtun
Submersible
Bridge

Tangshan

X

19x1.8 m solid arch
bridge on gravity piers
and abutments. Pitching
of riverbed.

moderate
damage

Embankment on one bank
settled 100 cm and that on
the other bank settled 30
cm. Both riverbanks slid
hence, abutments on both
banks and 6 side piers
displaced toward the river.
Top of the piers and
abutments cracked
seriously, crack width up to
2 cm

Touzitou Bridge

Luanxian
County

IX

3 spans of 5 m stone arch
bridge. Gravity stone
masonry piers and
abutments, spread
foundation. Pitching of
riverbed.

moderate
damage

Serious cracks occurred at
the arch ring near L/4 of 2
side spans with width up to
3-6 cm. Middle piers settled.
Undulation of bridge deck.

Shimen Bridge

Lulong
County

VIII

7-span 6 m open spandrel
stone arch bridge. Gravity
piers and abutments,
spread foundation.

moderate
damage

Serious cracks occurred at
the arch ring near L/4 of 1
span on bank with width up
to 6 cm. Spandrel arch was
sheared and displaced along
arch springings with the
shear displacement up to 5
cm.

Shengli Bridge
at Lintingkuo

Buodi
County

VIII

2×17 m two-way curved
arch bridge.

minor
damage

Undulation of bridge deck.
Discernible settlement of
the crown of arch.
Springings of the end
spandrel arch and spandrel
arch in abutments were
cracked.

Xiaotun Bridge

Luannan
County

VIII

2×3 m brick arch bridge.

severe
damage

Arch ring of one span was
sheared and displaced at L/3
with shear displacement up
to 15 cm. Upper edge of the
arch ring of the other span
cracked at L/3 from the
abutment.

Dongjiapu
Bridge

Laoting
County

VII

4 span 2 m brick arch
bridge.

collapse

Both abutments settled
seriously. One side span on
one bank collapsed into the
river, all other arch rings
seriously cracked.

138

Table 5(d). Continued.
Name of Bridge

Location

Intensity

Type of
Damage

Structure and Foundation

Damage Details

Liulinzi Bridge

Changli
County

VII

5 span 5 m stone arch
bridge.

moderate
damage

Pier #3 settled 18 cm
upstream hence, two
adjacent arch rings on this
pier cracked seriously at L/3
and 2L/3. Horizontal cracks
occurred on side wall at the
top of the pier, width of
crack 3-5 cm.

Nancaicun
Bridge

Wuqing
County

VII

5 spans of 16 m R.C. tied
arch bridge on piers and
abutments of the two
columns.

collapse

Total span length shortened
236 cm. Two tied arch
spans collapsed into the
river. Piers tilted in the same
direction as the river with
maximum of 13°

Table 6. Earthquake damage to Nancaicun Bridge.
Pier Number

1

2
1.22

3

4
0.20

5
0.06

6

Shortening of distance between top of centers of piers
and abutments (m)

0.63

0.25

Direction and angle of tilt of piers and abutments in the
same direction as bridge

13°
→

6°
→

6°
→

5°
←

4°
←

Direction and angle of tilt of piers and abutments lateral
to bridge

6°↓

2°↓

1°↑

1°↑

2°↑ 3°↓

6°
←

Table 7. Comparison of earthquake damage to continuous arch bridges.
Span
(m)

Rise
Ratio

Number of
Spans

Max. Height
of Pier (m)

Xiaobozhuang
Bridge

22

1/7

10

9

Yanghuazhuang
Bridge

22

1/7

8

5.82

Nanmaizhu Bridge

22

1/7

6

5

Dayuzhuang Bridge

17

1/6

3

2.8

Name of Bridge

Types of Damage
collapse
severe damage
moderate damage
minor damage
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Photo 1. Cracks on the spandrel arch on the left bank of
Geguxing Bridge.

Photo 2. Cracks on the spandrel arch on the right bank
of Geguxing Bridge.

Photo 3. Lengthening of spans and settlement of crowns at Wuzhiqu Bridge.

Photo 4. Settlement of crowns at Lintingkou Shengli
Bridge.
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Photo 5. A post-earthquake view of damage to the entire Xiaobozhuang Bridge; Abutment #1 and spandrel arch,
Pier #2, #3, #4, #5, #10, Arch #10, Abutment #11.

Photo 6. Damage to Yanghuazhuang Bridge; Abutment #1, Pier #2, arch springing left of Span #4, Pier #4. A
whole view after the earthquake; arch Span #4, deck of Spans #4, #5, Pier #6, spandrel arch left end of Span #4,
Abutment #9.
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Photo 7. A post-earthquake view of damage to the entire Nanmaizhu Bridge; Abutment #1, main arch ring,
Abutment #7.

Photo 8. A post-earthquake view of damage to the entire Dayuzhuang Bridge; Arch #1,
Arch #3.

Photo 9. Earthquake damage to Nancaicun Bridge.
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Figure 1. Sketch of damage to Xiaobozhuang Bridge (unit: cm).

Figure 2. Sketch of damage to Yanghuanzhuang Bridge (unit: cm).
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Figure 3. Sketch of damage to Nanmaizhu Bridge (unit: cm).

Figure 4. Sketch of damage to Dayuzhuang Bridge (unit: cm).
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EARTHQUAKE DAMAGE TO THE SHENGLI BRIDGE
Yuezhong Zhang and Baoquan Liu1

The Shengli Bridge (Victory Bridge) is located in the southeast corner of Tangshan City
crossing the Douhe River in an east-west direction. Completed in 1966, the bridge connects
Shengli Road in the urban area of Tangshan in the west and Tianjin-Qinghuangdao Highway in
the east. The Tangshan earthquake, M7.8 on the Richter scale, created destructive displacements
such as sliding of abutments toward the river, tilting of pier shafts and longitudinal displacement
of the superstructure. An aftershock on the same day, 7.1 in magnitude, caused additional severe
damage by breaking the columns of Pier #4 and dropping the two adjacent spans. Photo 1 shows
a full view of the bridge after the quake.
I. General Features of the Structure
1. Superstructure
The superstructure of this bridge consisted of pre-cast reinforced concrete T-girders (10.80 m
in length) simply supported over five spans of 11 m each. The total weight of the superstructure
for one span was 128 tons and the weight of each cap beam was 25 tons. Asphalt felt was used
for bridge bearings. The bridge deck had a clear roadway width of 10 m with a 1.50 m sidewalk
on each side. The design loads were Truck-13 and Tractor-602.
2. Substructure
The bridge adopted column piers composed of tri-column, single-bent bored piles. Pier
columns tapered from 1.0 to 0.8 m in diameter hence, forming variable column sections. The
design height of the column was 6.6 m but the actual height was 6.10 to 6.20 m. The piles were
1.0 m in diameter and 18 m in design length and were founded on a dense layer of light silty clay
loam. Twelve φ19 mm re-bars were used for each pile and each column with the reinforcement
extending to 1.2 m below the ground surface. Abutments were back-leaning solid walls with a
mortar rubble slope protection and monolithic concrete foundation. Breast walls were built with
rubble masonry on top of reinforced concrete coping of bridge seat. Abutments were founded on
a loose layer of saturated medium to fine sands and were back-filled with ordinary clay loam
which was insufficiently compacted. There was dense and fairly thick whitish-gray soil behind
the breast wall of the east abutment and comparatively loose and soft backfill soil behind the
breast wall of the west abutment.
Figure 1 is a design drawing which presents the superstructure and substructure details.
1

Hebei Provincial Communications Planning and Design Institute

2

This is a Chinese standard highway design loading more often used in the past where the
structure and its elements are designed by Truck-13 and checked by Tractor-60 loads. Truck13 loading consists of a train of 13-ton standard trucks and one 16.90-ton heavy truck, Tractor60 loading includes only one 60-ton tractor.
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II. Geological Features
The Douhe River crossed by the Shengli Bridge originates on the southern side of Mount
Huashan in Qianxi County. Having a total length of over 130 km the river passes through
Fengren County and Tangshan City and empties with the Jianhe River into the Bohai Sea in
Fengnan County. Regulated by the Douhe Reservoir the discharge of the Douhe River at the
bridge site has been stable with no significant alluvial deposits in the riverbed since 1957. The
maximum water depth under the bridge was about 1.0 m at the time of the earthquake. The
Shengli Bridge is located in the middle reach of the river. The soils are Quaternary deposits with
a total thickness of up to 100 m. The surface layer consists of hard plastic clay loam 3-6 m thick
that is underlain by layers of sandy clay and clay-loam or clay of variable grain sizes and
densities. Close to the surface layer there is a layer of loose fine sand which has a relatively low
penetration value N and is liquefiable, see Figure 4 for details. The ground water level is
comparatively shallow and lies at the interface of the overburden and the sand layer.
III. Earthquake Damage
Located in a XI-degree earthquake intensity zone the Shengli Bridge had a minimum
distance of 1.6 km from the tectonic fault zone where the earthquake originated. The angle
between the direction of the bridge and the general strike of the fault was approximately 60
degrees. Earthquake damage to the whole bridge is shown in Figure 2.
1. Ground damage
The ground around the bridge site exhibited such phenomena as ejection of water and sand,
sliding of riverbanks, deformation of the river channel as well as ground fissures and
subsidences.
The original riverbed had a design bottom width of 38 m and a design top width of 75 m.
The height from the riverbed to the bottom of the girder was 7 m. Due to sliding of the
riverbanks caused by the earthquake, the rubble paved ditches built on the side slope shifted and
fractured with a vertical dislocation of 60 cm. Wire poles on side slopes slid and tilted toward
riverbanks. There was a 90 cm relative rise of the river bottom which led to a 2 m uplift of the
steel water pipes originally laid on the riverbed. Several tension fissures were found in the
ground along both banks and the fissures on the east bank (in the direction of Qinhuangdao)
were more prominent with crack widths up to 1-3 m. Figure 3 shows the locations of fissures.
The subgrade behind the bridgehead on the east bank presented undulating subsidence and the
maximum relative settlement, 29 m from the abutment, was up to 174 cm. Excavations there
revealed shift traces and the slide surface of the soil layer. The faulting movement of soil layers
and the sliding of subgrade along the riverbank found by examining the test pits are shown in
Figure 4. The subgrade behind the bridgehead on the west bank suffered less severe subsidence
and fissures than those on the east bank. The relative settlement of the pavement close to the
abutment was about 40 to 60 cm. Mounds of ejected sand could be seen within 200-500 m
behind the abutment.
Judging from the postearthquake ground features on both banks, the affected range of bank
sliding of Shengli Bridge measured from the abutments was approximately 5 H on the east bank
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and about 3 H on the west bank while the affected depth of the sliding was around 1.5 H (H is
the depth of the riverbed).
The ground on the east bank sustained more severe damage, hence, having a greater affected
range than on the west bank. According to the boring data obtained from the east bank, the
penetration value of the shallow soil layer within the settlement area at the bridgehead up to a
point of 29 m was very low and was distinctly increasing just beyond the limit of settlement.
The east bank was therefore thought to be an ancient river channel.
2. Damage to the bridge structure
(1) Abutment sliding and span shortening
The abutments on both banks slid with the soil mass on the bank slope toward the river
causing compressive shortening of spans. Field surveys found that the distances between the
front edges of the abutments had been reduced by 374 cm at the upstream side and 342 cm at the
downstream side, and that the total length of the bridge had been shortened by an average of
358 cm or 6.7% of the design length.
In order to calculate the displacement at the abutments drilling explorations were carried out
point by point for the central pile of Pier #1 (numbers counting from the east bank), and the
displacement features of the pile obtained are presented in Figure 5. The pile (column) shaft
tilted by varying inclinations from a point 6.68 m below the ground (elevation: 4.26 m) up to the
pier top but remained plumb from elevation 4.62 m down to the pile tip. Assuming that the pile
shaft below 4.26 m underwent no horizontal integral movement, the displacement of the pier top
calculated from the pile displacement was 250 cm and the sliding distances of both abutments
determined, in turn, by the pier displacement are as follows:
∆e=1,030+250-1,035=245 cm, for the east abutment,
∆w=358-245=113 cm, for the west abutment
where, the figure 1,030 is the design distance between the center of Pier #1 and the front edge of
the east abutment coping of the bridge seat (see Figure 2), while figure 1,035 is the measured
distance from the center of Pier #1 to the front edge of the east abutment coping of the bridge
seat.
(2) Displacement, cracking and failing of piers
The columns of Piers #1 to #3 tilted almost parallel to the river center line, but the loading
pattern and displacement of Pier #4 located on the west bank slope was different. For Pier #4 the
shaft below the ground was acted on by the soil mass sliding toward the river while its top was
pushed by the longitudinal force of the bridge structure toward the bank, thus, making the piles
and column axis bend twice.
The locations of cracks and failure of piles (columns) depended on the tilting and displacing
patterns. For Piers #1 to #3, except for severe circular cracks and minor dislocations that
occurred at the connections of bent caps and pier tops, only a few fine cracks were found on the
rest of the exposed portions above the ground. No apparent cracks were discovered at the
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joining parts of the pile extension (about 120 cm below ground) by excavation checks made on
the buried part. For this kind of displacement the most unfavorably stressed position of the pile
shaft should be in a place close to the interface of the stable soil layer and the sliding soil layer.
In other words, cracking and failure may occur at the turning point of the pile axis. All 3 piles of
Pier #4 broke at the joining places of the pile extension (130 cm underground) with neat
breaking faces. The upper shafts of piers fell after breaking toward the west bank and lay under
the collapsed girders, see Figure 2 and Photo 2.
(3) Displacement of spans and dropping of girders
All the main girders of various spans for the entire bridge displaced in the same direction as
the piers toward the west bank and as a result sheared the breast wall at the west abutment and
pushed it backward together with the soil mass behind the wall. The girder ends moved
horizontally beyond the spans with a maximum distance of 349 cm.
In the direction of the bridge the relative longitudinal shifting between the girders and piers
was generally 10-24 cm leaving obvious traces on the bottom side of the girder ribs. In the
transverse direction lateral displacement of the superstructure in the upstream direction was
observed. Girders in Spans #1 and #2 shifted laterally by 22 cm relative to Pier #1 while those in
Spans #2 and #3 had a lateral movement of 9 cm relative to Pier #2. No distinct changes were
found in other spans.
From displacement features that existed in this bridge it is clear that the structural strength of
the abutment breast wall has had a direct influence on the pattern of displacement and the extent
of damage
(4) Settlement of piers and abutments
Severe settlement was another damage feature of this bridge. The abutments had shallow
embedded foundations with the design elevation of the bottom of the foundation being only 40
cm lower than the ground level of the riverbed and were directly founded on layers of loose and
saturated medium to fine sands with uniform grain sizes. Differential settlements and tilting of
the abutments were caused by bank sliding and liquefaction of the sand and soil. The east
abutment tilted backward by about 5° and the west abutment by 5°34'.
Surveys were carried out according to a benchmark newly established after the earthquake
and the elevations of each pier and abutment obtained are shown in Table 1.
(5) Other local damage to the bridge structure
Most of the ribs at girder ends were pressed together due to the displacement of piers and
girders. Concrete was broken and spalled locally and reinforcement was exposed at the contacts
of ribs and cap beams. However, other parts of the main girders remained sound with the
exception of the girder ends. Abutment caps and cap beams suffered crushing and tension cracks
only at edges of local contact areas with the main girders, as shown in Photo 3. Steps were
created due to vertical faulting between the girder ends after the pier shafts had tilted, the
concrete deck paving spalled forming a gap 19 cm from the main girder. Although the
superstructure sustained extensive longitudinal and transverse displacements it still maintained
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its longitudinal and horizontal integrity and the connections of the girders of the dropped spans
showed no apparent cracks.
The masonry of the wing walls of both abutments was badly cracked after sliding,
settlements and tilting of abutments, with substantial cracks in the abutment proper along the
horizontal mortar joints below the coping, see photo 4.
In summary, the principal phenomena of earthquake damage to the Shengli Bridge consisted
of abutments that slid, shortened spans, tilted and failed piers, a longitudinally displaced
superstructure and dropped girders, all resulting from ground deformations and bank sliding in
liquefaction areas.
(Translator: Bangben Huang )
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15.18

16.10

Downstream

Top of Pier #1

0.89
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Table 1. Elevations on top of the piers and abutments.
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149

150

Photo 1. A post-earthquake view of Shengli Bridge.

Photo 2. A broken column at Pier #4.

Photo 3. Crowding between main girders and between
girders and cap beams; local crushing of concrete.

Photo 4. Cracks on abutment proper along
horizontal mortar joints.
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Figure 1. Structural sketch of Shengli Bridge.

Figure 2. Sketch of earthquake damage to Shengli Bridge.
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Figure 3. Location of land fissures.

Figure 4. Riverbed section and geological profile from field surveys made after the earthquake.
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Figure 5. Displacement of Pier #1.
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EARTHQUAKE DAMAGE TO THE YUEHE BRIDGE
AND THE NUZHIZHAI BRIDGE
Yuezhong Zhang and Baoquan Liu1

The Yuehe Bridge and the Nuzhizhai Bridge are both located in the southeast suburb of
Tangshan City crossing the Douhe River respectively at the Yuehecun and Caozhuangzicun
Villages (approximately 3.4 km apart) on the downstream side of Shengli Bridge. Their axes are
E-W and N6°E respectively. Both are farm bridges on county and village roads with identical
design loads and structural types with similar geological features of the riverbed and surrounding
environmental conditions.
I. Structural Types and Geological Features
The 5-span superstructures of the two bridges consisted of reinforced concrete T-girders with
a 9.97 m girder length and a 10 m center-to-center distance of the piers. The dead weight was
5.8 tons for each inner girder and 5.7 tons for each side girder. The design load was Truck-82
and the clear width of the deck was 3 m with a 0.55 m sidewalk on each side. Felt bearings were
adopted. The ends of the flanges of the two side girders of Yuehe Bridge were connected with
longitudinal steel plates and the girders along all spans were connected longitudinally. A bored
pile foundation was used for the reinforced concrete double-column piers and abutments with a
pile diameter of 80 cm and an embedded pile depth of 15 m. Stone masonry retaining walls 40
cm thick and 95 cm high were built behind the abutments and linked with the approach
embankments. The piers were composed of cast-in-situ reinforced concrete columns with
variable hexagonal sections. The dimensions of various parts of the bridge are shown in Figure
1. The bank slopes of the riverbed at the two bridge sites were slightly steep on the east bank
and relatively gentle on the west bank.
The soil along the riverbank consisted of a clay-loam surface layer about 3-4 m thick which
was underlain by a fairly thick layer of fine sand. Loose silty sand was exposed at the toe of the
bank slope.
II. Earthquake Damage
The Yuehe Bridge and the Nuzhizhai Bridge are both situated in an earthquake zone of
intensity XI. Severe ground fissures and subsidence, bank slope collapse and sand ejection were
found after the quake along the riverbanks. The principal earthquake damage sustained by the
two bridges is briefly summarized as follows.

1

Hebei Provincial Communications Planning and Design Institute

2

This used to be a Chinese standard highway design loading which consisted of a train of 8-ton
standard trucks and one 10.40-ton heavy truck.
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1. Damage to the Yuehe Bridge
The overall damage features can be seen from Photo 1 and Figure 2. The following is a
detailed description of earthquake damage to various parts of the bridge.
(1) Severe fissures and subsidence occurred on the ground surface along both banks and the
bank slopes collapsed and slid toward the river. Abutment retaining walls were destroyed and
abutment piles tilted toward the channel with serious dislocation between the abutment caps and
girder ends. The length of the main bridge (or the distance between the abutments) was
contracted by 5.9 m.
(2) All pier columns tilted toward one of the two banks respectively, except for Pier #3
which was located in the center of the river and remained basically plumb. Figure 2 is a sketch
showing the displacements and tilting angles observed during the field survey after the tremor
with the term "difference of elevation" indicating the values of elevation differences between the
deck over Pier #3 and other points.
(3) The embankments at the bridgeheads suffered severe subsidence with differential
settlements between piers and abutments, which led to arch-shaped undulations of the bridge
deck.
(4) There were very small relative dislocations between the girders and pier tops at Piers #3
and #4, but comparatively large relative dislocations were found between girders and piers at
Piers #1 and #2, resulting in tension failures of the longitudinal connection steel plates at the
joints. However, due to the blocking effects of these connection plates, deformations of
expansion joints between various spans were not significant and the longitudinal displacement of
the superstructures was not prominent either. In the transverse direction of the bridge only the
west ends of the girders in Span #4 had relative shifting northward by 5 cm and the rest of the
spans sustained very little displacement of the girders. The girders remained structurally sound
without any damage.
(5) Circular cracks and dislocations appeared at all connections between the column top of
each pier and the cap beams with a 1 cm crack width with crushed concrete and exposed
reinforcement around the cracks (Photo 2). The columns of Pier #1, #2 and #4 all cracked and
broke close to ground level (Photo 3) and the crack width amounted to 1 cm. Pier #3 cracked at
the surrounding ground surface 1.6 m under the water with fractured concrete and exposed rebars around the piles.
2. Damage to the Nuzhizhai Bridge
The Nuzhizhai Bridge suffered more severe earthquake damage and more distinct ground
failures at the bridge site than the Yuehe River Bridge did. The overall damage features are
shown in Figure 3 and Photo 4. Damage to various parts of the bridge are described in detail
below:
(1) All pile shafts of both abutments tilted toward the river and the banks slid toward the
channel. Bridge spans were shortened by 5.2 m.
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(2) A bigger sliding movement of the abutment was measured on the west bank than on the
east bank. The main girder intruded into the west bank by 4.9 m and, as a result, the abutment
was broken and the girders dropped.
(3) Piers #1 to #3 all tilted toward the west bank with tilting angles gradually increasing from
east to west. The superstructure over the spans moved longitudinally with the piers toward the
west bank. Figure 4 presents the values of pier displacements and tilting angles measured after
the earthquake.
(4) Both abutments twisted counterclockwise with the angle of twist up to 36 degrees as
shown in Figure 4.
(5) The connections between the pile columns and the cap beams generally cracked and in
severe cases the columns failed at the top due to shearing and shifting with fractured concrete
and exposed reinforcement, see Photo 5.
(Translator: Bangben Huang)
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Photo 1. Overall damage features of Yuehe Bridge.

Photo 2. Pier top damage.

Photo 3. Broken column at Pier #4.

Photo 4. Post-earthquake view of Nuzhizhai Bridge.
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Photo 5. Sheared and shifted pile columns.
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Figure 1. Structural drawings of Yuehe Bridge and Nuzhizhai Bridge (unit: cm).

Figure 2. Sketch of damage to Yuehe Bridge (unit: cm).
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Figure 3. Sketch of measured damage to Nuzhizhai Bridge (unit: cm).

Figure 4. Sketch of abutment twisting at Nuzhizhai Bridge.
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EARTHQUAKE DAMAGE TO THE SHAHE RIVER BRIDGE
IN LEIZHUANG VILLAGE
Yuezhong Zhang and Baoquan Liu*

The Shahe River Bridge in LeizhuangVillage is a major bridge on the Tianjin-Qinhuangdao
Highway. Located in Tangshan in a direction approximately N60°E, the bridge is about 35 km
away from the city's urban area and 15 km from the epicenter of the 7.1 magnitude (Richter
scale) earthquake that occurred in Luanxian County. The bridge site is situated exactly on the
N80°E line connecting the epicenter of the 7.8 magnitude earthquake in Tangshan and the
epicenter of the earthquake in Luanxian. The intensity at the bridge site was IX.
I. Structural Type and Geological Features
The Shahe River Bridge was first built in 1965 with 12 spans of reinforced concrete Tgirders originally completed on the east bank, and 7 spans of reinforced concrete voided slabs
later extended on the west bank. The width of the deck was 7 m with a 0.75 m sidewalk on each
side. Felt bearings were used on the piers of T-girders and voided slab spans, multi-roller
bearings were adopted on the abutments.
The substructure consisted of twin-column piers and abutments with bored pile foundations.
The pier height was about 3.5 m in the main channel and 1.8 m on the over-bank. The
penetration depth of piles varied from 12 to 16 m.
Pier #12 (counting from the east bank) was located on top of the slope dividing the river
channel and the over-bank and constituted the west abutment of the original bridge and acted as
the central pier for the extended spans. Figure 1 is a sketch showing structural details of the
entire bridge.
The riverbed was wide and shallow at the bridge site with a maximum water depth of
approximately 1.0 m when the earthquake struck. Soil conditions of the riverbed are shown in
the borehole log (Figure 1). In a depth range of 23 m below the ground level there are mostly
layers of saturated silty to fine sand interbedded with relatively thin layers of weak light clayloam. Sand was ejected around the piles of all piers on the west bank during the earthquake.
Judging from the analysis and comparisons of the samples taken from the site, liquefaction
occurred in the soil layer 9.4 m under the ground.
II. Earthquake Damage
1. At Pier #12 which was located on the boundary line between the T-girder and the voided
slab, the bent caps and pier columns were hit at their connections by the T-girders and collapsed
toward the west with broken steel bars. The main girders of Spans #12 and #13 dropped on the
ground as shown in Photos 1 and 2 and Figure 2.
* Hebei Provincial Communications Planning and Design Institute

162

2. Most piers and abutments sustained tilting displacements to various extents along the
direction of the bridge. The general trend of displacement revealed that all piers and the
abutment on the east side tilted west and a large number of piers on the west side inclined east
which led to relative compression of the spans toward the main channel. Displacement of piers
at the transition section between the channel and the over-bank was distinctly greater. The top of
Pier #11 displaced 73 cm, see Figure 3 (a to c).
The east abutment not only tilted badly toward the river but it also settled by 17 cm. The
bearings were damaged by shearing with a 30 cm dislocation relative to the superstructure. The
masonry retaining wall behind the abutment was severely fractured. The west abutment
however, exhibited comparatively light damage and the tilting of abutment columns was not
discernible.
3. Both longitudinal and lateral displacements occurred at the superstructure with
longitudinal movements essentially in a westward direction and lateral movements invariably in
a northward direction as shown in Figure 3(d). The relative longitudinal dislocation between the
T-girder ends and the pier tops amounted to 10-20 cm in general where the maximum
displacement took place at Pier #11 which dislocated as much as 1.07 m. The voided slabs
generally sustained minor shifting of position.
4. On all the piers and abutments 1 to 3 horizontal circumferential cracks 1-3 mm wide and
several diagonal cracks occurred at the connection of the column head and bent cap. Piers #5,
#10, #11 and #12 cracked badly at pier heads with crushed concrete and exposed reinforcement.
No apparent cracks were observed on pier shafts adjacent to the ground surface. In order to find
out the conditions of cracking at pile columns embedded in the ground, excavations were carried
out to inspect the east abutment and Piers #11 and #12. The results are shown in Figure 4 where
it can be seen that the depths of cracks on piers were located 1.4-2.5 m below the ground with
varied crack widths between 0.2 and 0.4 mm.
5. Main girders in all spans essentially remained sound and no pounding fractures were
noticed between girders, piers and abutment caps. Other local failures consisted mainly of
crushing of deck paring concrete around the expansion joints and breaking of sidewalks and
railings close to bridgeheads.
(Translator: Bangben Huang)
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Photo 1. A post-earthquake view of Shahe River Bridge.

Photo 2. A close view of broken bent caps and fallen
girders.
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Figure 1. Structural sketch of Shahe River Bridge in Leizhuang.

Figure 2. Sketch of fallen girders in spans #12 and #13 (unit: cm).
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Figure 3. Measured displacements of Shahe River Bridge (unit: cm).
(a) Measured distance between pier/abutment heads; (b) Pier top displacements, upstream side; (c) Pier
top displacements, downstream side; (d) Lateral displacements in superstructure

Figure 4. Sketch of underground pier column cracks.
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EARTHQUAKE DAMAGE TO THE ZHUACUN BRIDGE
OVER THE LUANHE RIVER IN QIAN'AN COUNTY
Yuezhong Zhang and Baoquan Liu*

The Zhuacun Bridge crossing the Luanhe River at Zhuacun Village in Qian'an County is an
important major structure on the Lengkou-Daqinghekou Highway. The bridge runs in a N25°W
direction and its geographical location is shown in Figure 1.
I. Structural Type and Geological Features
This bridge is located on the north side of Longshan Hill (Dragon Hill) with bedrock on the
southern bank and vast farmland on the northern bank. The design discharge rate is 1,647 cubic
meters per second. The structural type and principal dimensions are shown in Figure 2.
1. Superstructure
The superstructure consisted of pre-cast reinforced concrete T-girders 22.20 m long simply
supported over 31 spans. The total length of the bridge was 695 m and the deck width was 7 m
with a 0.75 m sidewalk on each side. There were 5 main girders in each span with diaphragm
slabs at the girder ends and 2 cross tie beams in the middle section. Each span had a total
superstructure weight of 162.70 tons. Moveable reinforced concrete rocker type bearings 30 cm
in height were provided at the north end of the span while steel plate tangent type bearings were
installed at the south end of the span. The steel bearings had only tooth plates on both sides
without any pins to restrain the longitudinal movement. The design loads were standard Truck13 and Tractor-60 (see translator footnote for the Shengli Bridge).
2. Substructure
The middle piers had a double-bored pile foundation with reinforced concrete pier bases and
mortar rubble pier shafts. Piers were divided into 2 types, namely, a deep channel type for #1 to
#21 piers, and a shallow channel type for #22 to #30 piers. The design pile length was 21 m for
the former type and 17.34 m for the latter. During construction however, the pile lengths for
Piers #1 to #9 close to the south bank were modified according to the buried depth of the
bedrock so as to enable the pile tips to extend onto the bedrock. The gravity abutment of Ushape was built with stone masonry on the southern bank with its footing founded on and its side
walls connected to the bedrock. Quarry waste stones were backfilled behind the abutment. A
single-column abutment was constructed on the north bank with an aboveground column height
of 4.41 m and a pile penetration depth of 11.37 m.

* Hebei Provincial Communications Planning and Design Insitute
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3. Geological features
The riverbed soils consist mainly of fairly thick layers of medium dense sand and stones with
relatively good gradation. Except for the 1.5 to 2.0 m medium dense fine sand found in the
surface layer north of Pier #12, a sand and stone layer extends the entire bridge length to a depth
measured from the riverbed surface down to an elevation of 32 m with a stone content of 50%, a
maximum size up to 30 cm, and the content of maximum sized stones accounting for 30% of the
total. The stone content is 60 to 70% between 32 to 25 m elevations. Further downward sizes
become smaller below an elevation of 25 m. The maximum size is 20 cm and few in number.
Small pebbles 0.5 to 1.0 cm increase in content and are mixed up with clay. Bedrock outcrops at
the south abutment and more gradually toward the north. All piles are of friction type except for
the piles of Piers #1 to #9, which are, as mentioned before, founded on bedrock.
II. Earthquake Damage
No apparent damage occurred to the bridge during the first 7.8 magnitude (Richter scale)
earthquake with intensity VIII at the bridge site. However, another major earthquake in the same
afternoon with a 7.1 magnitude and a IX degree intensity at the bridge site badly damaged the
bridge with girders in 2 spans that toppled, one pier collapsed and several spans displaced, as
shown in Photo 1.
The damage is discussed in detail below:
1. The girders of Spans #10 and #11 (counting from the southern bank) dropped. For girders
in Span #10, the south end fell into the river on the north side of Pier #9 while the north end
overrode the #10 pier base. For girders in Span #11, the south end dropped into the water on the
north side of Pier #10 whereas the north end fell on the upper shaft of Pier #11, see Photo 2. On
the collapsed spans the concrete deck paving was spalled and broken and the lateral connections
between the main girders were destroyed. The main Girder #1 on the upstream side of Span #10
and the main Girder #2 of Span #11 toppled into the water on the upstream side after the steel
plates which served as the lateral connection had failed in tension.
2. Those main girders in various spans that did not fall down suffered both longitudinal and
transverse displacements to different degrees. In the longitudinal direction the main girders in
all spans displaced northward leading to a significant relative dislocation between the girder and
the pier. The spans to the north of the toppled spans shifted more severely, with the worst
shifting value of 29.30 cm at Pier #30. Except for Piers #1 to #3, the spans to the south of the
collapsed spans sustained indiscernible relative displacements between the girders and piers and
the superstructure remained comparatively intact. The transverse displacement of the main
girders occurred mainly in an east (or downstream) direction with a maximum transverse
displacement of 10.50 cm found on the south end of Span #15. After the transverse dislocation
the entire bridge center line was in a nearly multi-sinusoidal wave shape in plan, as shown in
Figure 3.
3. Pier #10 was totally destroyed by through cracks which had pierced through the lower
shaft and the pier cap making the pier shaft topple northward into the river and the pier cap fall
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on top of the collapsed girder of Span #10. The pier base moved south by 17.50 cm, which was
the greatest displacement that happened out of all the pier bases of this bridge.
4. Except for Piers #6 and #14 where no apparent displacements were observed, all other
piers sustained longitudinal tilting to various degrees and minor horizontal twisting. South of the
collapsed spans all piers suffered from indiscernible longitudinal displacements with the
exception of Piers #1 and #9.
Transverse displacements and vertical settlements at various piers were insignificant.
5. Among the 30 piers of the entire bridge, severe cracks were found on the stone masonry
shafts of all piers except for Piers #2 to #6, #12 and #30. Most of the cracks occurred within
1.0 m above the pier base especially on the interface between the pier shaft and the pier base
where cracks developed along the horizontal mortar joints, see Photo 3.
In order to check the damage conditions of those piers with relatively large displacements
water was pumped away and test pits were dug. Inspections revealed that cracks occurred at all
connections between pier bases and pile tops. The crack widths of several piers are listed in
Table 1. For piers with either embedded or exposed pier bases the pile cracks were invariably
located within 30 cm below the pile heads and on the S-E side of the piles. Figure 4 shows the
crack features of Pier #27 sketched after the excavation check. According to the site engineers,
when the water was drained it was found that the pile surface had been separated from the
surrounding soil layer with a distinct gap in between. As the excavation was reaching 1.7 m
below the pier base the gap disappeared indicating that the bond between the pile and soil was
good below this elevation. Out of all the piers inspected only the pile heads cracked and the rest
of the pile remained sound without any cracks.
6. The south abutment founded on bedrock appeared intact and no displacements or cracks
were seen. Damage to the north abutment was extremely severe. The main damage consisted of
serious cracks and fractures of the breast wall due to pounding of the main girder and breakage
and backward tilting by approximately 20 cm of the abutment cap. Excavation checks revealed
pile columns that were badly cracked generally with 4 cracks 0.2-0.3 cm in width on the south
side of the column 3.6 m below the abutment cap. The pile column broke at the construction
joints of the pile extension with a crack width up to 8-10 cm. See Figure 5 for details of the
failure.
7. The rocker bearings on Piers #2 to #8, #27 and #28 remained comparatively sound
whereas the remaining 110 bearings (accounting for 70% of the total) either tipped northward or
toppled and more than half were crushed by the main girders. Seventy per cent of the fixed
bearings failed in tension with most of the bearing blocks fractured and reinforcement exposed.
Due to tilting and toppling of rockers the bridge deck deformed into steps with the southern end
higher than the northern end with a maximum differential height of 16.50 cm. In addition, 70%
of the concrete deck paving over the joints were damaged.
8. The relative displacement between the pier and the girder resulted in changes of both
expansion joint and bridge lengths. Since the longitudinal movements of main girders were
restrained by the cushion blocks under the fixed bearings and the girder ends were not in close
contact, the widths of most expansion joints were slightly increased, just contrary to the
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expectation. The total length of the bridge exhibited little change; only increased by 12.50 cm
(the original bridge length was 688.20 m).
9. As for damage to other parts of the structure, a certain number of sidewalk blocks and
railings were deformed by twisting and the deck concrete over the expansion joints was partially
fractured all due to relative displacements between the piers and girders as shown in Photo 4.
Except for the collapsed spans, all girders in the remaining spans were crushed only at the ends
while the girder survived.
10. No sliding and little settlement were found at the embankment of the south bridgehead
while the backfilling behind the north abutment settled by 40 cm, and there were general cracks
in the slope protection that also settled by more than 20 cm. Besides, 3-4 longitudinal fissures
with a maximum width of 50 cm occurred on the pavement at the bridgehead but no distinct
sliding was found.
III. Damage Characteristics
The following features characterize the earthquake damage to this bridge:
1. The direction of longitudinal displacements of the girders and the direction of toppling of
rocker bearings and Pier #10 were all related to the propagation direction of the seismic waves.
2. Both collapsed spans had the same damage pattern, i.e. the southern end (with fixed
bearing) of the span nearest to the epicenter dropped first while the northern end farthest away
from the epicenter leaned against the pier. In addition, one end of the collapsed girder dropped
on the pier shaft first knocking the pier cap and stones onto the girder. This indicated that the
girder had dropped before the failure of the pier and the pier shaft was crushed and toppled by
the collapsing main girder.
3. There was significant relative dislocation between the girder end and the pier top.
However, since longitudinal movement of the girder was restricted by the cushion block of the
bearing, accumulation of longitudinal displacements from all spans was avoided. The
differential displacement value of the spans was, therefore, not substantial except for a few
spans.
4. Although all non-toppled piers did sustain displacements and tilting to various extents, the
displacement values were not big. The degree of tilting of each pier was less than 2%. All piers
south of Pier #17 tilted south whereas most piers north of Pier #17 tilted toward the north.
5. Spans #1 to #9 close to the southern bank suffered minor damage while piers near the
northern bank sustained heavier damage. This shows that site conditions did have distinct
effects on damage.
6. Riverbed soils at the bridge site were of good quality. There was no liquefaction of sandy
soil or ground failure. No apparent bank sliding was found either. Changes in distance between
piers and abutments and in total length of the bridge were not significant. Neither pier nor
abutment settled.
(Translator: Bangben Huang)
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Table 1. Crack widths in column heads.
No. of Pier
Crack
Width
(mm)

9

10

Upstream
Pile

4.0

4.5

Downstrea
m Pile

3.0

5.0

15

3.0

19

22

27

28

29

30

8.5

6.0

10.0

2.5

2.0

1.0

8.0

7.0

8.0

3.0

2.0

1.5
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Photo 1. A post-earthquake view of Zhuacun Bridge.

Photo 2. A close view of girder collapse in Spans #11
and #12.

Photo 3. Cracks on pier shaft.

Photo 4. Sidewalk and railing damage and deck
settlement.
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Figure 1. Geographical location of Zhuacun Bridge.

Figure 2. Design sketch of Zhuacun Bridge.
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Figure 3. Displacements measured at Zhuacun Bridge site (unit: cm).
(a) Difference between c-to-c distance of pier top and design value; (b)
Difference between c-to-c distance of pier bottom (top of pier base) and
design value; (c) Horizontal displacement of pier bottom along direction of
bridge; (d) Relative longitudinal dislocation between girder and pier; (e)
Horizontal displacement of pier top along direction of bridge

Figure 4. Crack features of Pier #27.
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Figure 5. Crack features of north abutment.
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EARTHQUAKE DAMAGE TO THE
LUANHE RIVER BRIDGE IN LUANXIAN COUNTY
Changrui Deng1 and Jingwei Xie2

Located on the Tianjin-Qinhuangdao Highway the Luanhe River Bridge is 2 kilometers
northeast of Luanxian County and crosses the Luanhe River from east to west. The bridge site is
in an intensity IX earthquake zone. The Lulong-Taoyuan Fault Zone with an east-west strike
passes between Piers #8 to #24 counting from the west. The fault zone is 50-300 m wide with its
west side (Tangshan side) as the upper plate and its east side (Qinhuangdao side) as the lower
plate. This fault zone is very close to the Qian'an-Laoting Fault Zone on the western bank of the
Luanhe River with a south-north strike, see Figure 1 of the previous paper: “Earthquake Damage
to the Zhuacun Bridge Over the Luanhe River in Qian'an County”. The riverbed at the bridge
site is wide and shallow with an interlayer of sand, pebble and sandy loam 20-30 m below the
ground surface with underlying gneiss which is a green color and dips from east to west. The
bridge site belongs to Type II.
I. Structural Features in Brief
Completed in August 1974 this bridge is a double-purpose structure carrying both the
highway and an oil pipeline. The bridge has 35 spans with a total length of 789 m. There is a
7 m clear width of the deck, which is flanked by a 1.0 m sidewalk on each side. The design
loads are Truck-20 and Trailer-1003. The pipeline weighs 0.338 tones per meter.
The superstructure consists of simply supported T-girders pre-cast with reinforced concrete.
Each span has 5 main girders each 1.35 m in height and 22.16 m in length. The calculated span
length is 21.60 m. The fixed end is provided with tangent type steel plate bearings with tooth
plates welded on both sides whereas the moveable end is equipped with reinforced concrete
rocker bearings each 30 cm high, 27 cm wide, 14 cm thick with an arc plane radius of 15 cm.
Each has a welded tooth plate on both top and bottom sides for holding the bearing in place. The
total height of the bearing is 37.20 cm
The substructure is composed of stone masonry piers with high-rise pile caps. The
dimensions of various pier components are shown in Figure 1. The light solid pier shaft was
built with stone masonry with Grade 75 cement mortar. Both the cantilever pier cap on top of
the pier and pier base (i.e. pile cap) at the bottom of the pier are made of reinforced concrete.
Two bored piles each 1.25 m in diameter constitute the pier foundation. Piles are heavily
1

Tangshan Prefectural Bureau of Communications

2

Research Institute of Highway Sciences, Ministry of Communications

3

This is a current Chinese standard highway design loading in which the structure and its
elements are designed by Truck-20 and checked by Trailer-100 loads. The Truck-20 loading
consists of a train of 20-ton standard trucks and one 30-ton heavy truck. The Trailer-100
loading includes only one 100-ton trailer.
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reinforced. Each pile contains twenty 36 mm and twenty 25 mm re-bars with a reinforcement
ratio of 0.0246 for Piers #2 to #8 (counting from the east), and forty 25 mm re-bars with a
reinforcement ratio of 0.016 for the remaining piers. The pile penetration depth varies with the
height of bedrock from 21.50 to 27.50 m approximately. The piles of Piers #1 to #20 from the
west are embedded 2.5 m into the bedrock while the rest of the piles are not embedded into the
bedrock. The abutment consists of a single-column bored pile 1.25 m in diameter (Figure 1)
with twenty 25 mm steel bars provided for the pile column on the east bank with a pile depth of
17.50 m, twenty-four 25 mm steel bars were placed in the pile column on the west bank with a
pile depth of 20.70 m. A conical slope protection and a U-shaped retaining wall, both of mortar
rubble, were built respectively in front of and to the rear of the abutments. Approaches at the
bridgeheads on both banks were back-filled with sand and stone and mortar rubble slope
protection was built. The approach height is 7.5 m on the east bank and 9 m on the west bank.
The oil pipeline is 529 mm in diameter and is installed on the upstream side of the pier with
the pipeline axis positioned 1,063 m below the pier top. Transverse reinforced concrete
cantilever beams extending from the piers support the oil pipeline. On Piers #4, #10, #16, #22,
#28 and #34 counting from the west, the oil pipes form several Π-shaped sections which are
supported by longitudinal and transverse R.C. cantilever beams extending from those piers.
II. Earthquake Damage
No apparent damage was found after the 7.8 magnitude (Richter scale) earthquake except for
minor settlement of the approach pavement on the east bank; the bridge was able to maintain
normal traffic. However, the 7.1 magnitude earthquake of the same afternoon created severe
damage to the bridge such as the collapse of girders and piers. Damage to the entire bridge is
shown in Photo 1 and Figure 2. A detailed account of the damage to various bridge components
is given in Figure 3.
1. All together 23 spans including Spans #2 to #24 counting from the east bank collapsed
with all the west ends (moveable bearing ends) of the main girders dropped to the riverbed and
the east ends left on the pier remnants. The central part of the girder in Span #9 was brought
down onto the base of Pier #9 forming a cantilever on both sides and was broken in two at midgirder. This span suffered the most severe longitudinal (i. e. in the same direction as the bridge)
displacement, among all collapsed spans, see Photo 2.
2. Span #1 at the west bank and Spans #25 to #35 at the east bank, 12 spans in total, did not
drop. The girders, however, moved longitudinally eastward by 21 to 50 cm and shifted
transversely northward (i. e. toward the upstream side) by 4 to 32.50 cm.
3. All rocker bearings in the surviving spans tilted and/or toppled eastward with most of them
being crushed leaving the bridge deck in steps with the east end higher than the west end.
Welded joints in tooth plates of the fixed bearings were pulled apart laterally.
4. Out of the 23 spans that dropped 12 piers toppled eastward and fell on neighboring
collapsed girders. Piers #10, #16 and #21 the piers with Π -shaped oil pipes broke and
overturned above the oil pipe support beams. The pier shaft of Pier #9 was completely wiped
out above the pier base top. Many horizontal and circumferential cracks occurred on lower
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shafts of the surviving or remnant piers. Piers cracked badly at the dropped spans and less
seriously at the spans that did not collapse. Most piers sustained horizontal cracks with big
openings 65-120 cm below the pier base top (i.e. at mortar joints of the 2nd and 4th layers of
stone masonry counting upward from the pier bottom).
5. Of the 22 piers that survived only 6 ( Piers #24, #28 and #31 to #34) tilted westward with
the largest tilting of 3% observed at Pier #34. Except for Pier #23, all the remaining 16 piers
tilted eastward with the biggest tilting of 2.6% found at Pier #11, see Figure 3.
As for Pier #23, mortar joints in the 1st and 3rd layers of stone masonry counting from the
pier bottom cracked 8-9 cm in width on the west side and dislocated due to leaning of the
dropped girders against the west side of the pier top making the pier shaft tilt eastward by 6.7%
as shown in Photo 3.
6. Piers suffering considerable changes in c-to-c distance were Pier #8, which span was
lengthened by 19 cm and Piers #9 and #21 had spans shortened by 8 cm. Except for the two side
spans the total length of the 33 intermediate spans was increased by 43 cm.
7. According to estimates made during restoration there was essentially no displacement at
Pier #17. Starting from this base point pier location stakes were laid out parallel to the bridge
and longitudinal displacements of all piers were measured (Figure 3). Among all the piers, Pier
#8 sustained the biggest eastward longitudinal displacement, up to 15 cm at the pier bottom,
while Pier #34 suffered the largest westward longitudinal displacement, up to 32 cm of the top of
the pier. A longitudinal displacement of 18 cm westward was discovered on top of the east
abutment while virtually no displacement was found at the west abutment.
8. Girders of the most severely damaged Spans #2 to #23 suffered substantial transverse
displacements as well. The upstream side girders of Spans #2, #12, #13, #21 and #24 as well as
the downstream side girders of Spans #3, #4, #14, and #16 invariably sustained transverse
displacements greater than 35 cm leading to the entire side girders falling into the river. The
upstream side girders of Spans #5, #11, #17, #22 and #23 and the two downstream side girders
of Spans #10 and #15 all plunged beyond the pier bases with at least one transverse displacement
over 1.9 m.
9. The breast wall of the west abutment cracked from pounding and tilted toward the
embankment enlarging the expansion joint with the upper opening of the joint widening to 3845 cm and the lower opening to 30 cm. The conical slope in front of the abutment settled by
35 cm and the pavement behind the abutment subsided by 36 cm, see Photos 4 and 5
respectively.
The breast wall of the east abutment was pushed by the girder 22-27 cm into the
embankment (Photo 6) whereas the pavement behind the abutment settled 23 cm. Several
longitudinal cracks 10-30 cm in width occurred and extended more than 100 m with differential
height created by dislocation of the cracks.
In addition, the conical slope in front of the abutment slid horizontally by approximately 48 cm and a number of tension cracks, wider at the bottom than at the top, appeared on the surface
of mortar rubble slope paving with a crack width of about 3-8 cm at the toe of slope.
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10. While the post-earthquake renovation excavation was being made at the east abutment to
inspect cracking features at the pile column below the ground level, six cracks 0.7-1.7 m apart
and 2-3 mm wide were found within the 7.4 m upper part of the pile column and 10.40 m below
the column head, as shown in Figure 4.
11. The oil pipeline at Spans #1 to #23 was hit by falling sidewalk slabs and collapsed into
the river after being crushed by the toppled piers. However, some sections of the oil pipe did not
fall due to the reason that piers with Π -shaped pipe bends still stood erect and were hanging on
the support beams. The oil pipeline over the 11 spans at the east bank where girders had not
dropped was not damaged and essentially remained sound.
12. When the restoration project was completed for the entire above ground structure in May
1978 excavation was about to begin to inspect the pile foundation and to find damage conditions
of the pile sections below the ground level. After repeated studies Piers #16, #19, #23 and #31,
with comparatively large longitudinal displacements at the pier bottom, were selected as the
inspection sites and excavation was carried out all the way down to 2.2 meters under the pier
base. Exploration revealed that the 2 piles of Pier #31 cracked badly and that 2 cracks (plus 1
short crack) approximately 30 cm apart and 0.3 mm wide occurred on each of the upstream and
downstream piles 77 cm and 90 cm below the pile tips respectively. Three main re-bars were
exposed (by a length of about 65 cm) in a northeast direction of the upstream pile and the 2
cracks stopped at the exposed reinforcement, see Photos 7 and 8. On the other hand, the
downstream pile of Pier #23 cracked severely as well with three half-circumferential cracks 0.10.2 mm in width within a 1.1 m portion below the pile top, see Figure 5. No cracks were
observed on the upstream pile of Pier #23. No apparent cracks were found on the remaining 2
excavated piers.
(Translator: Bangben Huang)
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Photo 1. A post-earthquake view of the Luanhe River Bridge in Luanxian County.

Photo 2. Damage to Span #9 at Luanxian County
Bridge.

Photo 3. Damage to Pier #23 at Luanxian County
Bridge.

Photo 4. Damage to the west abutment at Luanxian
County Bridge.

Photo 5. Pavement subsidence at west bridgehead at
Luanxian County Bridge.
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Photo 6. Damage to east abutment.

Photo 7. Damage to upstream pile of Pier #31, looking
west.

Photo 8. Damage to upstream pile of Pier #31, looking
east.
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Figure 1. Sketch of pier and abutment structures.

Figure 2a. Luanxian Bridge damage (unit crack: cm).
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Figure 2b. Sketch of Luanxian Bridge damage (unit crack: cm).
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Figure 3. Field measured displacement of Luanhe River Bridge in Luanxian
County (unit: cm).
(Changes to c-to-c distances on pier bottoms indicate differences from as-built
values of which the solid line represents the accurately surveyed value after
restoration and the broken line represents the roughly surveyed value during the
damage inspection. Figures in brackets are changes of c-to-c distances on top of
pier at the end span.)
Increased, reduced, Tangshan bank (west), Qinghuangdao bank (east), Span No. a)
change of pier bottom distance; girder eastward, west abutment, girder fell, Span
No. (east abutment), b) relative longitudinal dislocation between girder and pier
top; tilted eastward, broke and fell, tilted westward, Pier No. c) tilting angle of pier
in direction as bridge; upstream (north), 2 girders fell laterally, one girder fell
laterally, downstream (south), estimated and measured, Pier No. d) relative
transverse displacement between girder and pier
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Figure 4. Cracks in single-column abutment on east
bank (unit: cm).

Figure 5. Cracks on downstream pier of Pier #23
Luanhe River Bridge in Luanxian County.
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EARTHQUAKE DAMAGE TO THE LUTAI BRIDGE1
Luping Xu2

The Lutai Bridge, which is located in the northeast suburb of Lutaizhen Town of Ninghe
County in Tianjin City and crosses the Ji Canal is a major structure on the Tianjin-Shanhaiguan
Highway. It is composed of a 1 span reinforced concrete tied arch and 8 spans of reinforced
concrete girders. The bridge is 44.50 km away from the epicenter with a 62 degree angle
between the bridge axis and the epicentral direction and is in an earthquake zone of intensity IX.
Built in 1959 the original design used to be a 5 span bridge with a total length of 126 m. Later
on however, 4 additional spans had to be built as the riverbanks slid during construction.
Therefore, the final completed structure consists of 9 spans, 169.50 m in total length. Photo 1
presents a full picture of the bridge before the earthquake and Figure 1 shows details of the
structure.
I. Structural and Geological Features
1. Superstructure
The bridge deck consists of a 7 m carriageway and two 1.5 m sidewalks.
arrangement and structural details are further discussed below:

The span

(1) The central span (i.e. Span #5) is a reinforced concrete tied arch with a span length of
54 m and a rise of 10.50 m. Both the upper and lower chord members have I-beam sections.
The lower chord is 140 cm high and 80 cm wide with a 22 cm web thickness while the upper
chord is 100 cm high and 80 cm wide with a 25 cm web thickness. The total weight of the tied
arch is 920 tons.
(2) Spans #4 and #6 are composed of T-girders with a span length of 22 m, a girder depth of
125 cm, a flange width of 140 cm and a web thickness of 15 cm. Each span consists of 7
T-girders with a total weight of 130 tons.
(3) Spans #2 to #3 and #7 to #8 are made of T-girders 14 m in span length, 85 cm in girder
depth, 140 cm in flange width and 15 cm in web thickness. Each span has 7 T-girders with a
total weight of 62 tons
(4) Spans #1 and #9 are built with concrete slabs 6.8 m long, 100 cm wide and 40 cm thick.
Each span is composed of 9 slabs with a 62 ton weight.
The deck paving consists of a cement-concrete waterproof layer 4 to 9.3 cm thick and a 4 cm
bituminous concrete surface course.
1

The information and photos were provided by the Highway Planning and Design Institute,
Ministry of Communications.

2

Tianjin Municipal Engineering Bureau
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2. Substructure
The structural type and main dimension of various piers and abutments are listed in Table 1.
3. Bearings
The fixed and moveable bearings for the whole bridge are laid out in Figure 2. Bearings
include rocker bearings, tangent bearings and asphalt felt bearings arranged in the following
manner:
(1) Felt bearings are used for the 6.8 m slabs.
(2) Steel plate tangent bearings are provided for the 14 m T-girders.
(3) The 22 m T-girders adopt tangent steel plates for fixed bearings and small reinforced
concrete rockers for moveable bearings.
(4) The 54 m tied arch takes tangent steel plates as fixed bearings and big reinforced concrete
rockers as moveable bearings. Sectional dimensions are 40×70 cm and the height is 80 cm.
4. Loading criteria
Design loads adopted for this bridge are Truck-13 and Tractor-60 (see footnote by the
translators for the Shengli Bridge) as specified in the "Design Criteria for Highway Engineering
Projects" which is a Chinese official specification promulgated by the Ministry of
Communications in 1956.
5. Subsoil conditions
The subsoil in the riverbed and along the riverbanks consists of gray silty sand loose and
saturated, gray plastic clay and yellow plastic clay-loam. Soil distribution in the riverbed is as
follows. There is a loose and saturated layer of gray silty sand above the elevation of -12 m with
a design bearing capacity of 10 kg force per square centimeter. The underlying layers consist
successively of gray plastic clay 0.6-1.0 m thick, yellow plastic clay loam, and gray sand
interlaced with silty sand and fine sand with a cumulative thickness of 2.0-7.0 m and a design
bearing capacity of 1.5 kg force per square centimeter. A layer of yellow silty sand exists below
a depth of 25 m with a design bearing capacity of 1.5 to 2.0 kg force per square centimeter. The
geological log of bored holes drilled into the riverbed is presented in Figure 1. Pile penetration
records obtained during pile driving are listed in Table 2.
Local slope slides occurred on riverbanks during construction so measures were taken by
increasing the bridge length and avoiding the unstable bank sections. But the balance of the soil
mass was again disrupted when the riverbed was dredged in 1972, and the bank slopes slid once
more. According to the survey made in May 1976, Piers #1 and #7 tilted by 1°30', the rocker
bearings of the tied arch tilted toward the Lutai side, and the expansion joint on top of Pier #6
had expanded to 11 cm. It was concluded that the sliding movement had not yet stopped at that
time.
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II. Earthquake Damage
Both the superstructure and substructure of this bridge were badly damaged during the
Tangshan earthquake. The following is a description of damage sustained by various parts of the
bridge.
1. Superstructure damage
(1) Span collapse
Both the tied arch in the central span and the T-girders in Span #2 on the Tianjin bank
completely collapsed into the river and were totally destroyed as shown in Photo 2.
Collision traces were left on the downstream side of the pier caps of Piers #4 and #5 by the
collapsing tied arch. During the dry season of the next year the wreckage of the tied arch was
found in a position slightly downstream with its Tianjin end dropped on the pier base of Pier #4;
the downstream side of its Lutai end rested on the pier base of Pier #5 and the upstream side fell
on the riverbed. Both the upper and lower chord members were broken and the upper chord
dropped toward the downstream side. Part of the deck near the Lutai bank rotated downstream
by 30 degrees whereas several deck members close to the Tianjin bank dropped onto the
riverbed and piled up, see Photos 3 and 4.
The T-girders in Span #2 on the Tianjin bank collapsed as well. The upstream part of the
girder end on the Tianjin side dropped on the pile foundation of Pier #1 and crushed the batter
pile while its downstream part fell on the bank slope. The entire girder end near the Lutai side
collapsed into the river as shown in Photos 5 and 6.
(2) Displacements
The superstructure over all the survived spans suffered longitudinal, transverse and vertical
displacements relative to the pier top with transverse displacement as the main damage.
Figure 3(a) shows the transverse displacement of the deck measured after the quake; it
indicates that the bridge deck on all spans invariably displaced transversely toward the upstream
side and the transverse displacements at the two ends of the same span were not equal. For
instance, in all spans on the Lutai bank the transverse displacements of the deck at the ends with
fixed bearings were smaller than those with movable bearings. The maximum transverse
displacements occurred in Span #6 with 29 cm on one end and 93 cm on the other making the
span rotate about the fixed bearing end, see Figure 4 and Photo 7.
The deck at Spans #4, #6 and #7 sustained the biggest longitudinal displacements where the
biggest displacements amounted to 55 cm for Span #4 toward the Lutai bank and 76 cm for
Span #6 toward the Tianjin bank.
Due to settlement of piers and abutments and failure of bearings, differential vertical
displacements occurred at the bridge deck forming steps along the bridge, see Figure 3(b).
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(3) Local damage
Local damage of various extents such as cracking in tension at expansion joints (Photo 8),
crushed or spalled concrete at deck ends and exposed reinforcement occurred in the
superstructure of uncollapsed spans, all as a result of longitudinal and transverse displacements
as well as crowding and collision of spans. Of the entire bridge the main girders in Spans #6 to
#8 on the Lutai bank suffered the most severe local damage.
2. Bearing failures
(1) Steel pins of the tangent bearings at the fixed end of the tied arch in the central span were
damaged by shearing whereas, of the two rocker bearings at the movable end, the one on the
upstream side dropped into the river and the other one on the downstream side toppled on top of
Pier #5.
(2) All rocker bearings at movable ends of T-girders over Spans #4 and #6 fell into the river.
(3) Bearings under the T-girders over Spans #2, #3, #7 and #8 sustained, to different extents,
dislocation at movable ends and rotation at fixed ends with the most distinct case in Span #7.
Photo 9 shows the concrete cushion block torn off the bearing at the movable girder end in
Span #7. The darker area in this photo indicates the concrete block newly cast after jacking up
the T-girder during restoration work after the earthquake. Rotation of the tangent bearing at the
fixed end of the girder by approximately 45° can be seen in Photos 10 and 11.
3. Substructure
(1) Tilting of piers and abutments
All piers and abutments tilted along the river and in the same direction of the bridge with
most tilting occurring in the direction of the bridge. Abutment #0 and Piers #1 and #2 tipped
toward the Tianjin bank while Piers #7 and #8 tilted toward the Lutai bank. Piers #3 to #6 had a
slight tilt toward the Lutai bank. Tilting along the river was mainly toward the upstream side.
Tilting values of various piers and abutments measured before and after the quake are listed in
Table 3.
(2) Displacement of piers and abutments
Piers and abutments had already moved toward the river due to sliding of riverbanks before
the quake. According to investigations and surveys made before the tremor, in April 1976, the
total length of the bridge had already been reduced by 0.245 m. Displacement of piers and
abutments were more obvious after the earthquake. Judging by the more or less similar results of
the two surveys made in August 1976 and March 1978 before the restoration work, the total
length of the bridge had been further reduced by 1.464 m. Displacement features consisted of
lengthening of Spans #2 and #8 and shortening of the remaining spans with the biggest
displacement in the collapsed Span #2 and the central span. Span #2 was increased by 1.334 m
whereas the central span was reduced by 1.266 m. Changes in bridge length as measured during
various surveys are summarized in Table 4. Longitudinal displacements of each pier and
abutment are shown in Figure 5 which has been prepared by comparing the pre-earthquake data
measured in April 1976 with the pre-restoration data obtained in March 1978.

189

(3) Settlement of piers and abutments
Table 5 lists the settlement of each pier and abutment. As the data obtained after the quake
in 1976 is not complete, the elevations listed in Table 5 adopt the data measured before
restoration in 1978 and the two sets of data are found essentially alike. Since the benchmark
levels have already changed since the earthquake there is no way to determine the absolute
settlement of each pier and abutment by making direct comparison with the as-built data.
Therefore, only relative variations of differential heights of adjacent piers and abutments before
and after the tremor have been calculated.
(4) Fractures and cracks
Aside from tilting, displacement and settlement all piers, and abutments sustained fractures
and cracks of various degrees with the most serious case at Pier #4. Damage of this kind was as
follows:
(a) Pier #1 was damaged by the falling girders of Span #2. The batter side pile on the
downstream side was crushed and concrete was spalled and reinforcement was exposed on the
pile top as shown in Photo 8. One crack approximately 5 cm in width occurred between the
vertical pile and the pier cap on the Tianjin side, and a fine shear crack in a 45° direction also
appeared at the bottom side of the pier cap.
(b) Fine horizontal cracks occurred 1.3-1.6 m from the ground in 14 pile columns of Pier #2
with more severe cracking of two piles on the upstream and downstream sides with the most
severe cracking on the upstream side. Cracks opened mainly on the inner side (i.e. Lutai side) of
the pile.
(c) Pier #4 was the pier with fixed bearings between the 54 m tied arch and the 22 m Tgirders and it suffered the most severe damage. Two pier columns failed completely at 1.6 m
(upstream side) and 0.9 m (downstream side) respectively above the pier base, see Photo 12. All
cracks extended through the entire section with a crack width up to 5 cm, with brittle and badly
spalled concrete and exposed or bent reinforcement as shown in Photos 13 and 14.
In addition, a vertical circumferential crack 20-30 cm away from the edge of the pier column
occurred at each of the upper and lower cross-tie beams and extended the entire section of the tie
beam. The lower tie-beam cracked more severely with local spalling of concrete below the crack
on the upstream side.
(d) Two vertical cracks each 30 cm away from one of the pier column edges was observed on
the Tianjin side of the lower cross beam of Pier #6 but the cracks did not extend through the
entire section of the tie beam. The rest of the piers and abutments remained essentially intact.
(e) During the dry season in 1978 an inspection of the gaps between the riverbed and the
base of Piers #4 and #5 revealed micro-cracks on some piles and pier bases. One side pile on the
upstream side of Pier #5 sustained more discernible cracks.
4. Ground failures
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The tremors created ground subsidence and fissures along the river on both banks showing
that the banks had slid toward the river. It was more severe on the Tianjin bank where 8 fissures
along the river, up to 16-20 cm in width, occurred on the embankment 51 m behind the abutment
on the Tianjin side with a relative subgrade settlement of 17 cm, see Photo 15. The approach
embankment on the Lutai bank also sustained transverse fissures although in smaller quantity
and width than the Tianjin bank. The subgrade behind the abutment on the Lutai side subsided
only 11 cm. Furthermore, distinct traces of relative settlement of bank slopes were found at the
foot of the piles of Piers #1 and #8. According to observations made during the low water period
in 1978, huge gaps formed between the bases of Piers #4 and #5 and the riverbed indicating that
the riverbed had settled as well (Photo 16).
The damaged Lutai Bridge was restored in 1979 as shown in Photo 17.
(Translator: Bangben Huang)
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Table 2. Pile penetration records.
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Table 3. Tilting of piers and abutments measured after the earthquake in degrees.
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Table 5. Measured settlements of piers and abutments (unit: m).
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Photo 1. A pre-earthquake view of Lutai Bridge.

Photo 2. A post-earthquake view of Lutai Bridge.

Photo 3. Tied arch wreckage, showing deck system
piled up near Tianjin end (looking at Lutai side).

Photo 4. Tied arch wreckage, showing deck system
rotated and drifting downstream (looking at Lutai side).
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Photo 5. Span #2 (Tianjin side) collapsed.

Photo 6. Batter pile of Pier #1 was crushed.

Photo 7. Rotation of downstream part of deck at Spans
#6-#8. Span #6 rotated counter clockwise upstream;
Spans #7-#8 rotated clockwise upstream.

Photo 8. Crack with a gap up to 46 cm occurred at
downstream part on Pier #7 between Spans #7 and #8.

Photo 9. Movable end damage in girder of
Span #7.

Photo 10. Rotation of tangent bearing at fixed end
(view 1).
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Photo 11. Rotation of tangent bearing at fixed end (view
2).

Photo 12. Columns of Pier #4 broke. Concrete between
2 columns cast after earthquake for strengthening
purposes.

Photo 13. Columns on downstream side of Pier #4
broke.

Photo 14. Column upstream from Pier #4 broke with
bent reinforcement.

Photo 15. Settlement of embankment at bridgehead on
Tianjin bank.

Photo 16. Gap between the base of Pier #4 and the
riverbed.

197

Photo 17. A full view of restored Lutai Bridge.
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Figure 1. Structural sketch of Lutai Bridge (unit: cm).

Figure 2. Layout of bearings for Lutai Bridge (unit: cm).

Figure 3. Measured deck displacements.
(a) Average transverse displacement of deck; (b) Vertical displacement of deck
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Figure 4. Sketch of deck rotation at Spans #6 and #7.

Figure 5. Longitudinal displacements on top of piers.
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EARTHQUAKE DAMAGE TO THE HANGU BRIDGE
Erxun Hua*

Completed in 1970, the Hangu Bridge is located in Hangu District in Tianjin City and
crosses the Ji Canal along the Tianjin-Hangu Highway. The bridge site is 54 km away from the
epicenter which is in a N40°E direction from the bridge. The bridge axis is in a S80°E direction
with an angle of 60 degrees between the direction of the epicenter and the bridge axis. The
bridge site is in an intensity IX earthquake zone.
I. Structural and Geological Features
The Hangu Bridge is a simply-supported structure composed of pre-cast reinforced concrete
T-girders with a carriageway width of 9.0 m and a 1.25 m sidewalk on each side of the deck. All
together, 11 spans each 16.00 m long constitute the 175.50 m total length of the bridge, see
Figure 1 for its span arrangement. The longitudinal gradient of the deck varies from 0 to 1.5%
with a cross slope of 1%. The superstructure of each span consists of 8 T-girders each 0.80 m in
depth and 1.50 m in width, and has a total weight of 166 tons. Structural integration is achieved
by connecting the T-girders to the reinforced concrete deck through the end diaphragms.
Steel plate bearings were provided for T-girders in all spans, but fixed bearings and pins
were adopted for the two piers on the riverbanks. Pier #6 uses movable bearings on both ends
while all the remaining piers select a fixed bearing for one end and a movable bearing for the
other. The pin for each fixed bearing is 30 cm in diameter.
The substructure consists of piers made of tri-column single-bent bored piles with a diameter
of 0.80 m and spacing of 4.50 m between pile columns. Pre-cast T-shaped bent caps are
installed on top of piles, which are tied together by 0.40×0.60 m rectangular cross beams.
Elevations on the bridge deck, girders, and river bottoms are 6.20 m, 5.25 m and -3.35 m
respectively. The pile length is 21.90 m for the two piers at both ends, 29.10 m for Pier #2 and
31.10-31.40 m for the rest of the intermediate piers. The embedded length of bored piers varies
between 20.00 and 22.00 m. Rubble paving has been built on the riverbank slopes.
Design loads of the bridge are Truck-26 and Tractor-100.
The design earthquake intensity determined for the bridge before the quake was VII, and no
aseismatic precautions were adopted. The survey data obtained after the quake revealed that at
the bridge site the Dabamu Fault Zone passes through the river section close to the bridge site.
The embedded depth of the fault zone near the bridge location is 700 m with a drop of 170 m.
The bridge is situated in a coastal region that is composed of an alternating and mutual deposit of
continental and marine sediments and alluvial stratum of the Quaternary Period with very poor
consolidation. According to the boring data there are two layers of light clay-loam 4.00-6.00 m
and 12.00-15.00 m respectively below the ground level with a fairly thick layer of silty clay
* Tianjin Municipal Engineering Bureau
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sandwiched in-between. There is a layer of clayey sand or silty sand between 20.00 to 24.00 m
depths. Clay and clay-loam constitute the remaining layers. The ground water level is fairly
high with a general buried depth of 0-2 m. Geological boring and standard penetration tests have
been carried out on both banks and at the river center with the test results shown in Table 1 and
Figure 2.
II. Earthquake Damage
The Hangu Bridge was severely damaged by the Tangshan earthquake in 1976.
Due to sliding of riverbanks the distance between the end piles on both banks was shortened
by 2.12 m. As a result, the bridge deck landed on the east bank where the approach pavement
heaved up by 70 cm (Photo 1).
Affected by the longitudinal displacement of the deck, railings over the expansion joints in
each span dislocated by either jamming together or pulling apart (Photo 2).
The original design width of the openings of expansion joints in the bridge deck was 40 mm.
However, after the earthquake, except for Pier #11 over which the expansion joint was widened
to 52 mm, all other expansion joints of various spans were reduced in width with a cumulative
width reduction of 153 mm for expansion joints over Spans #2 to #10. Width variations in the
opening of expansion joints of each span are shown in Figure 3.
Vertical cracks of a parabolic shape appeared on diaphragms at girder ends mostly extending
from the connection with the flange down to the bottom edge with loosened and spalled concrete
around serious cracks.
Among the 88 pre-cast T-girders of the entire bridge, Girder #1 on the upstream side of the
west abutment and the 8 girders on the east abutment had the pins of their fixed bearings
sheared. Other pins showed no shear damage although the cushion plates of the remaining fixed
bearings did shift a little. Pins were taken out for inspection from 2 fixed bearings on the east
abutment after the quake and identical damage patterns were found namely, the sheared face
showed an oblique section with a minor angle of inclination. The bank side of the pin sheared
cleanly but the channel side suffered simultaneous shearing and tension with clear pressure
indents observed on one side of the broken burrs, see Figure 4.
The deck over all piers underwent transverse displacements downstream by 50 to 60 mm in
general, and 97 mm in the most severe case. Transverse movement was smaller at the west bank
(Tianjin side) than at the east bank (Hangu side), as shown in Figure 3.
The direction and amount of lateral displacement of the bent cap were basically in
conformity to those in the deck; except for Pier #6 with 2 rows of movable bearings where the
bent cap shifted upstream leading to a differential displacement up to 233 mm between the deck
and the bent cap resulting in lateral separation of the upper and lower bearing plates.
In spite of the significant movement of both abutments toward the river, pile columns above
the ground remained plumb. In order to find the reasons for abutment movement the pile
foundation of the abutment on the Hangu bank was selected for boring exploration. Two holes
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were drilled upstream 1.05 m and 1.75 m from the centerline of the side pile with boring depths
of 14.50 m and 18.50 m respectively. No broken pile nor tilted pile columns were discovered in
the exploration holes, which indicates that due to the insufficient pile length the pile column
most likely moved together with the soil mass of the riverbank toward the channel.
All piles of the piers listed eastward (i.e. in the direction of the epicenter and Hangu bank)
with the angle of tilting increasing from west to east. The angle of tilting had a biggest value of
18°50' on Pier #2, a moderate value of 11°30' on Pier #3 and smaller values ranging from 5° to
7° on all other piers. Piles of Pier #2 and #6 were broken toward the east bank 20-30 cm above
the river bottom with crack widths between 10 and 15 cm and crack depth of 40 cm. In addition
to longitudinal tilting the piles experienced 1-2° lateral tilting downstream, with the exception of
Pier #6 where the pile shaft tilted upstream by a little less than 1°. See Photos 3 and 4 and
Figure 3.
Most connections between pile heads and bent caps cracked with circumferential cracks
appearing on the inner side of the bent cap as well as on the pile shaft below the cross tie beam
and on both ends of the cross tie beams of Piers #2 to #4.
Distances between bent caps changed a great deal at the 1st span on the east bank (shortened
by 2.05 m), but varied very little (generally less than 5.0 cm) at all other spans. It is thus
assumed that both the superstructure and substructure displaced as an integral mass.
According to the analysis of the relative height difference between various pier caps
observed after the quake, Piers #7 to #11 were subjected to insignificant inclination with little
relative height difference between pier caps indicating that all these piles sustained minor
relative settlement. All piles of Piers #2 to #6 had a considerable tilt and Pier #1 and #12 had
settled since the completion of the bridge. The settlements shown in Figure 3 did not only
include the pile settlement solely generated by the earthquake but also incorporated pile
inclination and settlement that occurred before the earthquake.
Judging from the differential settlement and from traces left on the bent cap of the end pier
by the mortar rubble slope paving on the west bank as shown in Photo #5, settlement of the
mortar rubble slope on both banks was greater than on the pile foundation of bank piers. The
measured relative settlement of slope protection was 25 cm on the west bank and 18 cm on the
east bank.
Ground fissures in the direction of the flow of the river occurred 30-40 m from the edge of
the east bank and at 20, 30, 40, and 90 to 100 m from the edge of the west bank. Water and sand
ejection occurred at 60 m and 98 m locations on the east bank. Water was still oozing from the
latter location one month after the earthquake.
The design distance of the foundation piles between the abutments was 175.50 m but the
actual distance measured after the tremor was 173.40 m; a contraction of 2.10 m which was
similar to the displacement that occurred at the Lutai Highway Bridge and the railway bridge
along the Beijing-Shanhaiguan Railway upstream.
A comparison was made between the riverbed sections measured before and after the
earthquake (in February 1969 and October 1977 respectively), and the results revealed no
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obvious scouring and silting of the riverbed after the quake. But the elevations of the entire
section lowered generally by 0.6 m which was less than the 1 m post-earthquake ground
subsidence observed in Hangu District which was possibly due to sliding of the riverbank and
rising of the riverbed.
There was a high voltage power line along the bridge approaches on the downstream side.
The earthquake made all the electric poles tilt toward the bank with an inclination of 7° on the
east bank and 3° on the west bank with the lowest sag of the power line located close to the deck
railings.
There were many water and sand ejections in the vicinity of Hangu Bridge. Samples of
ejected sand were obtained 400 m from the west abutment and compared with the soil analysis
data taken from 9 bored holes made at the ejection sites and at both ends of the bridge. It was
found that the soil layer similar to the ejected sand is located approximately at the Dagu datum
water level of -17.00 to -20.00 m which is equivalent to a depth of 20.50-23.50 meters below the
ground level. This result conforms to the judgement made based on sample tests of the liquefied
sand and was consistent with the curves of soil grain sizes versus soil sample gradations (Figure
5). These data can be used as practical references for determining the soil liquefaction (or
thixotropy) depth along the seacoast of the Bohai Bay.
(Translator: Bangben Huang)
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Ratio

Note: Elevation of ground level of the borehole is 3.66 m.

0.018

0.078

0.004

0.004

0.023

0.086

0.021

0.033

0.033

D50
(mm)

Water
Content
(%)

11.0

21.2

13.4

8.8

13.3

10.0

28.8

Plastic
Index

Table 1. Boring data obtained from the east bank of Hangu Bridge.

0.7

1.1
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1.3

1.1

0.6

Consistenc
y

22

30

24

35

21

23

28

26

Internal
Friction
Angle
(deg.)

0.21

0.19

0.05

0.22

0.07

0.38

0.12

0.23

Cohesion
(kgf/cm2)

204

205

Photo 1. Heaving of Hangu Bridge at east end.

Photo 2. Railing damage on the deck of Hangu Bridge.

Photo 3. Pier pile tilted (view 1).

Photo 4. Pier pile tilted (view 2).

Photo 5. Settlement of mortar rubble slope pitching,
west bank.
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Figure 1. Span arrangement of Hangu Bridge (unit: cm).

Figure 2. Sketch of boring logs for Hangu Bridge.
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Figure 3. Displacements of Hangu Bridge.

Figure 4. Sketch of shear force and pin damage (unit: cm).
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Figure 5. Diagram of soil grain analysis for Hangu Bridge.
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EARTHQUAKE DAMAGE TO THE YUJIALING BRIDGE
Yaoguo Nie*

Located in Ninghe County in Tianjin City and crossing the Chaobaihe River, the Yujialing
Bridge is a long bridge on the Tianjin-Hangu Highway and is a multi-span structure with singlebent pile piers. The 13 spans near the Hangu bank were first built in 1970 and expanded a year
later to 52 spans. The bridge site is about 15 km from the estuary and approximately 65 km from
the epicenter. The bridge axis lies in a direction N85°E with an angle of 39° with the line of the
epicentral direction which is N46°E. The bridge is located in a seismic intensity zone of VIII.
I. Structural and Geological Features
The bridge is 702.50 m total in length with 52 spans each 13.50 m long, see Figure 1.
The original ground elevation at the bridge site was at an altitude of 2-3 meters. The section
of the Chaobaihe River in this particular area is more than 700 m wide and belongs to a river
with earth embankments. A deep trough with a bottom elevation of -4.31 m and a width of
approximately 90 m had been excavated along the river channel about 180 m from the Tianjin
bank.
Truck-13 and Tractor-60 loads (see footnote by the translators for the Shengli Bridge) as
specified in the “Design Criteria for Highway Engineering Projects” which is a Chinese official
specification issued by the Ministry of Communications in 1956 has been adopted as the design
loading.
Each span in the superstructure consists of 6 reinforced concrete pre-cast T-girders of small
depth with diaphragms at the girder ends but without lateral connections. The girder is 80 cm
high and 13.46 m long with a 150 cm flange width with a web thickness of 20 cm in the middle
section and 34 cm at the bottom. The total width of the deck is 9 m with a 7 m carriageway and
a 1 m sidewalk on either side. The superstructure in one span weighs 93.60 tons.
Steel rocker bearings 152 mm in diameter and 370 mm in height and with no measure to
restrain movement were provided on top of Piers #1, #7, #14, #24, #34, #45 and #53 while
asphalt felt bearings were adopted for all the remaining piers.
The substructure is composed of single-bent double-column bored piles 80 cm in diameter
and 5 m in spacing. Solid retaining walls of mortar rubble masonry have been built above the
original ground surface of the abutment pile foundation and reinforced concrete retaining slabs
have been cast-in-situ between the abutment top and the bent cap.
Bent caps cast-in-place for Piers #35 to #45 and pre-cast for all the remaining piers are also
provided on top of piers. Pile columns of Piers #35 to #44 located in the deep river trough have
an exposed height of 9.31 m. According to structural requirements, pre-cast reinforced concrete
* Tianjin Municipal Engineering Bureau
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cross-tie beams 40×60 cm in dimension and ± 0.00 m in bottom elevation are provided between
the piles. The bent cap is also of a T-section with a length of 9.20 m, a maximum depth of
1.00 m mid-span, a flange width of 1.00 m and a web thickness of 30 cm.
The as-built elevations of the pile tips at various piers and abutments are -10.14 m for Pier
#1, -15.41 m for Pier #53, -19.14 to -22.10 m for Piers #36 to #43 in the deep river trough and
-13.98 to -16.05 m for the rest of the piers.
The site investigation made in the beginning of 1976 revealed an approximate 45 cm
settlement (compared with the original design elevation) in the approaches on both banks. The
bridge deck over Piers #1 and #53 settled 230 mm and 20 mm respectively compared to the
original design. The mortar rubble retaining wall of Pier #1 settled as well with its top about
30 mm below the bent cap bottom. Pier #53 also settled by approximately 10-20 mm. The
bridge had been in a satisfactory condition until the earthquake struck.
The bridge is located in a coastal soft soil area along the Bohai Bay and is fairly close to the
sea inlet. Formed relatively late, the foundation soil consists of an alluvial stratum belonging to
an alternating deposit of marine and continental sediments of the Quaternary Period with a
comparatively high ground water level and large quantities of organic matter and shells. In
certain areas there are stiff layers of soil mixed with clams and shells with a thickness up to 3-4
m and in locations below -1.80 to -2.30 m. According to boring data obtained after the
earthquake there is silty soil 9 m below the ground, clay loam 9-14 m below the ground, clay 1416 m below the ground and clay loam again 16-25 m below the ground with silty sandy clay and
a light clay loam interlayer between the soil layers. Table 1 lists the post-earthquake data.
Standard penetration tests were performed on the soil layer of the east bank at the bridge site
and the test results are shown in Figure 2.
The bridge is situated between two active fault zones with an equal distance about 6 km from
each; the Dabamu Fault Zone and the Chadian Fault Zone both of which have a north-east strike.
II. Earthquake Damage
The earthquake left traces of some water and sand ejection along the east bank but caused no
obvious ground fissures on either bank. The as-built distance between the piles of Abutments #1
and #53 used to be 701.50 m and the actual distance measured after the quake was 701.30 m,
indicating a slight compression shortening of the bridge length. Alternating lengthening and
shortening occurred in the spans with the maximum value not exceeding 50 mm.
Circumferential cracks in the soil layer were observed around the pile columns on the Tianjin
bank, see Photo 1.
Pile columns slightly tilted with longitudinal tilting generally less than 0.5° and lateral tilting
less than 1° in general.
Relative longitudinal and transverse displacements of fixed regular patterns occurred
between the girders and piers with longitudinal displacement curves similar to a sine curve as
shown in Figure 3(a). Longitudinal movement in deck girders had not only numerical variations
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but also directional changes for example, within the range between Piers #1 and #14 the
longitudinal displacement of the main girder gradually changed from the Tianjin-oriented to
Hangu-oriented direction. At various rocker bearings peak values appeared in longitudinal
girder displacement curves with a maximum value of 149 mm on top of Pier #45, refer to Photo
2 and Figure 3(a).
Most of the main girders displaced transversely toward the downstream side of the pier and
only a few shifted transversely upstream. Bigger transverse displacements occurred at the rocker
bearing ends of main girders with a maximum value of 409 mm located on top of Pier #34, see
Figure 3(b).
Relative girder-pier movements resulted in universal damage to asphalt felt bearings with
felts being pulled out of the bearing while others were completely torn off and dropped to the
ground as shown in Photo 3.
All together 7 steel rocker bearings were provided for the entire bridge among which rocker
bearings on Piers #1 and #53 were free from damage. All rockers of the east side bearings on
Piers #7, #14 and #45 and of both east and west side bearings on Piers #24 and #34 toppled as a
result of the quake and fell into the river. As for the other piers, some rockers fell into the joints
between the girder ends of 2 adjacent spans whereas others ran transverse to the bridge with
certain rockers bouncing so far as to land beneath the end diaphragms.
The main girders in those spans where all rocker bearings on one side came off and dropped
onto the pier top caused a step-shaped deformation in the deck (Photo 4). Since some rockers
dropped beneath the end diaphragm at one side of the bearing, the bearing end of the girder was
left hanging and slanted; some of the webs of the main girders were damaged by cracks from
diagonal tension and the deck was depressed on one side as shown in Photo 5.
The distinct characteristics of damage to the pile pier shows that the damage was induced by
transverse inertia force of the earthquake which produced the worst damage to the central pier
located in the deep river trough with relatively long exposed pile columns. Damage
characteristics are further elaborated as follows:
1. Piers #1 to #26 sustained mostly vertical peripheral cracks generally 0.70 mm wide on the
inner side of the connection between bent caps and pile heads (Figure 4). The corner of the pile
head was crushed by compression.
2. Pile heads of the piers on riverbanks mostly suffered such damage as shown in Photo 6
with more serious damage to Piers #3 to #33.
3. Damage features of Piers #36 to #43 located in the deep river trough are sketched in
Figure 5, which shows that cracks on pile shafts were circumferential in shape and that vertical
cracks on cross-tie beams were wider at the upper and lower ends and narrower at mid-sections.
Vertical peripheral cracks on both ends of the cross-tie beams were more severe at the pile bents
located over the deep river trough.
All pile piers settled to various degrees. Settlements were most prominent at Abutments #1
and #53 (due to the effect of settlement and compression of fill of the dike) with relative
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settlements of 375 mm and 175 mm respectively (respective settlements of 230 mm and 20 mm
of the original as-built elevations already occurred before the quake) while settlements at
Piers #3 to #14 were smaller. Pier #39 experienced the least settlement which was, thus, taken as
the benchmark.
Post-earthquake surveys were carried out to determine damage features of the bridge and
various data obtained are summarized in Table 2.
The soil property data obtained from borehole exploration, the standard penetration tests
made, and the macro damage phenomena observed at the bridge site after the earthquake all
indicate that the liquefiable soft soil layer is embedded fairly deep and that the surface layers are
stable and did not liquefy. The longitudinal and transverse damage to the entire superstructure
exhibits the same patterns as described above with longitudinal displacement greater than
transverse displacement.
(Translator: Bangben Huang)
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0.025

0.018
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0.025

0.025
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D60
(mm)

3.0
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Li.C.L.

Li.C.L.
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Li.C.L.

C.L.

Li.C.L.

C.L.

C.L.

Clay

Li.C.L.

Li.C.L.

Li.C.L.

C.L.

C.L.

M.S

M.S.

M.S.

M.S.

M.S.

Silt

Silt

Silt

Type of
Soil

25.4

23.3

20.3

23.9

27.3

22.7

24.4

24.7

23.3

31.1

40.8

24.5

21.4

25.8

32.1

34.1

41.2

40.4

39.9

44.9

33.5
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Water
Content
(%)

Note: M.S. - mucky soil, C.L. - clay loam, Li.C.L. - light clay loam, S.S. - silty sand.
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3
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2.7

2

6.3

1.7

1

>0.1

Borehole
Depth (m)

Serial
No.

Grain Size (%)

1.872

1.972

2.039

1.972

1.966

2.024

1.851

1.986

2.029

1.864

1.767

1.977

2.059

2.034

1.868

1.825

1.780

1.811

1.738

1.757

1.780

1.642

1.632

1.521

Unit
Weight
(g/cm)

0.801

0.682

0.593

0.696

0.742

0.636

0.882

0.695

0.656

0.913

1.175

0.700

0.592

0.670

0.917

0.991

1.149

1.104

1.185

1.241

1.032

1.740

1.740

2.244

Void
Ratio

9.8

9.6

9.2

15.9

9.0

11.0

16.8

21.0

9.6

8.8

8.9

10.9

13.1

16.5

15.9

16.8

15.3

11.1

23.9

24.3

28.6

Plastic
Index

0.4

0.8

0.7

0.4

0.9

0.6

0.7

0.8

0.8

0.8

1.2

1.4

1.2

1.3

1.3

1.2

1.7

1.5

1.6

1.5

1.7

Consistency

31

24

27

34

20.5

19.5

13

15

27.5

19

11.5

10.5

14

12.5

13.5

9.5

11

Internal
Friction
Angle
(deg.)

0.19

0.29

0.20

0.08

0.21

0.12

0.25

0.18

0.12

0.21

0.24

0.18

0.10

0.08

0.14

0.12

0.10

Cohesion
(kgf/cm)

Table 1. Post-earthquake boring data of Yujialing Bridge (ground elevation at boring location on the east bank foreland: 1.70 m).
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Lengthening/shortening of distance between bent
cap
Relative longitudinal displacement between Tgirder and bent cap (Tianjin side)
Relative longitudinal displacement between Tgirder and bent cap (Hangu side)
Transverse displacement of bent cap
Transverse displacement of deck

Pile inclination along the bridge (downstream)
Pile inclination along the bridge (upstream)
Pile inclination across the bridge (downstream)
Pile inclination across the bridge (upstream)
Relative settlement of bent cap (mm)
Spacing of expansion joint (mm)

No. of Pier and abutment
C-to-C distance of bent cap

Lengthening/shortening of distance between bent
cap
Relative longitudinal displacement between Tgirder and bent cap (Tianjin side)
Relative longitudinal displacement between Tgirder and bent cap (Hangu side)
Transverse displacement of bent cap
Transverse displacement of deck

Pile inclination along the bridge (downstream)

Pile inclination along the bridge (upstream)
Pile inclination across the bridge (downstream)
Pile inclination across the bridge (upstream)
Relative settlement of bent cap (mm)
Spacing of expansion joint (mm)

3

8
9
10
11
12
13

1
2

3

8

9
10
11
12
13

6
7

5

4

6
7

5

4

No. of Pier and abutment
C-to-C distance of bent cap

1
2

40´
20´
50´
0º
71
34

42
7
30
28

47

-47

16
13.4
5

0
1º15´
1°20´
30´
30´
375

8

-89

1
13.1
6

10´
50´
1º
0º
59
34

7
56
29
27

13

-9

17
13.4
9

50
7
19
15
0º
0º
20´
40´
101
11

22

13.51

13.5

12
3
12
7
1º10
´
10´
50´
10´
71
30

22

40´
20´
1º
1º
126
17

19
11
6
7

41

12

19

2

35
6
27
28
15´
0º
20
50´
70
16

11

-43

13.45

5

54
5
4
1
0º
20´
30´
0º
45
13

27

57

13.55

6

30´
50´
40´
50´
123
19

68
51
29
23

88

11

13.51

20

10´
0º
15
40´
98
19

49
21
59
52

70

-24

13.47

21

Table 2. Continued.
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44
49
0º
0º
15´
0º
52
14
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12

13.51

4

18

41
3
26
22
10´
0º
1º
40´
53
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-14

13.48

13.48
-16

3

2

50´
10´
50´
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34

44
75
130
124
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33

13.53

22

28
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35
5
0º
1º
30´
30´
50
65

3

-32

13.46

7

0º
0º
40´
30´
130
33

74
40
217
215

81

8

13.5

23

30
2
19
29
20´
30´
20´
40´
50
15

5
64
43
42
49
10´
0º
0º
30´
62
22

46

1º
10´
10´
0º
61
85

86
46
349
305

41

25

50´
20´
1º
0º
105
38

80
27
223
208

83

-18

10´
10´
1º
10´
140
25

85
28
111
108

100

14

30´
10´
1º10´
10´
136
46

86
19
42
57
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-29

40´
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40´
30´
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30

42
20
8
16
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1º
1º
40´
52
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13
33
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7

13.5

29

1
42
1
2
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17

24
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13.49

13
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13
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2
5
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24

3

-4

13.49

12

13.47

27

2
18
14
8
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0º
10´
1º
47
25

16

-28

13.47

11

13.51

26

50
8
23
21
10´
0º
50´
50´
42
28

38

33

13.53

10

13.48

25

-5

13.49

9

13.52

24

-18

13.48

8

Table 2. Damage data measured at Yujialing Bridge (unit: mm).
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0
6
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-6

13.49
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2
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8
0º
0º
1º
15´
66
55
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1º
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3
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27

84

7
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15´
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33
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-8

13.49

15

214

7
83
93
97
30´
1º
10´
30´
20
25

22

36
13.48
-18

Lengthening/shortening of distance between bent
cap
Relative longitudinal displacement between Tgirder and bent cap (Tianjin side)
Relative longitudinal displacement between Tgirder and bent cap (Hangu side)
Transverse displacement of bent cap
Transverse displacement of deck
Pile inclination along the bridge (downstream)
Pile inclination along the bridge (upstream)
Pile inclination across the bridge (downstream)
Pile inclination across the bridge (upstream)
Relative settlement of bent cap (mm)
Spacing of expansion joint (mm)

8
9
10
11
12
13

6
7

5

4

5
38
65
69
50´
1º
0º
50´
37
13

23

37
13.51
10

17
25
54
48
50´
1º
50´
20´
11
25

32

38
13.52
29

54
23
127
130
30´
15´
15´
1º
114
28

66

21

48
13.5
2

82
7
47
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30´
20
50´
20´
108
45

76

50
16
10
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0º
15´
30´
15´
94
27

63

-3

13.49

13.5
0

50
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62
30´
1º
20´
10´
0
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4
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49
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0º
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0º
15´
5
15
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13.49
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0º
30´
10´
20´
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29

76

-13

13.48

51

39
13.46
-40
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29
22
229
221
50´
50´
20´
30´
32
30

39

35
13.54
44

3

139
63
409
145
40´
30´
10´
20´
115
93

86

34
13.44
-54

No. of Pier and abutment
C-to-C distance of bent cap

108
73
155
142
0º
1º
10´
40´
120
18

131

93
100
67
91
108
15´
0º
15´
1º
140
54

33
13.51
18

32
13.5
1

1
2

Pile inclination along the bridge (downstream)
Pile inclination along the bridge (upstream)
Pile inclination across the bridge (downstream)
Pile inclination across the bridge (upstream)
Relative settlement of bent cap (mm)
Spacing of expansion joint (mm)

8
9
10
11
12
13

6
7

5

No. of Pier and abutment
C-to-C distance of bent cap
Lengthening/shortening of distance between bent cap
Relative longitudinal displacement between T-girder
and bent cap (Tianjin side)
Relative longitudinal displacement between T-girder
and bent cap (Hangu side)
Transverse displacement of bent cap
Transverse displacement of deck

1
2
3
4

Table 2. Continued.

74
86
16
17
0º
15´
15´
10´
84
58

55

-49

13.2

52

9
31
50
46
40´
30´
50´
0º
15
38

11

41
13.52
27

0
0º
0º
15´
40´
175

5

53
701.3
1

43
84
81
78
50´
1º
1º
20´
5
21

62

42
13.51
10

Sum

61
130
137
141
1º
1º15´
45´
15´
13
24

77

43
13.44
-59

28
127
202
191
0º
1º
50´
5´
32
26

42

44
13.62
128

149
85
305
273
1º20´
20´
10´
30´
143
52

137

45
13.43
-64

46
23
273
273
0º
20´
0º
20´
165
22

64

46
13.47
-21

35
72
231
255
20´
1º15´
30´
30´
130
14

61

47
13.48
-13

215

216

Photo 1. Circumferential crack on ground surface
around the pile.

Photo 2. Longitudinal displacement of main girder up to
149 mm on top of Pier #45.

Photo 3. Asphalt felt bearing pulled out.

Photo 4. Step-shaped damage to the bridge deck.

Photo 5. Some rockers of movable bearings came off
and one side of the deck depressed.

Photo 6. Pile head damage.
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Figure 1. Structural sketch of Yujialing Bridge (unit: cm).
(a) Elevation; (b) Cross-section
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Figure 2. Standard penetration curve for the foreland on
Hangu bank.

Figure 3. Relative displacement curves (average values) for girders and piers of Yujialing Bridge.
(a) Relative longitudinal displacements between girders and piers; (b) Transverse displacements between girders and
piers
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Figure 4. Sketch of damage to Piers #1-#26.

Figure 5. Damage to pile piers in deep water trough (unit: m).
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EARTHQUAKE DAMAGE TO THE BADAOGU BRIDGE
Yaoguo Nie1

Located in the southern suburb of Baodi County of Tianjin City the Badaogu Bridge is a
girder bridge with single-bent and double-column bored piles. It is a concrete structure on the
highway along the left levee of the Qinglongwan River and over a man-made channel formerly
built for the purpose of diverting the Qinglongwan River into the Chaobaihe River. Bordering
the Qinglongwan River to the west the bridge happens to be situated in a traditional siltdischarging and flood-storing area for the North Canal and Chaobaihe River in north Hebei
Province. The original ground elevation was 3.20-3.40 m above the sea level.
The bridge lies the west of the epicenter at a distance of 75.50 km with its axis in a N20°E
direction. The angle between the bridge axis and the connection line linking up the epicenter
and the bridge site is 59 degrees. The bridge site is in a VIII intensity zone of the Tangshan
earthquake.
I. Structural and Geological Features
Built in 1971, the Badaogu Bridge has a total length of 239.70 m and consists of seventeen
14.10 m spans, see Figure 1.
The design loads are Truck-15 and Tractor-602 as specified in the “Tentative Design
Specifications for Highway Bridges and Culverts” which was published for trial implementation
in 1967.
The superstructure of each span consists of 5 T-girders with end diaphragms. The T-girders
are 14.06 m long and 100 cm deep with a web thickness of 16 cm and a flange width of 160 cm.
The bridge deck is composed of a 7.0 m carriageway and two 1.0 m sidewalks. There is no
longitudinal grade on the deck. The superstructure over one span has a dead weight of 94.30
tons.
All spans adopted asphalt felt bearings except for Piers #4 and #15 which use, on the channel
side, steel rocker bearings with a diameter of 200 mm and without a movement-restraint device.
The substructure is composed of single-bent and twin-column bored piles 80 cm in diameter.
Reinforced concrete tie beams 40 cm×60 cm in section and 2.80 m for the top elevation are castin-situ at Piers #5 to #14. Bent caps on top of piers are also cast-in-situ.
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This was a Chinese standard highway design loading in which the structure and its elements
are designed by Truck-15 and checked by Tractor-60 loads. Truck-15 consists of a train of
15-ton standard trucks and one 20-ton heavy truck. Tractor-60 includes only one 60-ton
tractor.
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The bridge has a deck elevation of 8.39 m, bank elevation of 3.30 m and a deep-channel
bottom elevation of 0.00 m. The as-built elevation of the pile top is -18.30 m with a pile
penetration depth of 21.60 m into the bank and 18.30 m into the deep channel. The exposed
length of the pile column is 4.00 m above the bank and 7.30 m above the deep channel. The
abutment adopts a buried single-bent and twin-column pile foundation. Pre-cast reinforced
concrete retaining slabs each 40 cm×90 cm in dimension are provided on top of the abutment
while newly-filled approach embankments, 5 m higher than the original ground level, have been
built behind the back wall of the abutment.
The bent cap over the pile pier was designed as a simply-supported double-cantilever Tbeam with a fixed connection between the bent cap and the pile top. The distance between the
bent cap supports (the c-to-c distance between two pile columns) is 4.40 m. The bent cap is 7.60
m in overall length, 90 cm in depth, 90 cm in flange width and 40 cm in web thickness.
The bridge is along the side of the original Lizigu-Huangzhuangwa Reservoir with sandy soil
1.50 m below the ground surface. The river course at the bridge site is a new artificial channel
with a deep excavated trough and earth dike. The bank is not flooded in normal years. The
boring data have revealed a clear-cut division of soil layers from the dike to 14 m below with
interbedded clay and clay-loam layers within the range of 14.00 m to 24.00 m, silty and fine sand
layers that can be easily liquefied. The bore hole data are listed in Tables 1 and 2 while the
standard penetration blow test results obtained from soil layers at the bridgehead on the Baodi
side are shown in Figure 2.
II. Earthquake Damage
1. Relative longitudinal displacements between girders and piers
Figure 3 shows longitudinal displacement curves of the main girders, indicating continuous
changes in the direction and magnitudes of the longitudinal displacements found at main girders
over all spans of the entire bridge. Piers #1 to #8 displaced longitudinally toward the north with
a maximum longitudinal movement of 27.15 cm that occurred on the north side of the main
girder on Pier #2. This girder then pushed the girder in the neighboring span 23.65 cm
northward almost to the brink of collapse, see Photo 1. Piers #9 to #14 displaced longitudinally
toward the south with a maximum longitudinal movement of 17.75 cm that appeared at the main
girder on Pier #14. Felt bearings on top of Piers #4 and #15 were provided with reinforced
concrete cushion blocks which restricted the longitudinal movements of the main girders, all
rocker bearings on these two piers where no movement-restraining devices had been furnished
fell off completely pulling the deck apart and forming steps in the deck as shown in Photos 2 and
3. The relative longitudinal displacement of piers and girders as surveyed after the quake are
listed in Table 3.
2. Transverse displacements of girders and piers in the same direction
Lateral displacement curves plotted after the earthquake are shown in Figure 4 which
indicates that all girders and piers of this bridge displaced transversely downstream with
maximum transverse shifting occurring in spans with rocker bearings. On top of Piers #4 and
#15 the main girder dislocated prominently with saw-tooth deformations due to the unequal
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transverse movements of the main girders in adjacent spans caused by the rocker bearing with
very small friction coefficient under the girder on one side and the felt bearing with a very large
friction coefficient on the other side, see Photo 4.
3. Variation of span distances
Figure 5 presents the curve of variation of distance between pier tops measured after the
tremor from which one can see that the distances between all piers were reduced except for
Piers #5 and #6, #14 and #15 where the distances were increased. These variations were related
to the tilting of piers and longitudinal displacement of piles. The most distinct variations were at
Piers #13 to #18 on the foreland of the northern bank with such variations in pier distances under
relevant spans +8.0, +25.0, -5.0, +9.0 and +8.0 cm respectively (numbers with "+"symbol
represent distances extended while the number with "-"symbol represents distance shortened).
4. Variation in widths of expansion joint openings on the bridge deck
Figure 6 shows the curve for the variation of widths of the expansion joint openings, which
exhibits the widening of all openings of the expansion joints in 5 spans on the south side with
widening up to 6.8 cm on top of Pier #15 and the contraction of all expansion joint openings of
the 12 spans on the north side with contraction of 3.55 cm in the opening of the expansion joint
over Pier #5.
5. Bank fissures and water-sand ejections
Many ground fissures up to 1 m in width and parallel to the flow direction occurred after the
earthquake on the bank between Piers #13 and #16 on the northern bank, see Photo 5.
Widespread traces of water and sand ejection were found on the banks and beyond the levees
along both banks. Ejected water and sand were also observed at most apertures between pile
columns and the subsoil as shown in Photo 6.
6. Bank slope sliding
A damage survey revealed that there were signs of sliding of both banks and at the banks at
the bridge location toward the river as indicated by Photo 7. Gaps were left on the south side of
Piers #12 to #15 on the northern bank with a gap width up to 60-70 cm at Pier #14. Comparisons
exhibit that there were more ground fissures and water and sand ejection, and worse slope sliding
at the northern bank than at the southern bank
7. Damage to pile piers
A major feature of this type of damage was the circumferential cracks generally 0.5-2.0 mm
wide at construction joints between bent caps and pier tops, see Photo 8. A few pile columns,
though they experienced no circumferential cracks at construction joints, did sustain several
circumferential cracks 50-70 cm below the bent caps. Vertical peripheral cracks appeared on
both ends of the crossbeams. Concrete was torn loose and fell off in fragments and
reinforcement was exposed at the outer edges on both sides of the bent cap due to pulsating and
pounding of girders.
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8. Settlement of pile piers
All rows of pile piers settled to various degrees with settlement generally greater near the
banks than in the river reducing the height from 140 mm to 70 mm. Besides, the upstream and
downstream piles of the same pier suffered differential settlement with a maximum value of 120
mm
9. Shortening of bridge length
The total length of the bridge was reduced from the original 239.79 m (i.e. the overall
distance between pile columns) to 239.41 m, accounting for a shortening of 29 cm.
(Translator: Bangben Huang)
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Table 2. Boring data obtained from Badaogu Bridge, Baodixian County side (north bank).

Note: 1. Elevation of ground level of borehole is 3.66 m.
2. C.L. - clay-loam; S.S. - silty sand; Li.C.L - light clay-loam; M.S. - medium sand.
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Table 3. Vertical Displacement of Huaxin Bridge
East Side
Bank
Altitude
Difference
(unit: cm)

-43

Horizontal
Distance
(unit: m)

7.25

East Side
Abutment

No. 1 Pier
Deck

No. 2 Pier
Deck

No. 3 Pier
Deck

No. 4 Pier
Deck

West Side
Abutment

East Side
Bank

0

12

20

20

14

1

-24

10.50

10.50

10.50

10.50

10.50

5.00

226

Photo 1. South side main girder of Pier #2 displaced
longitudinally by 23.65 cm.

Photo 2. Channel-side rockers on Piers #4 and #15 fell
off completely with girder end toppled on bent cap.
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Photo 3. Approach road to bridge.

Photo 4. Transverse dislocation of the deck over Pier
#4.

Photo 5. Overbank fissures along the river on northern
bank.
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Photo 6. Mud and sand oozed up around a pile column
after underlying soil had liquefied.

Photo 7. A gap was left when a pile on the north
overbank slid toward the river.

Photo 8. A circumferential crack on a pile head.
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Figure 1. Structural sketch of Badaogu Bridge (unit: m).
(a) Elevation; (b) Cross-section

Figure 2. Standard penetration data (from bridgehead
borehole on Baodi side).

Figure 3. Relative longitudinal displacements between girders
and piers.
(a) Relative longitudinal displacements of girders vs. bent caps
(average values); (b) Cumulative curve of span lengthening and
shortening between bent caps (average value)
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Figure 4. Transverse displacement curves of girders and piers
(average value).

Figure 5. Curve of variations of distances between pier tops.

Figure 6. Variations in width of opening expansion joints
on bridge deck.
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LIGHTLY DAMAGED BRIDGES IN THE
HIGH INTENSITY EARTHQUAKE ZONE
Yingsheng Mao1, ZhiJiang Liang2 and Fuwen Cui3

The high intensity earthquake zone described in this paper refers to intensities X to XI during
the Tangshan earthquake. The soil stratum in these areas is a Quaternary overburden layer with
a thickness of more than 100-150 m except, however, for certain local areas close to
Dachengshan Hill where the bedrock is shallowly embedded. The stratum within a range of
35 m under the ground surface and with a heavier damage impact on highway bridges may
roughly be divided into 3 layers. The first is a layer of hard plastic clay-loam laying 5-6 m under
the ground surface and constituting the soil on the banks of the Douhe River. The second layer
consists of interbedded silty, fine and medium-coarse sands with interlayered sludge or slag in
some places. This layer is 6-7 m thick and is distributed below the bottom level of the Douhe
River; it contains abundant ground water, which reduced the silty and fine sand to a liquefying
state during the earthquake. Interbedded soft plastic clay-loam and light clay-loam constitutes
the third layer with sand or pebble layers distributed in certain places. This third layer has a
thickness of over 20 m.
The earthquake generating faults within the high intensity zone in Tangshan sustained
dislocation, twisting and subsidence while the ground surface suffered fissuring, foundation
liquefaction and bank sliding, etc.
There are 20 highway bridges and 5 railway bridges of various structural types over the
Douhe River in this high intensity zone. Classified by superstructure they are either girder, arch
and sluice gate bridges or pipe culverts. Judging by the pier type there are single-bent pile piers,
reinforced concrete thin-wall piers and solid piers. And as far as the foundation type is
concerned they are pile foundations, clustered timber pile foundations, open-excavated shallow
foundations or paved riverbed foundations. During the earthquake all these bridges were
damaged to various degrees. In severe cases the bridges were destroyed and the roads were
demolished. However, there did exist 6 bridges that survived the quake with only minor injury
in which the principal load bearing components remained sound and were free from damage.
The following is a brief account of the structural types, subsoil properties and damage
characteristics of these 6 bridges.
I. The Yeli Submersible Bridge
Located in a X intensity zone the Yeli Bridge is composed of 15 spans of reinforced concrete
pipes 1.6 m in diameter with an overall bridge length of 30.50 m, a width of 6.75 m and a height
of 2.50 m. The design overflow frequency is 1/10 to 1/20. The pipes are placed on a shallow
foundation of mortar rubble with rubble masonry between the pipes and joints pointed with
1
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cement mortar. The earthquake only induced about 1 cm cracks on the side wall masonry on top
of the 8th span but caused no damage to the other parts, see Photo 1.
II. The Chengzizhuang Submersible Bridge
Located in a XI intensity zone and being 53.20 m long and 4.70 m wide, the bridge consists
of 17 spans of stone beams 2.5-3.7 m in span length. First built in the 11th year of the Tongzhi
Reign of the Qing Dynasty the bridge had its stone decking overlaid with a reinforced concrete
layer 20 cm thick. The piers and abutments were made of ashlar masonry with a pier height of
3.8 m. Its foundation consists of bed-packed timber piles 3-6 m in length and a compacted
footing of three-in-one (i.e. soil-lime-cement) mixture. After the earthquake only the stone
beams in the end span on the eastern bank intruded into the abutment by 20 cm whereas the rest
of the bridge remained intact, as shown in Photo 2.
III. The Xiyao Bridge
The Xiyao Bridge is located in a X intensity zone. Built in 1952 to a design loading of
Truck-10 and due to the poor quality of construction, this bridge had already been deteriorating
with local spalling of concrete and rusting of the exposed reinforcement before the tremor. The
superstructure of the bridge consists of cast-in-situ reinforced concrete single-cantilever girders
plus a suspended span with a span arrangement of 15.55+3.55+12.00 m (the latter figure being
the suspended span length). The deck has a clear width of 5.65 m with a 0.55 m sidewalk on
each side. The main girder is a Π -shaped section and steel plate bearings are adopted for the
entire bridge. The substructure is composed of a reinforced concrete gravity pier and two
abutments with a pier height of 6 m and an abutment height of about 3 m. Twenty-three 3-row
cluster wooden piles each 15 cm in diameter and concrete footings constitute the foundation of
the piers and abutments with a pile length of 6.1 m for the pier and 3.7 m for the abutments.
There are another 71 timber piles 1.8 m long forming a crib cofferdam around the pier
foundation which is further protected by riprap. Boring data obtained from the bridge site
reveals satisfactory foundation soil with a 3.6 m thick layer of clay under the river bottom which
is then underlain successively by layers of sandy soil, sand and pebbles with an approximate
thickness of 2.3 m, 0.5m and 2.1 m respectively. Piles for abutments and the pier are founded
respectively on the sandy soil layer and the pebble layer. Figure 1 shows the structural
dimensions and ground features.
Both the cantilever and suspended girders in the superstructure remained sound after the
quake (Photo 3). Only the pier tilted southward by 2.4° and the north abutment tilted northward
by 1.3°. The main girders on top of the south abutment came in close contact with the breast
wall while the gap between the main girders on top of the north abutment and breast wall was
further pulled apart to 6 cm. The expansion joint of the suspended girder was 5 cm wide on top
and 2 cm wide at the bottom. Neither longitudinal nor transverse displacements occurred in
bearings between the suspended span and the cantilever, and between the cantilever and the
central pier. Because of tipping of the pier and abutment the bridge deck sustained differential
vertical dislocation with both abutments lowered by 10-14 cm relative to the suspended girder.
Damage to accessory structures consisted mainly of dislocating cracks at the joints between
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abutments and wing walls and sliding of walls toward the river by 1-6 cm. The wing wall
damage indicates that bank slopes at the bridge site slid only a little during the tremor.
IV. The Leizhuang Bridge
Located in the vicinity of Dachengshan Hill in a XI intensity zone, the Leizhuang Bridge
crosses the Douhe River along Jianhua Road in Tangshan City. Built in 1943, the bridge has a
superstructure consisting of a set of 4 spans (7+2×8.4+7 m) of cast-in-situ continuous reinforced
concrete slab girders with 4 ribs. With a total length of 30.80 m, the bridge has a 5 m clear width
deck which is flanked by a 0.75 m sidewalk on either side. Steel plane plates are used for
bearings. Stone masonry gravity piers and abutments 4-5 m in height constitute the substructure
which has as its foundation clusters of square timber piles with a 15×15 cm section and a 5 m
length. Flare wing walls were built with stone masonry on both sides of the abutments for slope
protection. According to the boring data obtained at the bridge site, the overburden layer on top
of the bedrock is approximately 14 m with a surface layer about 7 m thick consisting of clayloam, silty sandy soil and fine sand underlain by a layer of stiff clay and light clay-loam
approximately 7 m thick. Both pier and abutment piles are founded on the stiff layer of light
clay-loam.
No longitudinal or transverse dislocations were found after the earthquake, only horizontal
cracks occurred at end diaphragms of the main girders on the west abutment. Piers and
abutments underwent no tilting. The masonry concrete surface on the upstream side of Pier #1
(counting from the west) was crushed and spalled in small local areas. Mortar joints in the stone
masonry of the west abutment cracked 1.7 m above the riverbed with cracks penetrating through
the entire abutment. Horizontal cracks also occurred at the mortar joints of the east abutment
1.0 m above the riverbed and penetrated through the abutment as well. Mortar joints in the wing
wall exhibited step-shaped cracks with insignificant subsidence in the approach embankment
behind the abutment. A post-earthquake view of bridge conditions is shown in Photo 4.
V. The Steel Works Bridge
This bridge which crosses the Douhe River in the vicinity of the Tangshan Steel Works is
located in an earthquake intensity zone of XI. Built in 1952 to the design loads of Truck-13 and
Tractor-60 (see translator footnote for the Shengli Bridge), the bridge has a superstructure of
simply-supported T-girders which are cast-in-place with reinforced concrete with increased
depths near piers and abutments. Having spans of 10.60 m long, the total length of the bridge
amounts to 53.00 m with a 10 m clear width deck and a 2 m sidewalk on each side. Steel plane
plate bearings have been adopted for the bridge. The substructure consists of cast-in-situ
reinforced concrete thin wall piers about 6.0 m in height and cast-in-place R.C. gravity
abutments 3.5 m high. Both the pier and abutment foundations are composed of 48 timber
cluster wooden piles of 3 rows plus concrete footing with pier piles 5 m in length and 20 cm in
diameter and abutment piles 6 m long and 25 cm in diameter. Slope protection is achieved by
dry masonry pitching on both sides of the abutment and by mortar rubble and paving, 4.5 m in
overall length in front of the abutment. The paved slope is also protected by a 1.5 m deep apron
of mortar rubble masonry with 2 rows of timber piles underneath. All together 64 timber piles
3 m in length and 12 cm in diameter are driven on both sides of the abutment (32 piles on each
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side), and 48 timber piles 4.0 m long and 15 cm in diameter are provided at the central part of the
abutment, hence, forming an effective safeguard structure for the masonry slope paving in front
of the abutment. According to the boring data the subsoil at the bridge site consists of a layer of
silt sediment, a layer of mixed coarse, medium and fine sands and a layer of yellow sticky clay.
There is a pebble layer 15 m underneath the riverbed. Piles for both piers and abutments have
extended to the yellow sticky clay and the mixed sand layers respectively, see Figure 2 for the
detailed design features.
The bridge exhibited the following damage characteristics: The breast wall at the west
abutment went in close contact with the girder ends; main girders in Spans #1 and #2 from the
west displaced longitudinally eastward by 10-13 cm whereas the main girders of the rest of the 3
spans displaced longitudinally eastward by 16-17 cm. The breast wall at the east abutment was
wrecked by contact and pounding and the girder ends intruded into the approach embankment by
about 50 cm. Girder ends in various spans jammed tight with the disappearance of expansion
joints, leading to a reduction of the bridge length by approximately 60 cm. Main girders in all
spans shifted transversely downstream for about 2 cm. The east abutment tilted by 1° eastward
while Piers #1, #2 and #3 (counting from the east) tipped westward by 1.8, 0.6 and 0.5 degrees
respectively. No tilting was found in the remaining piers and the other abutment. Cracks
occurred at the connection joint between the east abutment and its conical slope which had
moved forward by 20 cm relative to the east abutment and the conical slope of the west abutment
moved by 10 cm in relation to the west abutment. The approach embankment behind the east
abutment settled 60 cm and that behind the west abutment settled 30 cm. The mortar rubble
slope pitching on both the upstream and downstream sides of the east bank remained essentially
intact. The longitudinal and transverse displacements of the superstructure and the vertical
differential heights of the deck as actually measured at the bridge site are summarized in Table 1.
The site failures and post-earthquake view of the bridge are shown in Figure 3 and Photo 5
respectively.
VI. The Huaxin Bridge
Located in an earthquake intensity zone of XI, the Huaxin Bridge spans over the Douhe
River in the vicinity of the Tangshan Cotton Mill. Twelve meters downstream from the bridge
there exists the Huaxin Sluice Gate which intercepted water by a rubber dam before 1972 and by
a steel plate gate ever since. Built in 1967 to the design loads of Truck-13 and Tractor-60 (see
translator footnote for the Shengli Bridge), the bridge has a superstructure made of five 10.50 m
spans each with 5 simply-supported reinforced concrete girders of T-section. The bridge deck is
5 m in clear width in addition to a 0.75 m sidewalk on either side. Asphalt felt bearings were
used. Reinforced concrete thin-wall piers 5.3 m high and stone masonry gravity abutments 5.1
m high constitute the substructure. The pier foundation is composed of 2 bored piles 15.50 m
long and 1.00 m in diameter whereas the abutment foundation is made of a 1.6 m high spread
footing cast-in-place with Grade 150 rubble concrete. Between the pier base and the abutment
footing there is a 80 cm×100 cm reinforced concrete bottom strut which traverses through the
entire bridge and serves as an anchoring device for the rubber intercepting bags downstream.
The riverbed is paved with rubble concrete 50 cm thick from 4.4 m upstream to 7.5 m
downstream of the bridge. There is a clay layer about 15 m thick beneath the riverbed, which is
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underlain by a layer of sand with a pebble interlayer on which the piles are founded. Figure 4
shows a sketch of the bridge structure.
After the earthquake the main girders in 2 adjacent spans were observed to have displaced
longitudinally westward by 4 cm over Pier #2 (counting from the east), and by 5 cm over
Piers #3 and #4. The deformation joints between the breast walls of both abutments and the
main girders in end spans disappeared indicating close contact of the main girders against the
breast wall. A post-earthquake survey revealed a shortening of the overall bridge length by
about 5-6 cm. Main girders of the entire bridge shifted transversely downstream by 4-5 cm. The
longitudinal and transverse displacements of the superstructure are presented in Table 2. Piers
and abutments generally remained intact except for the west abutment where the connection
joints between the abutment proper and the wing wall sustained local cracks with 10 to 15 cm
sliding of the wing wall toward the river.
The vertical differential heights of the bridge deck and the post-earthquake view of the
bridge are presented in Table 3 and Photo 6 respectively.
(Translator: Bangben Huang)
Table 1. Measured displacements of the Steel Works Bridge.
Span No. (E to W)

1

2

3

4

5

Direction of both ends in one span

E

W

E

W

E

W

E

W

E

W

Dislocation along
bridge between
superstructure and
bearing (m)

Direction

E

E

E

E

E

E

E

E

E

W

Upstream

52

17

17

17

17

17

17

13

13

2.5

Downstream

50

16

16

16

16

16

16

10

10

Direction

S

S

S

S

S

S

N

S

N

S

Upstream

2.5

2

2

2

1

2

2

3

1

2

Dislocation across
bridge between
superstructure and
bearing (m)

Downstream

Vertical differential height of
bridge deck (cm)

2
Abut.
E

Pier #1

Pier #2

Pier #3

Pier #4

Abut.
W

0

2

5

5

5

0

Note: E - east, W - west, N - north, S - south.
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Table 2. Measured displacements of the Huaxin Bridge.
Span No. (E to W)

1

Direction of both ends in one span

E

Dislocation along
bridge between
superstructure and
bearing (m)

Direction

W

Downstream

1

Dislocation across
bridge between
superstructure and
bearing (m)

W

Direction
Downstream

Width of expansion joints (cm)

2

0

E

3

4

5

W

E

W

E

W

E

W

W

W

W

W

W

W

W

0

0

4

4

5

5

4

6

2

S

S

S

S

S

S

S

S

N

5

5

3.5

3.5

4.5

4.5

8

8

1

0

4

4

5

1

0

Notes: E - east, W - west, N - north, S - south.
Table 3. Vertical displacements of the Huaxin Bridge.
Embankment
Behind
East
Pier #1/
Abutment
Abutment Deck

Pier #2/
Deck

Pier #3/
Deck

Pier #4/
Deck

West
Abutment

Embankment
Before
Abutment

Differential
Height (cm)

-43

0

12

20

20

14

1

-24

Horizontal
Distance (m)

7.25

10.50

10.50

10.50

10.50

10.50

10.50

5.00
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Photo 1. A post-earthquake view of the undamaged Yeli Submersible Bridge.

Photo 2. A post-earthquake view of the undamaged Chengzizhuang Submersible Bridge.
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Photo 3. A post-earthquake view of Xiyao Bridge.

Photo 4. A post-earthquake view of Leizhuang Bridge.
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Photo 5. A post-earthquake view of the Steel Works Bridge.

Photo 6. A post-earthquake view of Huaxin Bridge.
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Figure 1. Structural sketch of Xiyao Bridge (unit: cm).
(a) Mid-span section of single-cantilever girder; (b) Plan of pile foundation for central pier; (c) Layout of abutment
and pile foundation

Figure 2. Structural sketch of Steel Works Bridge (unit: cm).
(a) Elevation; (b) Pier and pile foundation; (c) Abutment and pile foundation

241

Figure 3. Bank failures at Steel Works Bridge (unit: cm).
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Figure 4. Structural sketch of Huaxin Bridge (unit: cm).
(a) Superstructure; (b) Pier and riverbed pitching
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CHAPTER 3:

HYDRAULIC ENGINEERING

EARTHQUAKE DAMAGE TO HYDRAULIC STRUCTURES
1
IN THE TANGSHAN PREFECTURE
Yuan Guiji2

1. Introduction
Before the earthquake of 1976 the Tangshan Prefecture consisted of the cities of Tangshan and
Qinhuangdao, the counties of Fengrun, Fengnan, Luanxian, Luannan, Leting, Changli, Funing,
Lulong, Qianan, Qianxi, Zunhua, and Yutian as well as the Baigezhuang reclamation area. The total
area of cultivated land amounted to 11.65 million mu (one mu equals 660 square meters).
According to the topography of the Tangshan Prefecture, the land was classified into four areas
with high elevation in the northeast and a low elevation in the southwest part as shown in Figure 1.
The Yanshan Hill area was in the north part having an elevation of about 100 m for the hill area
and an elevation of 300 to 500 m for the mountainous area. There were 3 large B size, 4 medium
size, 48 small A size and 357 small B size reservoirs as well as 1,141 water ponds, and 13 pump
stations built in this Prefecture after 1949. Terraced cultivated land amounted to 0.4884 million mu.
(The reservoirs having a water impounding capacity greater than a billion, one hundred million, ten
million, and a million and fifty thousand cubic meters classified as the large A, large B, medium,
small A and small B sizes respectively).
The plain area was in the south and could be classified into the following three areas: (1) Luanji
alluvial fan, a very fertile and level land where irrigation canals, small sluices, conduits, as well as
pumping wells were the main hydraulic structures; (2) Jidong coastal area with an elevation of less
than 10 m; and (3) Jidong swampy area with an elevation of less than 3 m. Most of the large and
medium sluices and drainage pumping stations were built in the two low and flat areas in (2) and (3),
and also 3 reservoirs and a 120 km long coastal dike.
1 Thanks are expressed to Messrs. Wen Zhili, Zheng Chunyuan, Zheng Guoqing, Liu Ruixiang, Li
Linhua, Zhang Dingwen, Li Chengzhou, Dong Xiuzhong, Shi Chongyi, Li Shouzhen, Xiao
Diancai, Liu Qi, Pang Jun, Wang Zhengqi, Wang Jingyao, Liang Baohua, Tong Zuoxiang, Yang
Wentian, Sun Jizhen, Yang Lixian, Di Liang, Zhao Qingxian, Zhang Hongmin, Ge Jiguang,
Wang Jianyong and Yang Jingsi for their assistance in providing and checking information.
Thanks are also expressed to Messrs. Ma Pingjun and Lu Xingui for their preparation of the draft
of Section 2 which deals with damage to reservoirs.
2

Bureau of Water Resources of the Tangshan Prefecture
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There are about 10 large and medium rivers in this Prefecture which includes the Jiyuanhe,
Huanxianghe, Luanhe, Douhe, Shahe, Yinmahe, Yanghe, Daihe, Tanghe and Shihe rivers in
addition to tens of small rivers.
Some rocks outcropped in the Yanshan Hill area but in the valley the bedrock was covered by
soils with a maximum depth of 10 to 20 m and an average depth of 3 to 6 m. Soils originated from
rock of the Cenozoic era, which are found south of the Luanji alluvial fan. The soils were sand,
gravel, clayey sand, and organic clay, their thickness increased from 20 m in the north to 800 m in
the south.
The thickness of soil deposits at the Jidong coast and swampy area ranged from 800 to 1,700 m,
and even up to more than 2,000 m.
The main damages to the Yanshan Hill area were land cracks, sandboils, cracks and settlements
of embankment dams, leaks through dam foundations, cracks of conduits, collapse of parapet walls,
disappearance of individual springs, and leaks at individual reservoir areas; 330 or 80% of hydraulic
structures were damaged. The collapsed terraced land amounted to 0.114 million mu, and some
water wells became dry.
Since the plain area south of the Luanji alluvial fan consisted mainly of saturated sand, sandboils
and subsidence occurred and salt-water springs appeared from place to place resulting in blockage of
irrigation canals, siltation of sand and alkalization of cultivated land of 1.594 million mu. The
discharge capacity of some rivers decreased due to blockage, sliding of riverbanks and cracks.
Rivers, dikes, irrigation canals, sluices, pumping stations, and wells and also small conduits and
bridges within the cultivated land were damaged to various degrees. Table 1 shows the degree of
damage to important reservoirs, sluices and pumping stations under different earthquake intensities.
2. Damage to Reservoirs
(1) Introduction
There were 412 reservoirs in the Tangshan Prefecture before the 1976 earthquake including 3
large B size, 4 medium size, 48 small A size and 357 small B size reservoirs. At these reservoirs
386 out of 412 dams were earth structures among which 152 were homogeneous dams, 145 were
sloping core dams and 89 were central core dams. The construction material used for the
homogeneous dams was mainly silty clay, and mostly clay for the core dams. All were rolled
compacted embankment dams. Other types were earth and rock fill dams and stone masonry dams.
Figure 1 shows the location of the reservoirs. The large and medium sized dams were on the
main stream of rivers. River deposits on the bedrock were Quaternary in nature having a wide range
of compositions. The thickness of river deposits for small sized dams was only 4 to 6 m, only 2% of
reservoirs had a river deposit thickness exceeding 10 m.
No consideration for earthquakes was taken into account in the design of the dams except for the
Douhe, Qiuzhuang, Yanghe, Banruoyuan, Shihe and Gaojiadian reservoirs which were being
designed to resist an earthquake having an intensity of VII. Most small sized dams had a dam crest
width of 4 to 5 m, an upstream slope of 1 on 2.75 to 3.50, and a downstream slope of 1 on 2.50 to
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3.00. There was a berm on both the up and downstream slopes. A cut off wall having a base width
of 3 to 4 m was mainly in direct contact with the bedrock. Outlet conduits were usually founded on
bedrock and concrete or masonry structures were built under the dam.
Before the earthquake it rained continuously in the north mountainous region though the rain
was light. However, it rained heavily within 3 to 5 days before the earthquake, the precipitation
amounted to 80 to 200 mm. As a result, most of the reservoir water levels reached the normal or
high water level and the dams were subjected to a full hydrostatic load. Inspection of the dams after
the earthquake revealed that 330 or 83% of the 399 usable dams were damaged. All the dams were
classified into four categories in accordance to the seriousness of damage. They were serious, less
serious, slight and no damage.
1) Serious damage. Piping at downstream of the dam; large and long longitudinal cracks with a
width of more than 20 cm; transverse cracks whose width exceeds 3 cm; visible settlement; cracked
conduit; tilting of parapet wall.
2) Less serious damage than (1). Similar damage but to a lesser degree.
3) Slight damage. Slightly damaged, needing only very simple repair work.
4) No damage. No visible damage.
Table 2 shows the severity of damage to dams subjected to different earthquake intensities.
(2) Investigation of earthquake damage
There were 55 reservoirs of large, medium and small A sizes in this Prefecture among which 50
were earth dams, and 5 masonry dams. Table 3 briefly shows their damages. In Table 3 the No. 1 to
3 reservoirs were large B size; No. 4 to 7 were medium size, No. 8 to 55 were small A size and
No. 56 to 68 were small B size. The locations of these reservoirs are shown in Figure 1 in reference
to their label number in Table 3.
There were 15 masonry dams within the earthquake region among which 12 dams were
investigated including 5 stone masonry gravity dams, 3 stone masonry and rock fill dams, 2 stone
masonry framework gravity dams and 2 stone masonry arch dams. Their damages are shown in
Table 4.
(3) Typical examples of damage
1) Qiuzhuang Reservoir
A. Introduction
The reservoir was located on the middle up-reach of Whuanxianghe River, its drainage area was
525 square kilometers and its main purpose was flood control and irrigation. It was a large B size
reservoir. The dam was a homogeneous earth structure with a height of 24.8 m and a length of
926 m. The widths of the crest and base were 5 m and 161.55 m respectively. The elevation of the
dam crest was 73.8 m and there was one berm at an elevation 69 m on both the up and downstream
slopes. Figure 2 shows its cross-section. An open spillway along the bank consisted of three
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openings controlled by three steel tainter gates with a width of 13.5 m and a height of 10.9 m. Its
maximum discharge was 3,387 cubic meters per second. A concrete conduit built in a trench was
capable of discharging 333 cubic meters per second through a horseshoe cross-section.
B. Foundation and its treatment
The thickness of river deposits on siliceous limestone varied from 17.75 m near the left abutment
to 33.60 m at the main riverbed and decreased to 17.13 m near the right abutment. The deposits
from top to bottom were successively sandy clay, fine sand, gravelly sand, gravel and cobble. The
sandy clay layer on the surface had a thickness of 3.7 to 5.8 m and was dark yellow in color and hard
plastic in state. The fine sand layer had a maximum thickness of 1.5 m near the right abutment and
terminated towards the left abutment. The following measures were taken to improve the dam
foundation: 0.5 m of sandy clay surface was excavated; inverted filters were placed on the main
riverbed between Stations 0+780 to 0+960 m. An upstream clay blanket for seepage control was
installed only on the surface of the ancient riverbed or on the foundation area where sand and gravel
outcropped. The blanket had a length of 300 m and a thickness of 1 m, but its length decreased to
100 m at the west tributary. In addition to the above-mentioned measures, a drainage toe and
drainage ditch were installed downstream of the dam as shown in Figure 2.
C. Construction and performance
Dam construction material was silty clay except for the downstream part of the dam below an
elevation of 67 m where sandy clay was filled. Construction specifications required that the
placement water content was 13 to 15% and that compaction densities were 1.60 and 1.65 g/cm3 for
sandy clay and silty clay respectively. Construction control showed that 96.2% of the samples
satisfied the above-mentioned requirements. However, some frozen soil which was placed in winter
was found near the bottom of the fill.
When the elevation of the reservoir water level raised to 60.66 m in 1960 seepage discharge
through the ancient riverbed was 1.6 cubic meters per second and some piping occurred. After the
reservoir water was evacuated in 1961 three cracks with a width of 30 cm were found 80 m from the
toe of the dam on the upstream blanket in addition to 40 craters. At the next evacuation of reservoir
water in 1962 another 89 cracks and 7 craters were found on the blanket. In 1964 when the
elevation of the reservoir water was at 62.6 m a large crater having an opening diameter of 1 m and a
depth of 0.5 m appeared at the drainage toe near Station 0+951 m (main riverbed). In 1969 with the
reservoir water level at 65.83 m, Station 0+953 settled again. In 1972 several cracks with a total
length of 1,676 m and a width of 3 to 10 cm were found on the upstream blanket when the reservoir
water was evacuated. To repair these damages a pervious fill was placed at the downstream toe of
the dam near Station 0+350 m as well as on the main riverbed.
During the earthquake 21.67 million m3 of water was impounded in the reservoir; the reservoir
water elevation was 59.63 m with a maximum water depth of 10.63 m.
D. Earthquake damage (Fig.2)
i) Displacement: Results of settlement observation are shown in Table 5. Settlement occurred
along the entire length of the dam crest. The maximum settlements measured at the dam crest and at
the upstream slope were 54 mm and 7 mm respectively, they occurred on the main riverbed.
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Table 6 shows the horizontal displacement of the dam. The dam crest moved in a downstream
direction and relatively large horizontal displacements occurred at Stations 0+400, 0+600 and 0+800
m where vertical settlements were also large. On the contrary, the upstream slope moved in an
upstream direction. No measurements were made of the downstream slope but visual inspection
found that the downstream slope seemed to move in a downstream direction in association with
vertical settlement between the elevations of 65.0 and 73.5 m.
ii) Cracks: Six cracks appeared on the dam crest between Stations 0+372 and 1+039m m. They
are described as follows: (1) This longitudinal crack on the dam shoulder was located 1 m upstream
from the parapet wall at Station 0+372 m extending to Station 0+480 m with a distance of 0.5 m to
the parapet wall then it continuously extended to Station 1+039 m with a maximum width of 5 cm as
shown in Table 7. (2) This longitudinal crack, also parallel to and with a distance of 0.15 m to the
parapet wall was very narrow and was located between Stations 0+480 and 0+930 m. (3) This
curved crack had a maximum width of 40 mm as shown in Table 8 located between Stations 0+520
and 0+900 m. The most upstream point of the curved crack was located at Station 0+810 m at a
distance of 1.1 m downstream from the parapet wall and the two ends of the crack terminated near
the downstream shoulder of the dam. (4) This was a curved crack near the downstream shoulder of
the dam which started at Station 0+550 m and extended to Station 1+039 m. (5) Two transverse
cracks had a width of approximately 1 mm. One was located at Station 0+494.3 m and the other at
Station 1+040.5 m. Their length nearly equaled the width of the dam crest.
Two test pits were dug in 1977 to inspect the cracks. One at Station 0+620 m just downstream
from the parapet wall at a depth of 2.02 m. The crack width was 15 mm on the surface decreasing to
a hair crack at the depth of 0.9 m and becoming invisible at a depth of 1.17 m. The other was at
Station 0+820 m with a crack width of 15 mm on the surface and 3 mm at a depth of 2.32 m; no
further excavations were made.
iii) Collapse of the parapet wall: Three sections with a total length of 10.7 m collapsed. The
other two sections having a total length of 17 m were seriously damaged. Most of the damage to the
parapet wall appeared between Stations 0+450 and 0+487 m as well as between Stations 0+816.5
and 1+052 m.
iv) Leakage and settlement: Water seeping out at the tailwater channel of the spillway between
Stations 0+300 and 0+350 m became cloudy after the 6.9 magnitude earthquake of November 15,
1976. At the same time, the water in the stilling basin also became cloudy. A maximum settlement
of the spillway gatehouse was 3 mm.
2) Yanghe Reservoir
A. Introduction
The main structures were completed in 1961 since then, the sluice of the spillway, power station
and right irrigation tunnel were successively constructed. This reservoir had a catchment area of 755
square kilometers and its main purpose was irrigation for 0.242 million mu. It was a clay sloping
core dam with sand shells as shown in Figure 3.
The open spillway on the left abutment consisted of three openings each of which was equipped
with a steel tainter gate having a height of 7.6 m and a width of 12 m. The discharge capacity of the
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spillway was 2,380 cm. A circular outlet tunnel 4.0 m in diameter with a discharge capacity of 206
cm was controlled by a steel flat gate.
B. Foundation and its treatment
The valley of the river at the dam site was wide and flat. Granite bedrock was overlain by loose
sand and gravel 3 to 9 m thick. The cut-off wall was extended to weathered rock having maximum
depths of 9 and 14 m located (ancient riverbed) between Stations 0+070 and 0+170 m as well as
between 0+800 and 1+563 m respectively.
C. Construction and performance before the earthquake
Good construction control of the dam resulted in good quality. The designed phreatic line of the
dam had not yet formed even in the 1980's. The controlled placement, dry densities of the clay core
and gravel shell were 1.70 and 1.85 g/cubic centimeters respectively. For example, the measured
dry density of 32 out of 33 samples taken at an elevation of 44 m was greater than the required
values. But the quality of compaction was relatively poor for the fill between Stations 0+070 and
0+170 m where the river was closed by this dam with a very high rate of placement. The settlements
of the dam crest were 233 mm and 77 mm at Stations 1+432 and 1+024 m respectively with an
average value of several centimeters several years after the completion of the dam. No evident
damage to the dam appeared during performance except the damages to hand-placed riprap under
the action of 1.5 to 2.0 m high waves induced by wind velocity of 7 to 8 in grade. Those damages to
the riprap occurred four times from 1962 to 1973, each time destroying an area 2,000, 2,500, 4,000
and 4,300 square meters respectively. The last time was the most serious one, the riprap as well as
its filters were scoured by the waves so that the clay sloping core was exposed. In the spring of 1974
a hand placed riprap above the normal high water level was replaced by a stone masonry riprap
containing drainage holes for preventing further damage.
The elevation of the reservoir water level during the earthquake was 50.97 m having a maximum
water depth of 16.57 m and water storage of 57.95 million cubic meters.
D. Damage (shown in Figure 3)
i) Dam cracks: There were longitudinal cracks on the dam crest. Some cracks appeared after the
7.8 magnitude earthquake however, they became much more serious and extended the entire length
of the dam during the 7.1 magnitude aftershock that occurred on the same day. The cracks with a
total length of 1,423 m located mainly between Stations 0+086 and 1+514 m. The most serious
section was located between Stations 0+400 and 0+700 m where three cracks were found. The
widest crack having a width of 10 cm, a length of 75 m and a unequal settlement of 5 cm between
two sides of the crack was located between Stations 0+674 and 0+749 m. It was found that most of
the cracks were distributed at the downstream half of the dam crest except for the cracks between
Stations 0+460 and 0+530 m and between 0+355 and 0+414 m. Four test pits were dug across the
crack near Station 0+500 m, it was found that all material excavated from the pits was clayey sand,
and the other was a vertical crack 1.2 to 1.6 m in depth.
Cement mortar on the sides of the stone masonry parapet wall, a total length of 1m570 m,
collapsed as shown in Photo 1. Some stones and concrete slabs on the top of the parapet wall
dropped 2 to 3 m away from the parapet wall. Three sections at the stations between 0+464 and

249

0+524 m, 0+554 m, between 0+674 and 0+734 m collapsed completely as shown in Photo 2.
Twenty-seven out of 52 poles at the top of the parapet wall for electric lamps tilted towards the
upstream direction. The tilting of these poles resulted in breakage of the parapet wall with a total
length of 64 m. A 30 cm unequal settlement of the parapet wall occurred at Station 0+260 m where
the wall evidently distorted as shown in Photo 3.
There were five longitudinal cracks with an average length of 20 to 30 m on the upstream slope
resulting in breakage of stone masonry riprap after the 7.8 magnitude earthquake. The number of
cracks increased to 13 after the 7.1 magnitude aftershock of the same day. They were mainly
parallel to the dam axis and distributed near an elevation 54 m between Stations 0+074 and 0+174 m
just above the ancient riverbed. The width of these cracks increased slightly in one week after the
earthquake, but they did not extend to the clay sloping core.
ii) Displacement of the dam: Settlements measured before the earthquake on May 15, 1976 and
after the earthquake on October 19, 1976 showed that the horizontal displacement due to the
earthquake was not evident as shown in Table 9.
iii) Other damage: Hair cracks appeared at Y-type pipes in the power tunnel as well as on
penstock adjacent to the powerhouse, from the latter water seeped out. There was no damage to the
spillway and intake tower. The construction of the irrigation tunnel was nearly complete before the
earthquake; some stones at the top of the masonry structure near the outlet dropped after the
earthquake. Meanwhile, a diagonal crack appeared on the tunnel resulting in displacement and
breakage of the reinforced concrete lining.
3) Huashihou Reservoir
A. Introduction
This reservoir was located on a tributary of the lower reaches of the Yanghe River in Funing
County having a catchment area of 5.5 square kilometers. Its main purpose was irrigation, it was a
small A size reservoir. The main dam was a clay sloping core earth structure as shown in Figure 4
and the auxiliary dam had a homogeneous cross-section. A conduit passing under the dam was built
on a rock foundation near the left abutment. It was a masonry concrete structure with a horseshoe
cross-section having a height of 1.6 m and a width of 1.2 m. The spillway, also on the left abutment,
had a broad crest weir 25 m in width capable of passing water 117 cubic meters per second.
B. Foundation and its treatment
The valley at the dam site was wide and was located in a low mountain and hill area. Granite
bedrock of the Precambrian period outcropped at the left abutment and was highly weathered, it was
overlain by sand, clayey sand and silty clay having a thickness of 3 to 6 m near the left abutment
where the ancient main river passed and a thickness of more than 10 m near the right abutment
where the alluvial terrace existed. The cut-off wall extended 1 m into the bedrock and was used to
control seepage through the dam foundation near the left abutment, but an upstream clay blanket was
used near the right abutment.
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C. Construction and performance before the earthquake
The quality of the clay core was not as good as required due to poor compaction and as much as
2 to 3 m unevenness of fill placement surface especially during the placement of the fill whose
height raised from 5 to 8 m. It was recorded that the fill of the auxiliary dam was compacted under
very high placement water content and included some frozen soils so its quality was even worse.
However, the reservoir, while retaining 1.36 million cubic meters of water and irrigating 2,500 mu in
1975, had no problems though the duration of performance was relatively short. The depth of the
reservoir water during the earthquake was 9 m.
D. Damage (Figure 5)
Three longitudinal cracks with a width of 4 cm appeared on the dam crest between Stations
0+165 and 0+210 m just above the main riverbed after the 7.8 magnitude earthquake; they became
more serious after the 7.1 in magnitude earthquake. The main damages are as follows:
i) Three longitudinal cracks on the dam crest over the entire length of the dam axis had a
maximum width of 37 cm at Station 0+250 m and an average width of 15 to 20 cm as shown in
Photo 4. The most severe location was at the bend of the dam axis where lots of cracks resulted in
breakage of the fill. The earthquake also caused 20 to 30 cm settlement at the dam crest mainly
above the main riverbed. It is of interest to note that the shoulders settled more than other parts of
the dam crest so that the crest became convex.
ii) The surface of the hand placed riprap became wavelike mainly above the main riverbed and
the distance between the peak and the valley of the wave amounted to 50 cm. Moreover, a crack
with a width of 2 mm appeared on the guide wall at the outlet of the conduit. A construction joint of
the guide wall near the inlet of the spillway widened 1.5 cm. Leakage through the reservoir area
increased, amounting to 0.15 million cubic meters in three months after the earthquake. Test pits
showed the crack had a width of 1 cm at a depth of 3.5 m.
4) Maojiagou Reservoir
A. Introduction
This reservoir was located on a tributary of the Qinglonghe River in Lulong County. Its
catchment area and reservoir capacity was 3.06 square kilometers and 1.74 million cubic meters
respectively and was a small A size reservoir. Figure 5 shows a sketched map of the dam. There
was a stone masonry conduit under the dam with a rectangular cross-section of 0.8 m in height and
1.0 m in width. Its inclined intake pipe had a diameter of 0.3 m. The open spillway had a width of
22 m and a discharge capacity of 106.5 cm.
B. Foundation and its treatment
Granite-gneiss bedrock at the dam site was overlain by clayey sand 3 to 4 m in thickness; the
cut-off wall extended to the weathered bedrock. Some cracks were found in the dam foundation at
the main riverbed resulting in large leakage.
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C. Construction and performance before the earthquake
Construction of the clay core was carried out in the winter; inclusion of large amounts of frozen
soil as well as poor compaction resulted in poor quality of the fill. It is important to note that in the
placement of the cut-off wall the first lift was too thick, it became mud and was impossible to be
well compacted. Samples taken from the clay core after the earthquake had an average dry density
of 1.6 g/cubic centimetres, which was lower than the required value. This reservoir had not been put
into operation before the earthquake. The reservoir water elevation during the earthquake was 81.25
m (the foundation elevation was 72.25 m as noted by the translator).
D. Damage (Figure 5)
i) Two longitudinal cracks with a maximum width of 20 cm and a maximum length of 150 m
appeared on the dam crest between Stations 0+030 and 0+200 m. Numerous other cracks with a
width of 3 to 5 cm also appeared on the dam crest between Stations 0+200 and 0+340 m resulting in
breakage of the fill. Test pits dug along the cracks revealed that most of the cracks were vertical,
terminating at a depth of 4 to 5 m and one crack had even a larger depth. A transverse crack with a
width of 2 to 5 cm between Stations 0+190 and 0+230 m extended from the dam crest to the
upstream slope with a length of 8 m. Total settlement of the dam crest observed in March 1977
amounted to 12 cm.
ii) A longitudinal crack with a length of 28 m and a width of 3 to 5 cm appeared on the
downstream slope at an elevation of 88.5 m between Stations 0+170 and 0+200 m (main riverbed).
Sandboils, in which air bubbles were also liberated, appeared at 12 places downstream from the
dam; the cloudy water in those sandboils became clear after 5 hours. The water percolation could be
heard in the drainage toe of the dam and seepage discharge amounted to 5 litres per second.
iii) Hand placed riprap at an elevation of 83 m between Stations 0+110 and 0+210 m slid and the
boundary of the slide area extended 3 m in an upward direction when the reservoir water level
raised; the total slide area amounted to 500 square meters.
5) Xiaolongtan Reservoir
A. Introduction
It was located on a tributary of the Luanhe River having a catchment area of 20 square
kilometers and a reservoir capacity of 7 million cubic meters. It was a small A size reservoir used
mainly for irrigation. The dam was a stone masonry framework gravity dam. An open spillway
with a width of 30 m was located at the right abutment. Other structures included a reinforced
concrete conduit with a diameter of 0.7 m and a power house with an installation capacity of 125
kilowatts, the latter was completed after the earthquake.
B. Foundation and its treatment
The dam foundation was at an anticlinal limb of siliceous limestone dipping in a downstream
direction with an angle of 70 degrees including only a few fracture zones. The sand and gravel
deposits with a thickness of less than 5 m was excavated to rock.
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C. Construction and performance before the earthquake
Figure 6 shows a sketch of the dam, which had a height of 39.6 m and a crest length of 217.5 m.
Its upstream and downstream slopes were 1 on 0.1 and 1 on 0.9 respectively. The structure of the
dam consisted of a number of stone masonry walls both perpendicular and parallel to the dam axis.
The upstream end of the walls formed the supports of a barrier to control seepage while the top of
the walls were the supports for arches forming stories for carrying the load of rock fill or sand,
which was filled in rooms formed by these walls and arches. The barrier consisted of a facing plate
and a stone masonry cover 0.6 m thick; the latter also acted as a model plate for concreting. The
widths of the crest and base of the dam were 2.5 and 34.6 m respectively. The reinforced concrete
facing plates had a base width of 0.7 m and a top width of 0.4 m cast with No. 140 concrete. The
center to center distance between the adjacent walls was 10 m but the span was 7.5 to 8.0 m because
the supports had a width of about 2 m. The lifts of the rooms varied from 8 to 4 m. The stone
masonry was built with stones and No. 50 cement mortar. Four contraction joints were installed at
the dam spaced 40 m apart.
This dam was constructed by manpower. The dam was stable when the depth of the reservoir
water reached up to 32.0 m before the earthquake but leaks in the dam and abutment occurred in
1973 when the reservoir water level rose to an elevation of 106.5 m; total seepage discharge
amounted to 1,000 cubic meters per day and decreased a little bit after grouting. The depth of the
reservoir water was 8.8 m during the earthquake.
D. Damage (Figure 6)
i) There were 8 transverse cracks on the dam crest: one at Station 0+002.5 m with a width of 0.3
to 1 mm and a length of 1.4 m; one at Station 0+12.5 m with a width of 0.5 to 2 mm and a length of
5 m; one at Station 0+021 m with a width of 0.5 to 2 mm and a length of 7.2 mm; one at Station
0+096.5 m with a width of 0.2 to 1 mm and a length of 10.5 m; one at Station 0+136.3 m with a
width of 0.2 to 1 mm and a length of 9.2 m; one at Station 0+143.8 m with a width of 0.2 to 1 mm
and a length of 4.1 m; one at Station 0+145 m with a width of 0.2 to 6 mm and a length of 4.0 m; one
at Station 0+180 m with a width of 1 to 4 mm and a length of 9 m; and one at Station 0+197.7 m
with a width of 1.5 to 5 mm and a length of 4.0 m. Investigations revealed that the crack at Station
0+145 m was an original construction joint the other cracks only extended to the stone masonry
cover and did not extend to the concrete facing plate.
ii) A section of the parapet wall with a length of 42 m was tilted; the cement mortar of the rest of
the parapet wall broke. Three out of 8 poles on the top of the parapet wall collapsed in an upstream
direction.
iii) A crack appeared at the junction of reinforced concrete pipe 67 m outside of the dam.
6) Gaojiadian Reservoir
A. Introduction
This reservoir was located in Qianxi County on Henghe River, a tributary of the Luanhe River.
Its catchment area and reservoir capacity was 18.7 square kilometers and 8.12 million cubic meters
respectively. This was a small A size multipurpose reservoir used for flood control, irrigation and
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power generation. The dam was a stone masonry gravity dam with a crest width of 4.0 m and a
maximum base width of 26.0 m as shown in Figure 7. An overflow spillway at the top of the dam
had a width of 35 m and a discharge capacity of 308 cm. The diameters of the two circular conduits
of the dam were 0.8 and 0.4 m with a discharge capacity of 4.5 and 1.5 cm respectively.
Each contraction joint was sealed with one plastic and two bituminous sealants. The distance
between adjacent joints was 30 m.
B. Foundation and its treatment
There was 1 fault across the dam axis between Stations 0+129 and 0+132 m near the abutment
and 3 fracture zones with a width of 4 m and a triangular cross-section near the abutment between
Stations 0+035 and 0+039 m. Treatments of these pervious parts included the concrete plugs and
grouting curtains executed by grouting holes having a depth of 1 to 1.5 times its water head.
C. Design construction and performance
This dam was completed just before the earthquake and was designed to resist an earthquake
intensity of VII. The depth of reservoir water was 14 m during the 7.8 and 7.1 magnitude
earthquakes and increased to 23.9 m at the time of the 6.8 in magnitude earthquake.
D. Damage (Figure 7)
No damage to the dam was found after the 7.8 and 7.1 magnitude earthquakes. However, 4
transverse cracks appeared on the non-overflow section and 3 contraction joints in the same section
widened after the 6.8 magnitude earthquake of November 15. The location and width of these
cracks are as follows: Station 0+011 m, 5 mm; Station 0+035 m, 3 mm; Station 0+058 m, 2 mm
(contraction joint); Station 0+095 m, 1 mm (contraction joint); Station 0+115 m, 2 mm; Station
0+135 m, 5 mm (contraction); and Station 0+155 m, 1 mm. There was no damage to the overflow
section.
Water seeped through cracks at the left abutment and the discharge amounted to 1.9 liters per
second while the reservoir water depth was 23.9 m.
7) Longwan Reservoir
A. Introduction
This small B size reservoir was located in Qianxi County on a tributary of the Henghe River
which is a tributary of the Luanhe River. Its catchment area and reservoir capacity was 2.57 square
kilometers and 0.45 million cubic meters respectively. Figure 8 shows the structure of the stone
masonry and rock fill dam. The thin vertical wall on the upstream side extended to the bedrock and
rock fill and sand fill were placed on sand and gravel river deposits. This vertical wall displaced
continuously in a downstream direction while the reservoir was impounding, and in an upstream
direction during reservoir evacuation. As a result, not only did the dam crest curve in an up and
downstream direction alternatively, but also formed a number of transverse cracks. Therefore, it was
classified to be a damaged dam before the earthquake.
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B. Foundation and its treatment
The vertical wall extended to fresh granite-gneiss bedrock which was overlain by sand and
gravel deposits with a thickness of 3 to 5 m on which the rock fill portion of the dam was placed.
C. Construction and performance before the earthquake
Transverse cracks appeared either near abutments or at the middle section of the dam when the
reservoir storage reached 0.40 million cubic meters in 1974. Meanwhile, the dam crest arched in a
downstream direction. The water depth in the reservoir was 11 m during the earthquake.
D. Damage
The maximum width of 6 transverse cracks in the masonry part of the dam increased from 5 mm
to 80 mm after the earthquake. Their length was mainly 16 m, one crack extended to the dam base.
The dam arched in a downstream direction with a maximum horizontal displacement of 30 cm and a
settlement of 30 cm. The longitudinal crack between the vertical wall and dry rubble masonry was
20 cm. Leakage increased. All damages are shown in Figure 8.
3. Damage to Sluices
(1) Introduction
Sluices in the Tangshan Prefecture were mainly built in the plain area. There were 166 sluices
whose discharge capacity exceeded 10 cm. Statistics revealed that 73% of these sluices were
damaged by the earthquake. Among the damaged sluices 48 of them had a discharge capacity
greater than 100 cm. They were founded on various foundation soils and rocks, including 4 on fresh
or weathered rock, 9 on coarse sand, gravel or hard clay, and the other 35 on saturated fine sand, soft
clay or soft silty clay. In accordance with the function of sluices, they could be classified as 7
diversion sluices, 12 guide sluices, 28 check sluices, and 1 inlet sluice. Their structures were not
unique and included 1 inflated rubber structure, 8 bridge-sluice structures, 2 floating structures, and
37 open structures (including 13 sluices that had automatic tilting gates). Sixteen sluices were made
of reinforced concrete and 32 of stone masonry. Their foundation structures were different and
included 8 pile foundations, 28 raft foundations and 12 shallow foundations.
Earthquake damage to the sluices was more serious than to other hydraulic structures. Fifty
percent of the sluices could not be properly operated. Ten sluices collapsed completely, 10 other
sluices were radically rehabilitated, and 21 sluices were easily repaired. The degree of damage was
classified to be serious, less serious, slight and no damage in accordance to the severity of damage
and the importance of the damaged place in a sluice.
1) Serious: Deformation of the sluice; unequal settlement of the base slab; tilting and cracking;
needed complete reconstruction.
2) Less serious. Slight damage to the main structure of the sluice; tilting of columns and piers of
supporting bridge; cracking of stilling basin, up and downstream apron; sandboils and bulge of
foundation soils.
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3) Slight. Tilting of guide walls; slide of bank slopes; deformation of bridge for supporting lift
machine.
4) No damage. No damage or very slight damage such as small cracks and deformation. The
sluices performed normally.
(2) Investigation of damage
Damage to the above mentioned 48 sluices are described in Table 10. In this table 18 other
small sluices that underwent typical earthquake damage are also described. The label number of the
sluices in the table corresponds to that in Figure 1, and earthquake intensities which acted on the
large and medium sluices are shown in Table 1. Tables 11 to 13 show damage to sluices in relation
to their foundation soil and structure of base slab.
Main damage to sluices was as follows:
1) Damage to base slab
A. Cracks usually appeared in the base slab near the abutment piers whose foundation had no
settlement joints.
B. Widening of settlement joints parallel to the river usually occurred in separated base slabs.
The serious ones damaged the seal and created unequal settlement, sometimes sandboils could be
seen in the opened joint. See No. 14 and 25 sluices in Table 10.
C. Liquefaction of foundation sand resulted in loss or reduction of bearing capacity. See
No. 54, and 56 sluices in Table 10. More than 10 medium to small sluices were damaged due to
liquefaction of sand. The sluices having simple and light structures such as a floating sluice, and an
inflated dam equipped with an automatic tilting gate underwent slight damage to the base slab.
2) Damage to piers and superstructure
A. Reinforced concrete piers generally underwent slight damage. However, stone masonry piers
were seriously damaged due to sliding of the abutment, liquefaction of foundation sand and
deformation of the base slab, see Photos 5 and 6.
B. Fifty percent of the bridges to support lift machines whose elevation was more than 5 to 8 m
above the ground surface were seriously damaged. Their columns generally tilted in a downstream
direction and cracked near the bottom or in an area where their cross-section changed abruptly.
Because most of the beams supporting lift machines were simply supported their displacement was
large. There were 4 sluices whose lift machines were dropped to the ground, see examples 1 and 6
and Photo 7.
C. Earthquake damage to the machine supporting bridges with a frame structure was small.
3) Damage to the base of stilling basin and apron
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A. Cracks parallel to the river resulted in loosening of stone masonry for those slightly damaged,
but seriously damaged ones resulted in breakage of stone masonry, damage to filters and occurrence
of sandboils as shown for the No. 55 sluice in Table 10.
B. Widening of settlement joints perpendicular to the river. Breaking of seals and widening of
joints occurred along a key wall of the base slab up to 60 cm, sometimes unequal settlement
appeared across the joints as shown in examples 1 and 4. The above mentioned damage occurred in
the areas of sand liquefaction.
4) Cracking and tilting of the guide wall, sliding of the bank and riprap
They usually occurred in the areas whose earthquake intensity was higher than VII. The higher
the slope height the more serious the sand liquefaction, and this type of damage.
(3) Typical examples of damage
1) Donggezhuang sluice
A. Introduction
It was located in Donggezhuang in Fengnan County and was a main regulation sluice in the
irrigation area downstream of the Douhe River.
B. Foundation
The elevation of the foundation surface was 7 to 8 m. The ground water level was usually 2 to
3 m below the ground surface and did not exceed 5 m in 1976. Data from the geotechnical
investigation was not available but it was found during construction that the soil directly beneath the
base slab was silty sand with a thickness greater than 3 to 4 m, but its overlain soil was clayey sand
deposited in the middle and low reaches of the Douhe River.
The sluice was constructed as early as 1840 consisting of 13 openings and having a width of
38.7 m. In 1919 it was reconstructed because piping occurred downstream from this stone masonry
structure. Since then it has operated for about 45 years. In 1964 exploration revealed that some
cavities with a dimension of more than 10 m existed directly beneath the base slab of openings 1 to
6. Moreover, 8 block stones in the base slab cracked so it was reconstructed once again in 1966.
C. Structure
The sluice consisted of 9 openings with a dimension of 3x3 m having a breast wall on top of the
openings and a total length of 31.8 m including the width of the piers. Its design capacity for
discharge was 180 cm. The reinforced concrete base slab, with a thickness of 0.6 m, was designed
as a beam on an elastic foundation. Its surface elevation was 40 m. The base slab and apron
consisted of three separated sections, each section shared three openings. The width of the base slab
was 7.5 m. A highway passed downstream from the sluice. Elements of the superstructure such as
sluice piers, beams and columns for supporting lift machines, and bridge decks were made of grade
150 reinforced concrete except for the bridge piers which were stone masonry structures.
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The base of the stilling basin, with a length of 12 m and a thickness of 0.6 m, was made of grade
100 reinforced concrete. A sketch of it is shown in Figure 9. The upstream blanket consisted of a 5
m long 0.4 m thick hand placed rock blanket and an underlying clay blanket with a thickness of 0.5
m and a length of 3 m longer than the rock blanket. The downstream apron was made of hand
placed rock. The total length of the sluice was 41.8 m.
Each opening was equipped with a reinforced concrete gate operated by a movable lift machine.
The settlement joints parallel or perpendicular to the river were sealed with gunny-bag and
asphalt sealants. Filters consisting of medium sand, coarse sand and gravel were placed under the
joints in the stilling basin.
Three rows of drainage holes were distributed with a center to center distance of 1.5 m. During
the earthquake the sluice gates were closed with an upstream water depth of 0.5 m and a downstream
water depth of 0 m in comparison to the design water depths of 7.00 m and 4.19 m respectively.
D. Damage
i) Abutment of the sluice settled 0.3 to 0.5 m and cracks with a width of 1 to 1.5 m on it are
shown in Photo 8. Moreover, vertical cracks with a width of 3 to 5 cm appeared on the up and
downstream guide walls whose ends settled about 0.5 m.
There was no evident damage to bridge piers but the pre-cast bridge deck was displaced
horizontally 5 to 8 cm.
Two abutment piers settled about 7 to 8 cm and slightly tilted towards the river, as a result,
clearance between the gate and opening decreased.
ii) The columns supporting the lift machines had a height of 3 m and a cross-section area of
25×60 cm, they were not connected laterally except the end columns were connected by a beam. All
the beams were simply supported on the top of the columns having a dimension of 25×30×360 cm.
These beams were connected by rails perpendicular to the river. After the earthquake both columns
and beams tilted in a downstream direction. It was found that their deflection angles were 10 to 20
degrees near the abutments and was 30 degrees near the middle openings. Horizontal cracks
appeared at the bottom 30 cm of the columns resulting in breaks in the concrete and some 0.5 to 1
cm elongation of exposed reinforcements.
iii) Cracking and deformation of the base of the stilling basin are shown in Figure 9. Contraction
joints Nos. 1 and 2 widened 3 to 5 cm, slikensides could be seen on the concrete of these joints. An
area of 0.5 square meters at the base of the stilling basin was seriously broken. A crushed piece with
a width of 60 cm at the stilling basin settled 20 to 30 cm relative to its adjacent pieces. An unequal
settlement of 30 to 50 cm across a crack appeared along the baffle threshold. Some parts of the base
heaved up to 20 cm, the values in the parenthesis in Figure 9 denote the relative settlement or heave.
The filters beneath the joints were damaged and sandboils could be seen.
iv) Cracks appeared on the downstream hand placed rock apron and sandboils could be seen in
the cracks. There was no serious damage to the upstream blanket but unequal settlement caused by
both settlement and heave amounted to 20 cm.
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Cracks on the upstream bank and slides on downstream bank could be found.
v) Thirteen houses for the sluice maintenance personnel collapsed.
The sedimentation and contraction of the river section just upstream of the sluice caused this
sluice to be unusable.
2) Daxinzhuang sluice
A. Introduction
It was located on the upstream reaches of the Xiaojimenhe River near Daxinzhuang in Fengnan
County. Wooden flat gates were operated by manpower. It sustained high flood water which
exceeded the design level but it performed normally except for the erosion of soils adjacent to the
abutment piers. However, this stone masonry structure was seriously damaged due to liquefaction of
foundation sand induced by the earthquake.
B. Foundation
Foundation soils having a surface elevation of 6.5 m belonged to river deposits of the Douhe and
Shahe Rivers. The topsoil stratum was clayey sand with a thickness of 3 to 4 m underlain by loose
silty sand white-yellow in color, the latter was liable to flow while being saturated. The depth of the
ground water level ranged from 2 to 5 m in 1976. During the construction of the sluice it was found
that quicksand occurred in the foundation excavation at a depth of about 3 m. This caused much
trouble during construction.
C. Structure
The base slab of the sluice with a thickness of 0.8 m, a width of 5.5 m and a total length of
33.4 m was a monolithic stone masonry structure cemented by grade 80 mortar. A settlement joint
sealed with gunny-bags and asphalt was installed in the middle of each opening. The settlement
joints along the up and downstream edges of the base slab were sealed with asphalt and 5 cm thick
wooden plates. Key walls with a depth of 0.4 m were also installed at the up and downstream edges
of the base slab.
Piers were stone masonry structures with a width of 0.6 m, a length of 4.5 m and a height of
2.4 m. On each pier a stone masonry wall with a width of 0.6 m, a length of 2.3 m and a height of
2.2 m was built for supporting beams and the lift machine. The beams supporting the lift machine as
well as bridge decks were pre-cast grade 200 reinforced concrete and were connected to the
reinforcement of the piers.
The upstream blanket with a thickness of 0.4 m and a length of 6.0 m was hand placed rock. The
base slab of the stilling basin, underlain by filters of coarse sand and crushed stone layers each
having a thickness of 15 cm and a length of 4.5 m, had a length of 8 m and a thickness of 0.4 m.
Three rows of drainage holes were installed; the distance between adjacent holes with a diameter of
3 cm was 1 m. The length of the downstream apron was 6.0 m.
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All gates at the sluice were dismantled occasionally before the earthquake so that the upstream
and downstream water depth was the same and equaled 0.5 m; the maximum permissible difference
between the up and downstream water levels was 2 m.
D. Damage
i) After the 7.8 magnitude earthquake the bridge decks and the beams for supporting the lift
machine dropped to the stilling basin downstream from the sluice and displaced more than 5 m in a
downstream direction. The walls of the piers broke and the superstructure completely collapsed as
shown in Figure 10.
ii) The downstream part of the base slab settled more than the upstream part, as a result, the
sluice tilted and cracks both parallel and perpendicular to the river appeared on the base slab having
a maximum width of 10 cm. Seals at the settlement joints were broken and the joints widened. Most
of the collapsed elements were covered by liquefied sand, only some remaining piers could be seen.
iii) Liquefied sand with a thickness of about 1 m was deposited on the base slab. Cracks with a
width of 5 to 15 cm and parallel to the river appeared. Hand placed riprap on banks slid. Large
deformation of ground surface and riverbed occurred. It was hard to estimate the settlement or
heave of the sluice. A house on the abutment collapsed. This sluice was completely rebuilt.
3) Daqinghe sluice
A. Introduction
It was located at the mouth of the old Luanhe River near Hongfangzi in Leting County and was
well constructed. It had performed normally for flood relief, salt water prevention and plain water
storage.
The gates of the sluice were opened before the earthquake so that the up and downstream water
depths were nearly the same and equaled about 2 m.
This sluice underwent very slight damage in comparison with those of other masonry sluices
subjected to an earthquake intensity of VII.
B. Foundation
The top level was soft clay underlain by fine sand with a thickness of up to 12 m. The fine sand
was loose and gray in color, its main composition was quartz in addition to a little amount of black
mineral. This fine sand layer was underlain successively with the following strata: medium quartz
sand loose and gray in color containing some white shells and having a thickness of up to 9 m;
grayish-yellow clayey sand with a thickness of 4 m; and gray silty sand with a thickness of 3 m. The
depth of the ground water level was 1 to 2 m with very small annual variations.
C. Structure
No foundation treatment was made for this sluice which consisted of 12 openings. Each opening
had a net width of 3 m and was equipped with a wooden flat gate with dimensions of 3.36x3.2 m. A
breast wall was on top of the openings as shown in Photo 9. The maximum difference between the
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up and downstream water depths was 1.5 m. A highway bridge was built at the rear of the sluice.
The base slab of the sluice was made of stone and concrete having a thickness of 1 m and a
periphery key wall with a depth of 1 m. The base slab consisted of three blocks connected by
structural joints located at the middle of the No. 4 left and right 4 openings. These joints and other
settlement joints at the up and downstream edges of the base slab were sealed with type 651 plastic
sealants.
The stone masonry piers had a width of 0.8 m and a height of 3.15 m. The bridge at the rear of
the sluice was a pre-cast reinforced concrete structure whose bridge deck had a width of 4.5 m. The
height of the reinforced concrete breast wall was 1.5 m. The wall at the top of the piers that
supported beams and lift machines were also reinforced concrete structures.
The stilling basin had a length of 11 m and a thickness of 1 m, its base was stone block and
concrete with a thickness of 0.7 m underlain with filters of three layers. Drainage holes in the base
had a diameter of 3 cm and center to center distances of 1 m between adjacent holes on the same row
and 0.8 m between the adjacent rows. The downstream apron with a length of 10 m and a thickness
of 0.5 m was hand placed rock underlain by coarse sand and crushed stone with a total thickness of
30 cm. The upstream blanket was a stone concrete cover with a length of 10 m and a thickness of
0.6 m underlain by a 0.8 m thick clay layer with a length of 6 m longer than that of its cover. Both
up and downstream banks were covered by hand placed riprap.
D. Damage
Cracks appeared on the hand placed riprap on riverbanks; a part of the riprap slid. Cracks with a
width of 1 to 3 mm appeared on the bridge deck near the piers. No damage could be seen at the
superstructure above the water level.
After evacuation of storage in the spring of 1977 the following damage was found:
i) A crack parallel to the river appeared on the base slab at the middle of each lateral opening. Its
maximum width was 1 to 3 mm appearing upstream from the gate.
ii) The structural joints parallel to the river on the base slab of the No. 4 left and right 4 openings
widened 3 to 5 mm.
iii) The settlement joints between the base slab and apron generally widened 1 to 3 cm, the
maximum width was 10 cm near the middle of the river. Unequal settlement of 3 to 4 cm also
occurred across the joint resulting in breakage of the sealant. The settlement joint around the stilling
basin had a maximum width of 2 to 3 cm.
iv) Hairline cracks parallel to the river appeared on the base of the stilling basin near its side
walls and water seeped out from these cracks. More than 10 sandboils surrounded by silty sand
appeared in an area about 30 to 40 square meters near the right part of the baffle sill, while the
upstream water level was 3.3 m higher than the downstream water level.
There was no damage to 6 brick houses on the left abutment of the sluice.
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v) This sluice was not seriously damaged by the liquefaction because of reasonable design, good
construction quality and especially the flexibility provided by settlement joints. On the contrary, the
base slabs of lateral openings cracked seriously because there were no settlement joints.
4) Xiaohezi sluice
A. Introduction
It was located near Donghaizhuangzi in Leting County and consisted of 12 openings each having
a net width of 3 m. The base slab was a concrete monolithic structure having no joints. A breast
wall was on top of the openings. Fair construction quality and normal operation were recorded.
It was damaged seriously by the 7.8 magnitude earthquake. Liquefaction of the foundation soils
caused serious damage to the base slab. It had been fully reconstructed.
B. Foundation
The ground elevation was 2.0 m. Soil strata were successively: clayey silty sand, gray and loose,
with a thickness of 5 m; gray loose fine sand with a thickness of 9 m; medium quartz sand, gray and
loose having a thickness of 9 m and containing many white shells; and 4 m thick clayey sand. The
depth to the ground water level was 1 to 2 m in 1976 with very small variations.
C. Structure
The design elevations of high and low tide water levels were 3.6 and 1.2 m respectively while
the elevation of the surface of the base slab was 0 m. The designed water level difference was
1.2 m. The base slab had a length of 8 m and a thickness of 1 m. A pre-cast reinforced concrete
highway bridge with a width of 4.7 m was built at the rear of the sluice. The stone masonry piers
had a height of 2.5 m and a width of 0.8 m. The stone masonry wall for supporting the lift machine
had a height of 2.25 m, a length of 3 m, and a width of 0.4 m. A pre-cast reinforced concrete breast
wall with a height of 2 m was installed at the top of the openings and connected to the stone masonry
piers. The bridge decks and beams for supporting the lift machine were pre-cast reinforced concrete
simply supported structures.
The stilling pond had a length of 10 m and a depth of 0.8 m. Its base was a 0.7 m thick stone
masonry. Also, there was a row of baffle piers with a height of 0.5 m. The sand and crushed stone
filters consisted of three layers. Two rows of drainage holes with a diameter of 3 cm were installed.
The downstream apron with a length of 10 m was made of hand placed rock. The upstream blanket
was also hand placed rock with a length of 10 m and a thickness of 0.6 m. Plastic seals were placed
in the settlement joints at the up and downstream edges of the base slab.
D. Damage
i) Many sandboils appeared near the sluice. Four to six cracks with a width of 10 to 15 cm
parallel to the river appeared at a distance of 15 to 20 m from the upper edge of the banks. One of
these cracks on the right bank passed through a house whose crack in a brick wall had a width of 15
cm. Soon after the 7.8 magnitude earthquake liquefied sand blew out of the crack. More than 10
cracks appeared along the 3 m high guide dikes at the left and right sides of the sluice, they had an
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average width of 25 to 30 cm and a maximum value of 25 to 30 cm. Settlement amounted to about
0.5 m. The riverbed raised about 1.0 m so that the river became shallower.
ii) Structure above water level
Sluice gates were closed during the earthquake. The up and downstream water depths after the
earthquake, during inspection were about 2 m and 2.3 m respectively. Only the gates at the lateral
openings could be lifted 0.3 to 0.5 m with difficulty.
The middle part of the sluice settled more than the lateral parts, unequal settlement amounted to
50 to 60 cm. The railing on the operation bridge above the middle three openings collapsed and the
60 mm diameter screw rods for lifting the gates buckled. The highway bridge at the rear of the
sluice underwent similar settlement and deformation and as a result the bridge decks cracked.
Two sets of large cracks appeared on the piers, one crack on every middle pier, one initiated at
the bottom of the lift machine supporting wall and extended downstream toward the bottom of the
highway bridge. The other one initiated at 1 m upstream from the supporting wall, extended
diagonally to about 1 m from the upstream edge of the base slab as shown in Figure 11. These sets
of cracks cut the piers into triangular blocks. Most of the piers of the left No. 4, 5, 6 and 7 openings
were seriously broken.
The connections between the piers and breast wall were loosened. Vertical cracks appeared on
the breast wall having a width of 1 to 3 mm and a length of 1/3 to 1/2 of the wall height.
The joints between the abutment piers and guide walls widened 3 to 10 cm; the guide walls
settled 10 to 20 cm and tilted towards the river.
iii) Structure below water level
Water between two cofferdams was evacuated in 1977 and the following damage to the lower
part of the structures was found:
There were a number of irregular cracks generally parallel to the river on the base slab. Their
maximum width was 5 mm and the unequal settlement across the cracks amounted to 1 to 2 cm. The
base slab of left openings No. 5, 6 and 7 settled about 0.5 m. Cavities with a depth of about 0.5 to 1
m were found beneath the settlement joints of the base slab of the above mentioned three openings
and extended from the upstream to the downstream edges of the base slab.
The settlement joint at the upstream edge of the base slab generally widened 3 to 5 cm, and up to
60 cm near the above mentioned three openings. Cavities with a depth of about 1 m were also found
under the joint. The settlement joints at the downstream edge of the base slab near the same
openings widened about 20 to 30 cm. An area 30 to 40 square meters on the base slab of the stilling
basin settled and was seriously broken.
The piers of the left No. 4, 5, 6 and 7 openings settled most seriously, stones could be removed
freely from the stone masonry structure.
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The upstream blanket was wavy with an elevation difference of more than 10 cm. Many cracks
with a maximum width of 1 cm parallel to the river appeared on the base of the stilling basin.
iv) The highway bridge at the rear of the sluice was open to traffic soon after the earthquake but
settled seriously after half a year and became unpassable.
5) Sandaohe sluice
A. Introduction
It was located on the Daqinghe River near Sandaohe in Leting County. It was, in fact, a culvert
with one opening height of 2 m, width of 4 m and a discharge capacity of 10 cm. A wooden gate
was installed at the entrance. This culvert was well constructed but seriously damaged.
B. Foundation
The surface foundation soil was soft black clay, which was underlain by gray fine sand of more
than 10 m in thickness. The ground elevation of the foundation was 1.5 m, about 0.5 to 1.0 m higher
than its ground water level.
C. Structure
The reinforced concrete base slab had a width of 7 m, a length of 27.6 m and a thickness of
0.6 m, consisting of three blocks connected by settlement joints parallel to the river and sealed with
plastic sealants. A periphery key wall was installed for each block. This culvert consisted of stone
masonry abutment piers and reinforced concrete lids, each lid had a length of 480 cm, a thickness of
20 cm and a width of 60 cm. An additional concrete layer was cast over the lids for seepage control.
The maximum thickness of soil placed on the culvert was 2.25 m. In addition, a reinforced concrete
frame structure was erected on the top of the culvert to support the lift machine.
The stilling basin had a length of 11.9 m, a depth of 0.5 m and a concrete base thickness of
0.6 m. The lengths of the upstream blanket and apron were 10 m, but their thickness was 0.6 and 0.5
m respectively. The upstream guide walls and the bank protection were hand placed rock (Figure
12).
D. Damage
i) A crack with a width of 10 to 15 mm parallel to the river appeared in the middle of the base
slab and covered the entire length. Two settlement joints widened 10 cm. The joints between the
lids also widened so that the soil on top of the lids dropped through the joints. Cracks with a width
of 5 to 15 cm appeared on the ground surface, which settled about 0.3 to 0.5 m as shown in
Figure 12.
ii) The guide wall displaced 7 to 15 cm horizontally towards the river and even heaved 5 to
8 cm. The joints in the walls widened 5 to 10 cm as shown in Photos 10 and 11.
6) Heiyanzi sluice
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A. Introduction
It was located on the Shahe River near the coast in Heiyanzi in Fengnan County and was a
reinforced concrete structure having a breast wall on top of openings. Its superstructure was
founded on a separated base slab on a pile foundation. There were 10 openings each having a net
width of 8.0 m. The total length of the sluice was 120 m. The reinforced concrete gates were
operated by a movable lift machine. It was a multipurpose project to guide saltwater, to store fresh
water, and to relieve floods. It was well constructed and performed satisfactorily before the
earthquake. The gates were closed just before the earthquake, retaining a river water depth of 4.6 m
at the upstream side and a saltwater depth of 3.7 m at the downstream side.
B. Foundation
The ground surface elevation was about 3.0 m. The foundation soil strata was successively 5 m
thick black sandy clay, and 5 to 7 m thick silty sand underlain by 7 m thick black sandy clay. The
depth of the ground water level ranged from 1.5 to 3.0 m in 1976.
Five cast-in-place reinforced concrete piles were distributed along the length of the base slab,
each had a diameter of 1 m and a center to center distance of 2.6 m. The lengths of the middle and
the most upstream and downstream piles were 18.5, 18.8 and 20.3 m respectively.
C. Structure
The reinforced concrete separated base slab had a length of 12.4 m and a thickness of 1.3 m
while the reinforced concrete piers had a height of 6.7 m, a length of 8.0 m and a width of 1.0 m. A
highway bridge was erected in front of the sluice.
The reinforced concrete columns for supporting the beams and lift machine had a cross-section
area of 50x50 cm containing 2 steel rods of 16 mm in diameter and 2 steel rods of 19 mm in
diameter. These columns were laterally connected by beams and rails for the lift machine however,
there was no connection between these columns along the direction parallel to the river.
The stilling basin had a length of 16 m and a depth of 1.0 m. Its base had a thickness of 0.8 m
consisting of 0.5 m thick reinforced concrete and 0.3 m thick hand placed rock. The apron consisted
of three segments of hand placed rock, their lengths and thickness was 10x0.5, 8.9x0.3 and 15.4x0.3
m respectively. Coarse sand, gravel and crushed stone filters were placed beneath the most
upstream segment of the apron and 4 rows of drainage holes with a center to center distance of 1x1
m were also installed there.
The upstream blanket consisted of 10 m in length of concrete with a thickness of 0.8 m and
another 10 m length of hand placed rock with a thickness of 0.5 m.
Banks were protected by hand placed riprap.
D. Damage
The upstream row of columns for supporting beams and the lift machine tilted in an upstream
direction but the downstream row tilted in a downstream direction. The largest tilting, with a
deflection angle of 25 degrees, occurred near the middle of the river. Horizontal cracks with a width
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of 3 to 5 cm appeared on the bottom part of the columns. The elongated reinforcing can be seen in
Figure 13.
4. Pumping Stations
(1) Introduction
The pumping stations were generally built in the plain and coastal areas of the Tangshan
Prefecture. There were 103 pumping stations whose capacity exceeded 1 cm, among those stations
45 had a capacity greater than 4 cm. Most of the stations were founded on saturated soft soils except
for the Nanhe Station which was built on sand and gravel soils in the hill area of the Yanshan
mountainous region.
Each station generally consisted of main and auxiliary pump houses, an inlet pond, an outlet
pond, an inlet lock for drainage, an outlet lock for drainage, an inlet lock for irrigation and an outlet
lock for irrigation. The structures of pump houses were nearly the same and a raft foundation was
usually adopted. Stone masonry and reinforced concrete were the main construction materials used
for the pump houses below the pump floor but bricks were used above that floor. A reinforced
concrete stirrup usually surrounded the upper part of the brick walls. There were 26 stations whose
pump house roofs were wooden trusses covered by clay tiles, and there were 19 stations whose
pump house roofs were pre-cast reinforced concrete beams having a channel section.
There were 13 stations having vertical pumps, the pump houses of these stations had a total
height of 14 to 16 m including 7 to 8 m above the ground surface. Generally, these pump houses
were equipped with a movable crane. There were 32 stations with horizontal pumps, the pump
houses of these stations had a total height of 11 to 13 m including a height of 6 to 7 m above the
ground surface. Only a few of these houses were equipped with a movable crane. Seventy percent
of the wall area was occupied by windows and door openings.
The main damage to the pump houses was partial collapse, tilting, and cracks on brick walls –
especially at the corners of the wall, also occasional cracks and settlement of the raft foundation.
The locks at the stations were mainly stone masonry structures and the damage was generally
similar to that of sluices.
The damage to pump stations, in fact, occurred at the pump houses and they are classified into
four categories.
1) Serious. The main and auxiliary pump houses tilted, partially collapsed, the important parts
of the house cracked.
2) Less serious. The important parts of the house cracked and deformed.
3) Slight. Walls cracked, construction joints widened, locks seriously cracked, locks tilted.
4) No damage. No damage to the main and auxiliary pump houses, small cracks on locks.
(2) Special features of damage
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1) Statistics
The damage to pump stations subjected to different earthquake intensities are shown in Table 1.
Out of 26 pump houses 73% of those using a wooden truss for the roof were damaged. Out of 19
pump houses with a reinforced concrete roof 100% were damaged. Out of 13 pump houses
equipped with vertical pumps 92% were damaged. Out of 32 pump houses equipped with horizontal
pumps 81% were damaged.
2) Special features of damage
A. Damage generally occurred to the brick walls above the pump floor. Damage to the lower
part of pump houses only occurred at the Tangfang, and Sunlaiozhuang Stations whose floors for
pump installation had been cracked slightly before the earthquake. There was no damage to the raft
foundation.
B. Cracks on the longitudinal walls were generally horizontal and appeared along the upper and
lower edges of windows, in serious cases collapse of a few walls resulted in roof trusses and beams
falling. However, the damage to transverse (gable) walls at pump houses were usually a set of
intersected cracks, in serious cases the corner of the wall broke. Moreover, horizontal cracks
occurred near the reinforced concrete stirrup surrounding the top of the walls, in serious cases a part
of the brick wall broke.
C. The auxiliary pump house was generally separated from the main house; they were founded
on stone masonry footings or cast-in-place piles. They tilted or even collapsed towards opposite
directions and the settlement joints between the houses usually widened.
(3) Typical examples of damage
1) Dongzhuangzi Station
A. Introduction
It was located on the Jintang Canal in the coastal plain area of Fengnan County with a distance
of 21 km from the epicenter, and was subjected to an earthquake intensity of IX. The pump station
was well constructed and was completed in 1975. Its pumping capacity was 6 cm supplied by 3
vertical pumps, each pump was equipped with a 165 kW motor. The main pump house was founded
on a reinforced concrete strip footing, it had a cast-in-place reinforced concrete slab as a floor for
pumps, the brick wall above this floor together with reinforced concrete columns supported the
reinforced concrete beams with a T-shaped cross-section and roof slabs having a channel shaped
cross-section.
B. Foundation
The ground elevation at the station was 3.0 m. The surface layer was clay and silty clay with a
thickness of about 6.5 m, which was underlain by clayey sand on which the footing of the main
pump house was founded. The depth to ground water level ranged from 2 to 4 m in 1976.
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C. Structure
The main and auxiliary pump houses were separate. The main house had a total area of 148
square meters and an overall height of 14.2 m, half of its height was built below the ground surface.
Its base had a length of 15.6 m, a width of 9.5 m and a thickness of 0.68 m. Motors and pumps were
installed on a floor having an elevation of 3.7 m, the house below this elevation was a cast-in-place
reinforced concrete structure. The front and rear walls above this elevation, having a height of 4.8 m
and 6.0 m respectively, were reinforced concrete with brick above the reinforced concrete walls. In
order to strengthen the brick walls, reinforced concrete columns having a spacing of 3.25 m, a crosssection area of 40x40 cm and connecting to the surrounding beams were built against the inside of
the brick walls. Reinforced concrete T-shaped beams and a channel shaped slab on the top of the
walls were sealed with asphalt to form the roof of the house.
The structure of the auxiliary pump house was similar to that of the main house except that it
was founded on piles. Figure 14 shows the structure and damage to the pump houses.
The inlet and outlet ponds and locks were all stone masonry structures.
D. Damage
i) The main pump house tilted towards the outlet pond and its top displaced about 20 cm. The
connection between the surrounding beam and the columns was broken as shown in Figure 14. It
was found that reinforcing bars were elongated and twisted. The damage to the front wall was less
than to the rear wall. Horizontal cracks appeared near the corner of the house. Some parts of the
brick wall became loose, see Figure 14.
ii) The floor slab of the auxiliary house collapsed completely. Its surrounding beam fell and
destroyed the nearby transformer and its accessories, as shown in Photo 12.
iii) A crack with a width of 4 to 6 cm appeared on the wall of the inlet pond and the settlement
joint of the wall widened 10 cm.
iv) The guide wall of the outlet irrigation lock cracked and settled 3 cm. The settlement joint in
a culvert passing under the dike near the drainage lock widened about 10 cm while the culvert was
settling about 17 cm.
v) Houses for maintenance personnel cracked seriously and tilted southwards. Glass in the
windows broke.
2) Yangchakoutou Station
A. Introduction
It was located in the plain near the coast in Fengrun County, having a distance of 16 km from the
epicenter and an earthquake intensity of IX. Its capacity was 6 cm which was provided by 3
horizontal pumps with a total power of 465 kW. The main and auxiliary pump houses were not
separate, having a total area of 178 square meters and a overall height of 12.7 m half of which was
built below the ground surface on reinforced concrete strip footings. Its roof consisted of wooden
trusses and cement tiles.
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B. Foundation
The topsoil layer was 5 m of thick black clay, its surface elevation was 2.0 m and the depth of
the ground water level was 2 to 3 m.
C. Structure
Pump houses were founded on reinforced concrete strip footings. The reinforced concrete base
slab of the water collection room in the pump house had an elevation of -3.0 m and a thickness of 0.6
m; it was underlain by crushed stone having a thickness of 0.1 m, a width of 11.4 m and a length of
15.6 m. The floor for pumps was reinforced concrete but the walls above the floor were made of
bricks.
All locks and ponds were stone masonry structures.
D. Damage
i) The station was being operated during the earthquake and the operator found power failure,
the pump house swung back and forth and collapsed completely. All the pumps and facilities within
the house were destroyed. See Figure 15.
ii) Settlement joints between the pump house and pond widened. A longitudinal crack with a
maximum width of 1 cm appeared on the base slab of the pump house. The guide wall near the
outlet tilted and cracked and guide walls near the outlet collapsed completely.
iii) All of the brick houses for the maintenance personnel completely collapsed.
3) Zhengbazhuang Station
A. Introduction
It was located on an alluvial deposit area in Fengrun County having a distance of 24 km from the
epicenter and an earthquake intensity of IX. It was constructed in 1975 having a normal
construction quality and a capacity of 8 cm, the latter was provided by 4 pumps with a total power of
620 kW. The main and auxiliary pump houses were not separate, they were founded on reinforced
concrete strip footings and were covered by reinforced concrete roof slabs.
B. Foundation
The topsoil was a 3 to 4 m thick clay layer underlain by medium and fine sand. The ground
water level ranged from 3 to 4 m below the ground surface which had an elevation of about 4.0 m.
The well point was used to lower the ground water level during construction. Some sandboils
appeared on the ground surface near the station after the earthquake.
C. Structure
The reinforced concrete base slab had an elevation of -1.3 m, a width of 11.1 m, a length of
20.8 m and a thickness of 0.6 m; it was underlain by a crushed stone layer with a thickness of
0.15 m. The floor for the pump installation and part of the wall above the floor were reinforced
concrete but the rest of the walls above this floor were made of bricks. A reinforced concrete stirrup
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beam encircled the house near the top of the brick walls and reinforced concrete roof slabs were on
top of the walls. All the locks and ponds were stone masonry structures. See Figure 16.
D. Damage
i) A part of the wall at the west corner collapsed and the nearby bricks loosened.
ii) Horizontal cracks were along the upper and lower edges of windows.
iii) Cracks and breaks appeared near the connection between the surrounding beam and the
wall.
iv) A 7 to 8 m long stone masonry wall of the inlet pond collapsed.
v) Thirteen brick houses for maintenance personnel collapsed completely.
5. Rivers and dikes
(1) Introduction
There were 23 rivers and 22 canals in this Prefecture, each canal was capable of irrigating more
than 10,000 mu. Moreover, there were a number of dikes surrounding 3 reservoirs in the plain area
for storing and retarding floodwater in addition to a 120 km long dike for guiding saltwater. The
location of the main rivers and dikes are shown in Figure 1. The earthquake resulted in damage of
various degrees. Among the above mentioned rivers and dikes the Douhe River riverbed, dikes
along the Luanhe River and Huanxianghe River, irrigation canals in the Baigezhuang reclamation
area and a guide dike in Leting County were subjected to the most severe damage including slip,
crack, settlement, heaving and sandboils. Table 14 shows the damage to rivers and dikes.
(2) Damage investigation
1) Luanhe River
It had a total length of 877 km and a catchment area of 44,900 square meters. There were no
dikes along the river until it flowed into the plain area in Luanxian County. The dikes along the
right bank had a length of 45 km, a height of 3 to 5 m, a crest width of 4.0 m and a side slope of 1 on
3. Clayey sand was the main construction material used for dikes and alluvial sandy soils were the
foundation of these dikes. Fine sand usually deposited in riverbeds had a length of 2,000 to 3,000 m
and a slope gradient of 0.025%. It was found that most of the riverbed heaved after the earthquake.
Damage to the dikes was severe, including widespread settlement and cracks as well as some
slides and sandboils. The stations along the river were installed from north to south. The settlement
of a section of dike having a length of 4 to 5 m near Station 2+100 m east of the Teacher's College in
Luanxian County was 3 to 4 m more than that of the adjacent section. Another section at Station
6+500 m slid and settled 2 to 3 m. At Station 7+000 m transverse cracks with a width of 3 to 4 m
and a depth of 3 m appeared on the dike crest and the trees on it tilted. At Station 7+200 m slips
occurred on dike slopes resulting in stepped slopes. From Stations 15+000 m to 16+300 m a crack
with a width of 0.2 to 3.0 m appeared on the riverward slope of the dike, also, 16 transverse and
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diagonal cracks appeared on the dike crest. Widespread settlement of the dike amounted to 0.3 to
5.0 m. At Station 23+100 m cracks with a width of 1.5 m and a depth of 3.0 m appeared on the
landward slope and the dike crest settled 0.5 to 0.8 m. From Stations 26+600 to 30+000 m no
evident damage to the dike was found. But the dike was damaged seriously near Xujiafangzi where
cracks had a width of 2 to 3 m and a depth of 2 to 3 m. Trees tilted and cracks were widely
distributed.
2) Douhe River
Its catchment area was 1,340 square kilometers. There were no dikes along the river near the
city of Tangshan where the depth of the river channel was 5 to 6 m, its length and gradient were 8
km and 0.03 to 0.05% respectively. The banks consisted of silty clay and steep. After the
earthquake two cracked zones appeared along the riverbanks. The zone generally contained 7 to 8
cracks, each had a width of 5 to 15 cm. The width of the river contracted about 2 to 4 m and the
riverbed heaved about 1 m. Some slips carried the trees on the steep bank slopes moving towards
the river. The dikes along the river between the city of Tangshan and Donggezhuang had a length of
9 km. The left dike had a height of 2 to 3 m, but the right dike was 1 m. Its riverbed was fine sand
and its banks was clayey sand. A section of the dike near Donggezhuang settled as much as its
height, therefore, it disappeared and only some large cracks with a width of 1.5 to 2 m could be seen
on the ground surface. The widespread sandboils and tilting of trees along the dike revealed that
liquefaction occurred in the foundation of dikes. The width of the river was greater than 20 m before
the earthquake, it contracted about 5 m to 6 m so that its discharging capacity was reduced to about
70 to 80%.
The dikes along the river between Donggezhuang and the mouth of the river were generally
founded on black clay, they underwent relatively slight damage including some small longitudinal
cracks.
3) Huanxianghe River
The river channel had a depth of 7 to 8 m and a width of 100 to 400 m, but the width of the
major bed was only 70 to 80 m. The dikes had a height of 3 to 5 m, a crest width of 3 to 4 m and
side slopes of 1 on 2.00-2.50 and 1 on 3.00-4.00.
The foundation of the dikes as well as the deposits on the riverbed were fine sand and silt in the
section between Baigongtun and Woluogu where both the river and dike was damaged seriously
because of the earthquake. There were 78 large slides resulting in disappearance of the whole dike
which was 280 m long, settlement of more than 3 m at a 3,000 m long dike and settlement of more
than 1 m at a 2,475 m long dike. The maximum width of the cracks on the crest of the dike
amounted to 1.5 to 2 m and sandboils could be seen in the cracks.
The section of river between Woluogu and the city of Tianjin underwent relatively slight damage
where the surface soil was mostly black clay with a thickness of 3 to 8 underlain with fine and silty
sand. In this section only some cracks with a width of 10 cm could be found. However, the
riverbank settled about 0.5 m and cracked seriously at the section where it flowed into the Jiyuanhe
River.
4) Other rivers and dikes
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A. The left dike along the Jiyuanhe River was located in the area having an earthquake intensity
of VIII but it underwent very slight damage because the riverbed was clayey soils.
B. The riverbed of the Shuangcheng River near Yutian County consisted of clayey soils and
underwent slight damage.
C. The riverbed of the Nihe River in Fengrun County consisted of clayey soils with a thickness
of 4 to 5 m underlain with fine sand. Some cracks with a width of 5 to 10 cm appeared on the crest
of the dikes.
D. The riverbed of the Jintang Canal consisted of clayey soils. Seven to 8 cracks along the river
and contraction of the river 3 to 4 m was found.
E. The riverbed of the Xipaiyu River also consisted of clayey soils. Cracks with a width of 5 to
10 cm and contraction of the river 1 to 2 m was found.
F. A section of the Shahe River between Qianguan and Xiaoji consisted of sandy soils. The
earthquake caused typical sand liquefaction, riverbed contraction and side slope flattening,
moreover, the conduits passing under the dikes cracked and differentially settled. On the contrary,
only some cracks along the river appeared in the clayey riverbed.
G. A section of the Xiaojimanhe River had a clay bank and fine sand riverbed. The latter
heaved more than 1 m and the banks moved towards the river. As a result, 7 to 8 cracks with a
width of 5 to 10 cm appeared on the top of the bank.
H. The Liuzhan Reservoir in the plain area was surrounded by a very long dike having a length
of 11.8 km, a height of about 4.2 m and a side slopes of 1 on 3, 1 on 7 and 1 on 14. Both the
foundation and the dike were salted soils. After the earthquake the dike settled generally 0.3 to
0.4 m, even up to 0.6 m. Numerous longitudinal cracks occurred on the entire length of the dike.
I. The Baigezhuang irrigation canal with a length of 64.5 km passed through the alluvial soils
which were liable to be liquefied. The canal section between Stations 0+500 and 4+600 m had a
deep channel whose slopes slid seriously; a slide with a length of 949 m settled about 3 to 5 m on
which numerous cracks were found. Another slide with a length of 791 m almost blocked the river.
The dike between Stations 25+000 and 55+500 m settled and cracked, in the same section the river
contracted and its discharging capacity reduced to about 40 to 50%. There were 28 bridges in this
area among which 13 bridges completely collapsed, 6 bridges settled and displaced, and the other 9
bridges were still usable after the earthquake. In addition, there were 9 conduits in this area and they
were all damaged to different degrees except for one at the canal intake.
(3) Characteristics of damage
1) Damage to the dike
A. The slides usually appeared on the dike, which was built on a sand foundation and/or near
the non-composite riverbed, especially where the river bent abruptly so that the dikes were
surrounded by the river. As a result, breaches appeared in the dike and the river was blocked or
constricted.
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B. Cracks appeared where the earthquake intensity exceeded VI. Sometimes the cracks were
very wide and deep as shown in Photo 13.
C. Widespread settlement of the dike occurred.
2) Damage to the riverbed
A. The banks moved toward the river and the riverbed heaved. No evident slides occurred on
the banks of cohesive soils but a set of parallel cracks were found.
B. Heave and sandboils of a riverbed are shown in Photo 14.
C. There was contraction of the river due to heaving of the riverbed. Meanwhile, the bank
slopes flattened.
3) Damage to the adjacent structures
A. The slide of the riverbank caused displacement and tilting of the adjacent sluice and bridge
piers as well as the retaining wall as shown in Photo 15.
B. The deformation of the river caused settlement or heaving of adjacent structures.
C. The deformation of the dike caused cracks and shear failure of conduits passing under it.
4) Effect of topography and geology on damage to rivers
Topography played an important role in causing damage. Rivers in the Tangshan Prefecture
usually would bend abruptly and had a relatively steep gradient if the riverbed consisted of sandy
soil. It was found that most of the slides and cracks appeared on the dike in the above-mentioned
area. However, the damage would be slight if both the bank and the riverbed were clayey soils.
6. Damage to Pumping Wells
(1) Introduction
Most of the wells in this prefecture were constructed in the middle 1950's; they could be
classified as two kinds. In the Yanshan Hill area and in the north part of the Luanji alluvial area,
water in the upper layer was plentiful therefore a caisson type well was usually adopted. The
internal side of the well was cased with hand placed bricks or stone, sometimes by pre-cast concrete
rings. The wells had a large diameter and a depth of 15 to 30 m. In the south part of the Luanji
alluvial area, the aquifer of the lower layer was rich in water therefore a deep bored well with a
depth of 30 to 120 m was usually adopted. In the Jidong coastal area the aquifer in the upper layer
was usually salty therefore, the depth of the bored well should be 150 to 200 m or even exceed 200
m in order to obtain artesian fresh water. Those deep wells were cased with cement pipes with a
diameter of 250 mm.
Before the earthquake there were 95,644 wells in this prefecture. Most of the wells were cement
pipe wells in addition to more than 1,000 wells with cast iron casings and about 1,200 wells cased
with hand placed stones and a very limited number of wells cased with wooden pipes. The
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earthquake damaged nearly 62,595 wells corresponding to 65% of the total wells. The damage was
especially serious in Luanxian, Luannan, Leting and Fengnan Counties, the percentage of damage
reached 80 to 90%. However, it was found that the wells cased with hand placed stones in the hill
area were slightly damaged.
The cement pipe was made of No. 400 or 500 cement mortar. It was not manufactured by
centrifuge method until the beginning of the 1970's instead of pressing the cement mortar in a
mould. There were three different sizes namely, O.D.=760 mm, I.D.=660 mm; O.D.=400 mm,
I.D.=320 mm; O.D.=290 mm, I.D.=190 mm. The length of individual pipe was 0.6 to 1.0 m; they
were butt joined and the joints were sealed with a mixture of cement and asphalt.
(2) Characteristics of damage and examples
There were four kinds of damage to the wells.
A. A crater whose center nearly coincided with the center of the well
The craters had depths of 3 to 4 m and diameters of 3 to 5 m. The platform of the well settled
due to soil liquefaction. The well house and outlet pipe sank in the silty sand. The investigator
sometimes was not able to locate the center of the well.
B. Sandboils caused the well to clog and settle
Sandboils in the well caused water and sand to flow out of the well. In some places water and
sand spouted up from the well to a considerable height above the ground surface; and sandboils
continued to flow for several hours, days or even more than a month. Sand filled the wells and a few
were completely filled with sand.
C. Displacement and tilting of casing pipe and tearing of pipe joints
Tearing of pipe joints occurred at depths 2 to 8 m below the ground surface, and in extreme
cases at a depth of more than 30 m. The corresponding depth in the alluvial area and near the edge
of the alluvial area was 5 to 10 m and about 30 m respectively. In the coastal area the depth was
even greater. Those tears generally occurred in saturated sand layers or near the boundary between
the sand gravel and clay layer.
D. Alteration of water quality and quantity
Well water in the coastal area became salty so drinkable water became a problem for people in
150 villages in the coastal area. The quantity of water in some wells increased but that of other wells
decreased.
E. Undamaged wells in seriously damaged areas
As described in the following a carefully built well by a well company in Ninghe County was
still usable after the earthquake (12). A slightly damaged well in cohesive soils with a depth of 10 to
11 m had casing pipes made of wood (13). Examples 6 and 11 were only several hundred meters
apart and had similar geological conditions, the former was seriously damaged but the latter was not.
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F. Examples
1) This well was located in the north part of Yujiapo Village in Fengnan County, its depth was
150 m and the surface soil was clay. A crater was formed on the top of the well after the earthquake;
its casing was broken at a depth of 3 m below the ground surface.
2) This well was located in Huangnizhuang having a depth of more than 20 m. The platform of
the well settled gradually more than 1 m within two months. Corn growing near the well settled and
was displaced with the platform as shown in Photo 16.
3) There was large settlement around or near six wells at the eastern part of Duzai Village in
Funing County as shown in Photo 17
4) This well was located in the north part of Taipingzhuang, after the earthquake water flowed
out of the well for more than one month resulting in a large settlement of nearby ground.
5) Settlement of more than 1 m occurred near a well in the Shaziwo Village in Funing County.
Fine sand and water flowed out of the well for several days. Another well at the west part of the
village had a depth of 32 m from which sand and water also flowed out for several days after the
earthquake.
6) There were 27 wells in Siwangzhuang in Fengnan County. They were all damaged due to
tearing of casing joints at a depth of more than 8 m.
7) This well was located 1.5 km east of Laowangzhuang Village in Fengnan County. It was
constructed in 1971 and cased with iron pipes, which were torn off at a depth of 8 m. As a result, the
upper part of the casing tilted.
8) There were 200 wells located in the ancient river of Luanhe in Leting County. Topsoil was
clayey sand underlain by medium and coarse sand, gravel and inter-bedded sand and clay. The
depth of the wells ranged from 40 to 60 m. All were destroyed.
9) These four wells were constructed in 1968 at the second fertilizer factory of Leting County,
three of them were cased with cast iron pipes and each had a depth of 160 m and the casing
consisted of 40 welded pipe segments. The soil stratum and the depth from top to bottom were black
clayey sand 0-8 m, fine sand 8-13 m, sand 13-17 m, clayey sand 17-18 m, medium sand 18-22 m,
gravelly coarse sand 22-29 m, silty sand 29-39m, and fine and silty sand 39-44 m. After the
earthquake water and sand flowed out and clogged the well. The second joint of the cast iron pipe
was broken so the top of the well was displaced 50 cm horizontally. Another well with a depth of
230 m was cased with screw jointed steel pipes. Sandboils occurred in this well but it was not fully
filled by sand though 50 cm of horizontal displacement and tilting of the well made it useless.
10) These four wells were located at the First Fertilizer Factory in Leting County about 1 km
from the wells described in the preceding example so their soil stratum was nearly the same. Their
depths were 164, 167, 162, and 165 m respectively and they were all cased with cast iron pipes.
Their damage was quite similar to those of the preceding examples.
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11) Three undamaged wells were all in the urban area of Fengnan County. The first one, having
a depth of 170 m and completed in 1973, was at the Headquarters of the Haihe River Conservancy;
the second one with a depth of 120 m was at the Cement Pipe Factory; the third one was at a
storehouse of aquatic products. It is of interest to note that the distance between the third well and
the seriously damaged well described in Example 6 was only several hundred meters.
12) Another undamaged well was located in Xiaolizhuang in Fengnan County. It had a depth of
120 m and was well constructed in 1966.
13) A number of wells had been constructed in Liuzhuang in Leting County since 1956. Among
those wells 13 were cased with wooden pipes, 9 with cement pipes and their depths were 60 to 70 m.
Soil stratum and their depth from top to bottom was sandy loam 0-6 m, sandy clay 6-11 m, coarse
sand 11-26 m, fine sand 26-31 m, sand and gravel 31-36 m, clay 36-48 m, and sandy clay. The
earthquake did not damage those wells except for slight siltation in some.
7. Other Hydraulic Facilities
The facilities included a very large number of small canals and bridges. Their design was simple
and rough and they were not well constructed using some nonqualified materials, therefore their
damage was very serious.
Cracks and slides were widely distributed on banks of 8,980 small canals resulting in blockage
or contraction of those canals. It was found that 6,403 out of 8,980 canals were seriously damaged
amounting to 71%. 505 out of 848 km linings made of stone masonry and concrete were seriously
damaged because of sliding and cracking so they were unable to control seepage. 3,842 out of 6,641
bridges collapsed, tilted or were seriously displaced as shown in Photo 18, amounting to 59%.
(Translator: Chen Yujiong)
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3/2
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209/53

74/59
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7/39

Slight

69/17

41/33

27/11
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No Damage

Number of Damaged Dams/Percentage of Damaged Dams

Table 2. Damage to dams.
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Remarks: There were 13 small B size reservoirs, which had not been put into operation because of excessive leakage and were not
considered in these statistics.
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4
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12

VI
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1

VII

2

10

VIII

3

10

1

IX

4

1

1

Total

Less
Serious

No
Damage

Less
Serious

Slight

Less
Serious

X

Serious
1

Total

XI

Intensity

Degree of Damage

Number of Pumping Stations

Degree of Damage

Number of Sluices

Degree of Damage

Number of Reservoirs

Table 1. Damage to important reservoirs, sluices and pump stations.
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Dawanzi, Funing County (96);
clay sloping core sand dam;
(353)

Caizhuang, Fengrun Ccounty;
(42); -----; (156)

Yeli Village, Tangshan City;
(19); homogeneous dam;
(339.7)

Benruyuan, Zunhua County;
(63); clay sloping core dam;
(56.6)

2; Qiuzhuang; (1960)

3; Douhe; (1956)

4; Banruoyuan;
(1972)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

1; Yanghe; (1961)

Label Number;
Name of Dam;
(Year Completed)

26/1157;
1:3.00-3.50/1:2.00-2.50

22/2275 for main dam,
8/3840 for auxiliary dam;
main dam 1:3.00-5.00/1:2.504.50, auxiliary dam
1:3.00/1:2.50

24.8/.926; -----

31.8/1570;
1:2.65-3.50/1:2.20-2.75

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

good; less serious; (VII)

very good; serious; (IX)

silty clay, dam well
compacted; less serious;
(VIII)

good; serious; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)
Foundation and its
Treatment

clayey sand and sand gravel
layers with an overall thickness
of 2 to 7 m on gneiss bedrock;
concrete diaphragm wall
extended to weathered or weak
weathered rock

sand on argillaceous limestone;
upstream blanket

upstream clay blanket

sand, sand gravel and gravel
deposits of 3 to 9 m in thickness
on bedrock; cutoff wall
extended to weak weathered
rock

Table 3. Main damage to dams.

seepage discharge
through left
abutment in August
1973 was 2.8m3/hr,
when the elevation
of reservoir water
was 99.7 m

normal; (12.5)

leakage through
dam foundation;
(10.63)

normal; (16.57)

Before Earthquake
Performance;
(Water Depth, m)

3 longitudinal cracks,
their total length was 50
m, maximum depth 1 m,
maximum width 8 cm;
parapet wall tilted, few
rocks dropped from the
stone masonry parapet
wall; side slope of outlet
channel, having a length
of 150 m, sloughed; one
crack appeared on the
guide wall of spillway,
no damage to chute
spillway, 3 m diameter
conduit and 20 m high
intake tower

details described in
another paper titled
"Damage to the Douhe
Reservoir" in this text

details described in text

details described in text

Main Damage

277

Zicaowu, Fengrun County;
(30); masonry core earth fill
dam; (16.5)

Xiaochenzhuang,
Qinhuangdao; (138); stone
masonry gravity dam; (70)

Fangguanying, Qianxi County;
(62); clay central core dam;
(10.5)

6; Shihe; (1975)

7; Fangguanying;
(1976)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

5; Bayi; (1958)

Label Number;
Name of Dam;
(Year Completed)

24/304;
1:2.50-2.75/1:2.50-2.75

36/365; 1:0.10/1:0.69

15/80; 1:3.50/1:2.50;

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

good; slight;

good; not damaged; (VI)

normal; less serious; (VIII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

sand and clay layers with a
thickness of 5 to 9 m on
conglomerate bedrock; concrete
diaphragm wall extended to
bedrock

coarse and medium sand 2 to 3
m thick on siliceous limestone
bedrock; the core of the dam
was in direct contact to bedrock

Foundation and its
Treatment

Main Damage

just completed; (6)

crack, having a width of
1 to 2 mm, appeared on
lining of conduit near
downstream end

excessive leakage
one longitudinal crack
occurred in reservoir had a length of 24 m, a
area; (4)
width of 3 cm and a
depth of 1 m, the other
had a length of 5 m, a
width of 3 cm and a
depth of 0.5 m; both
were on the crest of the
main dam together with
other smaller cracks; the
pavement on the slope
of inlet channel and the
stone masonry pavement
near the outlet of
conduit collapsed

Before Earthquake
Performance;
(Water Depth, m)
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Yaozhan on the tributary of
Yanghe, Lulong County; (80);
clay sloping core dam; (1.34)

Huashihou, Funing
County;(84); clay sloping core
dam; (2.82)

Maojiagou, Lulong County;
(68); clay central core dam;
(1.74)

upstream reach of Douhe,
Luanxian County; (37); stone
masonry framework gravity
dam; (7.00)

Gaodian, Qianxi County on the
tributary of Luanhe River;
(120); masonry gravity dam;
(8.12)

9; Huashihou; (1975)

10; Maojiagou;
(1976)

11; Xiaolongtan;
(1973)

12; Gaojiadian;
(1976)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

8; Yaozhan; (1975)

Label Number;
Name of Dam;
(Year Completed)

27.5/171; 1:0.2/1:0.75

39.6/217.5; 1:0.1/1:0.9

20.25/340;
1:2.50-3.25/1:2.00-2.50

18/250 (length of auxiliary
dam 450);
1:2.75-3.00/1:2.50-2.75

13.5/466;
1:2.50-3.00/1:2.00-2.50

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

normal; less serious; (VII)

normal, constructed by man
power; less serious; (VIII)

bad; serious; (VII)

bad; serious; (VII)

good, both core and cutoff
were back filled with clay
whose dry density was 1.651.70 g/cm3; serious; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

not put into
operation; (9)

normal; (9)

slight leakage
through foundation;
(6.8)

Before Earthquake
Performance;
(Water Depth, m)

granite bedrock containing fault
across the dam axis, the fault
was grouted and covered by
concrete pad

nearly completed;
(23.9)

carbonate bedrock overlain by
leakage through
sand gravel 5 m thick which was abutments and dam
completely excavated
as well as through
reservoir area; (8.8)

gneiss bedrock overlain by
clayey sand 3 to 4 m thick;
cutoff wall extended to the
surface of weathered rock

granite bedrock overlain by
medium sand 4 to 6 m thick;
cutoff wall extended 1 m below
the surface of weathered rock;
upstream blanket for seepage
control of auxiliary dam

coarse and medium sand
intercalated with clayey sand
layers with an overall thickness
of 2 to 4 m on gneiss bedrock;
cutoff wall extended 5 to 7 m
into the weak weathered rock

Foundation and its
Treatment

details are described in
example 6

details are described in
example 5

details are described in
example 4

details are described in
example 3

3 longitudinal cracks on
the dam crest, their
maximum length and
width were 180 m and
30 cm respectively in
addition to 3 small
circular cracks; one
transverse crack of 3 to
4 cm in width; 4
sandboils were found at
the downstream area of
the dam; the main dam
settled 20 to 30 cm

Main Damage
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13; Dongfeng; (1975)

Label Number;
Name of Dam;
(Year Completed)

Liuying, Lulong County;
(87(36))*; clay sloping core
dam; (1.115)
* the number in the right
parenthesis denotes the
distance to the epicenter of 7.1
magnitude aftershock

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)
Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)
bad; serious; (VII)

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope
16/270/; 1:2.75-3.00/1:2.50

Table 3. Continued.

gneiss bedrock overlain by
sandy clay and sand gravel 2 to
7 m thick; 2 cutoff walls
extended to weathered rock

Foundation and its
Treatment
leakage through
dam foundation;
(10)

Before Earthquake
Performance;
(Water Depth, m)

damage was not evident
after 7.8 magnitude
earthquake but 4
transverse cracks
appeared near the
abutments after the 7.1
magnitude earthquake;
the maximum width and
depth of cracks were 6
cm and 7 m
respectively; a
longitudinal crack with a
length of 150 m and a
maximum width of 8 m
appeared on the dam
crest; leakage through
dam foundation
increased; several
longitudinal cracks were
found on the internal
wall of the conduit
having a concrete wall
thickness of 0.25 m in
addition to circular
cracks near the inlet and
outlet

Main Damage
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15; Mataizi; (1976)

14; Shahe; (1976)

Label Number;
Name of Dam;
(Year Completed)

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

Baixingzi, Luan County;
(56(5)); clay central core dam;
(1.05)

15.4/175;
1:3.00/1:2.50

Shahe, Lulong County;
15/336;
(77(27)); clay central core dam; 1:2.50-3.00/1:2.00-2.50
(1.05)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

normal; serious; (VII)

good; serious; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

gneiss bedrock overlain by sand
and clayey sand 2 to 4 m thick;
cutoff wall extended to
weathered rock

gneiss bedrock overlain by
clayey sand 2 to 4 m thick; the
left abutment was very steep, its
slope was steeper than 1 on 0.3
after shaping

Foundation and its
Treatment

2 longitudinal cracks
with a length of about
50 m and a width of
about 2 cm on dam crest
above the riverbed; a
transverse crack with a
width of 2 cm and a
depth of 1 m appeared
15 m to the left
abutment, 2 areas on the
downstream slope
settled 20 cm; slight
leakage through the dam
foundation of the river
deposit; concrete pipe
cracked near the outlet
of the conduit
1 transverse crack near
right abutment, 2 cracks
near left abutment, all
extended from crest to
toe of the dam, their
width was 2 to 4 cm;
several longitudinal
cracks on the dam crest,
the biggest one had a
length of 30 m and a
width of 2 cm; spillway
tunnel completely
collapsed; foundation
leaked
first limited
impoundment;
(8.86)

Main Damage

just completed, its
impoundment was
being limited; (10)

Before Earthquake
Performance;
(Water Depth, m)
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bad; serious;(VII)

18/275;
1:2.50-3.00/1:2.00-2.50

17; Laoshuihu; (1976) Zhaochengzi, Luanxian
County; (38); clay central core
dam; (1.33)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)
clay homogeneous dam,
good; serious; (VII)

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope
15.3/340;
1:3.00-4.00/1:2.00-2.50

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

outskirts of Chengli County;
(82(4.5)); homogeneous dam;
(4.40)

16; Guoxiang; (1958)

Label Number;
Name of Dam;
(Year Completed)

Table 3. Continued.

siliceous limestone bedrock
overlain by 4 to 5 m thick sand
gravel; cutoff wall extended to
the surface of weathered rock
but the back fill of the cut off
wall was poor

granite bedrock overlain by clay
layer which was covered by 5 to
6 m thick black sand and gravel;
total thickness of river deposits
exceeded 10 m; cutoff wall with
a base width of 5 m extended 9
m below the riverbed, it
connected to the clay layer

Foundation and its
Treatment

after the 7.8 magnitude
earthquake the color of
the reservoir water
became green, it had an
offensive odor; cracks
appeared on the dam
crest above the riverbed,
its length and width
were 200 m and 5 cm
respectively; after the
7.1 magnitude
earthquake the damage
became more serious
and more longitudinal
cracks appeared on both
the dam crest and slope
surface
3 longitudinal cracks
whose length and width
ranged from 20 to 50 m
and 2 to 3 cm
respectively; 4
transverse cracks with a
width of 3 cm extended
from crest to toe; 2
leakage craters with a
diameter of 0.5 m and a
depth of 0.5 m near the
upstream toe of the dam
after evacuation of
reservoir water
completed; having
an impoundment of
20 thousand cubic
meters; (4)

Main Damage

performed
satisfactorily for
years; (8.2)

Before Earthquake
Performance;
(Water Depth, m)
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18; Migu; (1975)

Label Number;
Name of Dam;
(Year Completed)

Hezhuang, Luanxian County;
(59(9)); clay central core dam;
(3.84)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)
Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)
good; serious; (VIII)

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope
17/60; 1:2.50/1:2.50

Table 3. Continued.

gneiss bedrock overlain by silty
clay 3 m thick including some
gravel

Foundation and its
Treatment
normal; (6.5)

Before Earthquake
Performance;
(Water Depth, m)

1 transverse crack
appeared near the left
abutment and 2
transverse cracks near
the right abutment, their
maximum width was
2 cm; longitudinal
cracks with a length of
30 m and a width of 2 to
3 cm appeared on the
dam crest; the dam crest
above the riverbed
settled 20 to 30 cm;
hand placed riprap over
an area of 12 square
meters slid downward;
circular cracks and
settlement also appeared
near this area

Main Damage
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19; Yangshangou;
(1975)

Label Number;
Name of Dam;
(Year Completed)

Yinggezhuang, Lulong
County; (70(19));
homogeneous dam; (1.34)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)
14/410;
1:2.50 -3.00/1:2.00-2.50

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope
good; serious; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

gneiss bedrock overlain by
medium to coarse sands
containing some gravel and clay
lenses with a total thickness of 3
to 5 m; silty clay layer 2 to 4 m
thick was found near the left
abutment

Foundation and its
Treatment
normal; (7.5)

Before Earthquake
Performance;
(Water Depth, m)

2 longitudinal cracks
with a length of 170 to
230 m and maximum
width of 25 cm appeared
between the left
abutment and main
riverbed; dam crest
settled evenly about 20
cm; the parapet wall
tilted in an upstream
direction; more than 10
sections of the parapet
wall collapsed; no
damage was found on
the 40 cm diameter
concrete conduit which
was protected by cast
concrete 20 cm thick;
the house containing lift
machines for conduit
completely collapsed

Main Damage
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20; Liangjiayu;
(1976)

Label Number;
Name of Dam;
(Year Completed)

Panzhuang, Lulong County;
(79(35)); thick clay sloping
core dam; (1.10)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)
16/192;
1:2.00-2.50/1:2.00-2.25

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope
normal; serious; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

Before Earthquake
Performance;
(Water Depth, m)

normal; (8.7)
fractured granite bedrock
overlain by clayey sand 1.5 to
3.5 m thick near riverbed; it
increased to 6.5 m and contained
medium sand layer of 30 cm
near the right abutment but
decreased to zero near the left
abutment; cutoff wall extended
to the bedrock

Foundation and its
Treatment

1 longitudinal crack
appeared on the dam
crest above main
riverbed having a length
of 80 m and a maximum
width of 5 cm; 1
transverse crack
appeared 10 m from the
left abutment having a
maximum width of 10
cm; horseshoe crosssection conduit having a
cross-section area of
1.2x1.5 m was
constructed by pre-cast
concrete blocks; 1 crack
appeared on the top arch
of the conduit and
another 2 cracks with a
length of 30 m appeared
near the top of side
walls

Main Damage
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Xiajingzi, Lulong County;
(77(28)); stone masonry arch
dam; (1.63)

Xiaosuozhuang, Funing
County; (74); homogeneous
dam; (1.09)

22; Xiaosuozhuang;
(1972)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

21; Xiajingzi; (1969)

Label Number;
Name of Dam;
(Year Completed)

17.5/80, auxiliary dam 270;
1:3.00/1:2.50

20.5/146; 1:0.2/1:0.5-0.2

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope
Foundation and its
Treatment

normal; less serious; (VII)

bedrock overlain by sand and
sandy clay of 2 to 4 m; cutoff
wall extended to rock

0.3 to 1 m concrete barrier
weathered part of granite was
was filled between the up
excavated
and downstream shells of the
stone masonry; less serious;
(VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

being heightened
just before
earthquake; (13)

slight leakage
through dam and its
foundation; (13)

Before Earthquake
Performance;
(Water Depth, m)

3 longitudinal cracks
appeared on the dam
crest with a total length
of 100 m and a
maximum width of 5
cm; stone masonry
conduit under the dam
had several cracks
before the earthquake
their width increased
and water seeped
through the cracks after
the earthquake

1 transverse crack with a
width of 20 mm
appeared in the dam
near the left abutment;
seepage discharge
increased; the
contraction joint at the
right end of the dam
widened; other
transverse cracks whose
width ranged from 2 to 3
mm distributed on
central sections of the
dam; 4 very small cracks
appeared on the concrete
plug at the right
abutment; seepage
appeared near the 40 cm
diameter outlet conduit

Main Damage
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22.8/268;
1:3.00/1:2.00-2.50

16/186; 1:3.00/1:2.00

Jieguantinh, Zunhua County;
(67); clay sloping core dam;
(5.55)

Caoxizhuang, Funing County;
(78); clay central core dam;
(1.00)

24; Jieguanting;
(1959)

25; Caoxizhuang;
(1975)

21.4, initial height 17.7/400;
1:3.00/1:2.25-2.50

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

Daheju, Zunhua County; (75);
homogeneous dam; (4.56)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

23; Daheju; (1959)

Label Number;
Name of Dam;
(Year Completed)

sandy clay core with shells
of cohesionless materials;
less serious; (VII)

good; less serious; (VII)

good; serious; (VI)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

parapet wall above the
main riverbed had a 170
m long crack; a section
of the parapet wall of 40
m in length collapsed
after tilting in an
upstream direction

normal; (17)

many longitudinal
cracks appeared on the
dam crest, the biggest
one had a length of 100
m and a width of 10 cm;
reservoir water near the
dam became dull;
concrete conduit under
the dam had a diameter
of 55 cm

longitudinal cracks on
the dam crest had a
length of 100 m and a
width of 2 to 3 cm;
parapet wall cracked and
tilted; a section of the
parapet wall 31 m in
length collapsed; either
stone masonry wall or
the concrete lid of the
conduit passing under
the dam and having a
cross-section area of
1×0.8 m leaked
seriously before and
after the earthquake

Main Damage

normal;(14.7)

Before Earthquake
Performance;
(Water Depth, m)

gneiss bedrock overlain by sand, normal; (8.8)
gravel and cohesive soils with a
thickness of 2 to 4 m

gneiss bedrock overlain by sand
and gravel 3 to 5 m thick; cutoff
wall extended to fresh rock

gneiss bedrock overlain by
sandy clay and sand gravel 3 to
7 m thick; cutoff wall extended
to fresh rock

Foundation and its
Treatment
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Liangjiatai, Funing County;
(87); clay central core dam;
(1.14)

Yangshanhe, Funing County;
(117); clay sloping core dam;
(1.35)

27; Yangshanhe;
(1975)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

26; Liangjiatai;
(1976)

Label Number;
Name of Dam;
(Year Completed)

16/220; 1:2.75/1:2.00-2.50

16/219;
1:2.00-3.00/1:2.00-2.50

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

good core materials and
good compaction; less
serious; (VI)

dam was being constructed
14.5 m in height; slight; (VI)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

Before Earthquake
Performance;
(Water Depth, m)

gneiss bedrock overlain by 2 to
4 m thick sand gravel and
cohesive soils; cutoff wall
extended to bedrock

normal; (12)

granite bedrock overlain by sand (7)
and gravel 2 to 4 m thick; cutoff
wall extended to bedrock

Foundation and its
Treatment

3 cracks appeared on the
downstream side of dam
crest; the large one was
above the main riverbed
and had a length of 100
m a width of 2 to 3 cm
and a depth of 1.6 m; 3
circular cracks appeared
near the inlet concrete
conduit under the dam
with a diameter of 0.55
m

2 cracks appeared on the
dam crest near Station
0+150 m, their lengths
were 35 and 20 m
respectively and their
width was 3 to 5 cm

Main Damage
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Daizhuang, Funing County;
(117); clay sloping core dam;
(1.35)

Beizhuanghe, Funing; (104);
homogeneous dam; (8.94)

29; Beizhuanghe;
(1969)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

28; Daizhuang;
(1975)

Label Number;
Name of Dam;
(Year Completed)

30.5/223;
1:2.00-3.00/1:1.85-2.50

17.2/200;
1:3.00/1:2.00-2.50

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

sand layer contained in the
lower part of dam 9.5 m
below dam crest; slight; (VI)

good core material and good
quality; slight; (VI)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

granite bedrock overlain by
clayey sand and sandy gravel
with a thickness of 4 to 6 m;
cutoff wall extended to bed
rock.

granite bedrock overlain by
sand, gravel and cohesive soils
with a thickness of 3 to 5 m;
cutoff wall extended to bedrock

Foundation and its
Treatment

interruptive longitudinal
cracks appeared on the
dam crest between
Stations 0+020 and
0+200 m with a
maximum width of 7 cm
and a depth of 1.5 to 2.0
m; other 2 longitudinal
cracks on the
downstream face with a
width of 1 cm and
length of 10 and 30 m
respectively; a
transverse crack with a
length of 1.5 m, a width
of 5 cm and a depth of
2.5 m at Station 0+025
m; leakage through the
0.55 m diameter
concrete conduit passing
under the dam increased
from 3.7 to 7.4 m3 per
day after the earthquake;
riprap settled and raised
the dam was being
heightened during the
earthquake; 3 cracks
with a maximum length
of 40 m, a maximum
width of 5 cm and a
depth of 2 m appeared
on the fill surface

normal; (13)

Main Damage

normal; (12)

Before Earthquake
Performance;
(Water Depth, m)
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Huangjinshan, Funing County; 18/230; 1:3.10/1:2.50-5.00
(81); homogeneous dam; (4.52)

Shijiayu, Qianxi County;
masonry gravity dam; (4.13)

32; Huangjinshan;
(1959)

33; Shijiayu; (1969)

18.1/85; 1:0.1/1:0.7

12.6/180; 1:3.00/1:2.50
Panzhuang, Qianan County;
(43(18)); clay central core dam;
(3.07)

31; Panzhuang;
(1960)

17.7/279; 1:3.00/1:2.00

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

Quiyizhai, Fengrun County;
(40); clay central core dam;
(7.28)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

30; Guiyizhai; (1976)

Label Number;
Name of Dam;
(Year Completed)

good; no damage; (VII)

silty clay dam construction
material. good compaction;
no damage; (VII)

good; no damage; (VIII)

clay as dam construction
material, good quality;
slight; (VIII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

gneiss bedrock overlain by 2 to
3 m river deposits; dam founded
on relatively fresh rock

a conglomerate of quartz
bedrock overlain by gravelly
soils 2 to 3 m thick; cutoff wall
extended to less weathered rock

limestone bedrock overlain by
sand and gravel 3 to 6 m thick;
there was a fracture zone along
the river stream but no treatment
was done; cutoff wall extended
to bedrock

siliceous limestone bedrock
overlain by sand and gravel
layer 3 to 6 m thick; a fracture
zone 2 to 3 m in width across
the dam axis; cutoff wall
extended to fresh bedrock; no
measures to treat the fracture
zone were taken

Foundation and its
Treatment

normal; (8)

normal; (6.8)

no water could
remain in the
reservoir; (0)

just completed and
started
impoundment; (0)

Before Earthquake
Performance;
(Water Depth, m)

sliding of hand placed
riprap on the upstream
slope; no water could be
retained in the reservoir
after the earthquake for
5 to 6 months but
storage became possible
after the pressure
grouting of the fracture
zone; no evident damage
to conduit having a
horse shoe cross-section
of 1.2x1.8 m; a side
slope of the open
spillway slid, it involved
about 5,000 cubic
meters

Main Damage
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34; Liuheishi; (1970)

Label Number;
Name of Dam;
(Year Completed)

Liuheishi, Lulong County;
(66(17); clay sloping core dam;
(2.58)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)
Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)
sandy clay dam construction
material, good quality; less
serious; (VII)

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope
15.2/450;
1:2.75-3.00/1:2.25-2.50

Table 3. Continued.

gneiss bedrock overlain by
sandy clay layer 3 to 6 m thick;
cutoff wall extended to less
weathered rock except near the
right abutment where some
clayey soil still remained below
the cutoff wall

Foundation and its
Treatment
leaks through the
side walls of
conduit; leaks
through the dam
foundation near the
right abutment; (9)

Before Earthquake
Performance;
(Water Depth, m)

a longitudinal crack
having a length of
120 m and a width of 10
cm appeared on the dam
crest above the main
riverbed, there were
some additional cracks
near the right end of the
crack; part of the hand
placed riprap on the
upstream slope and near
the crest slid; leaks
occurred near the right
abutment; leaks through
the side walls of the
masonry conduit with a
cross-section of 1.2x0.8
m became serious after
the earthquake

Main Damage
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35; Huasngjiacun;
(1970)

Label Number;
Name of Dam;
(Year Completed)

Huangjiacun, Lulong County;
(73(22)); clay sloping core
dam; (200)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)
14/282;
1:2.50-3.00/1:2.50-3.00

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope
good; less serious; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

gneiss bedrock overlain by sand
and clayey sand 3 to 6 m thick;
cutoff wall extended 1 m into
less weathered rock

Foundation and its
Treatment
slight leak through
conduit; (7.5)

Before Earthquake
Performance;
(Water Depth, m)

a longitudinal crack with
a length of 120 m and a
width of 2 to 3 cm
appeared on the dam
crest near the right
abutment; another
diagonal crack near the
left abutment had a
maximum width of
5 cm; 3 craters one on
the upstream slope and
the other two on the
downstream slope, their
diameters and depths
were about 1.2 m and
0.5 m respectively; the
completed part of the
parapet wall collapsed

Main Damage
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36; Geyuan; (1973)

Label Number;
Name of Dam;
(Year Completed)

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

12/189;
Geyuan, Lulong County;
(64(12)); clay sloping core dam 1:2.50-3.00/!;2.00-2.50
with shells of clayey sand;
(1.01)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)
good; slight; (VIII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

Before Earthquake
Performance;
(Water Depth, m)

granite bedrock overlain by sand normal; (8)
and gravelly clay with a
thickness of 2 to 7 m; cutoff
wall extended to bedrock

Foundation and its
Treatment

after the 7.8 magnitude
earthquake a
longitudinal crack with a
length of 80 m and a
width of 1 to 2 m
appeared 0.8 m below
the dam crest on the
downstream slope; the
dam was swinging like
an earthworm but no
waves appeared on the
reservoir surface except
near the boundary
between the water and
reservoir bank during
the 7.1 magnitude
aftershock; no damage
to conduit of 0.7 m in
diameter and open
spillway of 10 m in
width; an aqueduct 400
m in length downstream
of the dam collapsed
completely due to
structure weakness

Main Damage
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Daxugou, Lulong County;
(75(24)); clay sloping thick
core dam; (1.08)

Lumazhuang, Lulong County;
(81(30)); clay sloping core
dam; (1.10)

Maogezhuang, Lulong County;
(76(25)); clay sloping core
dam; (1.47)

Sidixia, Lulong County;
(82(31)); homogeneous dam;
(1.29)

38; Lumazhuang;
(1976)

39; Maogezhuang;
(1976)

40;Sidixia; (1969)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

37; Daxugou; (1976)

Label Number;
Name of Dam;
(Year Completed)

17/200, auxiliary dam
180 m; 1:3.00/1:2.00

14.4/250;
1:2.00-3.00/1:2.00-2.50

13/658;
1:2.25-2.50/1:2.20-2.25

14.5/280;
1:2.25-2.75/1:2.20-2.25

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

clay fill for upstream part
and silty clay for
downstream part of the dam;
slight; (VII)

dam was heightened 4.5 m
just before the earthquake,
normal quality; slight; (VII)

sandy clay core material,
random fill for shell, normal
quality; less serious; (VII)

normal; less serious; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

gneiss bedrock overlain by sand
and gravel 1 to 3 m thick; cutoff
wall extended to weakly
weathered rock

gneiss bedrock overlain by sand
2 to 5 m thick; cutoff wall
extended to weak weathered
rock

gneiss bedrock overlain by sand
and gravel with a thickness of 2
to 3 m; cutoff wall extended to
weak weathered rock

gneiss bedrock overlain by sand
and sandy clay 2 to 5 m thick;
cutoff wall extended to weakly
weathered bedrock

Foundation and its
Treatment

1 longitudinal crack
with a length of 150 m
and a width of 2 cm
appeared on the dam
crest; the parapet wall
made of pre-cast
concrete plates
collapsed completely;
leakage through 0.5
diameter concrete wall
of conduit under the
dam, slight seepage
through the dam
foundation

Main Damage

normal; (7.6)

normal; (8)

1 longitudinal crack
with a length of 160 m
and a width of 1 to 2 cm
appeared on the dam
crest

1 longitudinal crack
with a length of 200 m
and width of 3 cm;
conduit under the dam
had a diameter of 0.3 m

just completed; (7.1) 1 longitudinal crack
with a length of 100 m
and width of 3 to 5 cm
appeared on the dam
crest; access bridge to
the intake tower tilted;
leakage through the dam
foundation

it originally was a
small B size
reservoir, performed
normally; (7.9)

Before Earthquake
Performance;
(Water Depth, m)
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Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)
Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

41; Weijiagou; (1976) Weijiagou, Lulong County;
17/240;
(75(24)); clay central core dam; 1:2.50-3.00/1:2.00-2.50
(1.24)

Label Number;
Name of Dam;
(Year Completed)
normal; less serious; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

gneiss bedrock overlain by silt 2
to 5 m thick; cutoff wall
extended 1 m into weak
weathered rock

Foundation and its
Treatment

Main Damage

completed in June 1, 3 longitudinal cracks
1976; (7)
appeared on the dam
crest above the main
riverbed having an
average length of
approximately 100 m
and a maximum width
of 10 cm, generally 7 to
8 cm; hand placed riprap
near the berm on the
upstream slope slid;
leakage through the dam
foundation; slight
leakage through the
masonry conduit under
the dam with a crosssection of 1×1.3 m

Before Earthquake
Performance;
(Water Depth, m)
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42; Xiazaoyuan;
(1976)

Label Number;
Name of Dam;
(Year Completed)

Xiazaoyuan, Lulong County;
(64 (14)); clay central core
dam; (1.56)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)
14.6/307;
1:2.50-3.00/ 1:2.00-2.50

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope
good; serious; (VIII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

granite bedrock overlain by sand
and gravel 2 to 5 m thick, but
sandy clay layer over the
bedrock near the left abutment

Foundation and its
Treatment
slight leak through
the dam foundation;
leaks through side
walls of conduit; (7)

Before Earthquake
Performance;
(Water Depth, m)

2 main longitudinal
cracks on the dam crest
with a length of 200 m
and a width of 12 to 15
cm; other 7 to 8 minor
longitudinal cracks with
a width of 3 to 5 cm
appeared on the left 100
m of the main cracks; so
many cracks here
resulted in a fracture
zone with a width of 30
cm; a part of the
upstream slope above
the main riverbed
settled; leakage
discharge increased to 4
to 5 liters per second
and the seeping water
became dark for 3 hours;
slight leaks appeared on
the downstream slope
near the right abutment

Main Damage
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Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

43; Louzishan; (1975) Louzishan, Qianan County;
(75); clay sloping core; (2.20)

Label Number;
Name of Dam;
(Year Completed)
27.5/218;
1:2.50-3.00/1:2.50

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope
it was a homogeneous dam
with a height of
17.5 m completed in 1958;
less serious; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

sand and gravel 2 to 5 m thick
on bedrock; the original and the
heightened dam had the same
cutoff wall extending to
bedrock; the rock slope in
contact with the cutoff wall at
the left abutment was flattened
to 1 on 0.3

Foundation and its
Treatment
performed shortly;
(7)

Before Earthquake
Performance;
(Water Depth, m)

before the dam was
heightened the side
slope of the open
spillway adjacent to the
dam had been flattened
to 1 on 0.4; a transverse
crack appeared on the
dam near this side slope;
it had a width of 1 to
2 cm, started from the
dam crest and
terminated at the dam
slopes; before the
earthquake another
transverse crack
appeared near the left
abutment when the
depth of reservoir water
increased to 10 m; this
crack widened to 4 to 5
cm after the earthquake;
dam crest settled
unevenly about 20 cm;
leakage through the 0.6
m diameter conduit
increased; seepage
discharge through the
dam foundation
increased to 20 liters per
second

Main Damage
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Wanbaogou, Qianan County;
19.6/206.5; 1:3.00/1:2.50
(74); homogeneous dam; (1.70)

Weizizhuang, Yudian County; 9/230; 1:3.00/1:2.50
(45); homogeneous dam; (1.10)

Huangjiashan, Yudian County; 17/400; 1:3.50/1:3.00
(54); homogeneous dam; (5.32)

45; Wanbaogou;
(1969)

46; Weizizhuang;
(1958)

47; Huangjiashan;
(1959)

21.5/140; 1:3.00/1:2.50

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

Madi, Zhangjiayu, Qianan
County; (46); homogeneous
dam; (1.39)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

44; Madi; (1959)

Label Number;
Name of Dam;
(Year Completed)

silty clay dam construction
material compacted by man
power, good quality; no
damage; (VII)

silty clay dam construction
material compacted by man
power, normal quality; no
damage; (VII)

good, but the dam included
some sand layers; no
damage; (VII)

good; slight; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

limestone bedrock overlain by
sand, gravel and clay; cutoff
wall extended to the weathered
rock which had not been treated

very fractured rock outcropped
on the riverbed; cutoff wall did
not extend to the weak
weathered rock

gneiss bedrock overlain by sand
and gravel 2 to 4 m thick; cutoff
wall extended to the weak
weathered bedrock

limestone bedrock overlain by
gravely clay 2 to 5 m thick;
cutoff wall extended to weak
weathered rock

Foundation and its
Treatment

leakage through the
reservoir area and
the dam foundation;
water could not be
stored in the
reservoir for a long
time; (0)

severe leakage
through dam
foundation as well
as through reservoir
area; no storage
could be made, the
dam could
temporarily retain
the flood water; (4)

normal; (4)

normal; (7)

Before Earthquake
Performance;
(Water Depth, m)

small longitudinal
cracks appeared on the
dam crest; no damage to
spillway except the
cracks on its guide walls

Main Damage
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Longtang, Qianxi County;
17/360;
(51); homogeneous dam; (2.65) 1:2.25-2.75 /1:2.00-2.50

Majiagou, Qianxi County;
(49); clay sloping core dam;
(1.01)

Baimiaozi, Heiwa, Qianxi
County; (69); clay sloping core
dam; (1.50)

50; Bayi; (1976)

51; Majiagou; (1976)

52; Heiwa; (1976)
17.5/175;
1:2.50/1:2.00-2.25

22/90; 1:2.75/1:2.00-3.00

16/220;
1:2.50-2.80/ 1:2.00-2.50

Lianggezhuang, Chengli
County; (87); clay sloping core
dam; (1.03)

49; Xiawa; (1976)

23/586;
1:2.30-2.50/ 1:1.80-2.00

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

Gezitang, Xugezhuang, Funing
County; (99); clay central and
sloping core dam; (2.90)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

48; Gezitang; (1976)

Label Number;
Name of Dam;
(Year Completed)

clay for sloping core,
residual soils for
downstream shell, normal
quality; no damage; (VII)

construction materials for
the downstream shell were
residual soils and materials
from the spillway
excavation, normal quality;
very slight damage; (VII)

silty clay dam construction
material, normal quality; no
damage; (VII)

poor; slight; (VII)

normal; slight; (VI)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

just completed; (3)

normal;
reconstruction just
completed; (6)

the reservoir was
being reconstructed
due to severe leaks;
the dam had a height
of 15 m during
reconstruction; (0)

Before Earthquake
Performance;
(Water Depth, m)

gneiss bedrock overlain by
just completed; (10)
gravel 3 to 5 m thick; cutoff wall
extended to the weak weathered
rock

sandstone overlain by sand and
just completed; (8)
gravel 3 to 5 m thick; cutoff wall
extended to fresh bedrock

2 to 4 m sand deposits on the
bedrock; cutoff wall extended to
fresh rock

2 to 3 m sand deposit on bed
rock; cutoff wall extended to the
bedrock but alluvial deposits
under the auxiliary dam were
very thick

sand, gravel and clay deposits
with a maximum thickness of 23
m at the ancient main riverbed
on bedrock; cutoff wall
extended to bedrock

Foundation and its
Treatment

the lower surface of the
downstream slope near
the left abutment
became wet; a crater
with an area 2×3 m and
a depth of 2 m appeared
at the downstream
shoulder of the dam near
the right abutment; a
crack appeared at the lid
of the conduit near the
outlet

slight leak through the
dam foundation

2 longitudinal cracks on
the dam crest with a
length of 80 m and a
width of 4 cm

7 to 8 cracks appeared
on the dam crest with a
total length of 140 m
and an average width of
1 to 2 cm; their
maximum width, length
and depth were 5 cm, 35
m and 2.5 m
respectively

Main Damage
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Xinji, Changshangou, Qianxi
County; (54); clay central core
dam; (1.02)

Gezian, Liuguzhuang, Qianxi
County; (73); clay central core
dam; (1.76)

Xinji, Houyu, Qianxi County;
(59); clay sloping core dam;
(1.07)

54;Gezian; (1976)

55; Houyu; (1976)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

53; Changshangou;
(1976)

Label Number;
Name of Dam;
(Year Completed)

15.2/168;
1:2.50/1:2.00-2.25

18/205; 1:2.00-2.50 /1:2.50

22.5/160;
1:2.50-2.75/1:2.00-2.50

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

normal; no damage; (VII)

normal; slight damage; (VII)

normal; slight damage; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

conglomerate bedrock overlain
by sand 2 to 4 m thick; cutoff
wall extended to the weak
weathered rock

gneiss bedrock overlain by sand
and gravel 5 to 8 m thick; cutoff
wall extended to the weak
weathered rock

limestone bedrock overlain by
clay containing sand layers with
a thickness of more than 5 m;
cutoff wall extended to the
bedrock near the abutments but
only extended to 5 m below the
main riverbed

Foundation and its
Treatment

just completed

just completed; (6)

just completed; (9)

Before Earthquake
Performance;
(Water Depth, m)

seepage appeared
downstream from the
dam near the left
abutment; slight leak
through the conduit
having a cross-section
area of 1.6×0.9 m

slight leak through the
side walls of the
concrete conduit under
the dam with a crosssection of 1.2×0.8 m;
leakage also appeared
through the dam
foundation; a crack on
the dam crest with a
width of 0.5 to 1 cm

Main Damage
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58; Yangjiayu; (1975) Yangjiayu, Qianxi County;
(81); stone masonry gravity
dam; (0.14)
16/56.5; 1:0.1/1:0.5

Caoguanying, Qianan County; 18.6/100; 1:0.1/1:0.8
(52); stone masonry framework
gravity dam; (0.11)

57; Caoguanying;
(1972)

20/60; 1:0.1/1:0.5

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

Liuyu, Qianxi County; (85);
stone masonry gravity dam;
(0.26)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

56; Liuyu; (1975)

Label Number;
Name of Dam;
(Year Completed)
Foundation and its
Treatment

Before Earthquake
Performance;
(Water Depth, m)

concrete barrier with a
thickness of 0.5 to 1m, the
rest of the dam was stone
masonry; no damage; (VI)

vertical stone masonry wall
and a 0.1 m thick concrete
face acted as an anti-seepage
barrier, the downstream part
was rock fill; serious; (VII)

stripping to fresh bedrock

fresh rock foundation, on which
the barrier was founded

leakage through
dam; (12)

leakage through the
contact between the
abutment and
barrier; the dam
tilted towards the
downstream
direction after
impoundment; (8)

concrete barrier had a
gneiss foundation, steep slope of slight leakage
thickness 0.5 to 1 m; serious; abutments; concrete barrier
through the dam;
(VI)
extended to 1 m below rock
(14)
surface

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

several cracks appeared
on the barrier, the
maximum width of the
cracks near the abutment
was larger than 10 mm;
longitudinal crack
between the barrier and
rock fill was more than
20 cm; the reservoir was
incapable of storing
water

1 transverse crack
appeared 8 m from the
left abutment where the
slope changed abruptly,
its width was 4 mm, it
extended to
approximately 2/3 of
dam height; other 2
transverse cracks at the
central part of the dam
with a width of 1.2 mm
extended to 1/2 of the
dam height; seepage
through the left
abutment increased to 1
liter per second

Main Damage
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poor; less serious; (VII)

Xiaowangliuhe, Lulong
County; (77(29)); clay sloping
core dam; (0.19)

13.5/170; 1:2.50/1:2.00

stone masonry structure; no
damage; (VII)

22/55.7; 1:0.2/1:0.4

63, Xiaowangliuhe;
(1976)

stone masonry barrier with
rock fill at the downstream
part; no damage; (VII)

7/35; 1:0.1/1:0.9

poor; less serious; (VII)

Shangxinglongzhuang, Lulong
County; (91); stone masonry
arch dam; (0.18)

61; Shangxinglongzhuang; (1969)

Foundation and its
Treatment

normal; (4)

normal; (4)

slight leakage
through dam
foundation; (5)

Before Earthquake
Performance;
(Water Depth, m)

weathered bedrock overlain by
sand and gravel 3 to 4 m thick;
cutoff wall extended to
weathered rock

just completed; (7)

granite bedrock overlain by sand just completed; (9.5)
and gravel with a thickness of
more than 10 m; cutoff wall did
not extend to rock near the right
abutment

weathered part of the
conglomerate foundation was
stripped

intact gneiss foundation; barrier
founded on fresh rock

a vertical stone masonry wall conglomerate foundation;
and a downstream sand fill,
stripping to fresh rock
hand placed riprap; no
damage; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

18.5/117;
1:2.00-2.50/1:2.00

Shuiyu, Lulong County;
(89(38)); stone masonry
framework gravity dam; (0.10)

60; Shuiyu; (1974)

11/76; 1:0.1/1:1.5

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

62; Yangjiatai; (1976) Yangjiatai, Lulong County;
(77(29)); clay sloping core
dam; (0.37)

Renzikou, Qianxi County;
(62); stone masonry and sand
fill dam; (0.62)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

59; Renzikou; (1973)

Label Number;
Name of Dam;
(Year Completed)

Table 3. Continued.

section of the dam
above the main riverbed
settled 0.3 m; 3
longitudinal cracks on
the dam crest with a
length of 50 m and a
width of 5 to 6 cm; a
transverse crack
diagonal to the dam axis
near the right abutment
whose slope changed
abruptly, the crack
terminated on the
slopes; the right side of
this transverse crack
settled 20 to 30 cm;
seepage through the
abutment was evident

Main Damage

302

Shahe, Lulong County;
(75(25)); clay sloping core
dam; (0.32)

Majiagou, Yinggezhuang,
Lulong County; (75(13)); clay
sloping core dam; (0.11)

Changjiagou, Lulong County;
(67(14)); clay sloping core
dam; (0.23)

Shanghongzhai, Qianxi
County; (75); clay sloping core
dam; (0.30)

Longwan on a tributary of
Luanhe River,Qianxi
County;(77);Stone masonry
and rockfill dam;(0.45)

65; Majiagou; (1975)

66; Changjiagou;
(1972)

67; Shanghongzhai;
(1975)

68; Longwan; (1973)

Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

64; Shahe No. 2;
(1973)

Label Number;
Name of Dam;
(Year Completed)

22/118; 1:0.2/1:0.9

20/120;
1:2.50-2.75/ 1:2.00-2.50

13/89; 1:2.50-2.75/1:2.00

9.5/150; 1:2.50/1:2.00

14/181; 1:2.00-2.50/ 1:2.00

Dam Height, m/Crest Length,
m; Upstream
Slope/Downstream Slope

good quality, reinforced
concrete diaphragm (vertical
wall) with a thickness of 0.3
to 1.5 m; serious; (VI)

poor; slight damage; (VI)

good; serious; (VIII)

good; no damage; (VII)

normal; no damage; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

granite gneiss bedrock overlain
by sand and gravel 3 to 5 m
thick; reinforced concrete
diaphragm extended to fresh
rock

gneiss bedrock overlain by the
river deposits 3 to 4 m thick;
cutoff wall extended to the
weathered rock

sandy clay deposit of 2 to 4 m in
thickness on the bedrock; cutoff
wall extended to fresh rock

geiss bedrock overlain by sand
and gravel 3 to 5 m thick; cutoff
wall extended to the weak
weathered rock

gneiss bedrock overlain by sand
and gravel 3 to 5 m thick; cutoff
wall extended to the weak
weathered rock

Foundation and its
Treatment

vertical wall bent
while impounding;
(11)

operation not yet
started; (8)

normal; (7.5)

normal; (4)

normal; (6)

Before Earthquake
Performance;
(Water Depth, m)

details described in
example 7 in the text

1 longitudinal crack on
the dam crest with a
length of 80 m and a
width of 5 cm; water
was seeping out at 3
places on the
downstream berm

1 longitudinal crack on
the dam crest with a
length of 50 m and a
width of 10 cm; leakage
through the reservoir
area after the earthquake
was excessive so no
water could be retained
in the reservoir next
year; a stone masonry
house built on the right
abutment collapsed
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Table 4. Earthquake damage to the masonry dams.
Degree of Damage
Total Earthquake Number
Type of Dam Number Intensity of Dams Serious Less Serious Slight No Damage
stone masonry
gravity dam

5

VI
VII

3
2

1
1

stone masonry
framework
gravity dam

2

VII
VIII

1
1

1

stone masonry
and rock (sand)
fill dam

3

VI
VII

1
2

stone masonry
arch dam

2

VII

2

Total

12

2
1
1

1
1

12

1

2

3

1

1

1

6

Table 5. Settlement of dams due to earthquake.
Station (m)

Dam Crest Settlement (mm)

Settlement of Upstream Slope
(mm)

0+220

-2

-5

0+400

40

2

0+600

44

0

0+800

54

7

1+000

20

1

Table 6. Horizontal displacement due to earthquake.
Station (m)

Dam Crest (mm)

Upstream Slope (mm)

0+200

0

-6

0+400

46

-11

0+600

50

-16

0+800

44

-18

1+000

4

-4
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Table 7. Longitudinal cracks upstream of the parapet wall.
Station (m)

Width of Crack (mm)

Distance to Parapet Wall (m)

0+372-0+480

20

1.7-0.5

0+480-0+520

20

0.5-0.4

0+520-0+550

hair crack

0.4

0+550-0+750

3-10

0.4-0.5

0+750-0+760

5-20

0.4-0.5

0+760-0+834

30-50

0.4-0.3

0+834-0+857

5

0.3

0+857-0+942

hair crack

0.3-0.4

0+942-0+974

10

0.4

0+974-1+013

hair crack

0.4-0.5

1+013-1+039

1

0.5-0.7

Table 8. Curved cracks on the dam crest.
Station (m)

Width of Crack (mm)

Distance to Parapet Wall (m)

0+510-0+550

hair crack

3-2.1

0+550-0+600

5

2.1-1.9

0+600-0+656

10-40

1.9-1.7

0+656-0+700

hair crack

1.7-1.5

0+700-0+740

5

1.5-1.4

0+740-0+828

3-10

1.4-1.1

0+828-0+900

hair crack

1.1-2.0
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Table 9. Horizontal displacement of dams.
Horizontal Displacement of
Upstream Slope (mm)

Horizontal Displacement of
Dam Crest (mm)

Horizontal Displacement of
Downstream Slope (mm)

Before
After
Before
After
Before
After
Station (m) Earthquake Earthquake Difference Earthquake Earthquake Difference Earthquake Earthquake Difference
0+132

164

171

7

173

188

15

7

11

4

0+367

66

83

17

73

113

40

20

32

12

0+590

103

109

6

58

86

28

13

20

7

0+819

36

39

3

84

110

26

10

18

8

1+024

72

74

2

126

146

20

27

40

13

1+229

54

61

7

126

145

19

76

86

10

1+432

108

185

5

236

240

4

96

98

2

details described in damage example
No. 1

details described in damage example
No. 6

normal; (0.5); serious;
(XI)

normal; (0.9); less
serious; (IX)

fine sand; reinforced
concrete monolithic
structure

short pile in soft soil;
reinforced concrete
separated structure

3.15×3.0 m
reinforced
concrete flat gate
motor operated

8.3x4 m or 4.6 m
reinforced
concrete flat gate
mortar operated

width 12m, width of
base slab 7.5 m, a
breast wall on top of
the openings,
reinforced concrete
structure, 9 openings
with a dimension of
3×3 m
width 82.7 m, width of
base slab 12.4 m, a
breast wall on top of
the openings,
reinforced concrete
structure, 10 openings
with a dimension of
8×4 m

on Douhe River,
Donggezhuang,
Fengnan County; (12);
180; (3.0)

on Shahe River,
Heiyanzi, Fengnan
County; (45); 502; (4)

2; Donggezhuang;
regulation sluice;
(1966)

3; Heiyanzi; guide
sluice; (1975)

abutment piers tilted, the gate could
not be opened until the width of the
gate was shortened 5 to 10 cm;
diagonal cracks appeared on the Tshaped beam; fracture of stilling
basin, filters damaged, sinkholes
appeared; hand placed riprap on the
bank slopes slid; no inspection was
made on the 0.8 m thick reinforced
concrete base slab because of
submergence in water

normal; (0); serious;
(XI)

steel flat gate
with a dimension
of 10×3.5 m

width 8 m, no breast
wall on top of the
opening, reinforced
concrete structure, 5
openings with a
dimension of
10×3.5 m

sand and gravel
foundation soils, short
pile foundation;
reinforced concrete
raft foundation

Main Damage

Foundation and its
Treatment; Structure
of Base Slab

Structure and
Dimension of
Gate

on Douhe River, the
City of Tangshan; (0);
500; (3.5)

Structure and
Dimension of Sluice

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

1; Xinhua, check
sluice; (1974)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Main damage to sluices.
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normal; (0);less serious; the abutment piers tilted towards the
(IX)
river, their top moved 15 to 20 cm
and part of these piers collapsed; the
contraction joints in the guide walls
were torn open and part of the
upstream guide wall collapsed; the
access bridge on the top of the sluice
collapsed; settlement of the sluice
resulted in bulging of the upstream
blanket and downstream apron;
break of rubber seals; cracking of the
bank slopes
fine sand foundation
soil; reinforced
concrete monolithic
base slab

10×2×4.5 m
reinforced
concrete hollow
gate which would
be closed when
the gate was
filled with water

width 48.6 m, width of
base slab 7 m,
reinforced concrete
floating structure, 1
opening with a width
of 20 m

6; Dujiakan floating on Nihe River,
sluice; (1975)
Dujiakan, Fengrun
County; (27); 145;
(4.5)

small horizontal cracks appeared on
the piers at the elevation of 0.4 m
below the top of the curved weir
which was installed at the bottom of
the opening; cracks on the No. 4 and
7 beams for supporting lift machine;
small cracks on the beams of the
access bridge

normal; (0); slight; (IX)

sandy clay foundation
soil; reinforced
concrete monolithic
structure

6×4 m reinforced
concrete flat gate
motor operated

on Huanxianghe River, width of base slab 7.5
m, a breast wall on top
Jiuzhangwo, Yutian
County; (40); 400; (4) of the openings,
reinforced concrete
structure, 8 openings
with a dimension of
6×4 m

5; Jiuzhangwo
diversion sluice;
(1966)

normal; (0);less serious; details described in Chapter 13 of
(IX)
this text

short pile in soft soil;
reinforced concrete
separated structure

steel flat gate
motor operated

Main Damage

Foundation and its
Treatment; Structure
of Base Slab

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

Structure and
Dimension of
Gate

on Jintang Canal,
Peizhuang, Fengnan
County; (38); 180;
(5.5)

width 160 m, a breast
wall on top of the
openings, reinforced
concrete structure, 8
openings with a
dimension of 8.4×5.7
m

Structure and
Dimension of Sluice

4; Peizhuang; main
sluice; (1974)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Continued.
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7; Douhe; guide
sluice; (1967)

Label Number;
Name;
(year completed)

on Douhe, north of
Jianhe, Fengnan
County; (41); 267;
(3.5)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)
width 39.4m, width of
the base slab 8.4 m, a
breast wall on top of
the openings,
reinforced concrete
frame structure, 15
openings with a
dimension of 3x3.4 m

Structure and
Dimension of Sluice
3×3.6 m
reinforced
concrete flat gate,
motor operated

Structure and
Dimension of
Gate
foundation strata from
the top to bottom were
soft clay, black clay 2
m, fine sand 2 m,
sandy clay; pile
foundation; reinforced
concrete monolithic
structure

Foundation and its
Treatment; Structure
of Base Slab

Table 10. Continued.

normal; (1); less
serious; (IX)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)
abutment piers and 9 right openings
settled as much as 14 cm; cracks
appeared on the beams at the top of
7 left openings; similar cracks on 5
left openings, the width of cracks
decreased towards the center of the
river; the columns for supporting lift
machine at 12 left openings
fractured ;the contraction joints
between the abutment piers and the
sluice widened 15 cm; sandboils and
liquefaction occurred at both the up
and downstream soils; the bottom of
the stilling basin heaved 40 cm; left
bank slips resulted in bulges of
riprap and damage to filters
(upstream water depth 2.8 m,
downstream water depth 3.87 m,
their difference in elevation about
1.8 m)
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2×2 m wooden
flat gate,
manually
operated

3×3.5 m
reinforced
concrete flat gate,
manually
operated

width 37.8 m, width of
base slab 8.4 m,
reinforced concrete
structure, 1 opening
with a width of 24 m

width of base slab 7.5
m, stone masonry
structure combing
sluice and bridge,
11openings with a
dimension of 2 m
width of base slab 9.2
m, stone masonry
structure, 9 openings
with a dimension of
3×3.5 m

on Douhe River,
Huanggezhuang,
Fengnan County; (14);
180; (2)

on Longwanhe River,
Houdianzi, Luanxian
County; (29); 330; (6)

9; Huanggezhuang;
regulation sluice;
(1968)

a house at the left abutment
collapsed; small cracks appeared on
the guide walls

a diagonal crack with a width of 10
cm appeared at the base of stilling
basin, sandboils could be seen in the
crack

normal; (0);slight; (IX)

normal; (0); slight; (IX)

sandy clay; reinforced
concrete monolithic
base slab

10; Houdianzi;
regulation sluice;
(1976)

gravelly clay
foundation soil; stone
masonry separated
base slab

Main Damage
the stone masonry abutment piers
were separated from the sluice; they
tilted towards the river, their top
moved 10 to 15 cm; part of the
abutment piers collapsed; no evident
damages to the base slab; the gates
had been closed and the updownstream water levels were equal
during the earthquake, their rubber
seals tore open; guide wall
collapsed; 3 brick houses collapsed;
cracks with a width of 10 cm
appeared on the banks

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)
normal; (0); less
serious; (IX)

Foundation and its
Treatment; Structure
of Base Slab

fine sand; reinforced
12×2×4.5 m
concrete monolithic
reinforced
structure
concrete hollow
gate which would
be closed when
the gate was
filled with water

Structure and
Dimension of
Gate

on Nihe River,
Hanjiazhuang,
Fengrun County; (29);
169; (4.5)

Structure and
Dimension of Sluice

8; Hanzhuangzi;
floating sluice;
(1976)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Continued.
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2×2 m wooden
flat gate

12×7 m steel flat limestone; reinforced
concrete monolithic
gate, motor
operated; the gate base slab
laid horizontally
after being lifted
vertically

reinforced concrete
structure, 2 openings
with a dimension of
12×7 m

on Douhe River, the
City of Tangshan;
(19); 760; (7)

12; Douhe; sluice
on the spillway;
(1956)

hard cohesive soil;
stone masonry
separated base slab

Foundation and its
Treatment; Structure
of Base Slab

width of base slab 5.8
m, stone masonry
structure combining
bridge and sluice, 4
openings with a
dimension of 2 m

Structure and
Dimension of
Gate

on a tributary of
Douhe River,
Xiaozhai, Luanxian
County; (29); 290;
(2.3)

Structure and
Dimension of Sluice

11; Xiaozhai;
regulation sluice;
(1976)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Continued.

normal; (0); no damage;
(IX)

normal; (0); slight; (IX)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)
sandboils and liquefaction appeared
in soils up and downstream of the
sluice; cracks on banks, riprap
loosened; 2 cracks with a width of 1
to 2 cm parallel to the river appeared
on the base of the stilling basin and
after the bay dam
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width of base slab 10
m, stone masonry
structure, 12 openings
with a dimension of
2.5 m

14; Daheping;
regulation sluice;
(1958)

on Huanxianghe River,
Xixuanwudian, Yutian
County; (33); 800;
(3.2)

on Huanxianghe River, width 70 m, stone
masonry structure had
Baiguantun, Fengrun
County; (30); 250; (2) arched piers, 4
openings with a
dimension of 10×2 m

Structure and
Dimension of Sluice

13; Baiguantun;
diversion sluice;
(1976)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

2.5×5.5 m
wooden flat gate

no gate

Structure and
Dimension of
Gate
some cement mortars
were not well curved;
(0); serious; (VIII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

clayey fine sand; stone normal; (0); serious;
(VIII)
masonry separated
base slab

fine sand; stone
masonry monolithic
base slab

Foundation and its
Treatment; Structure
of Base Slab

Table 10. Continued.

tilting and breakage of piers; cracks
on the upstream blanket and
downstream apron as well as on the
base of the stilling basin; sandboils
and liquefaction appeared in the
riverbed; slides on the riverbanks;
the sluice had been reconstructed

3 out of 5 arched piers tilted towards
right and settled 10 to 20 cm among
these 3 piers the reinforced arched
pier of the right No. 1 opening
settled seriously, its arch collapsed;
the access bridge displaced and
curved horizontally, its maximum
horizontal displacement near the
middle of the river amounted to 20
cm; several cracks both horizontally
and vertically appeared on the walls
of the stilling basin; breakage of the
base of the stilling basin in which
sandboils black in color could be
seen; tilting and cracking of after the
bay dam in the stilling basin

Main Damage
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3.5×2.3 m and
4×2.3 m wooden
flat gates,
manually
operated

width 66.8 m, stone
masonry structure, 4
openings with a
dimension of 3.5 m,
another opening with a
dimension of 4 m
width 60.4 m, a breast
wall on top of the
openings, stone
masonry structure, 4
openings with a
dimension of
4×2.5 m

Mengying, Luanxian
County; (49); 100;
(0.3)

Liuzhuang, Luannan
County; (40); 114

16; Mengying;
regulation sluice;
(1959)

17; Liuzhuang;
discharge sluice;
(1957)
4.3×2.8 m
wooden flat gate,
manually
operated

2.2×2 m wooden
flat gate,
manually
operated

width of the base slab
7.5 m, stone masonry
structure combining
bridge and sluice, 14
openings with a
dimension of
2.2×2 m

Structure and
Dimension of
Gate

on Xiaojimenhe River,
Heyanzhuang,
Fengnan County; (25);
119; (2)

Structure and
Dimension of Sluice

15; Heyanzhuang;
regulation sluice;
(1974)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

medium and fine sand; normal; (0); less
wooden pile
serious; (VIII)

cracks and sandboils appeared on the
base slab; unequal settlement of the
sluice; tilting of piers; hand placed
riprap on slopes loosened; it was
abandoned

normal; (0);less serious; hand placed riprap on the bank
(VIII)
slopes and apron loosened;
horizontal cracks near the bottom of
piers for supporting bridge; unequal
settlement of the base slab; leakage
through the bottom of the gate

fine sand and sandy
gravel; stone masonry
separated base slab

the gates retaining a water depth of
less than 0.5 m were closed just
before the earthquake; left abutment
pier collapsed, the left No. 1 pier
tilted, the left No. 1 and 2 gates were
incapable of lifting; the base of No.
1 and 2 openings raised 0.7 m;
collapse of part of the bridge decks,
the rest of the decks had uneven
level with a difference of 0.5 to 0.7
m; sandboils appeared in the
riverbed resulting in 1 m heave; it
had been reconstructed

Main Damage
normal; (0.5); serious;
(VIII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

fine sand; stone
masonry monolithic
base with a thickness
of 0.7 m

Foundation and its
Treatment; Structure
of Base Slab

Table 10. Continued.
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on Douhe River,
Longtuo, Luanxian
County; (30); 290; (5)

width of base slab 7.3
m, stone masonry
structure combining
bridge and sluice, 8
openings with a
dimension of
2.7×3 m

fine sand; stone
masonry separated
base slab

hard cohesive soil;
2.7×3 m
stone masonry
reinforced
concrete flat gate, separated base slab
manually
operated

on Huanxianghe River, width 39.5 m, stone
4×5 m wooden
masonry structure
Baiguantun, Fengrun
flat gate, motor
County; (30); 450; (4) combining bridge and operated
sluice, 4 openings with
a dimension of 4×5 m

19; Baiguantun
regulation sluice;
(1970)

20; Longtuo;
regulation sluice;
(1975)

Foundation and its
Treatment; Structure
of Base Slab

sandy clay; reinforced
4×6.2 m
concrete monolithic
reinforced
concrete flat gate, base slab
manually
operated

Structure and
Dimension of
Gate

on Shuangchenghe
River, Yutian
County;(41); 221;
(1.5)

width of base slab 0.70
m (should be 7 m noted by the
translator), stone
masonry structure, 4
openings with a
dimension of
4×5.6 m

Structure and
Dimension of Sluice

18; Dapanlong;
regulation sluice;
(1971)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Continued.

horizontal cracks with a width of 2
to 3 cm appeared on the middle and
upper part of the No. 1, 2 and 3 piers
which slightly tilted; the gates at the
openings near the abutments could
not be operated freely

the settlement cracked 0.5-2 cm, the
right wing wall tilted 30 cm toward
the river, settled 40 cm, the upstream
wing wall tilted 10 cm, soil settled
30 cm, cracked 10 cm wide, 4 m
long.
cracks appeared on the slopes near
the abutment piers; hand placed
riprap on the left bank broke; beams
on the left end opening for
supporting the lift machine shifted
20 to 30 cm; a longitudinal crack
with a width of 5 cm and a length of
15 m appeared on the left side of the
base of stilling basin; hair cracks
appeared on the downstream face
and upper part of the piers

normal; (0.5); slight;
(VIII)

normal; (0); slight;
(VIII)

Main Damage
normal; (0); less
serious; (VIII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)
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normal; (0); no damage;
(VIII)

normal; (0); serious;
(VIII)

bedrock; reinforced
concrete monolithic
base slab
fine sand; stone
masonry monolithic
base slab

steel tainter gate

reinforced structure, 3
openings with a
dimension of
13.5×10.9 m
width 25.5 m, width of 2.9×2.0 wooden
base slab 5.5 m, stone flat gate
masonry structure, 9
openings with a
dimension of 2.8×2.0
m

on Huanxianghe River,
Quizhuang, Fengrun
County; (42); 2387;
(10.9)

Xiaojimen,
Daxingzhuang,
Fengnan County; (24);
119; (2.0)

23; Quizhuang;
spillway sluice;
(1961)

24; Daxingzhuang;
regulation sluice;
(1971)

3 cracks with a width of 10 cm
appeared on the ground near an earth
dam left of the sluice; hand placed
riprap of the dam also broke

Main Damage

described in example 2 of the text

normal; (0); no damage; no damage to the sluice; 1 crack
(VIII)
appeared on the left guide wall;
cracks and part collapse of a nearby
house

bedrock; reinforced
concrete separated
base slab with a
thickness of 1 m

9×2 m steel
tainter gate

width 33 m, a breast
wall on top of the
openings, reinforced
structure, 4 openings
with a dimension of
9×2 m

on Luanhe River,
Yanshan, Luanxian
County; (50); 100;
(0.24)

normal; (0); slight;
(VIII)

22; Yanshan; inlet
sluice; (1957)

Foundation and its
Treatment; Structure
of Base Slab

gravelly clay; stone
3×3.5 m
masonry separated
reinforced
concrete flat gate, base slab
manually
operated

Structure and
Dimension of
Gate

width of base slab 9.2
m, stone masonry
structure combining
bridge and sluice, 9
openings with a
dimension of
3×3.5 m

Structure and
Dimension of Sluice

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

21; Qinglongdianzi; on Longwanhe River,
Qinglongdianzi,
regulation sluice;
Luanxian County;
(1976)
(30); 320; (6.5)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Continued.
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width 38 m, stone
masonry structure, 18
openings with a
dimension of
2×2.4 m
2.2×2.4 m
wooden gate

width of base slab 8 m, 2×1 m wooden
on Yingmahe River,
Qianzhuangzi, Chengli stone masonry
flat gate
County; (85); 202; (1) structure, 44 openings
with a dimension of
1.9×1 m

27; Qianzhuangzi
regulation sluice;
(1971)

on Dongshahe River,
Xiaolinshang, Chengli
County; (92); 108;
(2.4)

3×2.4 m wooden
gate

width 25 m, stone
masonry structure, 9
openings

on Dongshahe River,
Xiaolizhuang, Chengli
County; (93); 108;
(2.4)

26; Xiaolizhuang;
regulation sluice;
(1974)

28; Xiaolinshang;
regulation sluice;
(1970)

2.9×2 m wooden
gate

width 33 m, stone
masonry structure, 29
openings with a
dimension of
2.75×2 m

Structure and
Dimension of
Gate

on Yinmahe River,
Dapuhe, Chengli
County; (93); 202; (2)

Structure and
Dimension of Sluice

25; Dapuhe;
regulation sluice;
(1971)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

unequal settlement of piers up to 20
cm; space between the piers and the
base slab increased 5 to 15 cm;
breakage of 70% of the base of
stilling basin; heave of part of the
base resulting in unequal heave of 30
to 40 cm, sandboils could be seen in
the broken base; 2 cracks with a
width of 1 to 2 cm appeared on the
upstream blanket; the sluice had
been rebuilt.
1 middle pier collapsed, 1 titled,
several displaced; 1 abutment pier
together with the slope collapsed
3 longitudinal cracks on the base of
the sluice, stones near the cracks
loosened; cracks on aprons

middle piers titled and displaced; a
crack extending from the base slab
of the sluice to the base of the
stilling basin; hand placed riprap
loosened

normal; (0); serious;
(VIII)

normal; (0); less
serious; (VII)

normal; (0); less
serious; (VII)

fine sand; stone
masonry separated
base slab
clay; stone masonry
monolithic base slab

coarse to medium
sand; stone masonry
separated base slab

Main Damage
normal; (0); serious;
(VIII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

fine sand; stone
masonry separated
base slab

Foundation and its
Treatment; Structure
of Base Slab
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horizontal cracks on the columns
supporting lift machine at the two
end openings; cracks with a width of
1 mm and a length of 30 to 40 cm
appeared on the breast wall of these
two openings

normal; (0); slight;
(VII)

soft soil; reinforced
3×2.5 m
concrete monolithic
reinforced
concrete flat gate, base slab
manually
operated

32; Canshakouxi;
on Xinyihe River,
guide sluice; (1974) Liuzan, Luannan
County; (54); 153;
(0.14)

width 37 m, a breast
wall on top of the
openings, reinforced
concrete structure, 12
openings with a
dimension of
3×2.5 m

cracks on abutment piers; guide wall
settled and displaced towards river

normal; (0); slight;
(VII)

soft soil, pile
foundation; reinforced
concrete monolithic
base slab

1.7×3.7 m
reinforced
concrete flat gate,
automatic tilting

a breast wall on top of
the openings,
reinforced concrete
structure, 17 openings
with a dimension of
1.5×3.5 m

on No.1 channel to the
sea,
Gaoshangpu,Baigezhu
ang;(54);153;(--)

31; Guide sluice on
No.1 channel to the
sea; (1958)

stone masonry abutment pier broke;
stone masonry base of stilling basin
and apron loosened.

normal; (0); less
serious; (VII)

2.2×2 m flat gate
consisting of a
number of
wooden beams

width 30 m, stone
masonry structure, 22
openings

on Dongshashe River,
Gouerwan, Chengli
County; (94); 108; (2)

30; Xungou;
regulation sluice;
(1973)

fine sand; stone
masonry separated
base slab

2.9×2.5 m
wooden flat gate,
manually
operated

settlement of foundation; 2 cracks on
the base slab

Main Damage
normal; (0); less
serious; (VII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

clay; stone masonry
monolithic base slab

Foundation and its
Treatment; Structure
of Base Slab

width 30 m, stone
masonry structure, 9
openings with a
dimension of 2.7×2.5
m

Structure and
Dimension of
Gate

on Dongshahe River,
Peijiapu, Chengli
County; (93); 108;
(2.5)

Structure and
Dimension of Sluice

29; Peijiapu;
regulation sluice;
(1973)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)
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on Yanghe River,
Hugezhuang, Funing
County; (99); 800;
(1.5)

on Changhe River,
Haitian Village, Leting
County; (83); 101;
(1.5)

Xiaohezi,
Donghaizhuangzi,
Leting County; (80);
110; (1.2)

33; Hugezhuang;
regulation sluice;
(1967)

34; Haitian; guide
sluice; (1973)

35; Xiaohezi; guide
sluice; (1971)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)
wooden flat gate
automatic tilting

3×3.22 m steel
flat gate,
manually
operated

3×2.5 m wooden
flat gate,
manually
operated

width 35 m, width of
base slab 8.85 m, a
breast wall on top of
the openings, stone
masonry structure, 12
openings with a
dimension of
3×3.2 m

width 38 m, width of
base slab 8 m, a breast
wall on top of the
openings, stone
masonry structure, 12
openings with a
dimension of
3×2.5 m

Structure and
Dimension of
Gate

stone masonry
structure, 33, 11, 3
openings with the
dimensions of 2×1,
2×1.5 and 1.5×2 m
respectively

Structure and
Dimension of Sluice
normal; (1.5); slight;
(VII)

normal; (0.7); serious;
(VII)

normal; (0.3); serious;
(VII)

fine sand; lean
concrete base slab

fine sand; concrete
monolithic structure

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

sand and gravel; stone
masonry monolithic
structure

Foundation and its
Treatment; Structure
of Base Slab

Table 10. Continued.

described in example 4 in the text

longitudinal crack covered the entire
length of the sluice having a
maximum width of 12 mm and an
unequal settlement of 1 to 2 cm
across the crack; right abutment pier
tilted towards the river, its top
displaced 20 cm; contraction joints
in the base slab, abutment pier and
guide wall widened up to 10 cm;
cracks appeared on most of the piers;
vertical cracks with a width up to 3
to 5 mm appeared on the breast wall
of some openings

small cracks on the base of the
stilling basin; hand placed riprap
near the abutment piers loosened

Main Damage

318

horizontal cracks appeared on the
columns for supporting lift machine,
the columns titled and its top
displaced 2 to 3 cm

cracks with a width of 3 to 5 mm
appeared on the stone masonry guide
wall; hair cracks appeared on both
columns and beams for supporting
lift machine; cracks on the access
bridge

normal; (0);slight; (VII)

39; Nanlizhuang;
on Xinkaihe River,
guide sluice; (1976) Nanlizhuang, the City
of Qinhuangdao;
(129); 240; (--)

reinforced concrete
structure, size of
opening 10×3.5 m
10×3.5 m steel
flat gate, motor
operated

--; (0); slight; (VII)
medium to fine sand;
pile foundation;
reinforced concrete
monolithic base slab

4×8 m reinforced sandy clay; reinforced
concrete flat gate, concrete monolithic
base slab
motor operated

width of base slab 9.7
m, stone masonry
structure, 3 openings
with a dimension of
4×7 m

on Lanquanhe River,
Xinanzhen, Yutian
County; (58); 160;
(1.54)

38; Xinanzhen;
regulation sluice;
(1975)

longitudinal cracks with a width of 3
to 5 mm appeared on the base slab
and on the base of the stilling basin

normal; (1.5); slight;
(VII)

2×1.5 m flat gate
consisting of a
number of
wooden beams,
manually
operated

stone masonry
structure, 40 openings
with a dimension of 2
m

on Yanghe River,
Tiangezhuang, Funing
County; (94); 200;
(1.5)

37; inlet sluice on
east main channel;
(----)

sand and gravel; stone
masonry monolithic
base slab

3.2×3.36 m
wooden flat gate,
manually
operated

described in example 3 in the text

Main Damage
normal (0); slight; (VII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

fine sand; concrete
separated base slab

Foundation and its
Treatment; Structure
of Base Slab

width 39 m, width of
base slab 9 m, a breast
wall on top of the
openings, stone
masonry structure, 12
openings with a
dimension of
3×3.2 m

Structure and
Dimension of
Gate

on old Luanhe River,
Hongfangzi, Leting
County; (72); 131;
(1.5)

Structure and
Dimension of Sluice

36; Daqinghe
River; guide sluice;
(1974)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)
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44; Sunzhuang;
regulation sluice;
(1972)

on Daihe River,
Sunzhuang, Funing
County; (106); 400;
(--)

stone masonry
structure, 20 openings
with a dimension of 2
m
1.5×2 m flat gate
consisting of a
number of
wooden beams,
manually
operated

steel tainter(?)
gate, motor
operated

2.3×2.5 m
wooden flat gate,
motor operated

stone masonry
structure, 12 openings
with a dimension of 2
m

42; Xiaotanghe;
on Xiaotanghe River,
guide sluice; (1971) Mengying, the City of
Qinhuangdao; (121);
150; (2.5)

on Huanxianghe River, reinforced concrete
structure, 3 openings
Funing County; (96);
with a dimension of
2390; (7.6)
12×7.6 m

3.2×4 m wooden
flat gate,
manually
operated

reinforced concrete
structure, 4 openings
with a dimension of
3×4 m

on Yanghe River,
Liuyizhuang, Funing
County; (99); 200; (--)

41; Liuyizhuang;
diversion sluice;
(1952)

43; sluice on the
spillway of Yanghe
Reservoir; (1968)

9×3.8 m steel flat
gate, motor
operated

a breast wall on top of
the openings,
reinforced concrete
structure, 15 openings
with a dimension of
9×3.5 m

Structure and
Dimension of
Gate

on Tanghe River, the
City of Qinhuangdao;
(129); 1500; (--)

Structure and
Dimension of Sluice

40; Tanghe; guide
sluice; (1976)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)
normal; (0); slight;
(VII)

normal; (0); no damage;
(VII)

normal; (0); no damage;
(VII)

normal; (0); no damage;
(VII)

normal; (0); slight; (VI)

sandy clay; reinforced
concrete monolithic
base slab
medium to fine sand;
stone masonry
monolithic base slab
bedrock; reinforced
concrete monolithic
base slab
sand and gravel; stone
masonry monolithic
base slab

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

medium to fine sand;
pile foundation;
reinforced concrete
monolithic base slab

Foundation and its
Treatment; Structure
of Base Slab
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cracks appeared on the abutment
piers, base slab and base of the
stilling basin; 12 cracks on the
middle piers; 15 cracks with a width
of 1 to 2 cm on stilling basin

cracks on the walls of the lift
machine house

Main Damage
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60×2 m, nylon
bag, operated by
inflation and
evacuation of
water
2.2×2.5 m flat
gate consisting of
a number of
wooden beams

inflated dam, 1
opening with a span of
60 m

stone masonry
structure, 8 openings
with a dimension of
2m

on Daihe River, near
the coast of
Qinhuangdao City;
(108); 400; (2)

on Daihe River,
Waerzhuang, Funing
County; (106); 200;
(2.5)

47; Daihe; guide
sluice; (1969)

48; Waerzhuang;
regulation sluice;
(1974)

2.9×2.2 m
wooden flat gate,
automatic tilting

stone masonry
structure, 20 openings
with a dimension of
2.7 m

on Daihe River, Daihe
Railway Station of
Qinhuangdao City;
(108); 400; (2)

6×2.75 m steel
flat gate, motor
operated

Structure and
Dimension of
Gate

a breast wall on top of
the openings,
reinforced concrete
structure, 9 openings
with a dimension of
6×2.5 m

Structure and
Dimension of Sluice

46; Daihe;
regulation sluice;
(1971)

45; Chitushan;
on Xinhe River, near
guide sluice; (1976) the coast of
Qinhuangdao City;
(113); 240; (--)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

beam supporting lift machine
displaced 3 to 5 cm; leakage through
the bottom of 4 openings

many cracks and local slides on the
hand placed riprap

cracks on the right bank; slide with 3
to 4 m long on the hand placed
riprap

normal; (0); slight; (VI)

normal; (0); slight; (VI)

normal; (0); no damage;
(VI)

sand and clay
interbeded; reinforced
concrete monolithic
base slab
sand and clay
interbeded; reinforced
concrete monolithic
base slab
sand and gravel; stone
masonry monolithic
base slab

Main Damage
--; (0); slight; (VI)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

medium sand;
reinforced concrete
base slab strengthened
by inverted arches

Foundation and its
Treatment; Structure
of Base Slab
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width 75 m, stone
Erpaigan, Wangtan
masonry culvert
State Farm, Luting
County; (82); 75; (1.3) consisting of stone
masonry piers and
reinforced concrete
lids, 10 openings with
a dimension of
3×2.3 m

51; Erpaigan; guide
sluice; (1976)
3×2.5 m wooden
flat gate,
manually
operated

2.82×2.2 m
wooden flat gate,
manually
operated

on Xincaohe River,
Yaokouzi, Beigang,
Luting County; (77);
305; (0.2)

50; Beigang; guide
sluice; (1975)

width 40 m, stone
masonry culvert, 5
openings with a
dimension of
2.5×2.0 m

north of the salt field,
south of Liujiapu,
Luting County; (63);
30.5; (1)
2.5×2.82 m
wooden flat gate,
manually
operated

Structure and
Dimension of
Gate

width 40 m, stone
masonry culvert, 5
openings with a
dimension of
2.3×2.0 m

Structure and
Dimension of Sluice

49; Yanbei; guide
sluice; (1975)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

settlement joints on the blanket,
apron as well as on the stilling basin
widened up to 4 to 6 cm; horizontal
cracks with a width of 0.5 to 1 mm
around the bottom part of the access
bridge piers; cracks on the inlet pipe
at the pump station resulting in
leakage; hair cracks on the beams of
the pump house
plastic seals between the base slab
and apron broke; vertical cracks with
a width of 2 to 4 cm appeared at the
powerhouse; the top of the
downstream guide wall displaced 8
to 12 cm towards the river
hair cracks on the base slab;
settlement joints in the guide wall
widened, the wall displaced
horizontally 10 to 20 cm; seals
between the base slab and apron as
well as between the base slab and
stilling basin broke; stone masonry
piers loosened; collapse of the
bridge columns.

normal; (0); less
serious; (VII)

under construction; (0);
less serious; (VII)

fine; reinforced
concrete monolithic
base slab

fine sand; reinforced
concrete monolithic
base slab

Main Damage
normal; (0); slight;
(VII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

sandy clay; reinforced
concrete monolithic
base slab

Foundation and its
Treatment; Structure
of Base Slab

Table 10. Continued.

322

53; Xiaoqinglonghe
inverted siphon;
(reconstructed in
1964)

on Xiaoqinglonghe
River, Baigezhuang,
Luannan County; (45);
67; (--)

52; Chounigou;
Chounigou, Dazhinan,
guide sluice; (1976) Luting County; (82);
16; (1.3)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)
3.36×2.8 m
wooden flat gate,
man operated

Structure and
Dimension of
Gate

width 60 m, reinforced wooden flat gate
concrete culvert, 8
openings with a
dimension of 2.8×2.2
m

width 2.5 m, width of
the base slab 7.5 m,
culvert consisting of
stone masonry piers
and reinforced
concrete lids, 2
openings with a
dimension of
3×2.5 m

Structure and
Dimension of Sluice

soft clay; pile
foundation; reinforced
concrete monolithic
base slab

fine sand; reinforced
concrete monolithic
base slab

Foundation and its
Treatment; Structure
of Base Slab

Table 10. Continued.

settlement joints widened
approximately 15 cm, seals broke;
abutment piers and guide wall tilted
and displaced.

for the old sluice settlement joints in
the culvert widened 15 to 20 cm;
stone masonry abutment piers tilted
and cracked; wooden plate of the
gate broke; for the new sluice cracks
appeared in the culvert resulting in
escape of adjacent soils and
appearance of craters

needs repair; (0); less
serious; (VII)

Main Damage
nearly completed, lids
had not been installed;
pump station to be
constructed; (0); less
serious; (VII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

323

normal; (1.5); less
serious; (VIII)

fine sand; reinforced
4.3×2.5 m
concrete base slab
reinforced
concrete flat gate,
motor operated

width 40.5 m, a breast
wall on top of the
openings, stone
masonry structure, 4
openings with a
dimension of
4×2.5 m

55; Wangtu; flood
relief sluice; (1971)

on the second main
channel, Wangtu,
Luannan County; (46);
40; (0.3)

normal; (0); serious;
(VII)

Foundation and its
Treatment; Structure
of Base Slab

soft clay; stone
2.5×2.2 m
masonry monolithic
reinforced
concrete flat gate, base slab
manually
operated

Structure and
Dimension of
Gate

width of the base slab
7 m, stone masonry
structure combining
bridge and sluice, a
breast wall on top of
the opening, 9
openings for the bridge
and 18 openings for
the sluice with a
dimension of 2.5×2.2
m

Structure and
Dimension of Sluice

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

54; Dazhuangh;e
on the second flood
guide sluice; (1971) relief channel,
Dazhuanghe, Luannan
County; (60); 80; (0.2)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Continued.

30 to 40 cm heave of the base of the
stilling basin resulting in loosening
of stone masonry, breakage of filters
and sandboils; settlement joints in
the guide walls widened 5 to 10 cm;
slough of the riprap; gates of the
lateral openings were inoperable;
liquefied sand with a thickness of 1
m deposited at a nearby house which
was cracked

cracks appeared on the hand placed
riprap, base slab and base of stilling
basin; gates of lateral openings were
inoperable; leakage through the base
slab which was constructed in 1979;
6 sandboils with a height of 9 cm
appeared on the base of stilling
basin; in 1980 the bridge deck with a
length of 14.4 m above the No. 3 and
4 openings settled 0.7 m; cavities
with a depth of 1 to 1.5 m appeared
beneath the base slab; it was
completely reconstructed

Main Damage
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not put into operation;
(0); serious; (VIII)

sandy clay; stone
masonry monolithic
base slab

on Douhe River, east
of Lifuzhuang,
Fengnan County; (36);
63; (2.5)
2.8×2.5 m gates
had not been
installed,
manually
operated

width of base slab 7.5
m, stone masonry
structure combining
bridge and sluice, 7
openings with a
dimension of
2.8×2.5 m

58; Lifu; regulation
sluice; (1975)

width 33 m, a breast
wall on top of the
openings, stone
masonry structure, 5
openings with a
dimension of
4×2.5 m

normal; (0);no damage;
(VII)

on the first flood relief
56;
channel,
Ronggezhuahng;
guide sluice; (1974) Ronggezhuang,
Luannan County; (46);
75; (0.14)

soft soil; reinforced
3×2.5 m
concrete monolithic
reinforced
concrete flat gate, base slab
manually
operated

Foundation and its
Treatment; Structure
of Base Slab

width 35m, a breast
57; Canshakou;
Liuzanmashitan,
guide sluice; (1974) Luannan County; (57); wall on top of the
openings, 5 openings
54; (0.14)
with a dimension of
3×2.5 m

Structure and
Dimension of
Gate
normal; (0); serious;
(VII)

Structure and
Dimension of Sluice

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

4×2.5 reinforced sandy clay; reinforced
concrete flat gate, concrete monolithic
base slab
manually
operated

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)
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up and downstream guide walls
collapsed; left and right abutment
piers displaced 50 cm and 20 cm
respectively towards river; 4 pre-cast
concrete bridge decks dropped in the
river, other decks displaced seriously
and had a elevation difference of
10 cm

hair cracks parallel to the river
appeared on the base slab; settlement
joints between the base slab and
apron widened; abutment piers
settled about 20 cm; cracks with a
width of 1 to 2 cm appeared on the
junctions between No. 3 to 5 piers
and walls for the supporting lift
machine; heave and boils in stilling
basin and apron; loosening of riprap.

Main Damage
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on Xinhe River,
Caigezhuang,
Qinhuangdao City;
(114); 70; (1.8)

inflated dam, 1 span
with a width of 33 m

Structure and
Dimension of Sluice

61; Hulin; guide
sluice; (1974)

on Hulin River,
southeast of
Tongjiapu, Luting
County; (81); 48; (1.0)

width 33 m , width of
base slab 8 m, a breast
wall on top of the
openings, 7 openings
with a dimension of
2.5×3.2 m

width 33 m, width of
60; Laomigou;
Laomigou, southeast
base slab 8 m, a breast
guide sluice; (1974) of Sujiapu, Luting
County; (81); 71; (1.0) wall on top of the
openings, 9 openings
with a dimension of
2.5×3.2 m

59; Xiaobohe;
regulation sluice;
(1971)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

horizontal cracks at the bottom part
of the piers for supporting lift
machine; abutment piers cracked and
displaced 1 to 2 cm horizontally;
cavities in the backfill adjacent to
the pier; cracks and settlement of the
concrete riprap on the upstream
banks; no cracks on the base slab.
horizontal cracks with a width of 1
to 2 mm on the abutment piers of the
access bridge.

normal; (0);slight; (VII)

normal; (0); slight;
(VII)

soft sandy clay up to
0.8 m was excavated
and refilled by
compacted sand;
reinforced concrete
monolithic base slab

Main Damage
normal ; (0); no
damage; (VI)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

medium sand and clay
interbeded; reinforced
concrete monolithic
base slab

Foundation and its
Treatment; Structure
of Base Slab

fine sand; reinforced
2.82×3.2 m
concrete monolithic
reinforced
concrete flat gate, base slab
manually
operated

2.82×3.2 m 2
reinforced
concrete flat gates
and 7 wooden
gates, manually
operated

33×1.8 m nylon
bag, operated by
inflation and
evacuation of
water

Structure and
Dimension of
Gate

Table 10. Continued.
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Structure and
Dimension of Sluice

east main irrigation
canal, Zhangjiafangzi,
Luting County; (59);
12.8; (2)

east main irrigation
canal, Gaozhuang,
Luting County; (62);
16.4; (5,30)

63; Zhangjiafangzi;
regulation sluice;
(1973)

64; Gaozhuang;
regulation and
diversion sluice;
(1972)

2.76×2.96 m
wooden flat gate,
manually
operated

Structure and
Dimension of
Gate
clay; stone masonry
monolithic base slab

Foundation and its
Treatment; Structure
of Base Slab

base width of
regulation sluice 5 m,
5 openings. width of
diversion sluice 30 m,
2 openings, stone
masonry structure,
opening dimension
2×2 m

fine sand; base slab
2×2.25 m
consisting of concrete
reinforced
concrete flat gate, blocks
manually
operated

fine sand; base slab
width of base slab 5 m, 2×2.25 m
consisting of concrete
stone masonry
reinforced
structure, 5 openings
concrete flat gate, blocks
manually
operated

62; Yinzhengliu;
on Xinhe River, south width 24.5 m, width of
base slab 6 m, a breast
guide sluice; (1967) of Yinjiapu, Luting
County; (58); 66; (1.2) wall on top of the
openings, stone
masonry structure, 16
openings with a
dimension of
2.5×2.8 m

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Continued.

longitudinal and transverse cracks
appeared on the base slab; right
abutment pier and guide wall
collapsed, their settlement joints
widened 10 to 25 cm; horizontal
cracks on the columns for the
supporting lift machine; part of the
hand placed riprap on the upstream
bank slid
sand liquefaction appeared widely
near the sluice which was not
damaged

a crack parallel to the river with a
maximum width of 5 cm on the
middle part of base of stilling basin,
extending to the apron with a width
of 2 cm

normal; (0);slight; (VII)

normal ;(0); slight;
(VIII)

Main Damage
normal; (0); less
serious; (VII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)
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Structure and
Dimension of Sluice

width 59 m, width of
66; Sandaohe;
on Sandaohe River,
base slab 27 m, stone
guide sluice; (1975) Daqinghe, Fengnan
County; (78); 10; (0.5) masonry culvert, 1
opening with a
dimension of 4×1.9 m

width 54 m, a breast
65; Xipaigan; guide Xipaigan, Jianhe,
sluice; (1976)
Fengnan County; (43); wall on top of the
openings, reinforced
54; (--)
concrete frame, 9
openings with a
dimension of 3×3 m

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)
Foundation and its
Treatment; Structure
of Base Slab

2.6×4.38 m
wooden flat gate,
manually
operated

fine sand; concrete
monolithic base slab

soft clay; short pile
reinforced
concrete flat gate, foundation; reinforced
concrete monolithic
motor operated
base slab

Structure and
Dimension of
Gate

Table 10. Continued.

normal; (0); serious;
(VII)

normal; (0); less
serious; (IX)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

described in example 5 in the text

cracks appeared on the base slab of 8
out of 9 openings with a width of 2
to 3 mm; 2 abutment piers tilted and
settled 5 to 8 cm; other 3 nearby
piers cracked; 22 cracks on the
breast wall with a length of 1/4 to
3/4 of the height of the wall, among
those 22 cracks the cracks in
opening No. 3, 8 and 9 passed
through the entire height of the wall;
soils behind the abutment piers
seriously cracked

Main Damage
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1

10

12

19

5

48

X

IX

VIII

VII

VI

Total

1

7

11

16

5

40

X

IX

VIII

VII

VI

Total

4

1

2

1

1

1

No
Slight Damage Serious

1

1

Less
Serious

6

1

1

2

2

Slight

1

1
4

3

1

Less
Serious

9

3

4

2

Slight

2

2

No
Damage

Sandy Clay or Medium to Fine Sand

No
Damage Serious

Sandy gravel or Hard Clay

Less
Serious

4

1

2

1

No
Slight Damage Serious

Less
Serious

6

1

1

2

2

Slight

1

1
4

3

1

Less
Serious

6

3

1

2

Slight

2

2

No
Damage

Sandy Clay or Medium to Fine Sand

No
Damage Serious

Sandy Gravel or Hard Clay

Table 12. Damage to the sluices on different foundation soils excluding piles.

Less
Serious

Rock or Weathered Rock

Number of
Sluices
Intensity
Serious

1

Number of
Sluices
Serious

XI

Intensity

Rock or Weathered Rock

Table 11. Damage to the sluices on different foundation soils.

9

4

4

1

Serious

9

4

4

1

Serious

4

3

1

Slight

No
Damage

4

1

1

2

Less
Serious

4

3

1

Slight

No
Damage

Silty Sand or Soft Clay

7

1

1

5

Less
Serious

Silty Sand or Soft Clay
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Table 13. Damage to the sluices in relation to structure of the base slab on soil.
Structure of Base
Slab

Damages

Number of
Sluices

Serious

Less Serious

Slight

4

3

pile foundation

7

monolithic slab

21

6

5

8

separated slab

7

3

3

1

35

9

12

12

Total

No Damage
2
2

Table 14. Damage to rivers and dikes.
Length
Item
23 rivers

Total Length (m)
1,799.7

Number of Structures

Damaged Length
(%)

Total Number

Damaged Number
(%)

524.3 (29)

618

462 (75)

dike along rivers

903.95

510.32 (56)

22 canals

677.73

287.67 (42)

2,531

911 (36)

61.4

61.4 (100)

7

4 (57)

dikes surrounding 3
reservoirs
guide dike

120

120 (100)
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Photo 1. Fallen stone blocks (cement mortar) at Yanghe
Reservoir parapet wall.

Photo 2. Collapse of the parapet wall at Yanghe
Reservoir.

Photo 3. Unequal settlement of the parapet wall at
Yanghe Reservoir.

Photo 4. A crack on the crest of the Huashihou Dam
above the riverbed.
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Photo 5. Cracks were found on the southern abutment
pier of the Haitian sluice.

Photo 6. A diagonal crack with a slope angle of 45
degrees on a middle pier of the Haitian sluice.

Photo 7. Collapse of the superstructure of the Xinhua sluice on the Douhe River.
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Photo 8. Damage at the Donggezhuang sluice.

Photo 9. There was no damage to the superstructures of
the Daqinghe sluice.

Photo 10. A widening of the right settlement joint near
the outlet of the Sandaohe culvert.
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Photo 11. A left settlement joint near the outlet of the
Sandaohe culvert widened and the guide wall was
displaced.

Photo 12. Collapse of the auxiliary pumping house at the
Dongzhuangzi Pumping Station.
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Photo 13. The road at the base of a dike in Leting County
cracked and settled.

Photo14. Liquefiable sand caused the bed of Wulinghe River near Shijiaziqiao
to heave.
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Photo 15. Landslide of the abutment of the approach dike at Taodi Bridge on the
Douhe River.

Photo 16. Settlement of ground around the top of a well in
Huangnizhuang.
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Photo 17. A large settlement around the top of a wall.

Photo 18. The Zhangfabao Bridge collapsed across a main irrigation canal.
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Figure 1. Location of hydraulic structures and geological boundaries (the label number of reservoir
and sluice is the same as in Tables 3 and 10).

Figure 2. The Qiuzhuang earth dam and its damage.
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Figure 3. The Yanghe Dam and its damage.
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Figure 4. The Huashihou earth dam and its damage.

Figure 5. The Maojiagou Dam and its damage.

341

Figure 6. The Xiaolongtan Dam and it damage (dimension in m).

Figure 7. The Gaojiadian stone masonry gravity dam and its damage.
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Figure 8. The Longwan Dam and its damage (dimension for dam in m; width of crack
numbers 1 to 7 are 4, 2, 2, 4, 3, 2, and 8 cm respectively).

Figure 9. The Donggezhuang sluice stilling basin and its damage (dimension in m; values in
parenthesis denote cm).
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Figure 10. Damage to the Daxinzhuang sluice (dimension: m).

Figure 11. Earthquake damage to the Xiaohezi sluice (dimension: m).
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Figure 12. Structure and damage to the Sandaohe culvert sluice (dimension: m).

Figure 13. Damage to the Heiyanzi sluice (dimension: m).
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Figure 14. Structure and damage to the Dongzhuangzi Pumping Station (dimension: m).

Figure 15. Damage to the Yangyikoutou Station (dimension: m).
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Figure 16. Damage to the Zhengbazhuang Station (dimension: m).
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DAMAGE TO HYDRAULIC STRUCTURES IN TIANJIN CITY
Liu Yisen*

I. General
Tianjin City is situated in the downstream region of the Haihe River about 80 km from
Tangshan. The main river channel of the Ziya River, the Daqing River, the South Canal, the
North Canal, the Yongding River, the Chaobai River, and the Ji Canal flows through the city to
the sea. Tianjin City includes 6 city districts, 7 suburb districts and 5 counties with a total area
of 11,269 km2 (Fig. 1). The relief is high in the north and low in the south. In the north lies
Yuanshan Mountain with its peak of 1,052 m (taking the level of Dagu as 0) and in the south is
the coastal plain with a ground level of 3-5 m. Depth of the Quaternary deposit varies greatly: in
the piedmont and diluvial region the depth is 10-200 m; in the coastal plain the depth is generally
700 m approximately and in the individual deepest depression region the depth reaches 3,000
more m.
(1) Characteristics of hydraulic structures in Tianjin
1. Most are large-sized water gates
In the Haihe River system the upstream is short and the flow is rapid, while the downstream
region is a plain with a lot of river branches, and floods easily occur in this region.
Industries in Tianjin are well developed needing a large amount of water. In order to store
water and separate seawater from river water large-sized water gates were built at most of the
estuaries in the boundary of Tianjin. Before the Tangshan earthquake there were a total of 56
gates with a capacity not less than 100 m3/sec.
2. More pumping stations for drainage and irrigation exist
In order to reduce the impact of flood, waterlog, drought and alkalization 280 State run
pumping stations had been built before the quake with a drainage area of 7,000,000 mu.
3. Embankments were built for storing water
During embankment construction in Tianjin the excavation depth generally did not exceed
4 m. Embankments were built at a site for storing water; part of the anti-flood rivers were above
ground. In the Haihe water system the flood and water logging levels were very high so that
heights of embankments were relatively high. The exposed part of the embankment, other river
crossing hydraulic structures, and elevated bridges were also relatively high.
(2) Outline of geological conditions
In Ji County north of Tianjin there is an outcrop of bedrock at Yuan Mountain but the ground
* Tianjin Municipal Hydraulic Bureau
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surface in the other regions is mainly Quaternary littoral facies, recently deposited by
continental-oceanic interaction. Soil layers mostly occur in the form of intercalated lens. The
soil is mainly cohesive soil with loam, sandy soil and silty fine sand. The soil has high
compressibility and most of it is in a saturated state. The first layer is composed of clay or loam
about 4 m thick and is more stable. The clay is yellowish-brown in color with more pores and
fissures and is in a plastic or stiff-plastic state. The clay is relatively pure in quality. The loam
is grayish-brown or gray in color being in a soft plastic state and impure in quality. Mucky clay
or a thin layer of sandy soil or fragments of shell are often intercalated in the loam. The loam
also contains organic substances having a bad odor. The second layer is mainly sandy soil with
loam, clay and silty fine sand layers as the secondary, about 4-5 m thick. The silty fine sand is
gray in color being in a saturated loose or moderately dense state. Loam and fragments of shell
are often intercalated in the silty fine sand. The clay is mostly gray in color being in a saturated
and soft plastic state intercalated with sandy soil clusters and thin layers, and some are
intercalated with loam, broken shells and sand particles. The silty sand contains organic
substances with a bad odor. The loam in the second layer is gray or yellowish-gray in color
being in a saturated and plastic-to-soft-plastic state. Distribution of the loam is variable. The
loam exists mostly in the form of lens intercalated frequently with sandy soil, a thin layer or
clusters of clay and broken shell. It also contains humid soil. The third layer is clay about 5-6 m
thick and pure in quality. The properties of the loam do not vary much. The fourth layer is
about 8 m thick containing loam, sandy soil, and silty fine sand at different depths. The fifth
layer is generally sandy soil.
(3) Outline of seismic design and workmanship of the hydraulic structures
Before the 1966 Xingtai earthquake ordinary hydraulic structures in Tianjin were not
designed for earthquake resistance, and some earthquake resistant measures were only adopted
for the weak connection of structures on soft and loose soil foundations. After the Xingtai
earthquake seismic design was made only for intensity VII. For Grade I and II hydraulic
structures design intensity was increased 1 grade based on engineering geological and
hydrogeological conditions, seismic risk and significance of the project. For Grade III hydraulic
structures it was not necessary to increase the design intensity. For Grade IV and V hydraulic
structures appropriate aseismic structural and engineering measures were still adopted and no
seismic design was needed. After the Haicheng earthquake in February 1975, all city-owned
large-sized gates built in the past had been checked for earthquake resistance by the Municipal
Hydraulic Bureau and corresponding strengthening measures were proposed. However, the
capital construction measures against earthquakes were adopted based on the above principles.
City-owned large-sized hydraulic structures were mostly constructed by professional
construction companies and quality of construction was moderate, but, for a few large-sized
gates and stations, which were built by the temporary construction groups consisting of unskilled
workers, the quality of construction was poor.
II. Damage to Reservoirs
(1) Statistics on damage
Before the Tangshan earthquake there were 2 large size reservoirs, 2 medium size reservoirs,
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6 small size reservoirs (Model 1) and 10 small size reservoirs (Model 2).
Damage degrees were classified into four classes (seriously damaged, moderately damaged,
slightly damaged and intact) based on convenience of repair and the hazard.
Statistics of damage to different reservoirs are shown in Table 1.
(2) Damage
Large and medium size reservoirs in Tianjin were damaged more seriously, while small size
reservoirs were damaged less. Damage patterns were mainly cracks and settlements which
occurred on the dam body and spillway and protection slope; seepage was increased; sand spouts
occurred and sliding occurred on local parts of the dam, etc.
Damage to parts of the reservoirs can be seen in Table 2.
(3) Typical cases
1. Beidagang Reservoir
1) The Beidagang project is situated in the coastal district in the south suburb of Tianjin.
Relief of the site is depressed with a ground surface level of 2.8-4.5m, averaging 3.5 m. After
the excavation of the Duliujianhe River in 1953, Beidagang at the end of the river became a
detention reservoir for storing water. Figure 2 shows the Beidagang Reservoir project and the
damaged locations.
The surrounding embankment consisted of the main dam, the wave protection terrace facing
the reservoir and the supporting terrace behind the water. The main dam and the supporting
terrace were compacted by roller. A clay blanket was laid on the water side of the surrounding
embankments. A drainage ditch 2-3 m deep and 3 m wide at the foot of the dam was added
about 14 m from the dam axis on the water side, for most of the dam length (Fig. 3).
During construction in the west section of the south surrounding embankment, soil materials
were not excavated for the dam according to design requirements and the dam had been
compacted by rolling. Dry volume weight of the dam soil was about 1.5t/m3. The wave
protection terrace and embankment had not been compacted by rolling. The clay blanket at the
upstream part of the dam sections in the south-west and south embankments were excavated and
moved away in the construction, exposing part of the sand subsoil.
2) Outline of subsoil at the dam site. The north embankment of the Beidagang Reservoir was
constructed by increasing the south embankment of the floodway of the Duliujianhe River in
1974. The original floodway passed through the south embankment, which was constructed
using superfluous earth excavated from the Duliujianhe River at the site of 18 flood diversion
gates at the Beidagang Reservoir. Earth was piled up to 2 m high and was not compacted so that
compaction of the earth was poor and the water content was large. Based on the test results of
280 undisturbed soil samples in 36 boring holes the soil of the original south embankment was
clay, yellowish-brown in color with a mucky substance therefore, the embankment was an
artificial accumulation of mixed structures. The dam foundation soil at the north surrounding
embankment was basically horizontal bedding at an elevation above -12 m. The soil could be
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divided into approximately four layers. The first layer from elev. 3.261 m to elev. 1.46 m was of
a yellowish-brown clay with more pores, fissures and river shells; the second layer from elev.
1.46 m to elev. -6.10 m was clayey soil grayish and gray in color intercalated with silty clay; the
third layer from elev. -6.10 m to elev. -8.7 m was of gray clay intercalated with clayey soil,
broken shell and sand particles; the fourth layer from elev. -8.7 m to elev. -11.72 m was clayey
soil, dark gray or yellow in color consisting of a mucky substance. The properties of the soil in
different layers are shown in Table 3.
The north section of the west embankment was 3.8 km in length which was built using mud
excavated from the water in 1971 and then was heightened in the autumn of 1974. The south
section was 4.6 km long. It was originally a marsh land full of reeds and was completed in the
autumn of 1974. 59 soil samples taken from 7 bore holes in the north section were tested and
conclusions from the test results are as follows:
Soil of the old embankment consisted of clay, yellowish-brown or grayish-brown in color,
and clayey soil containing grass roots and mucky substances; the structure of the soil was very
complicated having pores and fissures. The foundation soil layers of the dam above elev. -12 m
were basically horizontal which could be divided from top to bottom into 4 layers.
The first layer was from elev. 2.799 to 2.286 m. It was a diluvial clay layer of a yellowishbrown color with many pores, fissures and broken river shells. The second layer was from elev.
2.286 to -6.10 m. It was an interbedded layer of clayey soil and sandy soil grayish-brown or
gray in color. In this layer, above elev. 1.799 to 0.796 m, was a marshy layer prior to the Pluvial
period intercalated with a layer of decayed reed root and peat under which was a deposit layer of
layered structure. The third layer was from elev. -5.82 to -8.7 m. It was of a gray clay
intercalated with clayey soil and broken shells. The fourth layer was from elev. -7.6 to -11.72 m.
It was a clayey soil layer dark gray in color checkered with yellowish-green and yellowish-gray
color. The properties of soil in the layer between elev. 3.786 and 1.986 m are shown in Table 4.
A new embankment was built in the south section between stake nos. 0+000 to 3+000. Soil
layers of the new embankment from top to bottom were: (1) A layer of reed root 0.3-1.1 m thick.
It was a yellowish-brown loam consisting of a lot of coarse reed roots. (2) A clay layer of a
yellowish-brown color 0.2-0.9 m thick; it was newly deposited in the east thirty years with a lot
of pores, fissures and reed roots, the water content in the local district was large, up to 40-50%.
(3) A dark brown loam layer 0.4-0.7 m thick containing more humus substances. It was the main
layer in the range of boring. In the local region the layer contained sandy loam and a few shell
fragments. It was evaluated that the loading capacity was 11 ton/m2.
The foundation soil of the dam in the south section of the new embankment north of stake
No. 3+400 (stake No. 3+000 to No. 3+400 a transition section) was mainly loam and grayishbrown or yellowish-brown in color; the properties corresponded to the fourth layer of the dam
foundation of the new embankment in the south section between stake No. 0+000 to No. 3+400.
At the southwest embankment 262 undisturbed soil samples were taken from 30 boring
holes. The foundation soil layers of the dam at the southwest embankment were relatively
complicated, mainly containing two layers. The surface layer was muck and reed root, the
maximum thickness of which was about 0.5 m south of stake No. 11+000; north of stake No.
11+000 and south of stake No. 12+000 the maximum thickness was about 0.8 m; north of stake
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No. 12+000 the mucky layer was 0.4-1.2 m thick. The lower layer was of a clayey soil and clay,
yellowish-brown and grayish-brown in color and between elev. 2 to -2 m (3-6 m below the
ground surface) there was a light silty loam, sandy soil or fine sand layer. Particle composition
of light silty loam was 14% clay particles less than 0.005 mm; 83.5% silt particles
0.005-0.05 mm in size; 2.5% sand particles 0.05-0.25 mm in size.
At the south embankment 216 undisturbed soil samples were taken from 31 bore holes for
testing. The foundation soil of the dam at the south embankment can be divided into three
layers. The ground surface layer was muck and reed root. The second layer was of a yellowishbrown silty loam above 1.2-2.5 m thick, thin at the west end and thickness of the layer increased
gradually to the east. The average natural dry volume weight of the soil was 1.45 ton/m3 and
water content was 30%. The third layer was of a gray silty loam or clay with an unpleasant
smell. The average natural dry volume weight of the soil was only 1.3 ton/m3 and the water
content was 40% with a maximum of up to 47%. In part of the district the layer contained
fragments of shell. Sandy soil and fine sand lens were seen continuously in the bore holes
behind stake No. 3+800. The lens existed generally between elev. -1 to -6 m (5-11 m below the
surface), the maximum thickness of the layer in which the lens existed was 4 m. The content of
clay particles in the third layer was only 9-12% with an average of 14.7%. Except for the shell
fragments the largest particles were extremely fine sand amounting to 30-70% with an average
of 51.4%, the others were silt particles. Based on the simplified water injection test results at the
site permeability of the soil was 50.3-201.31 m/day, the dry volume weight (only a few samples)
was above 1.5 ton/m3, relatively densified but the water content was large.
At the dam section between stake Nos. 7+500 and 10+500 at the southwest embankment and
the dam section between stake Nos. 5+000 and 6+000 at the south embankment, compressibility
of loose sandy soil, sandy loam, light silty loam and mucky clayey soil in the dam foundation
were relatively large. When the load was 1-2 kg-force/cm2 the average value of 36 samples was
0.0312 cm2/kg-force with a maximum value of 0.056 cm2/kg-force. Natural porosity of these
types of soil was 0.82 (average of 41 samples). From the rapid shear test method the average
internal friction angle was 18° (35 samples), cohesion was 0.19 kg-force/cm2. The average
internal friction angle of 12 samples was only 10°; the average cohesion of 16 samples was only
0.115 kg-force/cm2; the average saturation (39 samples) was 91.8%.
Data of soil in different surrounding embankments used in design are shown in Table 5.
3) Earthquake damage at the Beidagang Reservoir was situated about 125 km southeast of
the epicenter; the seismic intensity was VII. The reservoir was almost empty during the
earthquake. Water from the south Haihe River system entered the reservoir through the Maquan
gate. The water level in the reservoir varied. The water level at the No. 4 gate (Liugangzhuang)
at the southwest surrounding embankment was 4.48 m and at the No. 10 gate at the north
surrounding embankment was 3.46 m. The water depth before the quake was about 2 m.
Damage to the reservoir was serious.
a) Cracks on the embankment
Ground cracks occurred at 10 dam sections with a total length of about 4 km around the
reservoir. The length of the dam sections on which cracks occurred and the No. of the stakes
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indicating the beginning and ending of the section are listed in Table 6.
The first 4 dam sections at the southwest embankment and the first 2 dam sections at the
south embankment in Table 6 were crack cluster regions, with a lot of cracks long or short.
Cracks were located on the newly built main dam, on the wave protection terrace in front of the
dam and on the original old embankment behind the dam respectively. There were many types
of cracks e.g., longitudinal cracks, transverse cracks, arc-shaped cracks and inclined cracks but
most of them were longitudinal cracks several tens of meters in length generally, and relatively
wide at the top. The width of the cracks was 3-10 cm in general, but the depth varied 2-3 m
generally, with a maximum of 8 m (some dark sand spouted from cracks at elev. -2 m).
Longitudinal cracks on the side of the wave protection terrace facing the water occurred at a
lower elevation and the largest crack was up to 1 m wide. The maximum width of cracks
occurred on the dam top, slope and supporting terrace behind the dam was 20-30 cm. Transverse
cracks were few and relatively narrow.
At the above 6 dam sections where crack clusters occurred, cracks on the first two dam
sections at the southwest embankment and those on the first two dam sections at the south
embankment were most serious. For example, there were 15 cracks on the first dam section at
the southwest embankment in Table 6 (2 on top of the dam, 3 on the slope, 3 on top of the old
embankment and 7 on the wave protection terrace) with a width of 3-10 cm. The soil mass on
both sides of the crack on the dam slope was offset 7-8 cm. Of these cracks the large
longitudinal crack on top of the old embankment at stake No. 8+500 was 20-30 cm wide (Photo
1); 2 large longitudinal cracks on top of the wave protection terrace at stake No. 8+300 were
approximately 1 m apart and the width of both cracks was about 50 cm. The soil mass between
these two cracks settled 20-30 cm (Photo 2).
On top of the dam at stake No. 4+700 at the south surrounding embankment there were 3
longitudinal cracks, all tens of meters long, 3-8 cm wide, one of which approached the dam
shoulder facing the water and another two approached the shoulder behind the water 1 m apart
from each other.
On top of the wave protection terrace at stake No. 11+950 at the south embankment there
was a fracture zone tens of meters long and 4-5 m wide. The whole soil mass in this zone settled
above 10 cm.
b) Settlement
Measured elevations on top of the dam before and after the quake are shown in Table 7.
Compared with the design elevation, 9.5 m at the top of the dam, the dam had already settled
before the quake. Therefore when evaluating the variation of elevation, local consolidation and
settlement between occurrence of the quake and 1979 should be considered.
c) Sandboils
After the quake sandboils occurred on all embankments. Most of them occurred in a range of
50 m in front of the dam and at the toe of the slope; a few occurred on the wave protection
terrace and the supporting terrace. The number of sandboils at the southwest and south
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embankment were the greatest and duration of spouting was also the longest. At dam sections
where crack clusters occurred and the width of cracks was large, spouting of sand was relatively
serious. Muddy water spouted first from vents with silty fine sand of effective particle size less
than 0.1 mm then, pure water emerged, the salt content of which was 6-11%. The duration of
spouting lasted for about a week for some sandboils and particle size of spouted sand was several
millimeters to several centimeters.
d) Cracking and failure of the wave protection wall and protection slope
The mortar-laid stone wave protection wall on the side of the Chuangang Highway became a
stone wall at the intersection of the back slope of the dam and top of the supporting terrace.
After the quake the top and face of the wall were distorted like waves and a lot of cracks
occurred. The wall also inclined. Some of the stone walls, piers of buildings at the entrance of
different embankments and protection slopes cracked or fractured in bending and some were
loosened, pulled apart or slid down. The mortar-laid stone walls and protection walls where
cracks of the dam passed through ruptured. Protection slopes on which the dam settled greatly
collapsed.
e) Slope sliding
Slope of the dam at stake No. 9+350 to 9+680 at the southwest embankment and at stake No.
4+570 to 5+800 at the south embankment slid and collapsed. In the vicinity of the dam top at
stake No. 10+400 at the southwest embankment transverse cracks and arc-shaped cracks
occurred. Obvious sliding occurred at the water facing side of the dam. The dam section at
stake No. 4+700 at the south embankment was split into three blocks by longitudinal cracks.
Evidence of sliding was found along the dam foundation for the upstream and downstream dam
mass. Sliding of the wave protection terrace at stake No. 11+900 was more serious. The ground
at the dam toe was heaved up; a shallow layer of sliding was more than the deep layer.
2. Yuqiao Reservoir
1) Outline of the project
The Yuqiao Reservoir was situated in the valley of the Zhouhe River in Ji County (Fig. 4)
containing a basin area of 2,060 km2. As designed, the reservoir included five projects namely, a
homogeneous earth dam, a flood discharge outlet, a spillway, a drainage outlet and a power
plant. In 1960 only a flood discharge outlet and a homogeneous earth dam were completed. The
earth dam was 2,215 m with a maximum height of 22.75 m and the design elevation on top of the
dam was 27.5 m (Fig. 5). The flood discharge outlet was 5.9 m wide, 6 m high and 55 m long,
the maximum flood discharge capacity was 305 m3/sec. In 1966 a spillway was built
successively which was 80 m wide with a bottom elevation of 23 m and capacity of the spillway
was 780 m3/sec. Total capacity of the reservoir was 13.56x108m3 and normal water level was
18.65 m. The dam was lightly rolled and compacted manually (Fig. 6).
Dam foundation and seepage proof measures were not perfectly done. A catch-drain was not
made for the connection of the dam and the hill on the south bank. A clay blanket 200 m wide
was placed on the front of the dam, and no grouting or other seepage proof measures were
adopted, therefore anti-seepage effect was poor. Inside the dam no core wall or sloping core was
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made against seepage, so seepage head could not be lowered effectively, with the result that the
immersion line inside the dam was relatively high and a comparatively high water head still
existed on the downstream slope surface of the dam. At the dam section between stake No.
0+360 and 0+600, mucky intercalation of the old river channel at the dam foundation had not
been removed. At the dam section where earth was poured into the water the saturation of soil
was above 80%. In 1960 an inspection of workmanship was made of the dam under elevation
23 m and tests were carried out and the results are shown in Table 8.
In 1960 flood retaining occurred temporarily, and seeping occurred when the water level of
the reservoir reached 17.4 m causing occurrence of marshland and sandboils in a range of 70 m
in the downstream direction of the dam. Afterward, a seepage pond was formed at the original
riverbed under the dam. In 1961 a load reducing ditch was built additionally seepage was then
reduced.
Seismic design of the dam was carried out. The soil was considered to be heavy silty loam,
the clay particle content of which was 25.5%, specific gravity was 2.7, designed dry volume
weight 1.53-1.60 ton/m3, internal friction angle was 10-13%, cohesion was 2.0-2.6 ton/m3, and
P.I. was 12.9%. Safety factors for the dam in seismic design are listed in Table 9.
2) Subsoil at the dam site
The Yuqiao Reservoir was situated at the edge of a mountain basin from which the Yuqiao
anticline inclined eastward. On the left bank of the Zhouhe River the elevation of the surface
was 10-24 m. The lowest elevation at the bottom of the Zhouhe valley was 4.75 m. Most of the
surface was Quaternary diluvium and alluvium and the depth of the greatest overlying layer was
up to 30-40 m. A loam layer that extended continuously only existed in the first-order terrace.
Other layers existed in the form of lens. The Quaternary overlying layer could be divided into
approximately six sub-layers:
a. sand layer
It was distributed mainly in the vicinity of the main river channel i.e., at the dam section
between stake No. 0+730 and No. 0+980. The buried depth of the layer was 3-11 m, the
thickness was 1-6 m. The layer was in the form of lens. It consisted mainly of very fine sand
and fine sand, was yellow or gray in color with two grades of particle size generally, i.e.
0.25-0.5 mm and 0.1-0.25 mm. The grading was relatively uniform. The coefficient of
uniformity of sand was 2-4; in general penetration blow was 1-2. During boring, sand often
spouted out from the borehole showing that the structure of the sand was extremely loose. Based
on the pumping test results, permeability of fine sand was 5.7 m/day, that of medium sand and
coarse sand was 15.3 and 30.0 m/day respectively.
b. silty sand and silty loam
Silty sand was distributed at the dam section between stake No. 1+230 and No. 1+630, 3-6 m
deep, 1.5-2 m thick, grayish-brown in color and in a plastic flow state. Silty loam was
distributed at the dam section between stake No. 0+910 and No. 1+160, 5-9 m deep, 0.5-2.2 m
thick, grayish-brown in color.
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c. sand-gravel layer
This layer was distributed at the bottom of the river valley and on the right side of the main
river channel, i.e. around stake No. 0+800 and No. 1+100, 6-23 m deep, about 10 m thick in
average with a maximum thickness of 17 m. Gravel content of the layer was 40-60% and sand
particles were medium to coarse sized approximately 1 mm. From upstream to downstream,
sand particles became finer and the content of gravel was smaller. Permeability of this layer was
11.8 m/day.
d. clay intercalated with sand and cobble, and clay intercalated with gravel
This layer was distributed at the dam section south of stake No. 0+700 with a buried depth of
0-11 m and a thickness of 1-6.5 m and north of stake No. 1+100 with a buried depth of 3-33 m
and a relatively large thickness the maximum of which was up to 17 m. Particle size of the soil
was relatively uniform of which 17.4% was 40-80 mm, 15.8% was 20-40 mm, 20% was 520 mm, 18.8% was 2-5 mm, 19.5% was 0.5-2 mm, and 8.5% was below 0.5 mm. The
penetration blow number was 30-50 and the soil was in a densified state.
e. clayey soil
This layer existed near the surface of the first-order and second-order terrace north of stake
No. 0+800 with a thickness of 1-6 m and brownish-yellow or brown in color. The layer
consisted mainly of silt and clay particles with P.1. 10.6-14.3, natural porosity 0.446-0.698,
compressibility 0.017-0.03 cm2/kg-force, internal friction angle 12-21, cohesion 0.498 kgforce/cm2.
f. clay
There were two clay layers. The first layer was distributed in the depression of the residual
hill on the south side of the main river channel, i.e. at the dam sections between stake No. 0+000
and 0+250 and stake No. 0+500 and 0+800. The layer was brownish-red in color with a buried
depth of 0-6 m, thickness of 0.7-3 m, porosity of 0.67-0.80, compressibility of 0.019-0.034
cm2/kg-force, internal friction angle of 24.5-25.5°, cohesion of 0.51-0.58 kg-force/cm2. The
second layer lay at the dam section between stake No. 1+300 and 1+680 with a buried depth of
12-19 m, thickness of 0.8-5.0 m, P.1. of 13.7-21.6, internal friction angle of 17-20.5°, cohesion
of 0.32-0.68 kg-force/cm2, compressibility of 0.012-0.032cm2/kg-force, porosity of 0.648-0.783.
The clay was brownish-yellow in color with a densified appearance and in a plastic state.
The underlying bedrock of the dam foundation was Mt. Wumi limestone of the Ji County
Series, Sinian Period, inter-bedded with siliceous limestone and marl, inclining in the upstream
direction. The strike of Fenghuang Hill strata on the right bank was NW 40-60°, with a dip 1823° inclining to the northeast. The strike of Cuiping Hill strata on the left bank was NE30-40°,
with a dip 18-20° inclining southeast. A fissure of siliceous limestone was developed, minimum
thickness of the layer was less than 1 m and the maximum might be more than 15 m. Unit water
absorption less than 0.05 lit/min made up 8% of the layer; 0.05-0.10 lit/min made up 5%; 0.1-1
lit/min made up 26%; 1-10 lit/min made up 48%; greater than 10 lit/min made up 13%. Marl
was light gray in color the thickness of which was less than 1 m and the greatest thickness might
reach more than ten meters. It might be easily weathered as cohesive soil of light gray color.
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Weathered depth of bedrock on the surface was 3-5 m. The core was rather fractured with an
average core recovery of 23-30%. Karst generally existed above elev. -39 m. The longest karst
cave was up to 8 m; under elev. -39 m karst was not often found.
3) Earthquake damage to the reservoir
The Yuqiao Reservoir was situated about 85 km northwest of the epicenter. During the
quake the water level of the reservoir was 16.57 m, the maximum water depth was 11.82 m.
a. ground cracks
The zone where cracks mostly occurred was at the dam section between stake No. 0+750 and
No. 0+930. On the downstream slope of the dam at stake No. 0+900 two groups of cracks
parallel to the dam axis occurred near the bottom of the slope. In one group there were 3 cracks
with spacing 2-3 m, with a length of 80 m, 30 m, 4 m and a width 15 mm, 2 mm and 2 mm
respectively. There were 5 cracks in the other group with spacing 2-3 m, with a length of 40 m,
60 m, 9 m 7 m, 8 m, and a width of 3 mm, 3 mm, 2 mm, 2 mm, 3 mm respectively. After
relatively strong aftershocks no obvious change was found for these two groups of cracks.
Visible ground cracks, 19 in total, existed in a range of 160 m in width away from the bottom
of the downstream slope. The length of cracks was generally 3-7 m or 20-29 m for longer
cracks; the width of cracks was less than 10 cm while the longest crack was 35 cm wide which
was located 105 m away from the bottom of the downstream slope at stake No. 0+838. Cracks
were parallel to the original river channel and flood land in general. For one of the longer cracks
with a width of 10-15 cm on the ground, the width was found to be 3 cm when excavated 2.6 m
deep.
A crack 2-3 cm wide was seen on the brick wall of a duty room near the flood-discharge
gate. Some minor cracks were also found on the stone wave protection wall on top of the dam.
b. sandboils
Of the above-mentioned 19 cracks, away from the bottom of the downstream slope, sand and
water spouted out from 18 cracks. The spouted sand was silty fine sand, black or yellow in color
with a particle size of 0.1-0.25 mm. Sand spouted seriously from 3 cracks located 105 m away
from the bottom of the downstream slope at stake No. 0+838, 36 m at stake No. 0+810 and 56 m
at stake No. 0+900 respectively (Photo 3). Yellowish-white bubbles emerged on about half of
the water surface of the seepage pond (150 m long and the greatest width 100 m) at the
downstream dam section on the main river channel (Photo 4). The bottom of the seepage pond
was originally part of the Zhouhe River channel, the elevation of which was 5-6 m.
c. seepage
The amount of seepage increased after the quake. Taking the No. 2 measuring point behind
the dam at stake No. 1+020 as an example, seepage was 50 lit/sec when the reservoir water level
was 16.48 m as measured on July 26, 1976. At 6:10 a.m. on the morning of July 28, seepage was
105 lit/sec and the reservoir water level was 16.58 m. After August 6, 1976 seepage recovered
to normal conditions.
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The earthquake caused an increase of seepage pressure in the dam foundation. The water
level of different pressure measuring boreholes at the dam sections on the main river channel
increased noticeably from July 26, 1976 and greatly increased on July 28, 1976. Increased
seepage head was about 0.5m. From August 8, 1976 onward, seepage pressure gradually
decreased. It was also shown in the pressure measuring borehole in the vicinity of the
longitudinal axis of the flood-discharge gate that seepage pressure increased after the quake.
Comparing the water level in the No. 2 and No. 3 boreholes vs. the past water level of the
reservoir it was found that increased pressure was about 1 m.
d. settlement and deformation
On July 10, 1976 and August 10, 1976, elevations of 35 benchmarks at 9 cross-sections of
the dam were measured. Of these, 5 benchmarks raised 1-4 mm: the No. 11 benchmark uplifted
4 mm; the No. 10 and No. 32 benchmarks 3 mm; the No. 9 and No. 20 benchmarks 1 mm; 26
bench marks settled 1-6 mm generally; larger settlements were 7 mm (No. 13 benchmark), 9 mm
(No. 5 benchmark), 11 mm (No. 15 benchmark) and the maximum 19 mm (No. 16 benchmark).
No variation was found for 4 benchmarks (Nos. 8 18, 19 and 27).
Twelve benchmarks at four corners of the water inlet tower of the flood discharge gate and
on both side walls of the water outlet of the discharge gate were measured. Deformation of these
structures was very small, no greater than 2 mm.
Five measuring points away from the bottom of the downstream slope of the dam section
between stake No. 0+800 and No. 1+600 were measured, with the result that only the No. 2
measuring point on top of the weir at stake No. 1+020 raised 18 mm and the remaining points
lowered: 100 mm at No. 3 point; 60 mm at No. 4 point; 66 mm at No. 5 point on top of the weir
at stake No. 0+800; and 15 mm at the No. 1 point on top of the weir at stake No. 1+600.
In the vicinity of the discharge ditch at the dam toe at stake No. 0+904, boulders of the
protection slope shifted 2-3 mm.
III. Damage to Water Gates
(1) Damage statistics
There were 56 gates with a capacity of no less than 100 sec-m3 in Tianjin. Statistics of
damage to these gates are listed in Table 10.
(2) Damage patterns
Damage survey results for the main gates are summarized in Table 11.
(3) Typical cases
1. New flood prevention gate across Ji Canal
1) Outline of the project
The gate was situated in Beitang in Tanggu District at the mouth of the Ji Canal (Fig. 1). It
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was used to prevent flooding, to store pure water, and to discharge water during floods.
The design water level of the gate was 2.5 m and 14 openings were installed in which 8
openings in the gate chamber were deep ones, and two openings on both sides of the chamber
were a step-wise type. Adjacent to the side opening there was also a fishway and a fixed
concrete gate. The clear width of all openings was 8 m. The gate had two steel plates as its
closures, one on the top and the other on the bottom and a machine was used to open or close the
gate. The fishway was situated between the side opening and the bank wall structure; and the
operating house was situated in the middle of the bank wall. The bank wall and the fishway
were built on the same R.C. bottom plate 5-8 m wide and 0.8 m thick within a length where the
operating house and the gate chamber were located. The fishway was 2 m wide with a bottom
elevation of -1.0 m. Figure 7 shows the general plan of the new flood prevention gate across Ji
Canal. The gate chamber was 17 m long, and the gate pier was 1.3 m wide. In the upstream
direction there was a highway bridge, while in the downstream direction there was a working
bridge with a single lane. In the middle of the gate chamber there was an elevated bridge. The
elevation of the different parts of the gate is shown in Figure 8. A R.C. core pile foundation and
separated bottom plates were adopted. At the bottom of each gate pier two rows of core piles
spacing 85 cm were installed. On the bottom of the No. 4 and 12 gate piers 6 piles were driven
in each row; No. 3 and 13 gate piers 4 piles for each row; No. 2 and No. 14 gate piers 5 and 4
piles for each row respectively; No. 1 and No. 15 gate pier 6 and 5 piles for each row
respectively. Elevation at the bottom of the piles was -19.3 to 22.3 m. The gate was subjected to
water pressure in two directions therefore, a blanket in the upstream direction and a still basin in
the downstream direction were installed; both were connected to the pier and bottom plate with
anchoring bars in order to resist floating force subjected by the bottom plate supplementary. At
the seepage outlets high quality anti-seepage layers were installed in both the upstream and
downstream directions. A concrete seepage prevention blanket was constructed at both the
upstream and downstream slopes near the wing wall. The upstream blanket was 15 m long and
the downstream apron was 16 m long. Plastic cut-off zones were installed between the pier and
the separated bottom plate and also between the gate chamber and the blanket or apron (Fig. 8).
Strength, permeability, freezing and thawing grades of concrete at different parts of the gate
are listed in Table 12.
2) Outline of the subsoil at the site of the gate
Five boreholes were drilled at the site of the gate (Fig. 9), which was situated in a recently
deposited shallow sea zone. The soil was divided into three layers according to lithological
features. The first layer was silty clay grayish-black in color with intercalation layers of clay and
light loam. In the clay there were mica and humus substances. The layer was of a horizontal
stratification and the water content was greater than the liquidity limit for a flow state. Elevation
of this layer was 3.5-5.0m. The second layer was clayey soil containing mica, humus
substances, shell and iron “ginger nuts” on the bottom. This layer was divided into three sublayers: 1) at elevation -5.0 to -13.5 m the sub-layer was a rather soft gray clayey soil and at the
top clay and clayey soil intercalations of horizontal stratification often existed. In the middle of
the sub-layer the soil was uniform and on the bottom a mixture of a lot of oyster shell fragments
and clayey soil about 1 m thick existed. Water content of the sub-layer was greater than or
approached the liquidity limit. The soil was in a flow-plastic or soft-plastic state with a poor
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consolidation. 2) At elevation -13.5 to -22.5 m the sub-layer was clayey soil, light gray in color.
The soil was rather uniform frequently inserted with lens. Water content of the sub-layer was
less than the liquidity limit. The upper layer of the soil was in a soft-plastic state and the lower
layer in a hard-plastic state. 3) At elevation -22.5 to -25.5 m the sub-layer was heavy clayey soil
grayish-yellow in color, the water content of which was relatively low and in a hard-plastic state.
In the vicinity of elevation -22.5 m there was an interbedding of sandy soil 0.5 m thick and
grayish-yellow in color. The sand was not uniform in feature containing artesian water. The
third layer was yellowish-brown sandy soil at an elevation of -25.5 to -30.5 m containing
artesian water. The main properties of the layers are shown in Table 13.
The pile foundation base was located on the hard-plastic clayey soil layer, light gray in color.
The base elevation of the bottom plate at the central opening of the gate was -5.4 m on a softer
clayey soil layer gray in color. The side openings, fishway and gate warehouse were all located
on a light black silty clay layer.
3) Damage to the gate
a. Damage to the bottom plate and water inlet and outlet
After the quake divers were sent to survey the bottom of the gate. The first survey was
carried out October 6-9, 1976 during the flood period, discovering damage to the 8th opening
from the left was relatively serious and the settlement joint between the gate chamber and the
still basin opened 3 cm with a depth of 10 cm. The bottom of the opening cracked on both sides.
A crack 5 cm wide occurred on the right side of the 14th opening from the left (i.e. the right side
opening), extending along the threshold to the left for 50 cm and then dividing into 3 branches:
one near the upstream side was 5 cm wide; the middle one was 3 cm wide; the other one near the
downstream side was 1 cm wide. The cracks then extended in the downstream direction 2.1 m
away from the right ditch entering into the muck. Cracks also occurred on the threshold of the
first opening (the left side opening) and at the connection of the bottom plate and protection
slope where seepage occurred.
Damage to settlement joints at different gate openings is listed in Table 14.
Seepage and bubbles that emerged on the right bank were more serious than those on the left
bank (Photo 8).
In April 1977, the water level of the gate was lowered and the threshold of both side
openings and paving were exposed above the water surface. After the flood tide, muddy water
emerged in many places at the joint slope and bottom plate of the terrace in a range of 3-25 m
from the gate in the upstream direction on the right bank, with a total discharge equivalent to the
pumping amount of a 4 in. pump. The greatest amount of emerged water was at the intersection
of the R.C. bottom plate of the terrace and the rubble slope. A crack that occurred at the
intersection was 50 cm long by 20 cm wide and its measured depth was 1.2 m. In low tide a hole
50-60 cm in diameter and more than 2 m deep could be found at the intersection of the R.C.
bottom plate and rubble slope on the right bank in the downstream direction. Above the hole a
depressed deep ditch occurred on the side of the terrace of the slope.
Similar to the right bank, water slightly emerged at the corresponding location on the left
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bank. Outside of the fishway in an upstream direction one small water emerging hole was found.
One water emerging hole about 30 cm in diameter was found at the outlet of the fishway in a
downstream direction.
In May 1978, the water level of the gate was lowered to -1.5 to -2.0 m. During high tide
seepage at the slope on the right bank increased. The height of water which spouted from the
joint between the upstream blanket and the anti-seepage section was as high as 30-40 cm with an
amount of seepage about 200 lit/sec.
On June 3, 1978 just before the flood the deposited mud at the gate was rather thick and
divers were sent to survey the seepage at the downstream fishway on the right bank, finding that
water flowed out from the settlement joint behind the bank wall. On that day the flood level
downstream was +0.5 m; and the upstream water level was -0.7 m. Red pigment was cast into
one of the seepage holes at the mouth of the downstream fishway on the right bank. After a
period of 3 minutes, red water from the upstream water emerging hole was seen, including a
depth from the surface of the water to the hole. The linear seepage path was about 40 m with a
mean seepage velocity greater than 0.22 m/sec. When the flood level was 1.5 m higher than the
upstream water, seepage of the upstream blanket was about 100 lit/sec. Then the rubble paving
at an elevation of -0.5 m on the right bank was excavated deeply for an area of 2 m2, finding that
the anti-seepage materials under the permeable concrete plate near the concrete slope had flowed
away; the concrete plate being suspended with the largest cavity of 50 cm in diameter.
After the anti-seepage materials were refilled, seepage water became clear. However, during
the flood season of 1978 the anti-seepage layer was demolished leaving only wire cases with
rubble. In April 1979 waves and bubbles emerged from the downstream fishway on the left bank
and one large seepage hole was found. The amount of seepage was evaluated to be greater than
100 lit/sec.
Water levels in the pressure measuring boreholes both in an upstream and downstream
direction under part of the bottom plates basically kept equal, obviously showing that the
seepage went through the bottom plates. In order to understand seepage under the bottom plate,
water injection tests were performed on boreholes after the quake. The test procedure was as
follows: water was filled up to the top of the borehole till relatively small absorption. Then,
water was filled again with a bottle keeping the water level the same as the borehole opening.
The time required to pour out one bottle of water was calculated by a stopwatch. For boreholes
with large absorption, water was filled by a water supply pipe. Test results are listed in Table
15.
Absorption of boreholes under the piers was mostly greater than 84 lit/min, showing that
some of these boreholes were connected under the bottom plate.
When grouting was carried out on the right side of the gate and fishway it was found that a
seepage path had been formed under the settlement joint, fishway, bottom plate of the bank wall,
bottom plate of the downstream wing wall and the concrete protection slope. Mud spouting was
also found on the downstream side of the bottom plate at the right side of the gate where many
seepage holes occurred.
b. Damage to the gate pier compared to the displacements before the quake. Vertical
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displacements (settlements) of different gate piers in an upstream and downstream direction are
shown in Table 16 and Table 17 respectively. The No. of the gate pier begins with 1 from the
left bank successively.
From these tables settlements of the piers near the right bank were all greater than those near
the left bank. Those in the downstream direction were more obvious. During the aftershocks, all
piers had a tendency to increase gradually in elevation. Due to raising of the gate chamber and
collapse of the embankment, the river channel in both the upstream and downstream directions
became narrow and choked up influencing the flow passing the gate and the storing capacity of
the channel. Before the quake, when the upstream water level at the gate was 2.5-2.7 m, wheat
was able to be cultivated in the flood land section of Ninghe County; after the quake when the
water level became 2.1 m the land was flooded.
Based on the construction reference line formed by red painted benchmarks on different gate
piers and the straight line connected by the above gate closures in a downstream direction,
relative horizontal displacements between side piers on the left and right bank and different gate
piers were measured with a + sign representing the downstream direction; and a − sign for the
upstream direction. Measurement results are listed in Table 18.
From Table 18 it is seen that piers at the central gate openings all displaced 8.5-12.7 cm
horizontally toward the upstream direction relative to the side piers on the left and right banks,
with an average of 10.87 cm.
Variation of vertical displacements and relative horizontal displacements of gate piers caused
deformation of gate closures affecting the opening of closures and splitting the sealed joint, thus
the resulting seepage was serious and seawater poured in polluting the water upstream. It was
the flood season when the quake occurred. It rained day after day and the inland region was
seriously flooded. The upper gate closures could not close or open due to displacements. Lower
gate closures at 8 out of 10 openings were able to be lifted with difficulty during a discharge of
800 m3 /sec. The right end of the gate closure at the third opening could not be lowered to the
bottom leaving a space of 4 cm. Divers could not stand steady at this location. In a downstream
direction from the 3rd gate pier from the left, water spouts and bubbles emerged at many places
during the fall of the tide. Seepage existed for gate closures at 9 openings including that of the
fishway. Of these openings, seepage of closures at 4 openings was particularly serious. The
amount of seepage at the fishway was also great. Total seepage at the gates was about
0.4 m3/sec.
After the quake an inspection of the piers above the water level was carried out. It was found
that oblique cracks with an inclination of approximately 45° and length of 20-60 cm long
occurred mostly at the connection of the pier and cap beam of the highway bridge in the
upstream direction.
c. Damage to the R.C. columns supporting the elevated bridge. There were 6.5 m high with
a cross-section of 40-50 cm. During the quake 8 rows of H-section columns and 13 rows of Isection columns all fractured horizontally at the bottom, about 1 m above the top of the pier.
The 8th I-section column from the left inclined noticeably. Cracks on this column were the
greatest with a width of 2 mm. The crack on the fixed end of a tie beam supported by H-section
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columns between the No. 8 and No. 9 pier was also the greatest, 3 mm in width. The width of
other cracks on the beam were about 2 mm. A pair of I-section columns on top of piers near the
left bank tilted 18 cm and 12 cm respectively in a north-east and south-east direction.
All T-section beams of the elevated bridge above the upper gate closures were displaced.
Those at the No. 1-No. 7 openings displaced towards the downstream direction and then fell
down. Those at the No. 1-No. 6 openings all dropped on the working bridge. The left end of the
T-section beam at the No. 7 opening fell down while the right end was suspended due to the
support of a rail of the mobile gate opening machine (Photo 9). T-section beams at other
openings displaced generally toward the downstream direction and left bank. The maximum
displacement was 0.5 m toward the downstream direction and 11 cm toward the left bank
respectively. Out of 3 mobile gate opening machines one was thrown down on the working
bridge and damaged.
The elevated bridge above the lower gate closures drifted completely and part of the
banisters fractured and overturned with their concrete supports. Concrete at the end of the bridge
slab cracked. Concrete of the bridge at the No. 6 opening, facing in a downstream direction,
cracked by pounding. Part of the elevated bridge to the right of the No. 3 gate pier moved
toward the right bank enabling the gate closure to open. The expansion joint of the No. 2 gate
pier was pulled apart along the elevated bridge, the width of the joint increased to 15 cm in the
downstream direction and 27 cm in the upstream direction.
Measured longitudinal displacements (perpendicular to the flow) of the slab of the elevated
bridge above the lower gate closure to the east are shown in Table 19.
Visual measured transverse displacements of T-beams at the elevated bridge and of pier caps
are shown in Table 20.
d. Damage to highway bridge and working bridge
Main damage patterns were up-warping and bending of part of the bridge deck, some
banisters fractured, bridge slabs and beams displaced. Ground settled at both ends of the
highway bridge.
The working bridge collapsed due to falling T-beams of the elevated bridge. A total of 9
beams were damaged; 6 were out of use and 3 might be able to be used after repairs. Part of the
bridge slabs dislocated in a downstream direction, part of the banisters were damaged and
ground at the end of the bridge settled (Photo 10).
c. Damage to operating house, gate reservoir, bank wall and wing wall
Settlement of operating houses at both ends of the gate were all greater than 13-14 cm and
differential settlement also occurred causing the houses to tilt.
The platform on the 2nd floor of the left operating house tilted 18 cm to the east and 31 cm to
the north. Settlement of the southwest corner was 24.5 cm greater than the northeast corner.
The right operating house departed from the elevated bridge and moved 46 cm to the west
(Photo 11). Cracks of different extents and settlement occurred on the canopy over the entrance,
on columns, on banisters and on the ground surface of the operating house.
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The joint between the bank pier and water prevention wall in the upstream and downstream
direction was pulled apart. The sealant was split resulting in serious seepage occurring. In the
upstream direction the width of cracks on the left bank was 18 cm; the downstream direction was
13.4 cm which caused seepage at the gate reservoir. Depression occurred at the connection of
the upstream bank wall of the right bank forming a pit 3 m deep with water in it.
There were three sections of the downstream wing wall. Settlement joints between the
adjacent sections were pulled apart and the sealant split. Three sections of the wing wall were
dislocated. Cracks, dislocation, and tilting occurred in many places of the wing wall of the
fishway. Cracks on the left bank of the fishway were more serious than those on the right bank.
A section of wall, more than 10 m in length, in the upstream fishway on the left bank fell into the
water after fracturing and overturning (Photo 12).
f. Damage to protection slope
Fifteen longitudinal and transverse cracks occurred on the protection slope of both banks in a
downstream direction. Relatively large cracks occurred at the connection of the concrete slope
and mortar-laid rubble slope on both banks, with the greatest width of 6.3 cm. Serious
settlement also occurred. The average depth of settlement reached 1 m. There was 100 m2
downstream of rubble slope and approach slope for the operating house, which needed to be
rebuilt or repaired to great extents.
g. There was damage to houses of the Gate Administration Office, enclosure walls, roads,
water tower, well and hydrology automatic recording house, etc. In the region of the Gate
Administration Office ground cracks were distributed in a checker shape most of which had a
north-south strike; a few had an east-west strike. The total building area of the Gate
Administration Office was 2,600m2 of which only the isolated houses, such as the janitor house,
store, small oil depot, transformer house, and toilets were basically intact. The other buildings
such as the office building, dormitories, warehouses and repairing workshop, about 1,100m2 in
the total building area, and most of the enclosing walls were cracked, deformed or partly
collapsed.
The water tower tilted 6 cm to the south-east. X-cracks occurred on the west side surface of
the brick cylinder of the tower.
A pumping well 317 m deep was out of use and the water pipes were damaged.
Two steel towers supporting the cable for recording hydrology data in the upstream direction
were displaced toward the center of the river. The distance between the towers was reduced to
about 10 m. The suspension cable fell into the river. A main cable tower on the side stream
inclined toward the center of the river. A small bridge connecting the hydrology recording house
and the left bank in the upstream direction (total length, 66 m; the first span of the bridge was 20
m and more) collapsed and fell into the river with the recording house. Cracks on the remaining
abutment of the bridge reached 35 cm in width.
After the quake serious seepage occurred due to the fact that gate closures were unable to
open or close completely. In the upstream and downstream direction of the gate piping occurred
in many places allowing seawater to flow in so that the river water became salted rapidly.
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2. Old flood prevention gate across the Ji Canal
1) Outline of the project
The old flood prevention gate across the Ji Canal built in 1967 was 3.9 km to the north of the
new floodgate at the entrance of the new Yongdinghe River (see Fig. 1). The flood discharge
water level was 2.73 m and 2.50 m at the upper gate and lower gate respectively. There were a
total of 9 openings in the gate and the clear width of each opening was 8 cm. The bottom plate
of #200 reinforced concrete was divided into three plates, one for each of the three openings.
The width of 2 side plates was 29.5 m while that of the central plate was 29 m; the plates were
separated by a joint. The bottom plate of the gate chamber was 18 m long and 1.8 m thick. Gate
piers were made of #150 concrete, 17 m in length. The middle pier was 1.5 m thick, the
adjoining piers were 2.0 m thick and the side piers were 1.0-1.5 m thick. Side piers were
separated from the bank and in the space between the side pier and bank a water sealed
settlement joint was installed. A highway bridge and working bridge were built upon the piers
and they were formed by a #250 R.C. frame and pre-cast #250 R.C. slabs. Elevations of
different locations of the gate chamber were: top of the bottom plate -6.0 m; top of piers and
deck of the working bridge 4.7 m; deck of the highway bridge 5.5 m; and deck of the elevated
bridge 12.6 m. The cross-section of the H-section columns and tie beams of the elevated bridge
was 40x40 cm; the center-to-center distance between the two columns was 3.2 m and the clear
height of the columns was 4.8 m. There was a concrete support for each column 1.4 m high, 1.6
m long (in the flow direction) and 0.6 m wide in size. The center line of the tie beam was 2.6 m
from the bottom of the column. The beam was 0.6 m wide, 0.7 m high and 4.56 m long with an
elevation on top of the beam of 11.6 m. The deck of the elevated bridge was 6 m wide formed
by 3 T-beams. The bridge had two lanes in opposite directions. The deck of the highway bridge
was 4.5 m wide including two sidewalks and a banister each 1.0 m wide formed by 5 rectangular
slabs. The deck of the working bridge was 2.5 m wide formed by 3 rectangular slabs. Gate
closures were made of a R.C. beam and a wire-mesh reinforced concrete slab. There were two
closures at each opening, one on top the other on the bottom. The total height of the gate
closures was 10.7 m operated manually or electrically by a 50 ton mobile opening machine.
Both the upstream R.C. blanket and the downstream R.C. stilling basin were connected to the
bottom plate by steel bars to prevent sliding. The total length of the underground seepage path
was 49.35 m, this was 7.4 times the greatest difference between the upstream and downstream
water head. The R.C. bottom plate of the gravitational walls at two sides of the gate was 18 m
long and 6 m wide under which two rows of R.C. shaft pile were driven with 8 piles in each row.
The pile was 29.8 m long, 75 cm in diameter. The elevation on top of the pile was -1.5 m and 31.3 m on the bottom. Between the elevation of -1.5 m and -7.8 m was filled land, not
considered in the determination of buried depth of the pile.
2) Outline of foundation soil at the gate site
A row of boreholes was drilled in both the center line of flow and at a distance 50 m away
from both sides of the gate respectively. There were 3 bore holes in each row with spacing of
25 m and 30 m thus, a total of 9 holes were driven. The foundation soil of the gate was mostly
an interbeded mixture of cohesive soil and sandy soil. The soil could be divided into 7 layers:
The first layer was a clay layer from an elevation of 3.42 m to 1.0 m. The content of clay
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particles decreased from top to bottom and then the soil became silty loam. In the vicinity of the
elevation 1.0 m there was a weak loam layer of extremely low strength.
The second layer was a mixed layer from an elevation of 1.0 m to -10.6 m. The soil was
mostly a mixture of loam and sandy loam sometimes intercalated with lumps of clay or clay and
was not constant in strength. However, under the gate chamber there were two layers, mainly
composed of sandy loam of high shear strength. Especially below the elevation of -7.5 m there
existed a sandy loam layer about 1.5 m thick, able to be a bearing stratum for buildings.
Fragments of shell generally existed concentrated from an elevation of -5.0 m to -6.05 m and
from an elevation of -8.5 m to -12.0 m. Fragments of shell combined well with the soil.
The third layer was from an elevation of -10.6 m to -12.8 m. It was a loam layer with much
sand, the color of which became light from dark with depth and particles of which became coarse
from fine with depth.
The fourth layer was a sandy loam layer from an elevation of -12.8 m to -14.7 m.
The fifth layer was relatively pure fine sand from an elevation of -14.7 m to -17.4 m with
uneven particles more densified. The unit of volume weight and strength of the soil was large.
The sixth layer was a loam layer from an elevation of -17.4 m to -21.5 m intercalated with a
lot of ginger nuts. Part of the layer was similar to cohesive soil.
The seventh layer was a sandy loam layer, brownish-yellow in color from an elevation of
-21.5 m to the very bottom of the borehole.
Average values of two quick shear test results from samples taken from an elevation of
-8.5 m to -15.0 m were used in the stability analysis of the gate chamber i.e., 14.5° for internal
friction angle and 0.12 kg-force/cm2 for cohesion; and average values of samples taken from an
elevation of -7.0 m to -11.0 m were used in the stability analysis of gate piers, bank walls and
wing walls i.e., 11° for internal friction angle, 0.12 kg-force /cm2 for cohesion. Average values
of samples taken from an elevation of 3.0 m to -6.0 m were used for filled land i.e., 18° for
internal friction angle, 0.11 kg-force/cm2 for cohesion.
3) Earthquake damage
The water level at the gate was 2.81 m during the quake. Direction of flow was from southeast (left bank) to north-west (right bank).
The elevated bridge completely collapsed (Photo 13) and bridge columns fractured at the
bottom. Gate closures of five openings were demolished in which those in the No. 4 and No. 5
openings fell in the river and seawater flowed in. Affected by the aftershock, the gate closure of
the No. 3 opening fell into the water on February 23, 1977. Up to September 1977 sealants of
the gate closures at the No. 1 and No. 8 openings all failed resulting in a large amount of seepage
of salt water occurring. The accumulated amount of seawater which flowed into the gate was
500x105 m3. The working bridge was seriously damaged with part of the gate opening machines
demolished. The lightning rod supported by an elevated steel frame overturned and fell to the
ground after the frame fractured at the bottom. The operating house cracked and deformed.
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3. Ningchegu flood prevention gate
1) Outline of the project
The Ningchegu flood prevention gate was located southwest of Ningchegu Village in Tanggu
District and at the mouth of the new Chaobaihe River (Fig. 1). The upper and lower design
water level of the gate was 4.34 m and 4.17 m respectively. Design discharge was 2,100 m3/sec
and measured discharge was 3000 m3/sec. There were 20 openings in the gate in which 4 were
side openings and 2 were installed with fixed concrete gate closures, which no water passed
through. The clear width of each opening was 8 m. Thickness of the gate pier, made of #150#200 concrete, was 1.1 m (#200 concrete was used between the elevation of -2.0 m to 5.0 m).
The total width of the gate was 199.1 m. The gate chamber was of a separated type. The bottom
plate which was 16 m long, 6.8 m wide and 0.8 m thick was made of reinforced concrete,
150 kg/cm2 in strength. Six R.C. shaft piles (150 kg/cm2 in concrete strength) were installed
under the pier. The piles were 85 cm in diameter, 21-23 m (central opening) and 21-28 m (side
opening) in length. The total length of the seepage path was 47 m of 9.8 times the possible
greatest water head (4.8). In the upstream direction a R.C. highway bridge (concrete strength;
250 kg/cm2) was built with a total width of 4.8 m, a clear width of 4.24 m, a length of 200.2 m,
and a loading Q-10 grade. In the downstream direction an elevated R.C. bridge was installed
[concrete strength 250 kg/cm2 and 150 kg/cm2 (for I-column)] with a total width of 6 m. On the
bridge there were 20 fixed, manually and electrically operated machines used for opening or
closing the gate closure and one 32-ton mobile gate opening machine. The rotating gate closure
was made of a steel plate. The operation house was built on the abutment and electric
installations were placed on the second floor. An anti-seepage plate for sliding resistance was
installed in both the upstream and downstream directions. The upstream plate was 15 m long
and 0.5 m thick while the downstream plate was 16 m long and 0.6 m thick. The elevation of
different locations was: top of the bottom plate in the central opening was -4.0 m; those in the
side openings was -2.964 m, -0.191 m and 2.581 m (opening with fixed concrete gate closure)
respectively; top of the gate closure was 5.0 m; the highway bridge deck was 7.1 m; and the
elevated bridge deck was 10.03 m. During construction three measurements were made for the
bottom plate and the pier and it was found that settlement of the bottom plate was -15 mm; raise
of the pier was 10-20 mm generally. Variation was uniform. Settlement of the bank walls and
operation house was relatively large (100 mm) due to poor fill which caused cracks to occur
locally on the anti-seepage plate above an elevation of 3.5 m.
2) Outline of foundation soil at site of the gate
Only data of two boreholes at the site were obtained. Distribution of foundation soil was
approximately as follows:
Elevation
3.5 to 1.5 m
1.5 to -9.5 m

-9.5 to -11.5 m

Type of Soil
Yellowish-brown clay
Gray silty loam and clay, not densified, dry unit weight 1.3
ton/m3, low shear strength, cohesion 0.11 kg-force/cm2,
permeability 10-7 cm/sec
Loam or sandy loam, containing more seashell fragments
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-11.5 to -13.5 m Gray fine sand, permeability 10-4 cm/sec, in the vicinity of
elev. -13.5 a layer of clay existed
-13.5 to -19.5 m Yellowish-brown silty loam or light yellow silty loam,
uniform and densified
-19.5 to -23.5 m Fine sand layer, permeability 10-4 cm/sec
Below -23.5 m

Yellow clay

(From elev. -11.5 m downward the soil was Tertiary continental facies deposit)
3) Earthquake damage
The water level of the gate was 2.94 m when the quake occurred. Damage to the gate was
serious.
After the quake most of the gate piers were displaced 1-2 cm to the east and 2-10 cm to the
south. Displacements at the No. 10 and No. 11 openings were larger.
At locations the gates displaced laterally. Highway bridge T-beams displaced. Concrete on
the No. 2 pier in the downstream direction, the No. 6 pier in the upstream direction and on top of
the No. 11 pier was fractured due to pounding and crushing. On top of the No. 4 pier adjacent Tbeams of the highway bridge displaced and concrete at the joint of the T-beams cracked and fell
due to pounding. The elevated bridge T-beams on top of Nos. 2, 4, 6, and 11 were crushed at the
joints and pieces of the concrete fell out.
Longitudinal cracks occurred on many parts of the gates and relatively large dislocations also
occurred. A crack about 2 m long occurred on the pier at the bridge end. Cracks often occurred
on piers 1 m or 2 m from the bottom. The backfill behind the bridge abutment settled forming a
deep pit. The approach at both ends of the highway bridge deformed relatively seriously and
repairs were necessary. All T-beams of the elevated bridge drifted to the south (in a downstream
direction). T-beams of the highway bridge on top of the No. 3 pier displaced 10 cm to the south;
that on top of the No. 11 pier displaced more than 10 cm to the south. The width of the concrete
slab seal of the No. 0 opening increased. The top of the gate closure of the No. 12 opening
separated 1-2 cm from the pier on the left. The gate closure of the No. 16 opening deformed
around four sides making it difficult to close. When the gate closure was lifted the steel cable
broke.
Circumferential cracks occurred on all I-columns of the elevated bridge at a distance of
50 cm from the bottom. The largest crack appeared on the I-column of the No. 1 pier. Grids at
the central opening (1.8x0.96 m in size with a frame made of 40x40 mm steel angles and 12x16
steel bars as grids) distorted and 29 of them fell into the river. Banisters at the connection
between the east end of the elevated bridge and abutment were pulled apart. Banister supports
inclined. The elevated bridge moved on the abutment of the left bank about 13 cm downstream.
The abutment on the right bank settled 34 cm. The second floor balcony of the operating
house was lowered noticeably. A ground crack west of the abutment was up to 80 cm in width.
On the left abutment a 2-story operating house was built with a floor area of 126 m2. The whole
house settled about 40 cm and tilted to the east. The east wall on the second floor collapsed
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while the west and north walls cracked seriously dividing the wall into many parts. Cracks also
occurred on the brick wall of the first floor.
The wing wall on both banks generally cracked vertically, dividing the wall into several
sections. Cracks on the wall were 6-12 cm wide.
The protection slope in the upstream and downstream direction (part of the slope above the
normal water level was made of wire net reinforced concrete 60 cm thick, the part below was
mortar-laid rubble) fractured perpendicular to the flow direction and seepage occurred locally.
In the vicinity of both ends of the gate there was a piece of slope 16 m wide and 34 m long
which suffered crushing causing a rubble slope surface about 13 m wide and 150 m long and a
concrete slope surface about 16 m wide and 34 m long to upheave and crack. A 4 cm wide crack
appeared at the connection of these slopes. The amount of materials required to repair slopes
after the quake was 800 m3 of rubble, and 400 m3 of wire mesh reinforced concrete.
The 2-span cable bridge connecting the bank and the automatic water-level recording house
had an increase in deflection after the quake. Deflection of the span near the bank was the
greatest, about 40 cm due to the longer span. The recording house inclined toward the river.
The supports of the first and second span and bridge deck of the first span fractured in many
places and displaced and inclined toward the center of the river.
Three leveling benchmarks at the Gate Administration Office displaced and settled with the
greatest settlement about 50 cm. A new brick-wood warehouse completed in 1975 settled
differentially. The roof and walls all collapsed to the south. Water spouts occurred in the indoor
ground surface of the brick-wood structure. Thirteen houses had been out of use and required
rebuilding. Chimneys on the roof fractured and overturned. An enclosed wall south of the court
collapsed. An 8-in pipe in the pumping well, 280 m deep, was seriously distorted and fractured
at a depth of 45 m when pulled out for inspection. The pumping well was out of use. In the
neighborhood of the well, three brick houses 60 m2 in area, cracked and tilted to the south-east.
Cables and a winch used for recording were slightly damaged.
IV. Damage to Pumping Stations
(1) Statistics on damage
There were 280 State-owned pumping stations in Tianjin and the capacity of 197 of them
was more than 4 m3/sec. There were 986 sets of pumps with a total pumping capacity of 1,800.9
m3/sec. Statistics on damage to the above pumping stations are shown in Table 21.
(2) Earthquake damage
Degrees of damage to the pumping stations were different due to variation of their structural
type, workmanship, hydrological conditions, topography, and soil conditions.
At the damaged buildings fractured beams or purlins were seldom found. Foundations were
mostly intact with only a few that were slightly damaged. In general, inlet and outlet water tanks
were not seriously damaged and were easily repaired. The main and auxiliary buildings of the
pumping stations were seriously damaged. Damage to walls at the sill and above the sill was
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more serious. Table 22 gives the damage survey results for collapsed stations and seriously
damaged stations.
(3) Typical cases of damage
1. Yanghua pumping station
The Yanghua pumping station was situated next to the right embankment of the flood
diversion way in Ninghe County about 34 km west of the epicenter. The seismic intensity was
IX. At the station there were two 900 mm vertical axial flow pumps with a design discharge of
4 m3/sec. The station’s foundation was a R.C. bored pile foundation and two piles were driven
under each row of cap beams. The diameter of the pile was approximately 1 m. R.C. cap beams
were placed in the trough on top of the pile. Above the floor slab of the generator house in the
lower part of the wall of the main plant building was a mortar-laid rubble wall 1 m high and
above the rubble wall was a brick wall. Roof slabs were pre-cast channel slabs on which a layer
of coal slag mortar 15 cm thick and a layer of cement mortar 1 cm thick was placed.
The station had just been completed before the quake occurred and a trial operation was
being performed. It was reported that walls of the main and auxiliary plant buildings were
divided into several pieces due to vertical vibration of the quake and then they collapsed due to
the subsequent horizontal vibration in a north and south direction. The plant building collapsed
completely to the west. Except for one set of transformers which was basically intact, all
electrical and mechanical equipment was demolished. The gate well at the outlet and the end of
the right embankment near the flood diversion way settled 10 cm. A mortar laid gate pier
cracked vertically. The wing wall at the inlet gate fractured into several sections.
2. Jiangwakou pumping station
The Jiangwakou pumping station was situated on the right bank of the Ji Canal in Ninghe
County about 43 km west of the epicenter. Seismic intensity at this site was IX. At the station
there were 5 sets of 900 mm-vertical axial flow pumps with a design discharge of 10 m3/sec.
The station was completed in 1975 and put into operation. The auxiliary plant building was
arranged above the front water inlet of the main plant building. Both plant buildings had brick
walls and corrugated roof slabs.
The main plant building was seriously damaged during the quake and part of the building
collapsed. X-shaped cracks occurred on one end of the gable wall and the wall between the
spandrel beam on the same level with the crane beam, and on the piers of the upper row of
windows. The wall drifted about 3 cm outward. Another end of the gable wall separated into
several sections by three through cracks. The front and back walls of both plant buildings were
seriously damaged. Horizontal cracks on brick columns beside the windows occurred at the
same level as the top of the spandrel beam. The auxiliary plant building inclined outward.
V. Damage to River Channels and Embankments
(1) Outline of existing river channels and embankments
There were 19 important flood passing and flood diversion rivers of the first grade, with a
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total length of 1,095.1 km. The total length of embankments of both banks was 1,956 km. The
cross-section of river channels was mostly a composite type. Generally, the longitudinal slope of
river channels was rather smooth. The maximum and minimum height of embankments was
17.5 m and 4.0 m respectively and the height of embankments was mostly 5-8 m. The smallest
width and greatest width of embankments was 1.0 m and 10 m respectively, and the width was
mostly 6-8 m. The interval between embankments was 40 m minimum. Embankments were
mostly built with mud excavated from riverbeds or taken from the flood land behind the
embankment; no rolling and compaction were carried out by rolling machines, etc. The water
content of soil in the embankment was relatively high and compaction was relatively low. Only
a few were built with bricks, rubble or concrete and the length of these embankments was also
not great.
(2) Earthquake damage
After the quake sand liquefaction, sandboils, river channel deformation or narrowing,
upheaval of riverbeds, reduction of discharge capacity, etc. commonly occurred at the abovementioned 19 rivers significantly affecting the function of flood control and water supply. Of
the 19 rivers 48 sections of embankment of the Ji Canal, the Zhouhe River, the Juhe River, the
New Huanxianghe River, the New Chaobaihe River, the Qinglongwanjianhe River, the North
Canal, the Yongdinghe River, the New Yongdinghe River, the Machangjianhe River, the New
Ziyahe River and the Haihe River were damaged to different extents. The total length of
damaged embankment sections was about 203 km, about 10% of the total length of
embankments. A lot of longitudinal and transverse cracks occurred on top of the embankments,
slopes and beaches in the front and behind embankments. However, there were only a few
oblique cracks. The width of cracks was generally 20-30 cm with a maximum of up to 1.7 m and
the length of cracks was several tens of meters. Sections of embankment settled 30-50 cm
generally; the most serious settlement was about 3 m. In the local region elliptical filter-shaped
depressed pits were found on the top and on the slope of embankments. Some depressed pits
were rectangular in shape and the largest pit was 14 m long, 7 m wide and 5 m deep. Sliding of
slopes, overturning and dislocation of anti-wave walls, and cracking of protection slopes
occurred in many places.
Sections of embankment which were most seriously damaged and needed quick repair after
the quake were located in Shuangshu Commune (Dadaozhangzhuang), Wuqing County, Ninghe
County and Hangu District on the Ji Canal and the New Huanxiang River, and the New Ziyahe
River, totaling 88.4 km in length. Soil required to repair and strengthen dam sections amounted
to 12,760,000 m3.
1. Wuqing County section on North Canal
This section was 61.8 km long and the embankment was 8.0-14.5 m high and 4-6 m wide on
top. The right embankment section (about 4 km long) east of Dadaozhangzhuang, Shuangshu
Commune was seriously damaged and settlement of the section was generally 0.5 m. Many
longitudinal cracks occurred on top, on the shoulder, and on the exterior and interior slope of this
embankment section with a maximum width of 1 m approximately. A section of several tens of
meters in length was split by many closely spaced cracks both small and large forming a large
section of broken soil masses, and losing its water resistance ability. An inclined crack 1.5 m or
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more deep and 50-100 cm wide, irregular in orientation, occurred on top of the embankment
section east of the village.
Damage to the left embankment section was less than the right embankment. Collapse of the
top of the embankment and cracks on the slope of the embankment also occurred.
In the North Canal section in Shuangshu Commune, Wuqing County, the river channel
became narrower and upheaval of the riverbed was up to 1m. The original design discharge
capacity of the river was 225 m3/sec however, the capacity after the quake became 70 m3/sec,
facing a risk of being breached.
2. Ninghe County section and Hangu section on Ji Canal
a) The Ninghe County section began from Jiangwakou and ended in Dongsheng. The length
of the left embankment and the right embankment was 57.2 km and 63.5 km respectively, with a
width of 6-8 m on top. Distance between these two embankments was 200-300 m. A total of
103 locations in this section (total length of 53.8 km) were damaged in which 29 locations
settled and 64 locations fractured. For example, on the left embankment of the Ninghe County
section where a culvert passed through the Nanmaizhu gate, the foundation soil settled
indifferently causing the culvert to dislocate at the rigid joint. The soil of the embankment on
top of the culvert slid away and a large pit 14 m long, 7 m wide and 5 m deep was formed due to
slumping. Another example, in the Xiguan section in Lutai Town the bottom land, about 10 m
from the exterior and interior slope, settled and cracked with cracks 75-100 cm in width.
b) The Hangu section began from Dongsheng and ended at the new flood prevention gate.
The length of the left and right embankments was 26 km; height 4.8-6.0 m; and width on top of
the embankment 6 m. Distance between these two embankments was 300 m. A total of 20
locations on both embankments settled seriously. The elevation at the top of the embankment
was originally 6 m, while after the quake the elevation of many sections was lowered to 2.72.8 m. Large settlements occurred on the interior and exterior slopes and at the foot of the
slopes. The amount of settlement varied from 0.5 m to 1.5 m accompanied by a few pits, the
length, width and depth of which were all 2-3 m. Some longitudinal cracks extended
continuously along the embankment for several kilometers. The surface soil contained a lot of
sand and silt particles in some sections having a total length of nearly 100 m. After the quake
cracks, which occurred on these sections, were numerous. For example, at Liuzhuang gate in the
Hangu section the top of the right embankment collapsed leaving two large pits, one was 3.8 m
long, 1.7 m wide and 2.2 m deep and the other was 3.5 m long, 1.1 m wide and 2.2 m deep; in
the east section in Wangzhuang Village several cracks passed on top of the embankment
breaking the section into a lot of pieces. The largest crack was 60 cm wide. A large longitudinal
crack, about 1 m wide, occurred at the foot of the interior slope in which water flowed just like a
stream. At another section a large crack occurred on the embankment shoulder along the
embankment and the top of the section settled 30-50 cm (Photo 17). In the east section in Lizigu
Village a large settled area along the direction of the embankment occurred on the exterior slope
forming a stream. Besides, collapse of the embankment top and exterior slope along the river
occurred at the new and old embankment in the vicinity of the new flood prevention gate; some
sections, nearly 100 m in length, were broken into several pieces (Photo 18).
Other examples, at the Damaxiaogu Village section there was a large settlement area about
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50 cm deep, cracks occurred on the foot of the exterior and interior slope. The largest crack on
the interior slope was 1.7 m wide; in the Ximeng Village section a large crack with a maximum
width of 1.1 m and a maximum depth of 80 cm occurred on top of the embankment along the
river. A large area of exterior slope settled with the greatest settlement of 1.5 m. The earth slope
in front of the mortar-laid rubble anti-wave wall in the Yingcheng section slid, settled and
cracked with a crack opening of 1.15 m in width and one section of the anti-wave wall was
thrown into the river about 18 m from the wall after overturning (Photo 19).
Damage to the wave protection facing generally occurred. For example, in front and behind
the facing at the Lutai embankment section there existed protection slopes and foundations about
1.2 m high. After the quake an opening above 1 m wide occurred in the facing and the
protection slope foundation collapsed; the facing behind the Lutai Paper Manufacturing Plant,
about 2 m high, was made of brick. After the quake irregular fine cracks were found along brick
joints and expansion joints dividing the facing into many blocks. On the facing behind the Lutai
Rice Processing Plant collapses and cracks occurred in many places. The rubble slope under the
cracks slid to the river for 10-30 m (Photo 20).
c) Embankment along the new Huanxianghe River
The left and right embankments along the new Huanxianghe River were 31.5 km and
30.0 km long respectively. The top of the embankments was 8 m and distance between these
two embankments was 200-300 m. A total of 16 locations at these embankments with a total
length of 16 km were damaged, in which 6 locations settled, 5 locations fractured and slope
sliding occurred at 5 locations. A few embankment sections settled more than 1m. The river
channel became narrow where slope sliding occurred and the riverbed heaved up 20 cm.
Based on the survey for the longitudinal and transverse cross-section of the new
Huanxianghe River performed by the Hydraulics Bureau, Ninghe County, in January 1979, 8
cross-sections were selected for comparison of river channel elevation and embankment top
elevation after the quake with the original design elevations. Comparison results are shown in
Table 23. From the table, upheaval of the riverbed in Yanghuazhuang and those villages east of
Yanghuazhuang was 20-70 cm, and lowering of the riverbed in villages west of Yanghuazhuang
was 5-55 cm. The elevation at the top of the embankment east of Yuexiuzhuang increased
generally 4-35 cm and decreased 1.2-1.5 m generally in the west. It was evident that variation of
the above-mentioned elevations was controlled by the uplifting and lowering of land in the
region where the river was situated, except for the deformation of the embankments themselves.
There were 6 sections that settled, slope sliding occurred at 5 sections on both embankments
and the riverbed heaved up 20 cm; the new Huanxianghe River in Ninghe County had not been
able to divert flood waters according to the original design water level.
d) Embankment along the new Ziyahe River
The left embankment of the new Ziyahe River passed through Jinghai County, Tianjin City
and both left and right embankments passed through the south suburb district of Tianjin City.
The Jinghai section of the left embankment was 3 km long with a height of 12.6-9.73 m and was
2,200-2,400 m away from the right embankment at the boundary of Hebei Province. Lengths of
both embankments in the south suburb district were 26.5 km and 28 km respectively, with a
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height of 5.9-8.26 m. Distance between these embankments was 2,700-3,600 m and the width of
the top of the embankments was about 10 m. Scour was serious before the quake. During the
quake damage to the south suburb sections on the right embankment with a total length of 4.6
km was relatively serious and settlement of the sections was generally 20-50 cm. More cracks
occurred on the top and slope of the embankment. The width of cracks was 10-20 cm with a
maximum of 30 cm, and the depth of cracks was not less than 50 cm.
IV. Damage to Pumping Wells
(1) Structure and type of pumping wells
Pumping wells in villages of Tianjin City were divided into three kinds. 1) Shallow wells;
the depth of these wells was less than 50 m and discharge of water was required to satisfy the
amount of pumping for 3-in centrifugal pumps (those not satisfied were not counted in the
statistical analysis). 2) Moderately deep wells; the depth of these wells was 50-150 m. 3) Deep
wells; the depth of these wells exceeded 150 m.
Before the quake there were 32,255 pumping wells in villages in which 5,964 were deep
wells, 13,830 were moderately deep wells and 12,461 were shallow wells. For deep wells, steel
pipes were used in 1,475 wells; cast iron pipes were used in 78 wells; asbestos pipes were used
in 210 wells, cement pipes were used in 3,380 wells; plastic pipes were used in 19 wells and
pipes made of other materials were used in 802 wells.
(2) Statistics on damage
During the two strong earthquakes (the Tangshan earthquake of M=7.8 and the Ninghe
earthquake of M=6.9) in the suburb areas of Tanggu District, Hangu District, Dagang District
and in five affiliated counties there were 8,966 pumping wells that were damaged in the quakes
which amounted to 28% of the total. Of these, 1,758 were deep wells (29% of total deep wells),
2,904 were moderately deep wells (21% of total moderately deep wells) and 4,303 were shallow
wells (35% of total shallow wells). Wells in Ninghe County and Hangu District were most
seriously damaged. Before the quake, in Ninghe County, there were 2,575 pumping wells of
which 1,012 were damaged (40% of the total); in Hangu District there were 449 pumping wells
of which 354 were damaged (78% of the total). The total loss for damaged wells in Tianjin City
was nearly RMB 40 million yuan, and about 50 million yuan for the damaged pumps, electric
facilities, buildings and professional equipment, etc. Damage to pumping wells caused lack of
drainage to about 800,000 m2 of farmland. Besides, damage to drinking wells in 274 farming
brigades made drinking difficult for people and livestock.
Based on the survey in 12 districts and counties, out of 8,966 damaged wells 14% of pipes
were damaged; dislocation occurred in about 30% of damaged wells; sand spouting occurred in
12% of damaged wells; sand blockage occurred in 60% of damaged wells; water salting occurred
in 3% of damaged wells; reduction of water occurred in 2% of damaged wells and other damage
patterns occurred in 6% of damaged wells. Of 1,758 damaged deep wells, the damage ratio
depended on pipes used in the well. The damage ratio of wells with steel pipes was
approximately 5%; those with asbestos pipes was about 23%; those with plastic pipes was about
32%; and those with cement pipes was about 37%. Of the pumping wells in Ninghe County that
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were damaged, 31% was due to broken pipes; 65% was due to sand damming and spouting; and
4% was due to other causes. The damage ratio of deep wells with steel pipes was 11%; those
with asbestos pipes was 55%; and those with cement pipes was 72%. In Hangu District, out of
354 damaged pumping wells 6% was due to broken pipes; 93% was due to sand damming or
spouting and 1% was due to other causes. The damage ratio of deep wells with steel pipes was
only 10% and those with asbestos pipes and cement pipes were both 100%.
The damage survey in 12 districts, counties and 2 seriously damaged regions show that the
damage ratio of wells with steel pipes was far less than those with cement pipes and asbestos
pipes. Most of the damage to pumping wells was due to sand damming or spouting. During the
repair process it was found that steel pipes were seldom broken; damage to the well was mainly
due to bending of pipes at depth or tilting of pipes causing the pump not to operate. Individual
wells were out of use due to sand damming, sand spouting, water becoming salty, reduction of
water flow, etc. Meanwhile, most of the pumping wells in villages were moderately deep wells
and shallow wells, even the deep wells were mostly wells with cement pipes, poor in earthquake
resistance and easily broken or dislocated in the connection causing sand spouting, water to
become salty, etc. The location of damage to wells was mostly 20 m from the surface, such as
wells with cement pipes in Gaojiatuo, Mutouwo, and Lianzhuang in Ninghe County. In Hangu
District a steel pipe in a well 400 m deep in Yangjiao, Yangjiabo Commune was bent at a depth
of 10-20 m.
Furthermore, the quality of water in a few pumping wells became better and the amount of
flow increased after the quake.
(Translator: Lu Rongjian)
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Table 1. Statistics of damage to reservoirs.
No. of Damaged Reservoirs
Size of
Reservoirs

No. of
Reservoirs

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Intact

large size

2

1

1

0

0

medium
size

2

0

1

1

0

small size
(Model 1)

6

0

0

2

4

small size
(Model 2)

7

0

0

3

4

small size
(Model 3)

3

0

0

3

0

20

1

2

9

8

Total

1955

1960

1973

1970

1971

1958

1971

1975

1970

1973

Yuqiao

Beitang

Huanggang

Liujisu

Sanba

Guanshan

Chuanfangyu

Tianjiayu

Liuzhuangzi

Year of
Completion

Beidagang

Name of
Reservoir

earth-rock
mixed dam

earth-rock
mixed dam

ditto

ditto

ditto

ditto

ditto

ditto

ditto

homogeneous earth
dam

Type of
Dam

23

20

18

7.5

13.9

15

2.4~3.5

3.3~3.7

22.75

5~6.7

Height of
Dam
(m)

110

100

161

260

330
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12,800

11,400

2,215

53,347

180

270

870

897

1,000

1,610

13,200

13,800

1300,000

500,000

Total
Length of Capacity
3 3
Dam (m) (¡Á10 m )

1:3

1:3

1:3

1:3

1:1.5
(rock slope)
1:7
(earth slope)

1:8

1:3.5-1:3
1:4.5-1:5
1:5-1:6

1:3

Upstream

1:1

1:2

1:2.5

87

102

80

95

84

98

74

1:2.5

1:2.5

70

VI

VI

VII

VII

VII

VII

VII

VII

VII

85

1:3.-1:2.5
1:2.5-1:4
1:4-1:6
1:2.5

VII

Intensity

125

Epicentral
Distance
(km)

1:4

Downstream

Slope Ratio of Dam

Table 2. Damage to reservoirs.

9.36

4.4

4.9

3.5

2

2

11.82

2

Water
Depth
Before
Quake
(m)

ditto

ditto

slightly
damaged

ditto

ditto

ditto

slightly
damaged

moderately
damaged

moderately
damaged

seriously
damaged

Damage
Degree

rock

rock

rock

ditto

sand riverbed

rock

ditto

cohesive soil

sand, gravel and
cohesive soil

cohesive soil

Foundation Soil

West end of the dam settled; 2 cracks
5-15 cm wide occurred on the dam
axis; spillway cracked.

A crack 97 m long occurred on the
protection slope.

A crack, 50m long and 10-15 cm
wide, occurred on the dam, slope
cracked.

Spillway cracked, a settlement, about
30 m at the entrance of the spillway
occurred for 50 cm.

A crack 200 m long occurred on the
protection slope.

The dam settled 30 cm, 2 longitudinal
cracks 60m long and 10-20 cm wide
occurred.

A few dam sections deformed and
cracked, 3 sets of gates were
damaged.

A length 5,400 m on the embankment
deformed and cracked. A length 2,600
m on the slope cracked. Five gates
with bridge and culverts were all
damaged.

See example 2

See example 1

Description of Damage
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1959

1973

Xijingyu

Year of
Completion

Dongwubai

Name of
Reservoir

mortar-laid
rock dam

homogeneous earth
dam

Type of
Dam

40

325

7

12

Length of
Dam (m)

Height of
Dam
(m)

108

170

Total
Capacity
(m3)
Upstream

Downstream

Slope Ratio of Dam

82

68

Epicentral
Distance
(km)

VI

VII

Intensity

Table 2. Continued.
Water
Depth
Before
Quake
(m)

ditto

ditto

Damage
Degree
Foundation Soil

rock

earth riverbed

Description of Damage

West end of the dam cracked.

Discharge opening cracked.
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Table 3. Test results of the soil at the north surrounding embankment.
Soil Layer and its
Elevation (m)

1st layer
3.261 to 1.46

2nd layer
1.46 to -6.10

3rd layer
-6.10 to -8.70

4th layer
-8.70 to -11.72

Water
Content (%)

Wet
Volume
Weight
(T/m3)

Friction
Porosity Plasticity Angle
Ratio
Index
(degree)

Cohesion
(kg-force/cm2)

Compressibility
Coefficient
(cm2/kg-force)

maximum
39.3

1.99

1.26

23.4

23

0.28

0.114

minimum
30.2

1.80

0.71

15.4

16

0.08

0.033

average 35.7

1.85

0.91

17.5

20

0.15

0.064

no. of
samples 7

15

19

13

8

10

10

maximum
46.9

2.04

1.19

18.8

34

0.23

0.078

minimum
22.8

1.63

0.85

6.6

13

0.07

0.026

average 36.3

1.82

1.07

12.8

22.2

0.15

0.055

no. of
samples 8

14

10

12

9

6

11

maximum
46.9

1.87

1.17

20.6

27

0.23

0.079

minimum
25.1

1.77

0.69

16.2

14

0.13

0.029

average 35.8

1.83

0.97

18.0

20

0.17

0.048

no. of
samples 8

7

6

6

4

4

7

maximum
39.4

2.04

0.93

19.5

28

0.23

0.040

minimum
22.4

1.89

0.63

10.4

21

0.15

0.030

average 29.1

1.94

0.81

13.4

25.6

0.17

0.034

no. of
samples 9

9

6

9

5

4

5
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Table 4. Test results of soil at the west surrounding embankment.
(Units are the same as in Table 3)
Elevation of
Soil Layer
(m)

Natural
Volume
Weight

Porosity

Liquidity
Index

Plasticity
Index

Compressibility
Coefficient

maximum
40.2

1.94

1.18

1.11

26.0

0.09

3.788

minimum
27.3

1.80

0.79

0.56

6.9

0.014

1.986

average 31.9

1.86

0.94

0.77

17.8

0.049

no. of
samples 14

14

14

14

14

13

Water
Content
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Table 5. Design data of soil at different surrounding embankments.
Internal Friction Angle (°)
Name of
Surrounding
Embankment
north
embankment
west
embankment

Below
Immersion
Line

Cohesion
(ton/m2)

old dam body

8

1.5

dam foundation

8

1.3

0.76
0.42

Location

new dam body

13

11

1.8

new and old dam
body

18

16

1.5

15

0.6

10

1.8

10

1.1

7

1.5

11

1.8

13

0.7

13

1.5

dam foundation
new dam body

southwest
embankment

Above
Immersion
Line

12

Permeability
(m/day)

dam foundation
old dam body
wave protection
terrace
dam foundation

south
embankment

old dam body
wave protection
terrace
new dam body

13

dam foundation
east
embankment

wave protection
terrace
new dam body

15

Remarks: 1. When, in the extreme case, an earthquake of intensity VIII is considered, internal
friction angle in the table should be decreased.
2. Design immersion line adopted should be the calculated line adding 1.5 m of
capillary height.

Total: 3,860

(13+140 - 13+240)
100

1,000

1,360

2,000

40

(11+930 - 11+970)

(11+400 - 11+750)
350

west embankment

(5+100 - 5+800)
700

(10+350 - 10+580)
230

Total

1,300

(4+570 - 4+830)
260

south embankment

(9+350 - 9+680)
330

Dam Sections (beginning and ending stake No.) and Their Length

north embankment

(8+150- 8+500)
350

southwest
embankment

Name of
Surrounding
Embankment

Table 6. Length of dam sections on which cracks occurred and No. of stake indicating beginning and
ending of the section at different surrounding embankments (unit: m).
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west
embankment

north section

south section

southwest embankment

south embankment

Name of Surrounding
Embankment

9.36

9.158
9.115

2+500
3+500

9.226

9.270

4+000
9.356

9.105

3+000

9.168

9.217

0+000
1+700

9.163

10+500

9.283

9.104

9.411

9+900

8.928
9.093

9.138

9.070

At Bottom of Stake

8+900

9.241

9.050

11+000
3+600

8.957

10+000
9.106

8.894

9+000

9.231

9.063

8+000

12+773

9.001

7+000

On Top of Stake

Dam top Elevation in 1979(m)

8.982

Dam top Elevation
(Aug.-Sept. 1975)

6+000

Dam top
Elevation
(May 1975)
9.177

Dam Top Elevation
(May-June 1974)
(m)

5+000

Stake No. of
Profile

Table 7. Measured elevations on top of the dam before and after the quake.
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east embankment

north embankment

Name of Surrounding
Embankment

9.647

9.464

8.946
9.255
9.210

10+700
14+700
15+170

9.308

8.745

9+700

0+800

8.809

8+700

8.962

6+700
8.904

8.987

5+700
7+700

8.883

8.851

3+700

8.819

At Bottom of Stake

4+700

8.863

On Top of Stake

Dam top Elevation in 1979(m)

2+700

1+700

Stake No. of
Profile

Dam Top Elevation
Dam top
Dam top Elevation
(May-June 1974) (m) Elevation (May (Aug.-Sept. 1975)
1975)

Table 7. Continued.
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Table 8. Test results of dam soil.
Construction Method of the Dam Section
Heavily Rolled and
Compacted

Lightly Rolled and
Compacted

Built by Pouring Earth
into Water

1.67

1.57

1.42-1.51

Upstream

1:3.5-1:3.0

1:4.5-1:5.0

1:5.0-1:6.0

Downstream

1:3.0 - 1:2.5

1:4

1:4. 0- 1:6.0

18 - 20

20 - 25

20 - 28

0+280 - 0+760

0+760 - 0+875

0+875 - 1+550

1+820 - 1+935

1+550 - 1+820

Item
Dry volume wt. (ton/m3)
Slope Ratio

Water Content (%)
Stake No. of Dam Section

Table 9. Safety factors in the seismic design.
Upstream Slope
Design
Condition

Water Level

flood water
level in 100
years, 25.8 m

normal
operation

normal
operation +
occurrence of
earthquake

ditto

Local
Dam

Design Section
main river
built by
pouring earth channel
into water
terrace

Downstream Slope

Whole
Dam

Local
Dam

Whole
Dam

1.8

1.58

1.81

1.89

rolled and
compacted
section

old river
channel

built by
pouring
water into
water

main river
channel

1.44

1.4

terrace

1.51

1.68

1.13

1.2

rolled and
compacted
section

old river
channel

1.22

1.24

1.11

1.63

1.42

Table 10. Statistics of damage to gates.
Statistics on Damage (no. of gates)

Capacity of
Gates
(sec –m3)

No. of
Gates

100~2360

5

100~3200

47

100~1200

4

Total

56

Collapsed

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Intact
5

2
2

8

9

28

1

1

2

9

10

35

uplifting R.C.
plate closure

rotating steel
plate closure

1972

1966

1968

1969

1932

1932

Ningchegu Flood
Prevention Gate

Jinzhonghe
Flood Prevention
Gate

Worker-Farmer
Soldier Flood
Prevention Gate

Qujiadian North
Gate

Qujiadian South
Gate

Qujiadian
Regulating Gate

uplifting R.C.
plate closure

uplifting steel
plate closure

11

rotating steel
plate closure

11

1967

Old Flood
Prevention Gate

upper and
lower
uplifting steel
closures

1974

Type

New Flood
Prevention Gate

Name of Gate

Year of
Completion

6x6.1

6x6.3

11x10

22x10

6x6

middle opening
16x8 side
opening 4x8

9x8

middle opening
8x8 side
opening 6x8

Height x Width
(m)

Gate Closure

400

380

1020

3200

400

2100

1100

1200

Design
Capacity
of Blows
(m3/sec)
pile foundation
with separated
bottom plates

clay

clay

silty clay with
sand layers

clayey soil
intercalated with
thin layers of
sandy soil

clay inter-calated
with a few sandy
loam lens

pile group
foundation with
monolithic
bottom plate

raft foundation
with monolithic
bottom plate

pile foundation
with separated
bottom plates

raft found with
monolithic
step-wise
bottom plate

pile foundation
with separated
bottom plates

loam, sandy loam raft foundation
with monolithic
bottom plate

clayey soil, silty
clay

Foundation Soil

Structural Type
of Foundation

103.2

103

103

109

74

slightly
damaged

slightly
damaged

slightly
damaged

slightly
damaged

seriously
damaged

moderately
damaged

seriously
damaged

65

70

seriously
damaged

Damage
Degree

69

Epicentral
Distance
(km)

Table 11. Damage pattern of gates.

Cracks occurred at the end of the tie beam of the
truss on the elevated bridge.

Cracks 0.5-2.0 mm wide spacing 10-20 cm
occurred on the breast wall. Cracks occurred at
the end of the tie beam of the truss on the elevated
bridge.

Cracks occurred at the bottom part of columns on
the elevated bridge.

Cracks occurred at the bottom part of columns and
on the tie beam, on the truss of the elevated bridge
cracks also occurred on the upstream and
downstream slope. The slope upheaved.

Piers of the gate partly cracked, cracks occurred at
the end of the tie beam on the truss of the elevated
bridge end at the bottom of columns. Part of the
concrete fell down with reinforcement exposed
(Photo 5). Both ends of the gate settled. Brick
wall of the building at the gate cracked. Lower
gate for passing ships tilted. Cracks occurred at
the corner of portal frame.

See typical case 3

See typical case 2

See typical case 1

Damage Patterns
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uplifting R.C.
plate closure

arc-shaped
R.C. closure

1973

1969

1971

Xinzhuang Gate

Zhaogezhuang
Gate

Danangong Gate

uplifting
wood closure

rotating steel
plate closure
with wire net

1971

Wangsanzhuang
Gate

uplifting
wood plate
closure

1970

Type

Dazhangzhuang
Water Supply
Gate

Name of Gate

Year of
Completion

10x3.1

5x4

6x3

12x3.8

9x3

Height x Width
(m)

Gate Closure

256

171

250

268

200

Design
Capacity
of Blows
(m3/sec)

sand

soil

loam

Foundation Soil
raft foundation
with monolithic
bottom plate

Structural Type
of Foundation

Table 11. Continued.

108

81

94

95

90

Epicentral
Distance
(km)

slightly
damaged

slightly
damaged

moderately
damaged

moderately
damaged

slightly
damaged

Damage
Degree
Damage Patterns

Seven buildings of the Gate Administration Office
collapsed.

Piers of the gate offset 3 cm. Still basin cracked 35 cm. Slopes on both banks fell down.

Front basin and still basin settled and cracked.
The culvert passing through the embankment
separated with the inlet gate chamber and the still
basin parallel for 10 cm. The expansion joint
expanded 15-20 cm. Breast wall on top of the
upstream gate closure cracked with a width of 5-7
cm. Upstream and downstream slope ruptured
with a lot of longitudinal and transverse cracks, the
greatest width of which was 10-20 cm. Protection
slope partly collapsed (Photo 7).

Oblique cracks occurred on the pier in the
upstream direction. Horizontal shear cracks
occurred at a distance of 70-90 cm from the
bottom of all columns on the elevated bridge.

Cracks occurred on the stone wing wall.
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Table 12. Strength, permeability, freezing and thawing grade of concrete at
different locations of the gate.
Strength Permeability Freezing and
Grade
Grade
Thawing Grade

Location
working bridge, highway
bridge, elevated bridge,
bent

300

gate pier

200

S4

D100

bank wall

200

S4

D100

bottom plate, blanket, still
basin

150

S6

protection slope, core pile

150

S6

fishway

200

Remarks
made of pre-cast
products
S6 grade concrete was
adopted for piers under
elev. -2.5 m
for scour resistance

D100
D100

Table 13. Main properties of different soil layers.

No. of Layer
1st layer

2nd
layer

3rd layer

Name of
Layer
silty
clay

a

light
clayey
soil

b

clayey
soil

c

heavy
clayey
soil
sandy
soil

Value
average
upper and
lower limit
average
upper and
lower limit
average
upper and
lower limit
average
upper and
lower limit

Water
Content
%

Dry
Volume
Weight
(ton/m3)

48.5

1.17

26.1-60.3

1.05-1.42

Porosity

Internal
Friction
Angle
(degree)

Cohesion
(ton-force/m2)

1.36

16.6

0.09

0.92-1.69

11-20

0.02-0.21

32

1.45

0.87

25.3

0.13

21.3-53.6

1.33-1.68

0.59-1.02

19-32

0.03-0.28

28

1.53

0.77

26.1

0.16

19.3-42.8

1.24-1.71

0.56-1.11

22.8

1.65

0.65

18.9-26.6

1.55-1.76

0.53-0.76

15-34

no undisturbed soil samples were taken

0.08-0.28

Permeability
(m/day)
32.66-0.005

Remarks
stable ground
water level:
2.5 m; stable

83.31-0.17

0.112-0.004

artesian water
level: 1.5 m
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Table 14. Damage to settlement joints at different gate openings.
Width of
Crack
(cm)

Depth of
Crack
(cm)

under No. 1 gate
opening

8

40

above No. 2 gate
opening

10

15

under No. 3 gate
opening

8

40

under No. 8 gate
opening

3

above No. 13 gate
opening
above No. 14 gate
opening

Location

Length of
Crack
(cm)

Remarks
Length of the crack was not known due to
existence of muck between No. 1 and No. 2
openings.

70

Bottom plate was 6 cm higher than the pier.

10

300

Bottom plate of gate chamber was 1 cm
higher than the still basin.

5

30

20

Bottom plate was 4 cm higher than the pier.

10

40

At the intersection of the right pier 2 m in the
upstream direction and the fishway 2 m
away, there was a bottom plate about 14 m2.
A lot of cracks occurred on the plate and
width of cracks were 1-2 cm.

41.9

>84

4

1.985

5
No. 6 pier

6

1.925

22.5

>84

Blanket Downstream Upstream
Side

No. 4 pier

3

8

41.9

Still
basin

No. 10 pier

9

10

12

No. 12 pier

11
No. 14 pier

13

14

>84

>84

>84

3.93

1.84

>84

>84

Blanket Downstream Upstream Still Blanket Downstream Upstream
Side
Side
Basin
Side
Side

No. 8 pier

7

8.0
7.9
7.9
7.1

Sept. 22, 1976

April 1, 1979

April 10, 1979

Nov. 7, 1979

5.5

6.2

6.8

7.4

2

4

8.9

9.6

9.6
8.9

9.3

9.5

10.3 10.5

3

8.7

9.0

9.1

9.8

5

8.3

8.5

8.8

9.9

6

8.5

8.9

9.1

9.9

7

8.2

8.3

8.8

10.1

8

8.3

8.6

9.0

9.9

9

No. of Gate Pier
11

12

8.3

8.6

8.9

9.0

9.7

9.6

10.2

11.0

10.5

10.2 10.5 11.3

10

14

15

10.6 11.8 13.7

11.3 12.3 14.5

11.3 12.1 14.2

10.7 12.4 13.1

13

10.3 8.8
10.4 8.8
9.5

April 1, 1979

July 10, 1979

Nov. 7, 1979

7.2

10.5 9.5

Dec. 22, 1976

2

10.6 9.4

1

Sept. 22,1976

Date of
Measurement

7.1

7.8

7.9

9.0

9.2

3

7.2

7.7

7.6

9.3

9.7

4

6.3

7.4

7.0

8.0

9.0

5

6.8

7.2

7.2

8.6

9.1

6

7.3

7.9

7.5

9.1

9.8

7

9

10

8.1

8.3

8.4

9.8

7.7

8.0

7.8

9.4

7.8

8.2

8.3

9.7

10.0 10.1 9.9

8

No. of Gate Pier
12

13

14

15

8.1

9.0

9.1

9.3

8.8

9.5

9.6

8.4

9.2

9.6

9.1 11.1

9.1 11.6

10.0 12.0

10.5 10.1 11.0 12.1

10.5 11.0 11.0 10.1 11.3

11

Table 17. Vertical displacements of different gate priers in upstream direction after the quake.

1

Date of
Measurement

Table 16. Vertical displacements of different gate piers in downstream direction after the quake (in cm).

Absorption (lit/min.)

2

Downstream Upstream Still
Side
Side
basin

No. 2 pier

Location No. of Gate
Pier

Measuring Location

1

No. of Pressure
Measuring Bore

Table 15. Results of water injection tests.

40.425

Exterior
Protection
Slope

Fishway

15

389

-107

-14

0

right

-91

0

left

straight line connected
by gate closures-mend
the reference line

3

4

-90

-88

+60 -111 -119

2

0

1

construction reference line

Reference Line

-115

-110

-113

5

-925

101

-121

6

-85

-92

-115

7

-102

-104

-118

8

-127

-113

-126

9

No. of Gate Pier

-103

-112

-114

10

-102

-119

-111

11

-127

-106

-111

12

-119

-111

-110

13
-43

-40

14

0

0

0

15

Table 18. Relative horizontal displacements of different gate piers and side piers on the left and right banks (in mm).

390

391

Table 19. Longitudinal displacements of the deck at the elevated bridge (in cm).
No. of Pier
Direction

1

2

downstream

11

upstream

30

3

4

5

6

7

0.2
7

0.2

1.1

8

9

0.1

0.1

0.1

1

10
0.2

11
1.5

12
0.4

13

14

15

1.5

0.1

25

5

0.6

25

Table 20. Total transverse displacements of T-beam and pier cap (in cm).
No. of Pier

1

Displacement 120
in Downstream
Direction

2

3

4

5

6

7

8

9

10

11

12

13

14

15

60

50

30

30

25

20

18

10

9

10

20

30

35

40
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Table 21. Statistics of damage to pumping stations.
No. of Damaged Stations

Capacity
of
Pumping
Station
(m3/sec)

No. of
Pumping
Stations

4-16

11

4-32

126

4-30

50

4-10
Total

Collapsed

Seriously
Damaged

Moderately Slightly
Damaged Damaged

Intact

2

9

8

15

39

64

6

7

6

13

18

10

2

1

4

3

0

197

8

16

25

57

91

1973

1972

1971

1964

1962

Quzhuang

Yingcheng
discharge station

Luxinhe

Xuezhuangzi

Ganbali

1976

1976

1976

Yanghua

Dongyituo

1950

Dongzhuangzi

Limuo

1964

Kuanjiang
(No.1 station)

Name of Pumping
Year of
Station
Completion

1040

1560

365

310

620

660

495

330

551.6

1560

12

18

4.8

4

8

8

6

4

10

19.8

Total
Generator Pumping
Capacity Capacity
(kW)
(m3/sec)

PV-16

PV-16

36WZ-82
24WZ-72

36WZ-82

ditto

ditto

36ZLB-85

36WZ-82

PV-16

Type of
Pump

combined type

ditto

ditto

ditto

separated type

Type of Plant

ditto

ditto

ditto

shaft pile
foundation

raft foundation

Type of
Foundation

65

142

85

60

34

31

34.5

34

44

51

Epicentral
Distance
(km)
Intensity

Table 22. Damage to pumping stations.

collapse

collapse

collapse

collapse

collapse

collapse

collapse

collapse

Damage Degree

Description of Damage

Cracks occurred on the gable wall of main plant
building. Oblique cracks occurred on walls of
auxiliary plant building. ceiling collapsed
causing the relay demolished. Walls of water
outlet tank cracked

Cracks occurred on the wall above the crane
beam in the main plant building. The building
displaced. Foundation of the wall settled and
walls cracked at the auxiliary plant building.
Seepage occurred from the water outlet tank to
pump house. One crack 4.5 m long occurred in
the pump house. Wing walls cracked and
inclined.

Part of the plant building collapsed. Water inlet
tank gate was damaged causing seawater to flow
in. Side wall fractured seriously. Ground on the
inlet side settled about 1 m.

Shaft piles tilted. Main plant building cracked
and inclined. Transformers were demolished, oil
leakage occurred. Deck plate of the working
bridge distorted and cracked at the entrance.
Protection slope of the wing wall cracked. Inlet
and outlet gate were damaged. Water inlet end of
the trough collapsed (Photo 14,15)

Main plant building totally collapsed.

Main plant building totally collapsed.

Main plant building totally collapsed.

See typical case 1.

Main plant building totally collapsed.

Plant building totally collapsed.
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1967

1973

1975

1975

1971

1960

1972

1975

1959

Bamencheng

Zhangtouwo

Donglaokou

Jiangwakou

Linzhuang

Yangfu

Gaozhuang

Yinchao

Zhongxinqiao
(No.1 station)

Name of Pumping
Year of
Station
Completion

850

1240

465

624.4

330.3

825

1650

1980

990

10

8.4

6

8

4

10

20

24

8.4

Total
Generator Pumping
Capacity Capacity
(kW)
(m3/sec)

36WZ-82

28ZLB-70

36WZ-82

36WZ-82

36WZ-82

36ZLB-85

36ZLB-85

36ZLB-85

Fengchan 20

Type of
Pump

separated type

Type of Plant

brick arch
foundation

Type of
Foundation

86

70

50

45

42

43

71

46

50

Epicentral
Distance
(km)

Table 22. Continued.

VII

VIII

IX

Intensity

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

Damage Degree

Description of Damage

A horizontal crack occurred on the brick wall of
the main plant building 1.4 m above the surface.
Pump axis distorted and cracks occurred on the
corresponding wall. Opposite inclined cracks
occurred on the brick support under the girder.
Water tank, 9 m high, overturned.

South gable wall of plant building settled and
collapsed for large area. Inlet and outlet tank
was damaged.

Plant building cracked, nearly collapsed.

Plant building cracked, nearly collapsed.

Plant building was seriously cracked. Front gate
closure inclined, unable to be lifted.

See typical case 2

All walls in plant building drifted outward,
inclined and broke. East-south corner of the
building collapsed. Roof slabs inclined nearly
falling down

North and south wall in the main plant building
cracked. Gable wall in the southeast corner
displaced outward about 30 cm with cracks 10
cm wide. Part of the gable wall collapsed.
Auxiliary plant building inclined. Connecting
wire of mutual inductors broken.

South wall of plant building drifted outward.
Transverse cracks occurred at the sill, etc.
Vertical cracks appeared at the connection of the
water outlet tank and plant building with a width
of 5 cm. Cracks 10 cm wide occurred on the
bottom plate of the water outlet tank, working
bridge at one opening collapsed. Cracks
occurred on the ground surface and foundation of
transformer station.

394

1970

1966

1959

1972

1975

Honglou

Chadian
Discharge Station

Dongdagu

Yueyahe

Hanchengzhuang

Name of Pumping
Year of
Station
Completion

420

465

1555

595

465

5.6

6

19

8

6

Total
Generator Pumping
Capacity Capacity
(kW)
(m3/sec)

36WZ-82
24WZ-72

36WZ-82

36WZ-82
PV-16

36WZ-82

36WZ-82

Type of
Pump
Type of Plant

shaft pile
foundation

shaft pile
foundation

Type of
Foundation

82

82

83

57

80

Epicentral
Distance
(km)

Table 22. Continued.

VII

VIII

VII

VIII

VII

Intensity

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

Damage Degree

Description of Damage

Cracks occurred on walls of plant building.
Bricks in walls were loosened. Corner of the
building overhung. Pre-cast roof slabs fell down.

Cracks occurred on the floor slab of the main
plant building. Settlement joint was split apart
10 cm. Auxiliary plant building settled 10 cm.
Two cracks were found at the water inlet tank.
Pier at Muliu gate inclined and the gate closure
was only able to be lifted 1 m. North, south and
east walls at the outlet of the water cracked. Still
basin wall cracked. Discharge pipes
disconnected.

Cracks occurred on walls at plant building at the
old station. Wing wall at the discharge opening
collapsed. Gate closures of two openings could
not be closed. Transformers at the new station
moved 20 cm. A support frame next to the
transformer fell down. Four sections of lightning
rods broke.

Piles inclined. The plant building dislocated and
cracked. Cracks and seepage occurred at the
outlet and inlet tank. Supports of sewage grid
upheaved. Wing wall of the gate fractured with
cracks 5-15 cm wide. Lead screw inclined
obviously.

Cracks occurred on the plant building. Part of
the pumps and generators were damaged, out of
operation.
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Table 23. Comparison of elevation at the top of the embankment and at the riverbed of the new
Huanxianghe River before and after the quake.
Elevation at
Riverbed
(m)

No. of
Stake

Location

Design
Value

Measured
After
Quake

Elevation at
Top of Embankment
(m)

Design
Value

Measured
After
Quake
(right)

Measured
After
Quake
(left)

0+000

Xihuaigu

-1.00

-0.35

8.05

7.17

8.17

3+000

Xijiduo

-1.30

-0.60

7.90

8.25

8.05

8+000

Yuexiuzhuang

-1.76

-1.40

7.75

7.79

7.80

14+000 Yanhuazhuang

-2.65

-2.45

7.50

7.16

7.12

25+500 Hannong No. 8
Farming Brigade

-3.45

-3.50

7.10

5.80

5.91

26+257 Tianjin-Tanggu
Canal

-3.50

-3.90

7.09

5.50

5.50

26+500 Dongcuizhuang

-3.55

-4.10

7.05

5.50

5.58

31+500 Yanzhuang

-3.87

-3.95

6.94

5.51
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Photo 1. A longitudinal crack on top of an old
embankment on the south-west embankment at stake No.
8+500 was 20-30 cm wide.

Photo 2. Two longitudinal cracks on top of the wave protection terrace on the
south-west embankment at stake No. 8+300.
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Photo 3. Sand spouted from a crack located 56 m
away from bottom of the downstream slope at stake
No. 0+900.

Photo 4. Yellowish white bubbles emerged from the seepage pond behind the
dam.
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Photo 5. Cracks occurred at the bottom of the columns of the
elevated bridge on No. 3 pier with concrete spalling off and
reinforcement bent and exposed. Jinzhonghe flood prevention gate.

Photo 6. Cracks at the end of a tie beam on an elevated bridge at the
Qujiadian regulating gate.

400

Photo 7. An expansion joint of the mortar-laid stone slope
cover on the south bank in a downstream direction
expanded 9 cm and offset 5 cm perpendicularly at the
Xinzhuang gate.

Photo 8. Seepage occurred at the right bank of the gate and bubbles
emerged from the water.

401

Photo 9. Beams of the elevated bridge above the upper
gate closures on the No. 1-No. 7 opening collapsed. One
set of mobile gate opening machines overturned.

Photo 10. The ground at the west end of the highway bridge settled.

402

Photo 11. The operating house in the east displaced to the east and
settled; the bridge deck displaced to the south.

Photo 12. There was damage to the upstream fish channel.

403

Photo 13. The elevated bridge collapsed over the flood prevention gate
across the Ji Canal.

Photo 14. Cracks were found at the main plant of the Yingcheng
Pumping Station. The plant inclined about 6° toward the outlet water
tank and the end of the water inlet trough collapsed.

404

Photo 15. The R.C. deck of the pedestrian bridge at the entrance of
the Yingcheng Pumping Station was distorted and crushed. Cracks
occurred on the banks of the channel.

Photo 16. The wing wall of the gate at the Chadian Pumping Station
fractured with cracks 5-15 cm wide. The lift screws were bent.

405

Photo 17. A crack occurred on the shoulder of the east
embankment in Wangzhuang Village. The top of the
embankment settled.

Photo 18. The embankment near the new flood prevention gate across
Ji Canal collapsed and broke.

406

Photo 19. A section of the rubble wave protection wall on the Yingcheng
embankment was thrown toward the river. It landed about 18 m from the
wall after overturning.

Photo 20. There was damage to the rubble protection slope
behind the Lutai Rice Processing Plant.

407

Figure 1. The water system and damage to hydraulic structures in Tianjin.
Gates: 1. new flood gate on Ji Canal; 2. old flood gate on Ji Canal; 3. Ningchegu
flood gate; 4. flood gate on Jinzhonghe River; 5. Wangsanzhuang
gate; 6. Xinzhuang gate
Pumping Station: 1. Kuanjiang Station (No. 1); Dongzhuangzi Station; 3. Yanghua
Station; 4. Limao Station; 5. Dongyituo Station; 6. Quzhuang Station; 7.
Yingcheng Discharge Station; 8. Luxinhe Station; 9. Xuezhuangzi Station; 10.
Ganbali Station; 11. Bamencheng Station; 12. Zhangtouwo Station; 13.
Donglaogou Station; 14. Jiangwakou Station; 15. Linzhuang Station; 16. Yangfu
Station; 17. Gaozhuang Station; 18. Yinchao Station; 19. Center Bridge No. 1
Station; 20. Honglou Station; 21. Chadian Discharge Station; 22. Dongdagu
Station; 23. Yueyahe River Station; 24. Hanshengzhuang Station
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Figure 2. Beidagang Reservoir and locations of damage.
Entrance gates of the surrounding embankment: 1. Majuan gate; 2. Dagang Ranch gate; 3. Gate of the pumping
station at Liugangzhuang; 4. Transfer gate at Liugangzhuang; 5. Dasuzhuang siphon; 6. Yongzhile
siphon; 7. Shajingzi siphon; 8. Dagang oil field siphon; 9. Siphon at fish seed ranch; 10. Ship passage
gate; 11. PLA river siphon

Figure 3. Schematics of the profile of Beida Harbor Reservoir Embankment (unit: m).
1. Seepage intercepting ditch; 2. Old embankment; 3. Newly constructed main dam; 4. Newly constructed
breakwater; 5. Water level 7.0; 6. Newly constructed breakwater; 7. Water level 7.0.
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Figure 4. Measuring and damage locations at Yuqiao Reservoir.

Figure 5. Cross-section of the dam at stake No. 1+555 at Yuqiao Reservoir (size: m).
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Figure 6. Profile of the foundation soil of the dam at Yuqiao Reservoir.

Figure 7. General plan of the new flood prevention gate across Ji Canal (unit: m).
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Figure 8. Profile of new flood prevention gate across Ji Canal (unit: m).

Figure 9. Location of borehole at the new flood prevention gate on Ji Canal(unit: m).
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EARTHQUAKE DAMAGE TO HYDRAULIC STRUCTURES
IN BEIJING CITY
Zhu Chendong*

I. General
Beijing City was relatively far (150 km±) from the epicenter. The intensity VII area was
mainly south-east of Tong and Pinggu Counties, with an area about 1% of the total area of
Beijing City. In this region no large-scale nor medium-scale hydraulic structures existed,
however, some hydraulic structures used for agricultural purposes existed. Of these structures
only Yangwa gate on the North Canal was slightly damaged. The intensity VI area was about
71% of the total area of the city. All large and medium-scale hydraulic structures of the city
were concentrated in this region including 3 large-scale reservoirs, 14 medium-scale reservoirs
and more than 100 water gates all having damage to different extents. The intensity V area was
28% of the total area of the city, covering Miyun, Huairou, Yanqing and Fangshan counties.
There were only a few small-scale reservoirs, dams and channels, etc. in this area and no damage
to these structures was found.
II. Damage to Reservoirs
There were 3 large-scale reservoirs, 14 medium-scale reservoirs and 60 smaller reservoirs in
Beijing City. The types of dams consisted of earth dams with slope protection facing, earth
dams with core walls, homogeneous dams, rubble gravity dams, concrete gravity dams, concrete
arch dams, rock filled dams and dams with asphalt inclined walls. Of these types of dams 14
were earth dams with slope protection, 14 in total.
During the quake no damage to reservoirs was found except slope sliding over a large area
occurred in the upstream direction of the main dam at Miyun Reservoir, the greatest earth dam in
the North China District (see “Damage to Miyun Reservoir” in this chapter).
III. Damage to Water Gates and Small-Sized Hydraulic Structures.
(1) Water gates
There were a total of 7 barrage gates across the Wenyuhe River and North Canal in Beijing
City (Fig. 1). Only one of which was damaged seriously in the quake, i.e. Luding gate across the
Wenyuhe River (Photo 1), which was situated about 1 km north of Sishang Village in Shunyi
County. Luding gate was composed of 12 steel gate closures 2.5 m high and 6 m wide, which
could be rotated automatically with the water level. The gate had no opening equipment and a
total width of 84 m (including two side openings). The discharge capacity of the gate was
975 m3⁄sec with a water storage capacity of 90,000 m3.
* Beijing Municipal Hydraulics Bureau
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The gate was completed at the end of 1971 and was put into operation during the flood
season of 1972. It was found that after operation, 1/3 of the area of the wire cage of the gate
collapsed in a downstream direction and two large pits up to 40-50 m long and about 3 m deep
were formed. Repair work had been carried out after the flood season. It was again found
during the flood season of 1974 that water emerged in several places on the rubble slope
protection at the gate in a downstream direction. After one month sand spouted in some of the
above-mentioned places. It was also found during inspection that cracks occurred on the contact
surface of the wing wall of both banks and protection slope in the upstream direction, and cracks
on the wing wall of the left bank were particularly serious. It was considered at that time that the
original design of the seepage prevention section was relatively short, only 16 m long,
corresponding to 6.4 times of the water head approximately. The cross-section of the gate is
shown in Fig. 2. No drainage facilities were installed on the downstream slope and structural
arrangement of the gate was not yet appropriate, so that overflow of the gate was relatively large.
In addition, workmanship of the sand-gravel layer and the mortar-laid rubble slope was poor,
causing piping to occur on the protection slope. During the repair work in 1974 additional
supports were installed behind the wing walls in the downstream direction and the rubble
protection slopes of both banks were rebuilt, but no drainage holes were made in the additional
anti-seepage layer; in the wall at the end of the original still basin concrete piers were added at
an interval of 0.5 m. It was considered to drive a vertical sheet pile for seepage prevention along
the bank in the upstream direction, penetrating the lower impermeable soil layer, but this had not
been done. However, sheet piles were driven into Xinbao gate and Jinzhan gate.
Luding gate was situated on a site of smooth topography which was 24.0-25.1 m above sea
level. Strata at the site were of recent deposit. In 1974 two boreholes were driven on the center
line of the gate with a depth 9-10 m. Strata at the site were classified into two layers. The first
layer was composed of fine, medium and coarse sand about 4 m thick. Sand in the upper layer, 3
m thick, was relatively fine and that in the lower layer was relatively coarse, uniform in size and
in a slightly dense state. In 1977 tests were performed on the sand. Standard penetration blows
of this sand layer was 4-11, which increased with the depth. The sand contained mica and
fragments of shell. The second layer was sandy clay with a degree of saturation 90-97%, water
content 21.9-33.6%, natural volume weight 1.85-2.03 g/cm3, void ratio 0.64-0.96, P.I. 4-16.5,
permeability coefficient 10-7-10-8 cm/sec, and a compressibility factor of 0.01-0.04 cm2/kg-force.
On the geological profile map of the exploration report there were also two remarks: 1) based
on the fact that on the base level of the proposed gate, 24 m, was just a layer of fine and medium
sand in a loose to slightly dense state therefore, this layer was not suitable to be a natural
foundation; 2) drainage should be noted in construction.
Because it was proposed that the gate not be built on the above layer properties of sand in the
layer were not given in the report. A similar sand layer existed under Jinzhan gate about 15 km
downstream from this gate. With observation by the naked eye, the sand at Jinzhan gate was
coarser than that at Luding gate, the particle composition of which is shown in Table 1.
Based on the analysis of the related geological department, the sand layers at Luding gate
were liable to be liquefied during an intensity VII earthquake. The lower sandy clay layer was
relatively thick but the bearing capacity was low.
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The quake occurred during the flood season. Except for Luding gate, which was closed to
store water at the time, all gates were opened for flood and there was no water in front of the
gates. The overflow depth on top of Luding gate was approximately 10 mm, the upstream level
was 26.68 m, the downstream level was 24.24 m, and the water head difference was 2.44 m. No
abnormalities were found at the gate when the M7.8 Tangshan earthquake happened. About 2
hours after the quake a large sound was heard and the gate opening was found collapsed and the
bridge slabs had fallen into the river (Photo 2).
Gate piers in the 3rd to 8th openings from the right bank inclined and settled. The settlement
in the 5th opening was the largest, up to 1.6 m; the bridge slab in the 3rd opening fractured and
fell into the river. Gate closures in the 3rd to 7th openings were loosened with those in the 3rd to
6th openings falling into the river. It was found during the inspection that the downstream
stilling basin and the apron slabs were fractured, settled and displaced, two slabs even imposed
upon each other (Photo 3). The downstream piers of the above openings also settled under the
water surface. A large amount of foundation soil flowed away, although the gate openings near
both banks were relatively intact. The upstream and downstream concrete or rubble protection
slopes were not damaged or cracked. The whole gate was seriously damaged and out of use.
In the neighborhood of Luding Village the seismic intensity was VII and the area was an
abnormal area in the region of intensity VI. In this area, besides the seriously damaged Luding
gate, a large number of ground cracks and sandboils occurred on the beach embankments and
cultivated lands in the vicinity of the gate in both an upstream or downstream direction. Houses
and barracks of farmers and troops also collapsed.
Furthermore, a brick wall of the building built next to the bridge of Beiguan gate and
Yangwa gate cracked and one of the cracks on the brick wall in the building of Yangwa gate
propagated along the window opening at a 45° angle. Cracks on the brick wall were deep, the
brick joints were found offset (Photo 4) and the wall was completely ruined. Many small cracks
occurred at the connection of gate piers and columns of the working bridge at Yangwa gate, with
widths all less than 1 mm; no effect was found on the routine operation of the gate. Two singlestory houses of the Gate Administration Office collapsed. Other gates were intact.
(2) Small-sized hydraulic structures
There were five hydraulic structures on the North Canal that suffered earthquake damage, of
these, three were drainage culvert gates through the left embankment of the North Canal i.e.,
Genglou reserved gate, Xihe Road reserved gate and Xiaolin reserved gate. The other two gates
were situated on the right bank of the North Canal i.e., Yangwa inlet gate and Yangwa outlet
gate (Fig. 3). These gates were all located in the boundaries of Langfu Commune and Xiji
Commune, about 20 km from the southeast town of Tong County. They were distributed along a
river section about 8 km long. Foundation soil along the bank was silty fine sand therefore,
damage to these gates was similar.
1. Genglou reserved gate
It was a 3-opening square culvert, 3×3 m in cross-section with a monolithic R.C. bottom
slab 80 cm thick. There was no water in front of the gate before the quake, however, the gate
chamber settled 8 cm after the quake (compared with the side pier) and sandboils occurred in the
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downstream expansion joint and still basin. Wing walls of the outlet or inlet displaced in an
upstream direction and downstream direction for 10 cm (Fig. 4). The sealant joint made of
galvanized sheet iron between the wing wall and the straight wall was pulled apart up to 6 cm
(Photo 5). Pre-cast concrete slabs on the downstream protection slope were damaged. The
upper concrete slab was pushed under the lower concrete slab for a depth of more than 70 cm. It
was reported that the foundation soil at the gate was a loose silty fine sand layer about 5 m thick,
and no treatment was made for the foundation in construction.
2. Xihe Road reserved gate
It was a 2-opening rectangular culvert with a cross-section 2×2.5 m. During the quake the
culvert body cracked and the gate closure could not be lowered and closed. The upstream
drainage ditch of the gate was completely covered with spouted sand and the gate settled. The
expansion joint at the connection of the upstream wing wall and straight wall was pulled apart.
Wing walls of both banks in the downstream direction displaced 12 cm and 7 cm toward the gate
center. Rubble protection slopes of both banks in the downstream direction cracked and heaved
and were seriously damaged.
3. Xiaolin reserved gate
It was a 4-opening square culvert with a cross-section of 3×3 m. The monolithic R.C.
bottom plate of the gate was 80 cm thick. After the quake the gate chamber settled 10 cm (there
was no water in front of the gate at that time and no sandboils occurred). The chamber separated
from wing walls, and the downstream wing walls moved toward the center of the river 5 cm and
3 cm respectively. From the appearance of the whole structure, the gate did not suffer much
damage but the galvanized sealant sheet was split.
4. Yangwa inlet gate
It was a single opening rectangular culvert with a cross-section of 0.8×1.5 m. After the
quake the wing wall separated from the straight wall leaving a crack up to 30 cm in width (Photo
6). Eight longitudinal cracks occurred on the concrete protection slope and the greatest crack
was 10 cm wide. Soil under the concrete slab on the slope slid in the direction of the riverbed
leaving a space under the bottom plate. The construction joint of the gate closure cracked and
the concrete beam under the hand-operated gate opening machine was bent and deformed.
Cracks were found on top of the beam. At the outlet of the gate the straight wall inclined
outward with a crack about 5 cm wide.
Except for the water gates across the North Canal, several small-sized culvert gates in the
city were also damaged.
5. Linqing gate
It was located across the Yueyahe River in Liqiao Commune in Shunyi County. This was the
site of the old river channel of the Chaobaihe River. The gate was built on a black fine sand
layer with 12 openings each 2×1.8 m in size; the discharge capacity of the gate was 40 m3/sec.
The gate structure was mortar-laid rubble masonry with a bottom plate 50-80 cm thick. Two
rows of wooden piles were driven under each gate pier. Each pile was 12-20 cm in diameter,
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about 1 m in driven depth and spacing of rows was 50 cm. After the quake a ground crack about
20 cm wide occurred on the beach of the left bank in the upstream direction. The left pier and
straight wall cracked and the pier settled approximately 4 cm. A lot of cracks occurred on the
rubble slope on both sides. Several cracks, large and small, occurred on the cultivated land next
to the left bank along the direction of the river. Exterior brick walls of a certain plant building
on the right bank, about 50 m from the gate, cracked seriously.
6. Wazi gate
It was located across the Xiaozhonghe River in Liqiao Commune in Shunyi County. The
gate was built on a white medium sand foundation and was a simple gate with 18 openings and a
concrete bottom plate. The gate closure was made of steel sections and a pedestrian concrete
bridge was built over the closure. The left side pier was located on the main river channel.
From underwater inspection it was found that 4-5 small cracks occurred on the bottom plane
along the direction of the river. Furthermore, slope sliding occurred on the left bank and the
downstream rubble slope cracked causing cracking of the U-shaped side pier on the left bank.
Besides, Shenjiafen gate in Chaoyang District, the small gate at Xihe Road of Xiji Commune
in Tong County, Caoliegezhuang gate and the west gate in Wangzhuang Village of Langfu
Commune in Tong County were damaged to different extents.
IV. Damage to Pumping Wells and Pumping Stations
(1) Pumping wells
Before the quake there were more than 38,000 pumping wells in Beijing City mainly
concentrated in the plain area. During the quake more than 1,000 pumping wells were seriously
damaged amounting to approximately 3% of the total. The damaged wells were mainly in Tong
County and secondarily in Shunyi, Daxing, and Pinggu, etc.
Damaged wells in Tong County distributed mainly in the communes of Xiji, Langfu,
Mizidian and Matou. Out of 15 pumping wells in the Hehezhan Farming Brigade of Xiji
Commune 11 wells were blocked by spouted sand. The pumping well at the Xiji Wood
Manufacturing Plant settled 0.5-0.8 m with the pump foundation and the depressed pit was 2 m
in diameter. It was reported by the workers that sand which spouted from the ground was as
high as 1 m with a duration of more than 1 hour. Out of 37 pumping wells in the Caozhuang
Farming Brigade of Mizidian Commune 17 wells were blocked and only 2 wells 102 m deep
remained undamaged. The pipe of a well in Mazhuang Village protruded more than 1 m above
the ground surface. Out of 7 pumping wells in the Qiancheyi Farming Brigade 5 wells with
cement pipes were damaged to different extents and only 2 wells with cast iron pipes were intact.
According to statistics made by the hydraulic department of Shunyi County, pipes in 56 wells
tilted and 238 wells were blocked by spouted sand after the quake in the county. Out of 11
pumping wells in the Nanzhai Farming Brigade of Menlou Commune in Pinggu County pipes in
5 wells were cracked and pumps in 2 wells raised from the original surface (one of which raised
15 cm, the other 6 cm), sand spouting occurred in 2 wells and 2 wells were intact.
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(2) Pumping stations
Before the quake there were 5,700 pumping stations in the city in which 11 stations were
slightly damaged (5 were located in Chaoyang District), a station building and water tank of 4
stations were cracked, and one building collapsed. Pump foundations were cracked at one
station in Fengtai District and at two in Daxing County. Out of 3 stations in Shunyi County
pipes at 2 stations were cracked and the protection slope at 1 station was damaged.
V. Damage to Embankments
Damage to river embankments in Beijing City occurred mainly to those on the Wenyuhe
River and North Canal. The embankment of the Chaobaihe River was also slightly damaged and
individual sections of the embankment settled and collapsed.
(1) Embankment of the Wenyuhe River
Damage to the embankment of the Wenyuhe River occurred mainly at the section in the
vicinity of Luding Village where the embankments in the upstream and downstream direction
near the collapsed Luding gate were damaged (Fig. 5). With reference to the stones on the
embankment, longitudinal cracks were found on the top and on both slopes within a distance of
200 m between 24.9-25.1 km. On the left embankment cracks in a 100 m section were more
serious. Width of the cracks were 10-30 cm generally with a maximum width of 40 cm. The
depth of the cracks which could be measured was 1.5-2.0 m and the largest crack extended 50 m.
Cracks parallel to the embankment were also found on the beach and cultivated land outside the
embankment. In this section 27.7-31.6 km of the right embankment cracks occurred; those in
two sections 27.7-28.6 km and 31.4-31.6 km were serious. On top of the embankment, 5.5 m in
width, there were 2-4 longitudinal cracks, generally parallel. On both slopes either in the
upstream or in downstream direction a lot of cracks also occurred with a width of 10-30 cm, the
maximum width was up to 80 cm, the maximum depth was 2.5 m (Fig. 7). A lot of cracks
occurred on the beach from which water and sand spouted. Cracks outside of the embankment
occurring in vicinity of mileage stone 28.0 km were most serious with longitudinal and
transverse cracks crossing each other. At the embankment where cracks occurred seriously there
was settlement of the top of the embankment of 5-20 cm with a maximum depression up to 6070 cm located on the right embankment in section 31.2-31.5 km.
At the above damaged embankment sections the foundation sand soil was seriously liquefied
during the earthquake. During construction of the embankment in 1971 the foundation soil was
not densely compacted and rolled and the fill layers with frozen lumps were thicker than usual.
(2) Embankment of the North Canal
The river channel of the North Canal within the boundaries of Beijing City was
approximately 45.7 km long and the total length of the embankment was 68.6 km in which the
left embankment was 35.3 km long, while the right embankment was 33.3 km. After the quake
serious cracks and slope sliding occurred on 14 sections of the left embankment starting from
Genglou Village through Chenhang, Hehezhan, Luwan, Xiaolin to Qiaoshang Villages with a
total length of 3 km. The longest damaged section was 862 m.
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There were many longitudinal cracks on top, on the slope and foot of the embankment the
maximum width of which was 40 cm and more, the depth about 3 m and length tens of meters
(Photo 7).
Ground cracks on the cultivated land and beach crossed each other. Slope sliding and sand
spouting occurred at several places on two sides of the embankment. A few sand boils were also
found on top of the embankment. The area where sand boils occurred on the beach was
relatively large, some sandboils were up to 25 m2 in area.
The strike of this river channel section was basically E-W in direction. On the north bank
zones of silty fine sand and many sandboils occurred. It was a seriously damaged zone. On the
south bank there were mostly sandy clay layers therefore, damage was slight. Based on borehole
data north of the river there was a surface layer of silty fine sand 1.5-2.2 m thick, standard
penetration blows were 2-9, average particle size 0.11-0.21 mm, effective particle size 0.0650.125 mm, and uniformity coefficient 2.5-3.1. Under the surface layer there was an impermeable
sandy clay layer 0.5-1.0 m thick, standard penetration blows of which were 5-15 in a moderate to
slightly densified state, average particle size 0.1-0.20 mm, effective particle size 0.06-0.10 mm,
and uniformity coefficient 1.7-2.7. The underground water level was about 3 m under the
surface.
(Translator: Lu Rongjian)
Table 1. Particle content of foundation soil at Jinzhan gate (%).
No. of
Borehole

Depth
(m)

1

3

1

7

1
3

Particle Size (mm)
>2

2-0.5

0.5-0.25

0.25-0.1

< 0.1

26.8

38.6

25.4

9.2

35.9

30.4

16.6

11.4

9

4.6

11.2

73.0

11.2

3.8

8.4

26.4

50.4

14.8

5.7
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Photo 1. A general view of Luding gate after the quake.

Photo 2. Bridge slabs of Luding gate fell into the river.

Photo 3. Downstream stilling basin. Apron slabs of
Luding gate fractured and dislocated.
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Photo 4. A brick wall of a building at Yangwa gate
cracked.

Photo 5. Sealing joint of the wing wall was pulled apart
at the Genglou gate.

Photo 6. The straight wall of the Yangwa inlet gate
separated from the wing wall.

Photo 7. There was damage to the embankment of the
North Canal.
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Figure 1. Barrage gates across Wenyuhe and North canals.
1. Caonian gate; 2. Luding gate; 3. Xinbao gate; 4. Jinzhan gate; 5. Beiguan gate; 6. Yulin gate; 7. Yangwa
gate

Figure 2. A cross-section of Luding gate (unit: m).
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Figure 3. Small sized gates on North Canal.
1. Genglou gate; 2. Xihe Road gate; 3. Xiaolin gate; 4. Yangwa inlet gate; 5. Yangwa outlet gate; 6. Yangwa barrage
gate

Figure 4. Direction of displacement at three culvert gates.
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Figure 5. Location of damaged embankment on the
Wenyuhe River near Luding gate.

Figure 6. A profile of the damaged left embankment on Wenyuhe River at section 24.9-25.1 km.

Figure 7. A profile of the damaged right embankment on Wenyuhe River at section 27.7-28.6 km.
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Figure 8. Damaged sections on the left embankment of
the North Canal.
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DAMAGE TO HYDRAULIC STRUCTURES IN LANGFANG PREFECTURE
Hydraulic Bureau of Langfang Prefecture, Hebei Province

I. General
The seismic waves of the Tangshan earthquake spread to Langfang Prefecture in Hebei
Province so hydraulic structures in the Prefecture suffered damage.
The east part of the Prefecture was an intensity VII area which mainly consisted of Xianghe
County, most parts of Sanhe County and Dachang County and the east part of Anci County and
Baxian County. In the east part there were 15 drainage stations with a capacity above 4 m3/sec,
8 large and medium-size gates, 6 main river embankments namely the Xunhe River, the river
connecting the Xunhe River and the Chaobai River, the Qinglongwan River, the North Canal and
the Yongding River, a total length of 195.2 km. Locations of the above stations are shown in
Fig. 1.
II. Damage to Water Gates
In the intensity VII area of the Prefecture there were 8 water gates with a capacity above
100 m3/sec. Damage to these gates was slight (see Table 1). Two cases are described in the
following:
1. Luzhuang gate
This gate with 6 openings located on the Baoqiuhe River north of Dachang County was built
in 1956. Subsoil of the gate was clay having been compacted over time. The foundation was
made of rubble concrete as was the lower part of the gate pier.
After the quake the working bridge collapsed and the traffic bridge settled 1-3 cm. Cracks
occurred on bridge columns and on the downstream slope with a width of 1-3 cm. No damage
was found on the structure. The gate could be operated normally after a great extent of repairs.
2. Tumenlou flood discharge gate
This gate located on the upstream mouth of the Qinglongwanjianhe River south-west of
Xianghe County was built in 1973. There were 10 openings in the gate and the total width of the
gate was 109 m and total length was 143.4 m. The gate closure was a rotating steel plate closure.
The gate was an R.C. structure with separate bottom slabs and a shaft-column foundation. The
gate was situated in an area of only intensity VII but damage to its upstream and downstream
embankment was serious. For example, at the Houjiawan embankment 1,000 m away from the
gate in a downstream direction, 3 longitudinal cracks occurred on top of the embankment; there
were 6 longitudinal cracks on both the interior and exterior slopes with a width of 1-15 cm, a
maximum offset of 30 cm, and sandboils occurred in many places at the interior foot of the
embankment. No obvious change of the gate was found after the quake.
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III. Damage to Drainage Stations
Damage to 15 main drainage stations with a drainage capacity above 4 m3/sec is shown in
Table 2. Typical cases are as follows:
The Daluema Drainage Station built in 1970 was located on the right bank of the Xunhe
River south-east of Sanhe County with a total motor capacity of 410 kW, and a pumping
capacity of 4 m3/sec providing draining for an area of 18 km2. The subsoil was mainly sand.
Geological conditions at the station were not known. Damage to the station was serious (Fig. 2).
(1) The plant building shifted 80 cm to the left and settled 20 cm at the same time. Many
cracks occurred on walls and the maximum width of oblique cracks at both end spans reached 67 cm.
(2) Many cracks occurred on the inlet basin of which 5 cracks were 1 cm wide. The bottom
of the basin fractured and sand spouted from the fracture.
(3) The pressure basin shifted to the left and separated from the culvert for 80 cm. Three
vertical cracks occurred at the bottom of the concrete wall with a width of 1-5 cm. Many cracks
existed on the bottom slab.
(4) Settlement of 35 cm occurred where the pressure basin separated from the culvert passing
through the embankment. The downstream slope separated 30 cm from the basin.
(5) The upstream retaining wall pulled apart from the rubble protection slope up to 10 cm
and settled 10 cm at the same time. The retaining wall was fractured in the middle.
(6) Six cracks 3-10 cm wide occurred on the discharge slope and a relative offset occurred
there. The first terrace fractured with a crack above 10 cm wide. The lower part of the slope
settled with a relative offset of 6 cm.
(7) The front basin, pressure basin and expansion joint of the plant building were all pulled
apart. The seal was destroyed.
IV. Damage to River Embankments
River embankments within the boundary of the Prefecture suffered damage to various
degrees during the quake. In the area of intensity VII there were embankments with a total
length of 195.2 km, in which 16.8 km collapsed and 25.5 km were seriously damaged.
Damage patterns of the embankments are shown in Table 3.
(Translator: Lu Rongjian)

1963

1965

Muchang gate

Wucun gate

1975

1973

Tumenlou flood
discharge gate

Yongfeng gate

1975

Dongzhuangwu
gate

1965-1972

1956

Luzhuang gate

Niumutun gate

1975

Menggezhuang
gate

Name of Gate

Year of
Completion

Longhe River

Chaobaihe River

Chaobaihe River

North Canal

Qinglongwanjiahe
River

Longhe River

Baoqiuhe River

Xunhe River

Name of River

steel plate lifting gate
closure with wire net

steel plate gate closure;
box culvert

steel lifting gate closure

wood plate gate closure

rotating steel gate
closure

steel plate gate closure
with wire net

steel plate gate closure

R.C. gate closure,
imposed steel beam

Type

14/3

14/3

42/4

9/2.5

10/10

14/4

6/2.5

12/3

No. of
Opening/Width
(m)

Gate Closure

198

219

1847

225

1330

203

117

300

Design
Discharge
m3/sec

sandy soil

sandy loam

sandy loam

sandy loam

sandy clay

sand and clayey
loam

treated by clayey
loam and lime

sandy soil

Foundation Soil

Table 1. Damage to main water gates.

R.C. foundation

R.C. foundation

R.C. foundation

R.C. foundation

shaft foundation

beam-slab type

mortar-laid
rubble
foundation

monolithic
foundation

Type of
Foundation

intact

intact

intact

intact

intact

slightly
damaged

seriously
damaged

slightly
damaged

Damage
Degree

No obvious change

No obvious change

No obvious change

Cracks on retaining
wall 1-2 cm wide.

See case 2

Upstream protection
slope cracked, a
portion of which
settled.

See case 1

Rubble piers on both
banks cracked.

Damage Description
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Daluema
Station

Minzhuangzi
Station

Baijiawan
Station

Zhangjiazhuang Station

Xiaoyoufatu
Station

2

3

4

5

Station

1

No.

19631971

1962

1973

1974

1970

Year of
Completion

North
Canal

Chaobaihe
River

Chaobaihe
River

Xunhe
River

Xunhe
River

River
System

510

1,200

440

390

410

Total
Capacity
of Motor
(kW)

5.4

16.0

4.2

4

4

Discharge
Capacity
(m3/sec)

20”-Feng
Chan
model
pump and
500 axial
flow
pump

1000 mm
axial flow
pump

20" pump

model 700
axial flow
vertical
pump

20”

Type of
Pump

8

8

8

3

8

No. of
Motor
Set

brick
building

brick
building

brick
building

brick
building

brick
building

Type of
Plant
Building

sand
soil

sand
soil

sand
soil

sand
soil

sand
soil

Subsoil

mortar-laid
rubble
foundation

brick and
R.C.
combined
foundation
with
bottom
plate

mortar-laid
rubble and
R.C.
combined
foundation

mortar-laid
rubble and
R.C.
combined
foundation

mortar- laid
monolithic
rubble
foundation

Type of
Foundation

moderately
damaged

seriously
damaged

moderately
damaged

slightly
damaged

seriously
damaged

Damage
Degree

Damage Description

The old plant building cracked and
inclined while the new plant building
only cracked. Cracks on the outlet basin
slope were less than 1 cm wide.

A wall in the pressure basin settled and
tilted. At the connection of brick walls
vertical cracks 2-5 cm wide passed
through the whole wall. Several cracks
occurred on the bottom plate and the
foundation was damaged. Many
longitudinal and transverse cracks, about
1 cm wide, occurred on the plant building
and pump house. The front basin cracked,
the displacement of which was 1-3 cm.

Small cracks occurred on the right side of
the bottom plate of the pressure basin and
side walls. Cracks occurred on the
retaining wall at the end of the right water
channel. Cracks also occurred on slopes
at the inlet and outlet. Width of all cracks
was less than 1 cm.

Settlement joint between the water tank
and pressure basin was slightly pulled
apart. Cracks occurred on walls of the
plant building.

See typical case

Table 2. Damage to drainage stations in Langfang Prefecture (intensity VII area).
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Xihetou
Station

Shangwangdian
Station

Tianjiazhuang
Station

Old Xiaomiao Station

7

8

9

Station

6

No.

1960

1970

1975

1973

Year of
Completion

Zhongtinghe
River

Chaobaihe
River

Chaobaihe
River

river
connected
the Xunhe
River and
the Chaohe
River

River
System

660

550

1,085

760

Total
Capacity
of Motor
(kW)

8.0

6.0

10.5

8.0

Discharge
Capacity
(m3/sec)

vertical
axial flow
pump

vertical
axial flow
pump

vertical
axial flow
pump

24”-Feng
Chan
model
pump

Type of
Pump

4

10

7

8

No. of
Motor
Set

brick
building

brick
building

brick
building

brick
building

Type of
Plant
Building

Table 2. Continued.

sandy
loam

sandy
soil

sandy
soil

sandy
soil

Subsoil

brick
foundation
with R.C.
bottom
plate

mortar-laid
rubble
foundation,
combination type

shaft pile
foundation
and steel
truss
structure

mortar-laid
rubble
foundation
of
separated
type

Type of
Foundation

moderately
damaged

moderately
damaged

moderately
damaged

moderately
damaged

Damage
Degree

Connection between the plant building
and breast wall separated. The motor
house settled. 12 cracks occurred on the
pump house and walls in the basement. A
through crack occurred on the bottom
plate of the inverted siphon gate.
Horizontal cracks 1-3 cm wide existed on
the retaining wall, which was divided into
several parts by a vertical crack. The
retaining wall inclined outward.

Horizontal cracks occurred at the top and
on the bottom of the window openings in
the main plant building. Cracks occurred
at the connection of the plant building
and transformer house and the buildings
inclined. Cracks occurred on the
transformer house, culvert, and outlet of
the culvert and slope.

The foundation at the connection of the
main plant building and transformer
house and assembly workshop cracked
and settled. Cracks occurred on the main
plant building, transformer house and
protection slope. The seal enlarged.

The plant building and transformer house
cracked and inclined. Foundation of the
transformer house settled 1-3 cm. Cracks
occurred on the wall at the outlet of the
culvert and the wall settled. Bottom plate
and side wall of pressure basin settled
differentially about 1 cm. The seal
widened.

Damage Description
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Station

New
Xiaomiao
Station

Yangfengang Station

Zhongying
Station

Dabaozhuang
Station

Wangpuying
Station

No.

10

11

12

13

14

1973

1971

1962

1965

1965

Year of
Completion

Xunhe
River

Baoqiuhe
River

Qinglongwanhe
River

Zhongtinghe
River

Zhongtinghe
River

River
System

955

955

500

800

815

Total
Capacity
of Motor
(kW)

8.4

10.4

6

6.3

6.3

Discharge
Capacity
(m3/sec)

model 20
and type
Feng
Chan
pumps

DVA/ 50

type 850
Russian
pump

20”-Feng
Chan
pump

20”-Feng
Chan
pump

Type of
Pump

16

13

4

10

10

No. of
Motor
Set

stone
building

stone
building

stone
building

stone
building

brick
building

Type of
Plant
Building

Table 2. Continued.

muck

clayey
soil

sandy
soil

sandy
loam

sandy
loam

Subsoil

combined
type rubble
foundation

combined
type rubble
foundation

combined
type rubble
foundation

separated
type rubble
foundation

separated
type rubble
foundation

Type of
Foundation

slightly
damaged

moderately
damaged

seriously
damaged

moderately
damaged

slightly
damaged

Damage
Degree

Two horizontal cracks occurred above all
window openings of the workshop. Three
brick buttresses shifted 3 cm inward.

Two horizontal cracks occurred above all
window openings of the workshop. The
back wall fractured. Six horizontal cracks
less than 1 cm wide occurred on the water
outlet basin.

The plant building cracked at many
places and also titled. The protection
slope in front of the station was crushed
and settled. Many cracks about 1 cm wide
occurred on the pressure basin. Seals
were all damaged.

A horizontal through crack occurred
above the windowsill on the wall of the
workshops. The wall settled to the
southwest with relatively large vertical
cracks. Large or small cracks occurred on
the pressure basin, vertical cracks
occurred on the water prevention wall
and above the water pipe.

A through crack occurred 20 cm above
the alkaline prevention layer on the wall
of the workshop separating the wall
horizontally. Vertical cracks occurred
under the water pipe. Checkered cracks
of different sizes occurred on the back
retaining wall.

Damage Description
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Bank

right
bank

left
bank

left and
right
bank

Chaobaihe
River

Yongdinghe
River

the river
connected
Xunhe River
and
Chaobaihe
River

Gezhongmafang
Station

15

Name of
River

Station

No.

Tianzhuang
Village

from
Daluema
Village to
Xiaoluo
Village

River
System

1972

1972

Year of
Completion

Baoqiuhe
River

East of
Sunzhuangzi

Location

1963

Year of
Completion
20”-Feng
Chan type
pump

Type of
Pump
6

No. of
Motor
Set
brick
building

Type of
Plant
Building
muck

Subsoil
separated
rubble
foundation

830

2,500

2,850

sandy soil

sandy soil

sandy soil

Embankment
Soil

sandy soil

sandy soil

clay

Foundation
Soil

6

8

6

Width
on
Top
(m)

1:4

1:3

1:4

Interior

1:3

1:3

1:3

Exterior

Slope Ratio

VII

VII

VII

Damage Description

seriously
damaged

seriously
damaged

slightly
damaged

The embankment on both banks
was 11.3 km long in total. There
were 3-7 longitudinal cracks 110 cm wide with a maximum of 60
cm. Differential settlement
occurred up to 15-40 cm.

Length of the section, 1,500 m. One
transverse through crack 2-15 cm
wide extended from interior boot to
exterior foot of the embankment
and 5 longitudinal cracks >1 cm in
width were also found.

Length of the section, 2,000 m.
Two longitudinal cracks occurred
intermittently on top of the section
with 6 transverse cracks 1-3 cm
wide.

Description of Damage

The workshop, pressure basin and
settlement joint of the water basin were
slightly split. Cracks were found on
walls.

Damage
Degree

slightly
damaged

Damage
Degree

Intensity

Type of
Foundation

Table 3. The main damaged embankment sections.

4.0

Discharge
Capacity
(m3/sec)

Design
Discharge
(m3/sec)

480

Total
Capacity
of Motor
(kW)

Table 2. Continued.
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left
bank

left
bank

right
bank

left
bank

left
bank

right
bank

North Canal

the river
connected
Xunhe River
and
Chaobaihe
Rver

The river
connected
Xunhe river
and
Chaobaihe
River

Chaobaihe
River

Chaobaihe
River

Bank

North Canal

Name of
River

Yijing Village

Rongge
Zhuang
Village

east of
Hanzhuang
Village

east of
Hanzhuang
Village

Tumenlou

west of
Qiantumenlou

Location

1972

1972

1972

1972

Year of
Completion

2,850

2,850

830

830

1,330

1,330

Design
Discharge
(m3/sec)

sandy soil

sandy soil

sandy soil

sandy soil

sandy soil

sandy soil

Embankment
Soil

sandy soil

sandy soil

sandy soil

sandy soil

sandy soil

sandy soil

Foundation
Soil

8

8

6

6

5

5

Width
on
Top
(m)

Table 3. Continued.

1:4

1:4

1:4

1:4

1:3

1:3

Interior

1:3

1:3

1:3

1:3

1:3

1:3

Exterior

Slope Ratio

VII

VII

VII

VII

VII

VII

Intensity

moderately
damaged

seriously
damaged

slightly
damaged

slightly
damaged

slightly
damaged

seriously
damaged

Damage
Degree

2,000 m in length. Two
intermittent longitudinal cracks
1 cm wide on top of the
embankment.

200 m in length. Two
longitudinal cracks on top. Six
longitudinal cracks 1 cm wide
on exterior and interior slope.

250 m in length. One
intermittent longitudinal crack 13 cm wide occurred on top of the
embankment.

2,000 m in length. Two
intermittent longitudinal cracks
1-2 cm wide occurred on top of
the embankment.

15,000 m in length. A lot of
longitudinal cracks 2-4 cm wide
occurred on top or on the slope
of the embankment.

300 m in length. Three
longitudinal cracks occurred
intermittently on top. Ten
longitudinal cracks 2-15 cm
wide occurred on the interior
and exterior slope. Sandboils
were found in many places at the
foot of the interior and exterior
side.

Description of Damage
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Bank

right
bank

left
bank

left
bank

left
bank

left
bank

left
bank

Name of
River

Chaobaihe
River

Qinglongwanjianhe
River

Chaobaihe
River

Chaobaihe
River

Qinglongwanjianhe
River

Qinglongwanjianhe
River

HuoLiuzhao
Village

Houjiawan
Village

Yijing
Village

Baijiawan
Village

Sanbaihu
Village

Xiaoqingz
Huangwu

Location

1973

1973

1972

1972

1973

1972

Year of
Completion

1,300

1,330

2,850

2,850

1,330

2,850

Design
Discharge
(m3/sec)

sandy soil

sandy soil

sandy soil

sandy soil

sandy soil

sandy soil

Embankment
Soil

sandy soil

clay

clay

clay

clay

sandy soil

Foundation
Soil

8

8

8

8

8

8

Width
on
Top
(m)

Table 3. Continued.

1:4

1:4

1:4

1:4

1:4

1:4

Interior

1:3

1:3

1:3

1:3

1:3

1:3

Exterior

Slope Ratio

VII

VII

VII

VII

VII

VII

Intensity

seriously
damaged

seriously
damaged

moderately
damaged

moderately
damaged

moderately
damaged

moderately
damaged

Damage
Degree

1,700 m in length. 5 intermittent
longitudinal cracks on top and
10 longitudinal cracks 1-10 cm
wide on interior and exterior
slope. Cracks offset vertically
with a maximum of 20 cm. A lot
of sandboils occurred at the foot
of the interior and exterior slope.

500 m in length. 3 intermittent
longitudinal cracks on top and 6
longitudinal cracks on interior
and exterior slope with a width
of 1-15 cm. Cracks offset
vertically with a maximum of 30
cm. A lot of sandboils occurred
at the foot of the interior slope.

800 m in length. 12 transverse
cracks and 5 intermittent
longitudinal cracks 3-7 cm wide
on top. A lot of sandboils
occurred at the foot of the
interior and exterior slope.

1,250 m in length. Three
intermittent longitudinal cracks
1-5 cm wide on top of the
embankment.

4,000 m in length. One
longitudinal crack 1 cm wide on
top of the embankment.

2,000 m in length. Four
intermittent longitudinal cracks
1-2 cm wide on top of the
embankment.
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left
bank

right
bank

Xunhe River

Bank

Qinglongwanjianhe
River

Name of
River

Xinji Village

Zhongying
Village

Location
1973

Year of
Completion

250

1,330

Design
Discharge
(m3/sec)

loam

sandy soil

Embankment
Soil

loam

sandy soil

Foundation
Soil

5

8

Width
on
Top
(m)

1:3

1:4

Interior

1:2

1:3

Exterior

Slope Ratio

Table 4. The main damaged embankment sections.

VII

VII

Intensity

moderately
damaged

seriously
damaged

Damage
Degree

500 m in length. One
longitudinal crack 3-4 cm wide
occurred.

500 m in length. 9 transversal
cracks and 3 intermittent
longitudinal cracks, 1-20 cm
wide occurred. Cracks offset
vertically with a maximum of 50
cm. A lot of sandboils occurred
at the foot of the interior and
exterior slope.

Description of Damage
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Figure 1. Location of damage hydraulic structures in Langfang Prefecture.
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Figure 2. Damage to Daluema Drainage Station (unit: m).
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DAMAGE TO HYDRAULIC STRUCTURES IN LUTAI RANCH
Li Fengxiang*

I. General
Lutai Ranch of Hebei Province was situated in the boundary of Ninghe County, Tianjin City,
between the Chaobaihe River and Ji Canal. It was 60 km away from Tangshan in the northeast,
70 km away from Tianjin in the southwest and 25 km from Bohai Sea in the southeast. The
ranch was 24 km long east-west and 5.5 km wide in average north-south. The relief was low in
the southeast and high in the northwest. The sea level was 2.9-4.1 m (with reference to Dagu,
same as in the following) and about 3.5 m in general. The topography was smooth with a slope
ratio of 1:8,000-1:20,000.
The ranch was located in a lagoon-depressed area on the coastal plain, which was the deposit
zone of the Haihe-Ji Canal water system. The area belonged to the North China continental
terrace tectonically, located at the north edge of the subsided Bohai depressed region with a
deposit approximately 1,000 m above the base rock. The tectonic was rather complicated and
folds, large or small, faults, depressions, upheavals and new or old tectonics existed or were
imposed continuously. The area was also rich in underground water. The upper water layer was
a phreatic aquifer with water of salty taste, a buried depth of 1.0-1.5 m, and mineralization of 530 g/lit. Below the depth of 90 m there was a deep layer of pure water for drinking and drainage.
There was also a confined water layer with a level 8-17 m from the surface.
There were two drainage areas at the Ranch, the east drainage area and west drainage area.
The east drainage area included the general headquarters of the Ranch, the No. 1-4 branch of the
Ranch, and Yuejin Commune with a land area of 98,000 mu. The west drainage area included
the No. 5 branch of the Ranch and Dongfanghong Commune with a land area of 101,000 mu.
The drainage water source and discharge outlet for the east drainage area was the Ji Canal, for
the west drainage area the Chaobaihe River and the Zengkouhe River respectively. Hydraulic
structures included 6 first grade pumping stations, 134.1 km of main water supply ditch, 165.4
km of main water discharge ditch, 513 water supply ditches, 513 discharge ditches, 40 km of
coffer dam, 203 water gates, bridges and culverts, 1,047 buildings and 175 pumping wells
(Fig. 1).
After the quake the ground settled up to 58.5 cm in the east part. Several sandboils occurred
in a 3,500 mu area and mineralization of the spouted water was up to 15 g/lit.

* Lutai Ranch, Hebei Province.
Note: Zhang Shuqin, Zhao Yuzi and Ning Jingxun of Lutai Ranch also participated in the
survey of damage.
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II. Damage to Pumping Stations
(1) Outline of pumping stations
The six pumping stations at Lutai Ranch suffered damage to different extents. The general
pumping station, the No. 2 pumping station, No. 3 pumping station and No. 5 pumping station
were seriously damaged, the No. 4 pumping station was moderately damaged while the No. 6
pumping station was not noticeably damaged.
Damage occurred mainly to the superstructure of the station buildings and auxiliary
buildings, such as the transformer house. Superstructures of the station buildings were mostly
brick-concrete structures the damage patterns of which was cracking of brick walls, including
tilting and collapse. Infrastructures and foundations were mostly concrete and R.C. structures
and damage to these structures was slight. Damage patterns of these structures was the
occurrence of longitudinal cracks on the bottom slab and vertical cracks at the connection to
walls. Transformer houses were rather large and damage to these buildings was serious; the
transformer house at the general pumping station and No. 2 station collapsed.
Damage patterns of pressure basins at the pumping stations were mainly settlement and the
occurrence of longitudinal cracks (along the flow direction) and transverse cracks. Wing walls
at the inlets settled, tilted or cracked.
After the quake a survey of pumping stations with a pumping capacity above 4 m3/sec was
carried out. The results of the survey are shown in Table 1.
(2) Typical case – No. 5 pumping station
1. Outline of the station
The No. 5 pumping station was designed and constructed by the Ranch itself and fully
completed at the end of 1975. It was a pumping station for the main purpose of flood discharge
and also for the use of drainage, undertaking a drainage area of 22,600 mu. Five 900 mm
horizontal axial flow pumps were installed, each with a 155 kW motor. Operation of the station
before the quake was perfect. The general plan of the station is shown in Fig. 2.
The main station building was a wet chamber type workshop. The clear width of each pump
room was 3.0 m and the panel wall was 0.5 m thick. The clear span of the building was 7.4 m
and the height was 8 m. A R.C. crane beam was installed. Above the highest flood level was a
brick wall with #25 cement mortar and the thickness of the wall was 37 cm.
The floor supporting the motors, pumps and roof slabs were made of reinforced concrete 200
kg/cm2 in strength.
The bottom plate, 11.5×23.6 m in size, was made of reinforced concrete 150 kg/cm2 in
strength under which was a cast-in-situ R.C. pile foundation with 14 φ60 cm of R.C. piles, each
15 m long. Based on the boring data and inspection of the construction trough at the site, the
subsoil of the station was silty loam and loam intercalated with several layers of silty sand (24 cm thick) 3 km south of the station.
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The transformer house was a large brick-concrete building 9.0×0.5 m in area on the side of
the main station building.
At the two sides of the pressure basin there were two L-shaped R.C. retaining walls. The
bottom was a R.C. slab 40 cm thick connected to the water protection wall at the outlet by means
of a plastic sealant.
Concrete used in the main building was 150 kg/cm2 in strength and workmanship of the
masonry was rather good, it satisfied the requirements in the design. However, workmanship of
the filled land for the foundation of the transformer house was poor and the filled land was not
fully compacted.
2. Earthquake damage
The station was located at the margin of an intensity VIII and intensity IX area. After the
quake the ground settled 37 cm and damage to the station was rather serious.
1) Main station building
Below an elevation of 5.0 m there were concrete and R.C. structures and damage to these
structures was slight. A vertical crack occurred on the water protection wall south of the #1
pump and north of the #3 pump (the central one) respectively (Fig. 3). Therefore, leakage was
serious during operation. Cracks also occurred on the west protection wall under small window
openings, the maximum width of which was 2 mm (Fig. 4)
Damage to the south gable wall and connection of the south gable wall and west wall was
serious (Figs. 4 and 5). A horizontal crack occurred on the south gable wall under the spandrel
beam separating bricks of the wall from the beam, about 5 cm in space. An oblique crack
appeared from the upper corner of the south door to the corner of the wall.
2) Transformer house
The house was connected to the main building by foundation beams. No piles were installed
under the foundation. Filled land of the foundation was loosely compacted therefore differential
settlement, inclination of floor slabs and cracks had already occurred before the quake. After the
quake settlement and damage to the house became more serious. Side walls and gable walls
cracked in many places and also inclined outward (Figs. 4-6). Due to the restraint provided by
the monolithic R.C. roof, the building did not collapse however, it was out of use.
3) Pressure basin
Differential settlement occurred. No obvious damage to L-shaped R.C. retaining walls on
both sides was found. Two longitudinal cracks and oblique cracks occurred on the R.C. bottom
slab of the basin (150 kg/cm2 in strength) with a maximum width of 7 cm (Fig. 7).
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III. Gates and Culverts
(1) General
The relatively large-scale gates and culverts at Lutai Ranch were inlet and discharge gates
and culverts in different drainage areas, the structural types could be classified mainly into two
types; 1) open type of concrete or R.C. inlet and discharge gates; or 2) box culverts under
embankment (R.C. or rubble-concrete composite structures). Of these gates and culverts 31.30%
were seriously or rather seriously damaged; 37.5% were slightly damaged; and in 31.2% no
obvious damage was found in the remaining gates and culverts. Main damage patterns of inlet
gates was the occurrence of horizontal cracks on gate piers and walls; longitudinal cracks on the
bottom slab and oblique cracks on breast walls; inlet or outlet wing walls displaced and inclined
inward or outward. Main damage patterns of box culverts was settlement of the culvert;
occurrence of horizontal cracks or fractures; tilting of beams or columns of the gate; occurrence
of horizontal or vertical cracks on retaining walls.
Most of the regulating gates and diversion gates at the Ranch were exposed concrete and
R.C. structures. In the east drainage area the damage ratio of these gates reached 80%; in the
west drainage area the damage ratio was about 30% smaller than in the east area. Horizontal
circular cracks mainly occurred on the base of the columns of the gate closure, and the columns
failed in shear or dislocated; cracks also occurred at the connection of the beam and column at
the gate closure; bank walls or protection slopes at the inlet or outlet inclined and cracked, or
sliding and collapse occurred. No obvious damage to the gate chamber was seen.
Only a few of the small sized gates and culverts were damaged or remained intact.
Damage to the main gates and culverts can be found in Table 2.
(2) Typical case – general pumping gate
1. Outline of the gate
The general pumping gate located on the right bank of the Ji Canal was completed in 1957.
It was an exposed type inlet gate with 9 openings and the clear width of each opening was 2 m.
The total width of the gate chamber was 22.8 m. Part of the chamber was a concrete and R.C.
structure. The bottom slab was 40 cm thick made of #140 concrete under which was a plain
concrete layer 60 cm thick and 110 kg/cm2 in strength. The central pier, 60 cm thick, was made
of plain concrete 110 kg/cm2 in strength. Side piers, bank walls, breast walls and beam and
column of the gate closure were all reinforced concrete 140 kg/cm2 in strength. The concrete
apron in front of the gate was 4.5 m long with a crib containing rocks 9.5 m long. The concrete
apron behind the gate was 9.5 m long and 110 kg/cm2 in strength. The subsoil was undisturbed
silty loam and light clay.
Workmanship of the gate was rather good. The concrete surface of the gate was plain and
smooth and no honeycombs were found. Before the quake no damage to the gate was observed,
except that the front blanket was eroded due to scouring.
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2. Earthquake damage
Damage to the gate was serious. Horizontal circular cracks occurred on all eight piers mostly
at the construction joint or under the breast wall (Figs. 8 and 9).
Oblique cracks or horizontal cracks occurred on the R.C. side wall, breast wall and column
of the gate closure (Fig. 9). Longitudinal cracks occurred on the bottom slab. The retaining wall
at the inlet and outlet inclined and displaced. The top of the retaining wall displaced 10 cm and
the bottom of the wall 5 cm.
IV. Damage to Pumping Wells
(1) Geological conditions
Based on a lot of data on pumping wells, there were many layers of strata that existed in this
region. Distribution of layers was extensive in area and deposits were complicated. The subsoil
was mostly an interbedding of sandy clay and clayey soil or silty sand and fine sand. The
lithological character changed horizontally very much. The geological profile between the Ji
Canal and the Chaobaihe River is shown in Fig. 10.
(2) Distribution of pumping wells and their structure
Distribution of pumping wells: the Lutai drainage area was one of the old drainage areas
used for the purpose of cultivating rice with high standard equipment for discharge and drainage.
Before the quake there were 175 pumping wells in the whole drainage area (including wells for
agriculture, drinking, raising livestock and industrial use) in which 105 were in the east drainage
area mostly concentrated in the vicinity of the water supply ditches and discharge ditches (Fig.
11).
Structure of pumping wells: in the drainage area the depth of pumping wells was 160-280 m
generally. Except for cast iron pipes in a few wells for human and livestock drinking, pipes in
most of the pumping wells for agricultural drainage were cement pipes. Diameter of the pipes
was generally 360 mm in the upper part and approximately 240 mm in the lower part. The
thickness of standard filtering materials was 7-10 cm and particle size of the material was
generally greater than 2 mm. Occasionally coarse sand or construction debris were used for
filtering material. An impact drill or a rotating drill was used for drilling wells. The ordinary
technical process for drilling of a well was used i.e., drilling, washing, placing pipes and filtering
material, pumping water. The normal annual amount of output water for wells in the region was
relatively large. The average amount of output water in a single well was up to 55 ton/hr.
(3) Earthquake damage
After the quake 50 wells out of 175 were damaged amounting to 28.6% of the total. There
were 28 damaged wells in the intensity IX area (34.5% of the total), 21 damaged wells in the
intensity VIII area (31.0% of the total) and wells in the intensity VII area were basically intact
(only one well was damaged amounting to 0.4% of the total).
Damage patterns of pumping wells are shown in Table 3 and Photo 1.
(Translator: Lu Rongjian)

first built in
1938,
rebuilt in
1950

1970

No. 3
pumping
station

Year of
Completion

general
pumping
station

Name of
Station

310

1,040

Total
Power
of
Motor
(kW)

4

10.6

Capacity
of
Pumping

2-900 mm
horizontal
axial flow
pumps

5
horizontal
mixed flow
pump, and
1,200 mm
axial flow
pump

Type of
Pump

rubble
infrastructure, brickconcrete
superstructure with
wooden
roof truss

brickconcrete
structure
with
wooden
roof truss

Type of
Station
Building

silty loam

silty loam
with wood
piles
foundation

Foundation
Soil

30 cm
concrete
protection
layer above
the rubble
plate

R.C. plate,
40 cm thick,
rubble layer
20 cm thick

Type of
Bottom Plate

normal

still in
normal,
pressure
wall and
apron
leaking

Operation
State

57

45

VII

IX

Epicentral
Distance
(km)
Intensity
Damage
Degree

rather
seriously
damaged

seriously
damaged

Table 1. Damage to the main pumping stations at Lutai Ranch.

Oblique cracks occurred on the upper
part of the main building; gable wall
separated from the side walls and
inclined; vertical cracks 2.5 cm wide
occurred on the water protection wall at
the inlet; inclined cracks 4.5 cm wide
occurred on the water protection wall at
the outlet; horizontal and vertical cracks
occurred on the rubble wing wall and
the wall dislocated; checkered cracks
occurred on the pressure basin;
horizontal cracks occurred on the gable
wall in transformer house; office and
dormitory buildings collapsed.

Settlement was 58.5 cm. Horizontal
cracks occurred on the upper wall of the
main station building. The building
dislocated and tilted. 5 vertical cracks
occurred on the front wall (at the inlet),
the maximum width of which reached
2.5 cm; vertical cracks 2-3 cm wide
occurred on the water prevention wall at
the outlet; transformer house collapsed;
3 longitudinal cracks with a maximum
width of 7 cm and several transverse
and inclined cracks with a maximum
width of 7 cm occurred on the pressure
basin; longitudinal cracks occurred on
the bottom of the front water tank; the
dormitory collapsed.

Main Damage Patterns
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775

310

1975

1966

No. 5
pumping
station

No. 6
pumping
station

1,560

1962

Year of
Completion

No. 4
pumping
station

Name of
Station

Total
Power
of
Motor
(kW)

4

10

20

Capacity
of
Pumping

2-900 mm
horizontal
axial flow
pumps

5-900 mm
horizontal
axial flow
pumps

6-1200 mm
verticalaxial flow
pumps

Type of
Pump

R.C. bottom
slab 80 cm
thick; level
of the plate
-1.4 m.
mortar laid
rubble
bottom plate,
35 mm; level
of the plate
-1.5 m

silty loam

wooden
roof truss
and reed
matting
reinforced
mud wall

R.C. bottom
plate, shaft
foundation

Type of
Bottom Plate

silty loam;
foundation
with R.C.
columns
(φ60 cm)

silty loam

Foundation
Soil

brickconcrete
structure
with R.C.
roof

brickconcrete
structure
with
wooden
roof truss

Type of
Station
Building

48

63

normal

63

VII

VIII

VII

Epicentral
Distance
(km)
Intensity

normal

normal

Operation
State
Damage
Degree

basically
intact

rather
seriously
damaged

moderately
damaged

Table 1. Damage to the main pumping stations at Lutai Ranch.

No obvious damage to the station.

See typical case.

Horizontal and oblique cracks occurred
on the upper brick wall of the main
building; 2 oblique cracks occurred
above each window opening over the
crane beam; both and back walls
displaced 4 cm to the west; horizontal
and vertical cracks occurred
alternatively on walls in transformer
house; R.C. roof slab separated from the
wall.
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water supply
gate, general
pumping
station

high discharge
gate, general
pumping
station

discharge
connected
gate, general
pumping
station

diversion gate,
general
pumping
station

discharge gate,
general
pumping
station (9
opening gate)

1

2

3

4

5

No.

Name of Gate
or Culvert

first built in
1938; rebuilt
in 1957

first built in
1938; rebuilt
in 1951

8

7

3

3

1957

1957

9

No. of
Openings

1957

Year of
Completion

1×4.5; 7×2;
total width
24.5

2×7; total
width 19.6

1.9×3; total
width 6.9

2×3; total
width 7.2

2×9; total
width 22.8

CrossSection (m)

20

14

10

10

20

Flow
Capacity
(m3/sec)

silty
loam
with
wooden
pile
foundation

light
clay
with
wooden
pile
foundation

silty
loam

light
clay

silty
loam

Subsoil

exposed brickconcrete structure;
bottom slab of the
bridge made of
plain concrete;
brick central piers

exposed brickconcrete structure;
plain concrete
bottom slab; brick
central piers

Same as in No. 1

exposed plain
concrete structure
110 kg/cm2 in
strength, R.C. gate
columns

exposed R.C.
structure; bottom
slab, breast wall,
wing wall all
140 kg/cm2 in
strength; central
piers of plain
concrete
110 kg/cm2 in
strength

Structure

normal

rather
normal

normal

48

46

45

45

45

normal

normal

Epicentral
Distance
(km)

Operation
State

VIII

IX

IX

IX

IX

Intensity

Table 2. Damage to the main gates and culverts at Lutai Ranch.

rather
seriously
damaged

rather
seriously
damaged

slightly
damaged

seriously
damaged

seriously
damaged

Damage
Degree

Vertical cracks, maximum width 4
cm on front and back breast wall;
top of brick arch cracked.

Vertical cracks on the front and
back breast wall; longitudinal
crack on the bottom plate; gate
column tilted; gate closure
difficult to lift or lower.

No obvious damage except
settlement

Two longitudinal cracks on the
bottom plate, maximum crack
width 3 cm; circular cracks on the
gate columns which dislocated
and settled.

See typical case.
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high discharge
gate, No. 5
pumping
station

water supply
gate, No. 5
pumping
station

water inlet
culvert, No. 3
pumping
station

regulating
gate, No. 3
pumping
station

high discharge
gate, No. 3
pumping
station

water inlet
culvert, No. 4
pumping
station

high discharge
culvert, No. 4
pumping
station

discharge gate,
No. 4 pumping
station

6

7

8

9

10

11

12

13

No.

Name of Gate
or Culvert

1963

4

4

4

1971

1971

1

2

2

2

4

No. of
Openings

1962

1962

1962

1975

1975

Year of
Completion

2×4; total
width 9.8

2×2 box
culvert
with 4
openings

2×2 box
culvert
with 4
openings

2

2×2; total
width 4.6

2×2; total
width 4.25

2.2×2; total
width 5.0

2×4; total
width 9.5

CrossSection (m)

20

20

20

4

4

4

6

13.2

Flow
Capacity
(m3/sec)

light
clay

silty
loam

silty
loam

silty
loam

silty
loam

silty
loam

light
clay

light
clay

Subsoil

exposed concrete
and R.C. structures

box culvert, R.C.
bottom plate and
top plate, central
and side rubble
piers

box culvert, R.C.
bottom plate and
top plate, central
and side rubble
piers

exposed plain
concrete and R.C.
structures

exposed plain
concrete and R.C.
structures

R.C. box culvert

exposed R.C.
structure

exposed R.C.
structure

Structure

normal

normal

normal

normal

normal

normal

normal

normal

Operation
State

Table 2. Continued.

63

63

63

57

57

57

48

48

Epicentral
Distance
(km)

VII

VII

VII

VIII

VIII

VIII

VIII

VIII

Intensity

no obvious
damage

slightly
damaged

slightly
damaged

rather
seriously
damaged

basically
intact

slightly
damaged

basically
intact

slightly
damaged

Damage
Degree

No obvious damage.

Two circular cracks on the
culvert; gate closure columns
tilted.

Differential settlement became
more serious; gate closure
columns tilted.

Oblique cracks on the gate wall
5 cm wide; beams and columns of
the gate closure cracked (along
the reinforcement); steel bars in
the beams and columns exposed.

Cracks on the beam of the gate
closure.

Beam of the gate closure cracked;
R.C. wing wall inclined.

Cracks occurred at the connection
of the column and beam of the
gate closure.

Circular cracks on the R.C.
columns at the gate closure
platform (cracks also occurred on
the platform).
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water inlet
culvert, No. 6
pumping
station

high discharge
culvert, No. 6
pumping
station

self-flow
discharge
culvert, No. 6
pumping
station

14

15

16

No.

Name of Gate
or Culvert

1971

1971

1971

Year of
Completion

3

3

1

No. of
Openings
4

6

8

φ120
concrete
pipe
φ150
concrete
pipe

Flow
Capacity
(m3/sec)

1.8×2.5
box culvert

CrossSection (m)

silty
loam

light
clay

silty
loam

Subsoil

pre-cast R.C. pipe,
rubble foundation

pre-cast R.C. pipe,
rubble foundation

box culvert, R.C.
bottom plate and
top plate, central
and side rubble
piers

Structure

normal

normal

normal

Operation
State

Table 2. Continued.

63

63

63

Epicentral
Distance
(km)

VII

VII

VII

Intensity

no obvious
damage

no obvious
damage

slightly
damaged

Damage
Degree

Differential settlement became
more serious; gate closure
columns tilted.

Differential settlement became
more serious; gate closure
columns tilted.

Differential settlement became
more serious; gate closure
columns tilted.
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Table 3. Survey of the damage to the pumping wells at Lutai Ranch.
No. of Wells

No. of Wells

After Quake

Damage Pattern
Water
Became
Salty

Cracking or
Collapse of
Pipe

Pipe
Blocked

No Water
in Pipe

cement
pipe

2

2

2

7

cement
pipe

2

5

9

13

cement
pipe

6

5

2

21

14

7

cement
pipe

3

3

1

No. 5 ranch
branch

5

5

0

cement
pipe

Dongfanghong
Commune

56

49

7

cement
pipe

4

Yuejin
Commune

11

3

8

cement
pipe

5

Lutai Ranch
(H.Q.)

10

8

2

cement
pipe

1

1

175

125

50

cement
pipe

23

10

Before
Quake

Still in
Use

Out of
Use

Type of
Pipe

No. 1 ranch
branch

20

14

6

No. 2 ranch
branch

30

23

No. 3 ranch
branch

22

No. 4 ranch
branch

Location

Total

2

1
2

1

12

5
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Photo 1. Damage to a pumping well (Zhang Liantai and Zhang Xian).

449

Figure 1. Location of hydraulic structures at Lutai Ranch.

Figure 2. General plan of the No. 5 Pumping Station.
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Figure 3. Distribution of cracks on the wall of the pressure basin at the No. 5 Pumping Station.

Figure 4. Cracks on the west wall (crack width in mm).
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Figure 5. Cracks on the south wall (crack width in mm).

Figure 6. Cracks on the north wall (crack width in mm).
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Figure 7. Damage to the pressure basin at the No. 5 Pumping Station.

Figure 8. Distribution of cracks on the central and side piers at the general pumping station (unit: m).
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Figure 9. Distribution of cracks on central piers, side piers and breast wall (unit: m; crack width: mm).

Figure 10. Hydrogeological profile of Lutai Ranch (elevation in m).

Figure 11. Distribution of pumping wells at Lutai Ranch.
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DAMAGE TO HYDRAULIC STRUCTURES AT HANGU RANCH
Liu Zhenmin*

I. General
Hangu Ranch was situated 40 km away from Tangshan City in the southwest direction. Its
east and northeast boundaries were connected with Fengnan County, the northwest and west
boundaries connected with Ninghe County, Tianjin City, and the south boundary was next to
Hangu District in Tianjin City.
The Ji Canal, which was navigable joined the Tianjin-Tangshan Canal in the vicinity of
Yuanzhuangzi and the Huanxianghe River west of the Ranch passing the west boundary from the
northwest. The southeast boundary of the Ranch was 7 km away from the Bohai Sea. Site soil
of the Ranch belonged to Quaternary river facies geologically (littoral facies deposit area). The
relief of the whole Ranch was depressed and smooth. However, the northwest part was higher
(elevation of 2.30-2.50 m with reference to the Huanghai Sea level) and the southeast part was
lower (elevation of 1.00-1.50m). Variation of surface slope was 1/15,000 to 1/20,000.
The whole range was divided into four independent drainage and discharge systems and
production areas. The drainage water used was divided into above ground and underground
water. The main source of above ground water was from the Ji Canal and a floodway of the
Huanxianghe River. In the normal annual season, above ground water used for drainage was
plentiful. Underground water mainly came from pumping wells, compensating for the
insufficient water during the drought period.
During the Tangshan earthquake the eastern part of the Ranch was in the intensity VIII area
and the western part was in the intensity IX area.
After the quake topography and morphology of the Ranch were changed in form. Sandboils
and ground cracks occurred in many places. Sandboils occurred most seriously at the No. 1
Branch of the Ranch, in rice cultivated land (about 400 mu in area) east of Peizhuang, at the Red
Star Commune and in the vicinity of Zhangxuzhuang. Figure 1 shows the distribution of
sandboils and ground cracks. The height of sandboils with a maximum amount of spouted sand
reached 0.80-1.0 m, the diameter up to 30 m and the amount of spouted sand was about 300 m3.
Sandboils made farmland, roads, river channels and houses suffer damage. For example, a
section of the Baijihe River in Duogu Village, the main discharge river, a section of the new
discharge river south of Zhangxu Village, the main discharge canal of the No. 1 Branch of the
Ranch, and canals in cultivated land at the No. 2 Farming Brigade were seriously blocked by
spouted sand causing reduced discharge. Most of the canal embankment settled, such as the
main drainage canal in Zaodian and that east of the Peizhuang Pumping Station; canals were
silted and out of normal operation (Photo 1).
* State Hangu Ranch, Hebei Province
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Sand spouting also caused a reduction in the harvest of agricultural crops and fruits or no
harvest at all. The reduction was approximately 30% at the least and up to 100% at the most and
60%-80% generally.
The sand spouting area at the No. 1 Fruit Brigade where sandboils occurred seriously was
57 mu with 3,311 sandboils; the cultivated rice land at the No. 3 Farming Brigade of the No. 1
Branch of the Ranch was 540 mu with 3,200 sandboils.
II. Damage to Pumping Stations
Before the quake there were 10 electric operated pumping stations at the Ranch (Fig. 2) with
a total motor capacity of 4,650 kW and a pumping capacity of 52.80 m3/sec. For a single station
the maximum motor capacity was 950 kW and pumping capacity was 10 m3/sec; the minimum
motor capacity was 240 kW and pumping capacity was 2.40 m3/sec. For most of the pumping
stations the generator capacity was 310-460 kW and pumping capacity was 4-6 m3/sec.
Details of damage to pumping stations are shown in Table 1. The following are typical
cases.
1. Zhakou Pumping Station
The Zhakou Pumping Station was built in 1971, located on the outside left embankment of
the Ji Canal where the canal joined the floodway of the Huanxianhe River. Total motor capacity
of the station was 950 kW and 5 horizontal axial flow pumps, model 36 WZ-75, were installed
with a pumping capacity of 10 m3/sec. There were two stories in the pump house; motors were
installed in the upper story and pumps in the lower story. The main structure of the pump house
was divided into an R.C. structure and stone masonry structure. The foundation slab was made
of stone masonry and concrete; central piers and the lateral partition wall were laid with stone
block and mortar; side piers were a gravity type of stone masonry; the floor slab and surrounding
waterproof walls were made of #150 and #200 reinforced concrete respectively. At the pump
house above the waterproof walls was brick masonry with a wood truss roof. The water
collection basin was laid with stones and the bottom layer was placed with a cover of #100
concrete. The inner surface of the water prevention wall was finished with a layer of cement
mortar.
During the quake damage to the station was serious. The main building of the station above
the R.C. waterproof wall collapsed completely; the R.C. waterproof walls in the water collection
basin and pressure water basin were fractured in the middle; the foundation bottom slab was also
fractured in the middle along the flow direction. The pump house settled at both ends but heaved
up in the middle, the floor slab curved with a height difference of 7-9 cm. In the water collection
basin the stone masonry on the left bank broke while the stone cover of the slope on the right
bank collapsed completely (Photo 2). The waterproof wall of the pressure water basin cracked
seriously. Compared with measurements before the quake, the pump house settled 100 cm and
the water collection basin settled 60 cm.
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2. Diversion Station of the No. 1 Branch at the Ranch
The station, located on the left bank of the Ji Canal where the canal joined the main
discharge canal of the No. 1 Branch of the Ranch, was built in 1974. The motor capacity of the
station was 310 kW and 2 model 36 WZ-85 pumps with a pumping capacity of 4 m3/sec were
installed.
The structural characteristic of the main station building was that the station was combined
with the gate as a whole. Direction of the pumping station and drainage and discharge direction
were all lateral. The side pier was substituted with a water gate, the side walls of which were
constructed as side walls of the pressure water basin in order to satisfy the demand of drainage
and discharge. The structures were reinforced concrete the design strength of which was 150
kg/cm2 and 200 kg/cm2 respectively.
The station building inclined toward the right bank of the main discharge ditch and the
pressure water basin inclined toward the left bank after the quake. The connection between the
station building and the pressure water basin cracked seriously with large upper cracks (up to 22
cm) and narrow lower cracks. Gates on both sides of the pressure water basin were inoperable
due to inclination (Photo 2).
3. Peizhuang Pumping Station
The pumping station located on the right bank of the Tianjin-Tangshan Canal east of
Peizhuang Village 1 km away was built in 1962. The motor capacity of the station was 950 kW
and 5 model 36 WZ-75 pumps were installed with a pumping capacity of 10 m3/sec. The station
building was a pumping station installed with horizontal axial flow pumps. Foundation bottom
slabs, floor slabs and surrounding waterproof walls were made of 150-200 grade R.C. concrete;
the central piers, side piers and longitudinal walls were of stone masonry; above the waterproof
wall was a brick-wood structure. The station was originally a pumping station for drainage only
and rebuilt as a key station for both drainage and discharge. The span of the superstructure of
the station was 8 m and the length was 19.80 m. The design elevation of the foundation slab was
-1.30 m. The control water level for drainage and discharge was +3.80 m.
After the quake no fracture was found on the main structure of the station. The structure
settled 70 cm compared to the elevation before the quake. Differential settlement also occurred;
the structure inclined toward a corner of the pressure water basin with a height difference of
15 cm. The bottom slab of the basin heaved up and the two side walls settled. Cracks on the
bottom plate were up to 10 cm in width (Photo 4).
Characteristics of damage to pumping stations at Hangu Ranch were as follows:
(1) Damage to deep pumping stations was more serious than to shallow pumping stations.
The Zaodian Diversion Station, Zhakou Pumping Station and Diversion Station of the No. 1
Branch of the Ranch all were deep pumping stations installed with horizontal axial flow pumps.
Building height of the stations was relatively high, generally 13-15 m. Height of filled land and
lateral soil pressure were greater than that of shallow pumping stations. Damage to this type of
pumping station was more serious. Peizhuang Station and the No. 8 Farming Brigade Station
were shallow pumping stations and damage to these two stations was relatively slight.
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(2) Damage to pumping stations located in the area where many sandboils occurred less than
that in other areas. Dabo Station, Huangsugu Station, Peizhuang Station and the No. 12 Farming
Brigade Station were all located in areas where sandboils occurred seriously and ground
settlement in these areas was also greater than in other areas. Therefore, pumping stations in
such areas settled seriously, however, damage to the main structure of the station building was
not serious. The pumping station building of the No. 1 Branch of the Ranch was not located in
the sandboil area and its structure was the same as the above 4 stations but damage to the station
building was serious and the upper part of the building collapsed.
(3) Damage to stations with smaller motor capacity was slight. Peizhuang Pumping Station
and the No. 8 Farming Brigade Pumping Station were built along the river. The structure of
these stations was the same and materials used were also basically similar. However, damage to
the former was more serious than the latter, due to difference in motor capacity and structural
size of these stations.
(4) Damage to stations with better integrity of structure was slight. The Zaodian Diversion
Station and the No. 1 Branch Diversion Station were basically similar in size and the model of
pumps and number of motors used were also similar. However, the main structure of the No. 1
Branch Station was built with reinforced concrete. Therefore, structural integrity was better and
only slight damage occurred.
The pumping station of the No. 1 Branch of the Ranch and the Dabo Pumping Station were
similar in the number of pumps installed and building materials used, but the latter was built at
one time while the former was built separately in two stages therefore the integrity of the former
was worse than the latter with the result that damage to the former was more serious.
III. Damage to Water Gates
There were 21 water gates at the Ranch which were classified as inlet gates, diversion gates,
discharge gates and control gates with a water supply capacity of 1-20 m3/sec.
Table 2 shows details of the gates and damage statistics.
1. Inlet gate of Yanzhuang Pumping Station
The gate was built in 1968. The gate chamber passed through the left embankment of the Ji
Canal and had 2 openings each 1.5 m (width)×3 m (height). It was a culvert type gate with a
wooden gate closure and a lead screw opening machine. Filled land above the culvert was 5 m
high and the chamber was 8 m in length. The structure of the culvert was mainly stone masonry;
the middle pier was of #80 regular stone masonry and the side piers were of gravity stone slab
masonry; and the foundation was an expanded stone masonry foundation. The cover plate of the
culvert was a #200 pre-cast R.C. slab. The section connecting the inlet and outlet of the gate was
stone masonry.
After the quake the main structure of the gate chamber collapsed completely and most of the
section connecting the inlet and outlet was destroyed.
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2. Inlet gate of the No. 8 Farming Brigade Pumping Station
The gate built in 1942 was affiliated with the key project of the pumping station of the No. 8
Farming Brigade. The gate chamber passed through the right embankment of the floodway of
the Huanxianghe River. It is a culvert type water gate with 3 openings each 1.5×1.5 m in size.
A wooden gate closure was installed with a lead screw opening machine. The retaining wall
above the opening was 5.50 m in height and thickness of the filled land was 5.50 m. The length
of the gate chamber was 10 m and the design minimum flow capacity was 2.4 m3/sec.
The central pier and side piers were stone masonry laid with #80 cement mortar. The
foundation was an expanded stone masonry structure the surface cover of which was the same as
used for the gate opening which was #100 concrete, cast in-situ. Above the top of the chamber a
cover of #200 R.C. concrete 25 cm thick was placed. The upstream and downstream retaining
walls and the section connecting the inlet and outlet were all stone masonry.
The gate chamber settled 110 cm after the quake; uneven settlement also occurred.
Settlement of the gate chamber was greater than that of the inlet and outlet with a height
difference of 15 cm. The chamber ruptured laterally. Cracks on the foundation were 15 cm wide
and those on the R.C. concrete top were 25 cm wide. All φ16 reinforcements were fractured.
Cracks on the central and side piers passed through the foundation and up to the top of the
chamber. The chamber had been removed and rebuilt.
3. Meihe aqueduct of the Peizhuang Pumping Station
The aqueduct built in 1962 was situated at the intersection of the main water supply ditch of
Peizhuang Station and the Meihe River. Total length of the aqueduct was 18 m, inner width 8 m,
and height of the aqueduct wall was 2.5 m. The design water supply capacity was 10 m3/sec.
The whole aqueduct was made of reinforced concrete with a design strength of 150 kg/cm2.
The aqueduct was supported by stone masonry piers with 6 openings. The foundation of the
piers was a stone masonry (four steps), under which was a monolithic concrete plate. The
upstream and downstream connecting sections were made of stone plate masonry.
The foundation settled differentially after the quake. The bottom slab of the aqueduct heaved
up 20 cm in the center along the flow direction. Two sides of the aqueduct wall were also bent
as the bottom plate ruptured in several places.
4. Control gate of the Zaodian main ditch
The gate built in 1958 had five openings each 2 m wide with a design water supply capacity
of 10 m3/sec. It was an exposed type gate with a traffic bridge. The bridge deck was built with
cast-in-situ reinforced concrete supported by stone masonry piers under which was a monolithic
concrete plate. The gate closure was made of wood with a lead screw opening machine.
The gate was basically intact after the quake.
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IV. Damage to Culverts
There were 13 culverts at the Ranch for drainage and discharge purposes in which the water
supply capacity was greater than 4 m3/sec. Culverts were classified according to their structural
type as pipe type culverts, stone masonry culverts and R.C. box culverts.
Damage to culverts was slight compared to pumping stations and water gates. Damage to
relatively large culverts with top plates and R.C. box culverts was not obvious, while small pipe
type culverts less than 1 m in diameter with a greater length and thick overlying filled land had
offset of joints and breaking or falling of sealing material at the joint that occurred after the
quake. Typical cases are as follows.
1. Railway culvert at Peizhuang Pumping Station
The culvert was a R.C. box culvert completed in 1962 passing under the BeijingShanhaiguan Railway Bridge. The culvert opening was 3.0 (width)×1.80 (height) m in size, 18
m in length and the design concrete strength was 150 kg/cm2; the design water supply capacity
was 10 m3/sec. The culvert was basically intact after the quake.
2. Railway discharge culvert at Xinpaihe No.6 Farming Brigade
It was made of R.C. pipes with an inner diameter of 1.80 m. Each pipe was 2 m in length
and the total length of the culvert was 20 m. The culvert consisted of 4 openings. Completed in
1971 it was constructed by the pipe jacking method. It passed through under the roadbed of the
Beijing-Shanhaiguan Railway. The normal design discharge capacity was 10 m3/sec. The joints
of the R.C. pipes were sealed with epoxy resin. After the quake only the bottom plate at the
upstream and downstream connection was upheaved relative to the culvert. No great change was
found in the culvert.
3. Culvert passing through the Zaodian main ditch to the Xinpaihe River
The culvert was built in 1971. It was a two opening (each opening 2×2 m in size) square
culvert with a top plate with a design discharge capacity of 4-8 m3/sec. The culvert was 45 m
long with a foundation with a cast-in-situ concrete cover. The central and side piers were stone
masonry and the top plate was a pre-cast R.C. slab 200 kg/cm2 in strength with a protection
cover also added. The culvert was basically intact after the quake.
4. Culvert passing through Jin-Yu Highway to the Baijihe River
The culvert completed prior to the quake in 1976 was a three opening (each opening
2.5×2.7 m in size) culvert with a total length of 13 m and filled land above the culvert was 2.5 m
thick. The structure and building materials used was similar to case 3. The design maximum
water supply capacity was 20 m3/sec. The culvert was located in a depressed area and settled
largely with the ground after the quake but the main structure remained intact.
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V. Damage to Pumping Wells
There were 376 pumping wells at the Ranch before the quake and among 331 of them the
inner diameter of the well pipe was greater than 20 cm. Most of the pumping wells were shallow
wells and medium deep-wells.
1. Hydrogeology at the site of pumping wells
Hangu Ranch was situated in an area belonging to Quaternary river facies (littoral facies
deposit area). Below the ground surface 20 m was loam or mucky loam; between 20-30 m was a
layer of sand with draining water; and below 50 m sand layers occurred. Within a depth of 200
m there were three groups of sand and in each group the total thickness of sand layers was 15-20
m with a maximum thickness up to 25 m. The sand layers consisted of fine sand, moderate sand
and coarse sand. When a well was dug the amount of water to be pumped out by a 6" deep-well
pump could reach 60-80 ton/hr and variation of the dynamic and static water level was 6-12 m.
With development and use of ground water the depth to water varied greatly. Before 1966 the
ground water level was 3-6 m; in May 1973 the level lowered to 8-30 m below the surface; and
in May 1976 the level again lowered to 29-50 m below the surface. Electric deep-well pumps
were used at all wells. Generally, the saline water layer was 35-70 m below the surface, 30 m in
the north area, 40-50 m in the vicinity of the Ranch and 60-70 m in the southeast area.
2. Structure of pumping wells
Pumping wells were classified as shallow wells and medium deep-wells. Depth of shallow
wells was less than 130 m and that of medium deep-wells was 130-200 m.
Based on the type of pipes, pumping wells could be classified as cement pipe wells, cast iron
pipe wells, and combination pipe wells. For cement pipe wells an 8" pipe was used for less than
80 m in depth and a 12" pipe was used when the depth was greater than 80 m. Pipe diameters
used in cast iron pipe wells and combination pipe wells were similar to cement pipe wells.
Cement pipes were divided into impermeable pipes and permeable pipes, the design strength
of the concrete was 250-300 kg/cm2. There were two kinds of impermeable pipes. One type had
an inner diameter of 30 cm, a wall thickness of 5 cm, a length of 150 cm. The size of the other
type had an inner diameter of 20 cm, a wall thickness of 5 cm and a length of 100 cm.
Pipe joint: cast iron pipes were joined with screws. Cement pipes were first sealed with
asphalt and the joint was wrapped with gunnysack for 2-3 rounds then pressed with 4 thin pieces
of bamboo 5-6 cm in width and less than 80 cm in length around the joint. Finally, the bamboo
pieces were fastened by two wires, one at the upper end and the other at the lower end of the
jointing. Outside the pipe joint there was sand fill.
3. Damage patterns
Statistics of damage to pumping wells is listed in Table 3 and distribution of damaged wells
is shown in Fig. 3. The damage was classified as: 1) Intact. The appearance of the well pipe was
not changed; water level in the pipe was normal; no occurrence of sand spouting; operated
normally. 2) Slightly damaged. Water level in the pipe was relatively normal; the deep-well
pump could be operated; some could be reused after repairs or after taking some technical
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measures; sand spouting occurred outside of the pipe; no water could be pumped out; the deepwell pump could be removed completely and reused. 3) Rather seriously damaged. Sand
spouting occurred both inside and outside of the well; the water level in the pipe was not normal;
the pipe ruptured; the deep-well pump could be removed and still be reused. 4) Seriously
damaged. Sand spouting occurred both inside and outside of the well; the well was blocked by
spouted sand; the pipe was dislocated, fractured or seriously broken; the deep-well pump could
not be operated, hardly removed or could not be removed; some pipes of the deep-well pump
that were removed were bent 60º.
After the quake the water level in some wells rapidly increased, thus indicating increased
sand compaction at depth. For example, the ground water level of one pumping well used for
agricultural purposes at the No. 7 Farming Brigade of the No. 2 Branch of the Ranch was 39.80
m below the surface before the quake and after the quake the level changed to 19 m below the
surface increasing 20.8 m. At one abandoned drinking well with small pipes at the No. 12
Farming Brigade of the No. 3 Branch of the Ranch, water flowed from the well for
approximately 2 months. In the beginning the amount of flow was up to 20 ton/day and water
that flowed out was suitable for drinking.
The temperature of the water in some pumping wells varied in the range of 13-18°C. Salt
content of the water generally increased about 15% with a maximum of 38%.
The pedestal of one pumping well used for agricultural purposes at the No. 2 Farming
Brigade of the No. 1 Branch of the Ranch projected above ground 15 cm.
4. Damage characteristics
1. Almost all pumping wells east of the Ranch Headquarters were damaged and a few
remained intact in the west as well as at the No. 1 Branch of the Ranch. Based on in-situ
inspection and removed deep-well pumps, the location of seriously damaged wells was mostly
20-30 m under the surface just within the upper water bearing sand layer.
2. Damage to pumping wells in areas where buildings were seriously damaged was slight,
such as wells at the No. 1 Branch of the Ranch and No. 8 Farming Brigade of the No. 2 Branch;
while damage to those in areas where buildings were slightly damaged was serious such as wells
east of the Ranch Headquarters
(Translator: Lu Rongjian)

Zhakou

Zaodian
(diversion
station)

No. 1 Branch
of the Ranch

No. 1 Branch
of the Ranch
(diversion
station)

Huangsugu

No. 12
Farming
Brigade

Dabo

Peizhuang

No. 8
Farming
Brigade

Yuanzhuang

1

2

3

4

5

6

7

8

9

10

No.

Name of
Station

1968

1964

1962

1974

1970

1964

1974

1967

1968

1971

Year of
Completion

330

240

950

260

465

465

310

310

370

950

Total
Motor
Capacity
(kW)

2.4

2.4

10

4

6

6

4

4

4

10

Pumping
Capacity

8

3

5

2

3

3

2

2

2

5

Nos.

20
Fengchan
50

24WZ-72

36WZ-85

36WZ-85

36WZ-76

36WZ-75

36WZ-85

36WZ-75

36WZ-75

36WZ-76

Model

Water Pump

clayey soil

clayey soil

clayey soil

clayey soil

clayey soil

clayey soil

mucky
clayey soil

mucky
clayey soil

mucky
clayey soil

Foundation
Soil

separated mucky
foundation clayey soil

dry type

dry type

dry type

dry type

dry type

dry type

dry type

dry type

dry type

Type of
Pumping
House

concrete
pump
foundation

monolithic
concrete
foundation

monolithic
concrete
foundation

monolithic
concrete
foundation

monolithic
concrete
foundation

monolithic
concrete
foundation

monolithic
concrete
foundation

monolithic
concrete
foundation

monolithic
mixed
foundation

monolithic
mixed
foundation

Type of
Foundation

45

IX

VIII

VIII

42

41

VIII

VIII

VIII

VIII

VIII

IX

IX

Intensity

40

40

37

52

52

46

44

Epicentral
Distance
(km)

rather
slight

rather
slight

rather
slight

rather
seriously
damaged

rather
seriously
damaged

rather
seriously
damaged

rather
seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

Damage
Degree

Table 1. Details of pumping stations and statistics of damage to the stations.

Cracks occurred on the pump foundation;
no significant change for the other
structural parts.

No significant change in the main
structure of the pumping house.

See typical case 3.

Settlement rather small but the structure
increased relatively; design functions not
satisfied.

The pumping house settled seriously,
damage to the main structure was slight;
the whole station was abandoned.

Pumping house settled seriously.
Although repaired, the design functions
were not perfect.

See typical case 2.

Part of the pumping house above the floor
collapsed; the floor slab inclined
longitudinally; central part of slab
deflected; pressure basin deformed.

Upper part of the wing wall at the inlet of
the pumping house collapsed, lower part
inclined outward; floor slab of the
pumping house bent; side pier of the
lower part of the pumping house inclined
inward.

See typical case 1.

Description of Damage
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2

3

exposed
type

exposed
type with
a passenger bridge

exposed
type with
a stone
aqueduct

exposed
type
bridge
gate

exposed
type

main discharge gate
of No. 1 Branch at
the Ranch with four
openings

main discharge gate
of No. 1 Branch at
the Ranch

Peizhuang main
discharge gate

inlet gate of No. 5
Farming Brigade

the last main gate in
the south branch of
Huangsugu Station

4

1

4

3

exposed
bridge
type gate

control gate at the
east main ditch of
Jintang Canal

3

6

culvert

inlet gate of No. 8
Farming Brigade
Pumping Station

2

Meihe aqueduct

culvert

Type

inlet gate of
Yanzhuang
Pumping Station

Name

No. of
Openings

Type and Size

2

1.5

2.0

6.0

1.5

2

8

1.5

1.5

Width
(m)

6.0

1.5

10.0

6.0

6.0

10.0

10.0

2.4

2.4

Design Flow
Capacity
(m3/sec)

loam

loam

loam

loam

loam

loam

loam

loam

mucky
loam

Foundation
Soil

stone masonry
foundation

stone masonry
foundation

expanded type
stone masonry
foundation with
surface cover

pile foundation

expanded stone
masonry
foundation

expanded stone
masonry
foundation with
surface cover

stone pier,
concrete bottom
plate

expanded stone
masonry
foundation with
a concrete cover

expanded stone
masonry
foundation

Structural Type
of Foundation

40

36

33

52

52

36

38

41

45

VIII

VIII

VIII

VIII

VIII

VIII

VIII

VIII

IX

Epicentral
Distance
(km)
Intensity

rather seriously
damaged

rather seriously
damaged

rather seriously
damaged

rather seriously
damaged

rather seriously
damaged

rather seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

Damage
Degree

Table 2. Details of water gates and damage statistics.

Wing wall collapsed.

Control and side piers cracked.

Differential settlement occurred; stone aqueduct
ruptured.

Gate trough and part of side walls cracked.

Side piers cracked.

Concrete surface cover fractured; cast-in-situ
concrete bridge slab ruptured in the middle
transversally with cracks 0.5-1.0 cm wide.

See typical case 3.

See typical case 2.

See typical case 1.

Damage Description
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2

3

exposed
type
bridge
gate

exposed
type
bridge
gate

exposed
type
bridge
gate

exposed
type

exposed
type

exposed
type

exposed
type
bridge
gate

exposed
type
bridge
gate

exposed
type
bridge
gate

exposed
type
bridge
gate

Tianlan control gate
of Zaodian main
ditch

Discharge gate of
Peizhuang Station

diversion gate of
east main ditch,
Peizhuang Station

diversion gate of
west main ditch,
Peizhuang Station

inlet gate of Dabo
Station

gate for discharge
of river water to the
sea

south main gate of
Huangsugu Station

north main gate of
Huangsugu Station

control gate of
Zaodian main ditch

inlet gate of No. 1
Branch of the
Ranch
3

5

2

2

3

5

4

4

Type

Name

No. of
Openings

Type and Size

1.5

2

2

2

2

2

2

2

2

2

Width
(m)

5.0

10.0

4.0

6.0

4.0

4.0

6.0

10.0

10.0

8.0

Design Flow
Capacity
(m3/sec)

loam

loam

loam

loam

loam

loam

loam

loam

Loam

loam

Foundation
Soil

pile foundation

monolithic
concrete
foundation

stone masonry
foundation

stone masonry
foundation

stone masonry
foundation

stone masonry
foundation

stone masonry
foundation

stone masonry
foundation

stone masonry
foundation

stone masonry
foundation

Structural Type
of Foundation

51

40

36

36

42

40

38

38

38

39

VIII

VIII

VIII

VIII

VIII

VIII

VIII

VIII

VII

VIII

Epicentral
Distance
(km)
Intensity

Table 2. Continued.

intact

intact

rather slightly
damaged

rather slightly
damaged

rather slightly
damaged

rather slightly
damaged

rather slightly
damaged

rather slightly
damaged

rather slightly
damaged

rather seriously
damaged

Damage
Degree

Settled with variation of topography; operated
with overload.

Settled with variation of topography; operated
with overload.

Upheaved with variation of typography; function
of the gate reduced.

Upheaved with variation of typography; function
of the gate reduced.

Cracks occurred on local part of side wall.

Part of bottom plate was damaged.

Cracks occurred on individual bottom plate.

Control and side piers cracked.

Damage Description
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2

2

2

Type

exposed
type
bridge
gate

Name

diversion gate of
No. 1 Branch of the
Ranch

north control gate in exposed
the main ditch of
type
No. 1 Branch of the
Ranch

south control gate in exposed
the main ditch of
type
No. 1 Branch of the
Ranch

No. of
Openings

Type and Size

1

1

1.5

Width
(m)

2.0

2.0

3.0

Design Flow
Capacity
(m3/sec)

loam

loam

loam

Foundation
Soil

pile foundation

pile foundation

pile foundation

Structural Type
of Foundation

51

49

50

VIII

VIII

VIII

Epicentral
Distance
(km)
Intensity

Table 2. Continued.

intact

intact

intact

Damage
Degree
Damage Description

465

13

49

65

No. 4 Branch

Red Flag
Commune

Red Star
Commune

331

57

Total

63

No. 3 Branch

282

56

38

12

52

58

39

9

11

1

5

5

4

10

1

No. 2 Branch

55

60

No. 1 Branch of
the Ranch

2

1

11

14

Agriculture and
Forestry
Department

3
5

2

5

5

For
Drinking

For
Industrial
Use

Industry and
Communication
Department

For
Agricultural
Use

Range Quarter

Organization

Total
No. of
Wells

Based on Usage

325

65

49

13

55

43

59

14

5

2

Cement
Pipe
Well

2

1

1

Cast
Iron
Pipe
Well

4

2

2

Mixed
Pipe
Well

Based on Pipe Used

Classification (No. of wells)

275

64

30

13

57

43

48

13

4

3

Total
No.

140

60

8

55

12

5

Seriously
Damaged

109

25

5

24

36

12

4

3

Rather
Seriously
Damaged

26

4

5

2

7

7

1

Slightly
Damaged

Table 3. Statistics on damage to pumping wells.

241

56

22

12

52

38

48

13

Wells for
Agricultural
Use

31

8

8

1

5

5

2

2

Drinking
Wells

Damaged Wells (No.)

3

2

1

Wells for
Industrial
Use

272

64

30

13

55

43

48

13

4

2

Cement
Pipe
Wells

1

1

Cast
Iron
Pipe
Wells

2

2

Mixed
Pipe
Wells

466

467

Photo 1. Canals in cultivated land were buried by spouted sand at the No. 2
Farming Brigade, No. 1 Branch of the Ranch.

Photo 2. The protection slope on the right bank of the water basin at the Zhakou Pumping
Station collapsed.
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Photo 3. The pressure water basin at the diversion station of the No. 1 Branch of the
Ranch inclined after the quake. The lead screw of the gate closure was not in line
vertically. Distance between the lower edge of the gate and the water level varied.

Photo 4. A portion of the Peizhuang Pumping Station.
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Figure 1. Distribution of sandboils and ground cracks at Hangu Ranch.
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Figure 2. Distribution of damaged hydraulic structures at Hangu Ranch.
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Figure 3. Distribution of damaged wells at Hangu Ranch.
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DAMAGE TO THE DOUHE RESERVOIR
Yang Xizhang*

The Douhe Reservoir was located 15 km away from Tangshan City in the northeast direction,
close to the causative fault. It was completed in 1956 and expanded in 1970 with a controlled
watershed area of 530 km2 and a total storage capacity of 340 million m3. It was a homogeneous
earth dam the maximum height of which was 22 m. Bedrock under the reservoir was limestone
of the Ordovician Period and marl with joints and fissures well developed. Faults in the NEE
direction were well developed and width of the fracture zone reached 1-3 m; there the gate
closure was lower in height. In the limestone of the Ordovician Period on the left bank there
were two gate closures (7×12 m) installed at the entrance of the spillway. The opening machine
of the water supply tunnel, with a diameter of 3.6 m, passed perpendicularly through 5 faults.
The rock along the tunnel was seriously weathered and fractured. During construction steel
plates were used as poling boards for support.
The plan of the Douhe Reservoir key project is shown in Fig. 1.
The site of the Douhe Reservoir was 19 km from the epicenter but closer to the causative
fault; and the seismic intensity at the site was IX. During the quake the maximum water depth
was 12.5 m; the amount of storage was 35,000 m3. The design intensity of the project was VIII.
After the quake the earth dam was seriously damaged but had not yet collapsed. Those
structures built on bedrock such as the spillway, water supply tunnel, gate closure and its
opening machine were not damaged and were running normally. Cracks occurred on the brick
wall of the opening machine house near the spillway but no cracks or deformations were found
in the concrete and stone masonry structures.
After the quake an investigation, survey, boring and tests on damage to the reservoir were
carried out at once. Organizations that participated in the investigation successively were:
Design Institute of Exploration, Administration Office of the Haihe River, Hebei Province;
Planning Office of the Yangzi River Basin; Douhe Reservoir Administration Office; Qinghua
University; Hydro-Power and Water Conservancy College, Hebei Province; Construction Office
in Aid of Douhe Reservoir, Shijiazhuang Prefecture; Hydro-Power and Water Conservancy
Academy, Ministry of Hydraulics; and Institute of Engineering Mechanics, Chinese Academy of
Sciences.
I. General
(1) Geology of the dam foundation
The Douhe Reservoir was situated at the south edge of the complicated Yanshan tectonic
zone with a WE orientation and west of the Yeli anticline. The vicinity of the reservoir was
controlled by the WE tectonics and NE tectonics. Topography, morphology and geology in the
* Design Institute of Exploration, Hebei Province
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area varied very much. The dam was built on the Douhe terrace with potentially active faults
and complicated geological conditions.
In the preliminary design stage of the reservoir exploration was carried out on the left bank at
the dam site. There were two boring holes 19 m apart. The left boring hole was on the surface
of the bedrock while the right boring hole was on the surface of the loose Quaternary stratum 87
m thick under which was bedrock. At the river channel of the left bank there was a tectonic line.
Based on geological information, the Houtun fault passed in the vicinity of the dam on the left
bank along the direction of the river. Geological tectonics at the dam site are shown in Fig. 2.
The following is some information on the Quaternary overlying strata (Fig. 3).
1. Alluvial flat
The ground at the intersection between the left dam abutment and Fenghuang Hill was marl
and the strike of the strata intersected with the dam axis at an angle of 60°. The strata inclined in
the downstream direction with a dip 20-30°. The left alluvial portion of the river channel was an
interbedding of medium loam, heavy loam and light loam and the right was an interbedding of
medium loam, light loam and fine sand. Within 3-4 m of the channel surface was medium sand
and coarse sand, the grading of which was relatively good, containing broken limestone
intercalated with the soil layer. Part of the soil contained very soft organic heavy loam dark
grayish in color with a slight bad odor. Under the layer of medium and coarse sand were clay,
medium silty loam and loessial loam. In addition, there were medium sand and fine sand layers.
The arrangement of soil layers was complicated and no regularity could be followed. The
medium and fine sand layers were water bearing and were connected to the ground water in a
rock area on the left bank and first platform on the right bank. Except for the muck layer most of
the soil layers under ground water level were saturated and saturation degrees were all above
95%. Properties of these layers were liquidity limit 27.1-31.6%, plastic limit 16.4-19.6%,
liquidity index all less than 1.0, internal friction angle 14.3-25.0°, cohesion 0.15-0.518 kgforce/cm2, compression index 0.007-0.034 cm2/kg-force when compression was 2-3 kgforce/cm2 belonging to medium or low compressibility soil, permeability coefficient of soil
layers 2.87×10-4 to 2.15×10-7 cm/sec, that of sand layers 2.32×10-3 cm/sec, number of standard
penetration blows all above 30. The properties of the layers in the river channel section, except
for the muck layers, were better. The buried depth of muck layers was shallow and at the top
and bottom there were permeable sand layers so that consolidated drainage conditions of the
layers was good. In the right alluvial flat there were light loam and fine sand layers. Because
the alluvial plain inclined toward the river channel, these layers were easily liquefied possibly
accelerating failure of the foundation.
2. First platform
The first platform connected with the alluvial plain intimately at an elevation of 26-27 m
generally, or 6-7 m higher than the river channel. Topography was plain and smooth. On the
right bank the platform was up to 1,000 m wide approximately and connected to the second
platform by a smooth slope; on the left bank the platform was lost to sight in the vicinity of the
dam axis.
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In the axis 1+340-1+675 section the area of mucky soil was large and thick, the properties of
which were the worst. During construction in 1956 this section was called the muck section. On
the exploration line 75 m from the dam axis in the downstream direction the corresponding
length of the platform was only 170 m located in the range between axis 1+400-1+610. Based
on the exploration data in 1955 the distribution of mucky soil in the platform is shown in Table
1.
The soil in the muck area varied very much in mechanical properties. The standard
penetration blow of the individual soil layer was N<1, liquidity index >1.0, cohesion force <0.05
kg-force/cm2, internal friction angle <5°, and compression index >0.15 cm2/kg-force when the
compression was 1-2 kg-force/cm2. Water content of the soil layer was extremely high so it was
a soft layer with high compressibility and in a flowing state. The earth dam had been
constructed for twenty years and more; the muck under the dam foundation had been solidified
to some extent. In 1957 and 1964 muck samples had been taken from boreholes on top of the
dam for testing. The test results are listed in Table 2.
The mechanical properties of soil layers in the first platform are shown in Table 3.
3. Second platform
The second platform was a plain with elevation of 32-34 m. Most parts of the platform were
cut by gullies. On the surface was a layer of medium and heavy loam 2-3 m thick; under the
loam layer was an interbedding of medium sand, fine sand and sandy loam 4-7 m thick
intercalated also with clay and thin lens of loam. Further below was a layer of loess loam 2-7 m
thick, then a very thick layer of medium sand and fine sand and in part of the section there were
loam and lens of sandy loam. Mechanical properties of soil layers in the second platform are
shown in Table 3.
4. Standard penetration tests for sand layers
Before the construction of the Douhe earth dam in 1955 standard penetration tests had been
carried out for 14 profiles of the main dam and auxiliary dam. In the tests a drop hammer was
operated manually. Based on the test results, variation curves of penetration blows with depth
were drawn (Fig. 4). In Fig. 4 no correction for the boring rod length was done for blows. From
these curves standard penetration blows of the sand layer beneath the water level (within 10 m
under the surface of the main dam section) were about 5-20; as for the auxiliary dam the standard
penetration blows of the sand layer at the same location were 20-70.
5. Hydro-geology of the dam foundation
Ground water at the dam site could be divided into phreatic water and artesian water.
1) Phreatic water
Phreatic water was distributed in the second platform and in the fine sand layer. During the
quake the water level in the reservoir was 31.64 m. Ground water was 4-5 m from the surface,
and it flowed to the first platform along the dam axis.

475

2) Artesian water
Artesian water was distributed in the first platform. The source of ground water in the first
platform was supplied by the phreatic water in the second platform in addition to the reservoir
water. The flow direction of ground water was also parallel to the dam axis approximately.
6. Characteristics of the dam foundation
Based on the above descriptions there were the following characteristics of the dam
foundation.
1) Traditional active fault. The Houtun fault might pass through the left bank abutment of
the main dam. Engineering geological conditions of the dam foundation were complicated.
2) Distribution of soil layers in the first platform was complicated. The many lens and
mucky layers were distributed in a wide range. A light loam layer or sandy loam layer existed
near the surface in some dam sections. A medium and heavy loam layer and light loam layer
existed at the surface of the second platform; distribution of these layers was rather uniform and
unique.
3) Ground water in the first platform was artesian water with a higher water level. Medium
sand, fine sand, sandy loam, loam and clay in the dam foundation were in a saturated state for a
long period. Ground water in the second platform was phreatic water with a lower water level.
4) The minimum standard penetration blow-number of medium and fine sand layers 4-10 m
from the surface in the first platform was only 5, while the maximum blow number was 23 with
an average of 14 blows. In the second platform the minimum blow number was 20, the
maximum 68, with an average of 44 blows. Compactness of medium and fine sand layers was
low in the first platform and higher in the second platform.
5) Shear strength of soil layers was lower in the first platform and higher in the second
platform. Shear strength of soil layers in the first platform varied greatly, while that in the second
platform was rather uniform.
6) At the alluvial flat section of the river channel medium and coarse sand layers existed in
the surface layer; at the alluvial plain on the right bank there were medium and fine sand lens
and a light loam layer exposed on the surface. The standard penetration blow-count of sand
layers was low. The height difference between the first platform and the lowest location of the
river channel was 4-6 m. The alluvial plain had a rather steep slope, inclining toward the river
channel, with a slope of about 12%. Due to the existence of a light loam layer and sand layer
liable to be liquefied under the slope, it was possible to accelerate the instability of foundation of
the left abutment of the main dam.
Because the mechanical properties of sand and soil layers and water table in the foundation
of the main dam and auxiliary dam were different, liquefaction characteristics of the main dam
and auxiliary dam foundations differed noticeably.
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(2) Design and construction of the earth dam
The Douhe Dam was a homogeneous earth dam with a total length of 6,115 m. The main
dam, 1,700 m long, was located on the river channel and first platform. The auxiliary dam,
4,415 m long, was located on the second platform. The elevation on the top of the original dam
was 39 m. The upstream slope of the main dam was 1:3 and 1:5 and the downstream slope was
1:2.5 and 1:4.5. Because there was a relatively thick muck layer in the dam foundation, the
downstream slope at the dam section between stake Nos. 1+340 and 1+680 was rather low with
slope ratios of 1:2.5 and 1:6.0. At the auxiliary dam the upstream slope ratio was 1:3 and the
downstream slope ratio was 1:2.5. When the dam was enlarged in 1970 the height of the main
dam and auxiliary dam was increased 2 m so that elevation on top of the dam was 41.0 m. The
main dam was heightened by adding earth over the top and no change was made to the upstream
slope. The wave protection wall which was built on the original dam top was used as a retaining
wall. The ratio of the downstream slope was 1:1.5 and connected with the original slope. The
auxiliary dam was heightened by changing the ratio of the downstream slope and the wave
protection wall was built on the heightened dam. The design profile of the main dam and
auxiliary dam is shown respectively in Fig. 5.
The dam was built during the period of March to July 1956. Soil materials used for building
the dam were light loam and medium loam, but mainly medium loam. Sand particle content of
the loam was 50-60%, P.I. 7-14, optimal water content 11-13%, and the natural water content
generally approached the optimal content. Grading of the soil materials was good with
appropriate water content therefore, the soil was easily compacted, the design dry volume weight
was 1.8 ton/m3.
During construction of the dam in 1956 34,582 soil samples had been taken from the dam.
The dry unit weight of 99.3% of the samples was greater than the design volume weight of 1.8
ton/m3 and the average dry volume weight was 1.88 ton/m3.
At the heightened part of the dam (2 m high), the dry volume weight of about 50% of the
samples was less than 1.7 ton/m3. Workmanship of the heightened part was poor. At the main
dam section the slope facing the water was of a cohesive soil material while that downstream
was made of debris obtained during construction of the spillway.
At the main dam there were longitudinal and transverse buried pipelines for discharging the
seepage water. The seepage water in the dam passed through the drain trench at the dam toe and
flowed into the river in the downstream direction. Since the surface soil layer was rather thick
the drain trench was not installed on the sand layer. At the dam toe in the downstream direction
rubble drain facilities had been installed on the slope surface.
At the platform section a natural soil layer was utilized as an anti-seepage apron in the
upstream direction, while at the river channel section an artificial apron 1.0-1.5 m thick and
104 m long as well as a catch-drain was made.
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II. Earthquake Damage
During the quake a large amount of cracks, settlement, displacement, and slope sliding
occurred at the earth dam. An anti-wave wall collapsed, a drain trench deformed and many
sandboils occurred on the dam toe in both upstream and downstream directions. The dam
distorted to the left or to the right, it upheaved or settled and was seriously damaged. In order to
make clear the damage to the dam a comprehensive investigation was carried out at once after
the main shock.
1) Surveying and drafting of the overall longitudinal and transverse cracks at the dam and
their locations, and location of sandboils was done. Surveying profiles of the dam (at each 50 m)
and comparing with the profiles after construction of the dam and settlement data during past
years in order to obtain settlement, displacement and deformation of the dam due to the quake.
A 3-grade leveling was carried out for 7 typical profiles, such as at the 0+167 axis.
2) Fifty-two exploration pits perpendicular or parallel to the dam axis were excavated,
distribution and shape of main cracks and the filling materials in the crack were examined. In
the repair of the dam the location and depth of the cracks were measured continuously
throughout the repair excavations. For some deeper cracks an examination was made
continuously down to the dam base. During the excavation some buried cracks were also found
within the dam. Cracks shown by a solid line in the following figures were observed by
personnel conducting the investigation; cracks shown by a dotted line were predicted cracks.
3) Fifty-two boring holes were manually drilled with a total depth of 751.2 m and 400 soil
samples were taken for tests of the properties of dam soil and foundation soil. Of these, 14
boreholes were used for the investigation of sandboils. Several standard penetration tests were
carried out for the foundation sand layers.
Damage patterns of the dam are described as follows:
(1) Cracks on the earth dam
Cracks on the dam can be classified approximately as transverse cracks perpendicular to the
dam axis, longitudinal cracks parallel to the dam axis, arc-shaped cracks, buried cracks and
concentrated fissures. Arc-shaped cracks and buried cracks were also longitudinal cracks, while
concentrated fissures were formed under the action of strong earthquakes, small but intimately
closed fissures.
1. Transverse cracks
Transverse cracks, upstream-downstream, perpendicular to the dam axis amounted to more
than a hundred of which 95 cracks were located above the main river channel in the main dam
section on the first platform (Fig. 6d). As observed from the top of the dam the width of cracks
ranged from 0.1 to 1.0 cm generally, the width of a few cracks was 1-3 cm and >3 cm
individually. Except for a few transverse cracks, such as the No. 3, 84, 85, and 87 cracks passing
through the top of the dam and extending to the upstream slope, no trace of cracks were found on
the slope. Cracks on the wave protection wall were mostly in the vicinity of transverse cracks.
Of the 95 cracks on the main dam section the No. 3 transverse crack on the left dam abutment
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was the greatest. A lot of cracks were situated on the upstream side of the dam axis but cracks
dissipated in the vicinity of the dam axis. A rubble wave-protection wall was pulled apart 0.12
m where a crack passed through (Photo 1). Under the crack there was a toothed anti-seepage
concrete wall connected with bedrock. Having been excavated and carefully inspected, the
concrete wall was intact and no cracks were found.
After inspection it was found that although transverse cracks on the main dam were many
they were not deep. Common characteristics of these cracks are as follows:
1) No obvious offset occurred between the two sides of the crack. For individual cracks,
such as the No. 84-84 cracks, offset occurred on both sides with an offset distance of only 0.51.0 cm.
2) Distribution of transverse cracks was rather dense near the dam abutment on the left bank
and at the transition section between the first and second platform but became rare at the
locations where large amounts of dam settlement occurred (Table 4, Fig. 6).
2. Longitudinal cracks
Longitudinal cracks parallel to the dam axis were one of the main damage patterns of the
earth dam. Details of the longitudinal cracks are listed in Table 5.
Longitudinal cracks on the main dam differed from those on the auxiliary dam as follows:
1) Longitudinal cracks on the main dam
On both the upstream and downstream sides of the main dam section (0+100 to 1+700) there
was a group of continuous longitudinal cracks. Cracks on the upstream slope were located at an
elevation of 34-35.5 m and those on the downstream slope were at 33-35 m symmetrically
distributed on two sides of the dam top, approximately. The distance between two groups of
cracks was about 20-30 m and each group consisted of 2-5 relatively large cracks. The total
width of the groups was 2-9 m. The largest crack occurred on the protection slope with a
slumping width of 2.2 m. Samples taken from the borehole (down to the sand layer under the
dam foundation) of this crack were half undisturbed and half filled with sand and broken stones
and soil masses, showing that this crack had penetrated the sand layers. At the 0+190 dam
section cracks on the upstream slope were also down to the dam foundation. For example, on the
upstream slope at the 0+193 profile, when excavation was carried on to an elevation of 25.57 m
(elevation of foundation was 27.0 m approximately) the crack width was still 10 cm and the
crack was filled with sand and broken stones. Cracks were on the downstream slope at section
0+600, the cracks were also very deep. For example, when the crack on the downstream slope at
section 0+660 was excavated down to an elevation of 29.0 m (elevation of the dam foundation
was about 27.0 m) the width of the crack remained 3 cm and the crack was filled with fine sand.
Longitudinal cracks at the main dam section are shown in Photos 2-5 and Fig. 7.
Characteristics of longitudinal cracks on the main dam section were as follows:
(a) Cracks occurred continuously and almost symmetrically on the upstream and downstream
slopes.
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(b) With the variation of foundation conditions the shape of cracks obviously differed. At
the river channel section (0+130-0+210) cracks were closely concentrated; cracks on the
downstream slope were arc-like in shape with the center facing the downstream direction.
Cracks on the upstream slope were also arc-shaped with the center facing the upstream direction.
In the mucky section of the dam (1+340-1+680) longitudinal cracks under the elevation of
33.0 m were closely grouped fissures and soil layers within the dam body were loosened and
cracked.
(c) Longitudinal cracks were wide on the surface and narrow under the surface. As observed
from the slope surface the maximum width of cracks (including the slumping part) reached
2.2 m; that of an individual crack such as the crack on the downstream slope (0+167) was still up
to 2.0 m after removal of the sand layer on the slope. After excavation of the slope it was
observed that this kind of crack became rapidly narrow with decrease in elevation.
Longitudinal cracks were vertical approximately. The soil layers of some cracks near the top
of the dam offset obviously on two sides. Soil layers near the dam toe shifted relatively upward
with an offset of 5-20 cm (Photo 5). Due to large settlement that occurred near the dam top, soil
in the slope exhibited to be anti-step-wise in form. Soil on both sides of some cracks inclined to
the dam axis apparently.
(d) Relatively large and wide longitudinal cracks were usually filled with fine sand, broken
stone and loose soil mass from the original slope. Some cracks were filled with rubble from the
slope, some of which were greater than the crack width (Photo 4). In addition, some cracks such
as the No. 18 crack on the upstream slope at axis 0+750 were very narrow only 1-20 mm in
width, but both vertical sides were plain and smooth and there were traces of rubbing on both
sides.
(e) Longitudinal cracks on the downstream slope were rather deep, but those on the upstream
slope were narrow and vanished with depth rapidly.
2) Longitudinal cracks on the auxiliary dam
From axis 1+800 to axis 2+400 longitudinal cracks occurred on the downstream dam
shoulder and slope at a higher elevation (39.0-40.0 m). From axis 2+400 to axis 4+500
longitudinal cracks occurred on the dam top intermittently most of which were single cracks. At
an individual dam section there were 2-3 cracks (Photos 6-8).
After the excavation it was revealed that depth of these cracks was not great. No cracks were
found when excavation was made down to an elevation of 39.0 m.
Longitudinal cracks on the dam top or shoulder were closely related to slope sliding. For
example, from axis 2+400 to axis 2+600 sliding occurred intermittently on the upstream slope
and at the same time longitudinal cracks occurred on the dam top. A similar phenomenon also
occurred in the vicinity of axis 3+200.
3. Arc-shaped cracks
Arc-shaped cracks were induced by slope sliding. On the downstream slope of the main dam
at the section between axis 0+130 and axis 0+200 on the downstream slope of the auxiliary dam,
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at the section between axis 1+960 and axis 1+990, at the section between axis 2+120 and axis
2+150, and on the upstream slope of the auxiliary dam at the section between axis 2+400 and
axis 2+600 arc-shaped cracks occurred accompanied with slope sliding (Photo 9). Arc-shaped
cracks also occurred on the dam top, shoulder and slope. At profile 0+140, except for the
occurrence of arc-shaped cracks, the buried horizontal drainage pipeline (pottery pipe) of the
dam was pulled apart with an offset of 0.13 m.
4. Buried cracks
During excavation of the earth dam for repairs, it was found that buried cracks also existed in
the dam. These cracks were filled with fine sand or soft mud and were longitudinal cracks.
1) Buried cracks filled with fine sand
At a distance 1.16 m from dam axis 0+928 in the downstream direction a buried crack was
found at an elevation of 32.5 m with a width of 0.5 mm. Excavation was made along the crack
finding that the crack extended downward. At an elevation of 30.28 m the width of the crack
was 10 mm. The crack was filled with dense fine sand yellow in color. After inspection the
crack was located between axis 0+920 and axis 0+930 in plane (Fig. 8).
No cracks were found on top of the dam above an elevation of 32.5 m. The filled sand was
different from the fine sand at the protection slope, which was white in color and the particle size
of which was coarser. However, the filled sand was very similar to that at the dam foundation.
In addition, at profile 0+950 a buried crack was found under the top of the dam during
excavation at a distance of 1.2 m away from the dam axis in the upstream direction. The crack
was narrow at the top and wide at the bottom. At an elevation of 33.0 m the width of the crack
was 0.1 m. Whether the crack was the same as the above-mentioned one was not known.
2) Buried crack filled with soft mud
When an upstream dam section between axis 0+104 and axis 0+144 was excavated a gourdlike shaped buried crack filled with soft mud was found at a distance of 6.0-7.7 m from the dam
axis (Fig. 9). The width of the crack was 50-300 mm at an elevation of 29.5-33.5, at a depth
range of 4 m.
5. Closely concentrated fissures
On both sides of certain main longitudinal cracks and the No. 3 transverse crack, a lot of
closely concentrated and discontinuous fissures were found parallel to the main crack. The
distance between these fissures was generally 1 to 10 cm and more. The maximum width of
fissures was 0.5-1.0 mm (Photo 10). The surface of the fissures was plain and smooth with a
slight rubbing trace. The direction of fissures was almost vertical. These fissures were only
found several meters under the dam surface. They were spaced closer when near the
longitudinal crack and farther apart when near the dam top and toe. Their existence was rather
obvious in a dense dam section but not obvious in a soft dam section (in dark soil) and especially
obvious in the section between stake No. 1+300 and No. 1+700.
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(2) Settlement, deformation and horizontal displacement of the earth dam
Two permanent leveling benchmarks were used as reference in the elevation survey of the
Douhe earth dam. One benchmark was located between the entrance of the spillway at the
reservoir and the water supply opening. Both benchmarks were located on the semi-weathered
limestone bedrock. Elevations of both benchmarks basically did not change before and after the
quake. Elevations of the earth dam after the quake were measured using the elevation before the
quake as reference.
1. Settlement of the dam top and slope
Before and after the quake the elevation of settlement stakes, consolidation pipes on top of
the dam and elevation of the top of the dam were measured and the results were compared.
Table 6 shows settlements of the dam after the quake.
From Table 6 the characteristics of the dam settlements are as follows:
(i) Settlements at the main dam (on the first platform and river channel section) were
relatively large. Settlements on the dam top of 10 profiles exceeded 1.0 m and the maximum
settlement was up to 1.64 m. Settlements at the auxiliary dam were smaller the maximum of
which was only 0.15 m.
(ii) The difference in settlement between sections near the main dam was large, the
maximum of which reached 1.14 m (between stake No. 0+160 and No. 0+250). However, that
near the auxiliary dam was smaller the maximum of which was only 0.11 m (between stake No.
2+100 and No. 2+200).
(iii) Differences of settlement in the same profile of the main dam were also very large. For
example, settlement on top of the dam in profile 0+167 was 1.64 m while that in the upstream
horse way was only 0.119 m.
2. Deformation of the dam
After the quake a relatively accurate survey was carried out for seven profiles: 0+167,
0+185, 0+200, 0+690, 0+950, 1+300 and 1+500 and the results were compared with those made
before the quake (Fig. 7). From comparison of the profiles in Fig. 7 it was found that the part
near the dam top settled. The soil mass in the middle and lower part of the slope upheaved.
From the exploration trenches two profiles were drawn, one of which was profile 0+220 (Fig.
10). In Fig. 10 five nearly horizontal soil layers black in color were deformed by bending with
two ends upheaving. Lateral bulking also occurred in the lower part of the dam.
Forty-five boreholes had been drilled in the main dam after the quake, finding that the
average dry unit weight of dam soil was 1.86 ton/m3, approaching 1.88 ton/m3 measured during
construction. No compaction of dam soil induced by the quake was obviously found. Therefore,
actual measurement data for consolidation pipes in the dam can be used to calculate settlement of
the dam body due to lateral bulking and then predict the settlement of the dam foundation. The
calculation results are listed in Table 7.
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3. Ground deformation in the vicinity of the dam site
After the quake ground deformation near the main dam site in the downstream direction was
measured. The measurement results are shown in Table 8.
The measuring points, No. 2213 and No. 2217 were located at the river channel and drain
trench located on the alluvial flat in the downstream direction. During the quake the above drain
trench, either in an upstream direction or in a downstream direction suffered dislocation and
compression of the ground. The trench narrowed at the bottom which was lifted with the result
that ground on both sides of the trench settled locally. Measuring point Nos. 2213 and 2217
were located at the local section of settlement therefore, settlement was relatively large. The
difference in elevation of the remaining four measuring points before and after the quake was not
great showing that ground elevation in the vicinity of the dam site did not vary much.
4. Settlement of sand layer under the dam foundation
Settlement of the dam foundation includes settlement of the surface soil layer of the dam
foundation and settlement of the sand layer. Due to an unreliable record of the dam base
elevation after clearing the foundation, it is difficult to evaluate the elevation of the top of the
surface soil layer after the quake based on the boring data. Therefore, settlement of the surface
layer of the dam foundation is not clear. Some settlement data of the sand layer of the dam
foundation was obtained after the quake as shown in Table 9.
Settlements in the table were evaluated from the bore data including those measured before
the quake. Because total pre-earthquake settlement of the dam foundation, including settlement
of the surface soil layer, was not great (e.g. that at stake No. 0+500 was 0.42 m; stake No. 1+300
was 0.31 m) therefore settlements of the sand layer in the table were mostly induced by the
quake.
5. Deformation of drain trenches
All sections of the drain trench suffered damage to different extents. At locations where
settlement of the dam top was great the drain trench was compressed and the bottom upheaved
greatly. Near stake No. 0+167 sliding of the downstream slope was observed and the bottom of
the trench upheaved by 1.3-2.0 m compared with that before the quake as shown in Fig. 6.
6. Horizontal displacement of the top of the main dam
After the quake displacement of the top of the main dam section had occurred in both the
upstream and downstream directions. Due to damage to the displacement benchmark on the dam
during the heightening of the dam in 1970, displacement of the dam top was difficult to measure
accurately. Based on the fact that the dam top in the section between profiles 0+000 and
2+272.29 was in a straight line originally, the straight line that connected the centers of these
two profiles was used as the dam axis before the quake. Using this straight line as a reference
relative displacements of different sections were measured. During the excavation for inspection
this center line used for calculation was checked once more.
During construction of the dam in 1956 a concrete cut-off wall was built at the connection of
the left pier and bedrock. The design centerline on top of the wall was the same as the dam axis
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on the dam top at an elevation of 39 m (dam axis at an elevation of 41.0 m was 0.4 m from the
dam axis at an elevation of 39.0 m). During repairs after the quake the fill land of the cut-off
wall left of the dam was excavated exposing the wall. Having been measured it was verified that
this center line was basically parallel to the dam axis before the quake (i.e. the axis at an
elevation of 41.0 m) only 0.1 m apart showing that the error in using this center line as the dam
axis before the quake was not great and it was uniformly in error. In calculating displacements
of the dam top in Table 10 this center line was still used as reference and no correction was
made.
Based on measurement the maximum horizontal displacement was 66 cm toward the
downstream direction at profile 0+700. As for the relationship between displacement and
settlement of the dam, the greater the settlement (such as at profiles 0+167, 0+680, 0+700,
1+300) the larger the displacement. Displacement of the dam top was also greater at the dam
sections where slope sliding occurred (such as in the vicinity of profiles 0+167 and 1+900, see
Table 10 and Fig. 6).
(3) Settlement and collapse of wave protection wall and inclination of dam top
1) Severe settlement, deformation and cracking of the wave protection wall at the main dam
occurred. Maximum settlement occurred at profile 0+167 and settlement of the wall reached
1.317 m. Except for local collapse of individual dam sections near the auxiliary dam, no
collapse occurred at other sections.
During further construction in 1970 workmanship of the heightened part of the main dam
was poor so the lateral bulking deformation was relatively large however, the wave protection
wall was built on the original dam (Fig. 5) thus settlement of the wall was smaller
correspondingly. Therefore, relative vertical displacement which occurred on the wave
protection wall and crest of the dam after the quake could be clearly observed on the wall
surface.
2) At the auxiliary dam the wave protection wall was seriously damaged and collapsed
intermittently with a total length of 835 m. Some wall sections that had not yet collapsed were
cracked and loosened. The direction of some of the collapsed walls was toward the reservoir and
some in the opposite direction. Collapse of the wall occurred at the location where upstream
slope sliding occurred; the wall fell toward the reservoir at the location where the downstream
slope sliding happened. Concrete slabs on top of the wave protection wall at profile 2+390 were
also in good order on the wall or on the slope after falling down in the quake (Photo 11). The
falling place was about 1.0 m apart from the wall. The top of the concrete slabs were also facing
upward.
3) With settlement and displacement the crest of the dam became an inclined plane toward
the downstream direction. Settlement of the crest and wave protection wall are listed in
Table 11.
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(4) Slope sliding
Slope sliding at the main dam occurred in the neighborhood of profile 0+167, and no obvious
slope sliding at other dam sections was observed. A lot of slope sliding occurred at the auxiliary
dam relatively.
1. Slope sliding at the main dam
Slope sliding at the main dam occurred at the downstream slope between profiles 0+120 and
0+190. Sliding was induced by soil liquefaction. Because that range of slope sliding was great,
slides were more complicated (Fig. 11).
1) Sliding pattern
At the dam section between profiles 0+120 and 0+190 there were groups of cracks on the
slope. A series of cracks parallel to the dam axis occurred on the upstream slope. The highest
ones were located at an elevation of approximately 36.0 m and the lowest at approximately 28 m
(under reservoir water level during the quake). Three arc-shaped cracks occurred on the
downstream slope (Fig. 11). The first row of cracks, the longest ones, propagated along the
subgrade of the highway up to the dam with a length of about 100 m. In the beginning the width
of cracks was 2.2 m, the widest ones at the main dam. From the soil sample taken from the
borehole drilled beneath the crack (No. 2 borehole in Fig. 12), it was seen that the crack had
penetrated the foundation soil layer to the sand layer.
At stake No. 0+140, at an elevation of about 26.0 m, it was found from excavation that near
the third row of arc-shaped cracks in the downstream direction a terracotta pipe was pulled apart
by 10 cm and offset vertically by 12 cm. Soil on both sides of the crack was broken by tension.
At profile 0+167 settlement of the crest was up to 1.64 m, the greatest on the whole dam.
Between stake No. 0+14 and No. 0+180, settlements were all greater than 1.3 m.
After the quake, except for undulation in a vertical direction that occurred on the main dam,
undulation also occurred in the horizontal direction. At profile 0+167 displacement of the crest
in the downstream direction was up to 0.51 m. In the range between profiles 0+120 and 0+200
the dam curved in the downstream direction.
After the quake the width of the cross-section of the drain trench at the dam toe was reduced
by more than 1 m. The bottom of the trench was raised by 1.3-2.0 m. From the deformed trench
it was observed that the trench was compressed between the dam body and the soil mass on the
downstream side. Furthermore, in the vicinity of stake No. 0+120 the drain at the dam toe was
obviously raised by compression.
At dam profile 0+167 a large-scale sand spouting occurred on both sides of the drain trench
at the dam toe, especially on the downstream side (Fig. 11 and Photos 12 and 13). The amount
of spouted sand was estimated to be more than one million cubic meters. The spouted sand
flowed to the old river channel 100 m away and the thickness of the accumulated sand was about
0.6-0.8 m.
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2) Sliding of surface layer and range of sliding
After the quake 11 boreholes were drilled in the dam at profile 0+167 (Fig. 11). A table of
boreholes is shown in Table 12. Based on the boring data geological profiles of the downstream
slope at profile 0+167 perpendicular and parallel to the dam axis, were drawn (Figs. 12 and 13).
Based on the a boring data the sliding layers and extent of sliding were well understood.
Of the 11 boreholes the No. 2, No. 3, auxiliary No. 2 and auxiliary No. 3 holes contracted
seriously in a range of elevation 21.0-25.0 m and a sleeve needed to be installed to protect the
hole wall so that drilling could continue. In this section some of the soil was in a plastic flow
state and structure of the soil was obviously disturbed; some was in a liquid state and no perfect
soil samples could be taken out. Based on the damaged structure of soil samples from the No. 2,
No. 3, auxiliary No. 2 and auxiliary No. 3 holes, maps (Figs. 12 and 13) were drawn showing the
area in which soil structure was damaged inclined cross-line area in the figure. During the quake
soil layers in this area were disturbed and the dam slid along the area in a downstream direction.
Except for the holes mentioned above the soil in other holes was better. Although soil in
some of the holes was in a soft plastic state the structure of the soil was uniform and no obvious
disturbance was observed.
From boreholes perpendicular to the dam axis the natural water content of the soil in the
No. 1 hole was 14.2-21.7%, less than the saturated moisture content and soil samples taken from
this hole were homogeneous and not disturbed. Samples of the No. 4 hole in an elevation range
of 22.4-23.8 m were only slightly disturbed. Compared with data obtained from the No. 1-4
holes it was found that slope sliding perpendicular to the direction of the dam axis occurred in a
range approximately between the highway up to the dam and the neighborhood of the
downstream drain trench. From boreholes parallel to the dam axis, soil samples taken from the
auxiliary No. 1 hole and auxiliary No. 4 hole were homogeneous and undisturbed but in a softplastic and flow-plastic state. Therefore, it was considered that slope sliding parallel to the dam
axis occurred approximately in a range between profiles 0+120 and 0+190 and serious sliding
occurred in a range between profiles 0+140 and 0+180.
Based on the above data and observations the vertical part of the main sliding layer coincided
with the No. 1 crack.
2. Slope sliding at the auxiliary dam
A lot of slope sliding occurred at the auxiliary dam. The downstream slope between stake
Nos. 1+920 and 2+220 slid intermittently. Serious sliding occurred in the vicinity of profile
1+950 and at the section between stake Nos. 2+100 and 2+150. At these locations there were 23 arc-shaped cracks; the downstream dam toe upheaved and moved 1-2 m downstream.
At the section between stake Nos. 2+400 and 2+600 cracks occurred on the crest, the
upstream slope upheaved and discontinuous slope sliding occurred. Similar patterns also
occurred in the vicinity of profile 3+200.
Near the auxiliary dam the underground water level was about 8 m below the surface. No
sandboils occurred during the quake. When extending of the dam in 1970, the workmanship of
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the new part was poor; the new part was not well connected with the old part. In repairing the
dam after the quake it was found that a lot of fine sand on the old slope had not been clearly
removed. At the auxiliary dam where serious slope sliding occurred no disturbance of the
foundation soil layer was found after excavation.
(5) Sandboils
1. Sandboils and particle analysis of spouting materials
After the M=7.8 quake sandboils occurred in a relatively large area near the dam toe and
downstream of the Douhe main dam; the duration of spouting was 1-2 days. After the M=6.9
aftershock sandboils occurred at several excavation pits of the foundation in section 0+167 of the
main dam. Sandboils also occurred on the downstream slope at profile 0+960 and once again at
locations where sandboils occurred during the main M=7.8 shock. No sandboils were found at
the auxiliary dam.
On the toe of the main dam there were more than 60 sandboils within a distance of 50 m.
Sand spouting also occurred at many places on the upstream slope at an elevation of 26-27 m
generally. The elevation of an individual sandboil on the downstream slope was about 30 m.
Sandboils were located mostly on the alluvial plain and on the first platform. Those located in
the section between stake No. 0+100 and No. 0+400 amounted to 80% of the total, those
between stake No. 0+400 and No. 1+000 amounted to 11%, and those between stake No. 1+000
and No. 1+700 amounted to 9%.
The sandboils appeared singly or in a group. Sand spouted at a higher elevation on the slope
might be spouted from the crack. The vent of sandboils was not in the shape of an elephant pit
but sometimes a small pond was left. Particles of sand at the bottom of the pond were extremely
fine, some were thin silt particles blocking the vent of the sandboil.
Particle analysis was performed on the spouted materials. The spouted materials included
light silty loam, sandy loam, fine sand and medium sand with an average particle size of 0.040.3 mm, a maximum particle size of 0.4 mm, and a uniformity coefficient of 2-5 generally.
Characteristic values of spouted material particles are shown in Table 13 in which d50 represents
average particle size and d60/d10 represents uniformity coefficient.
2. Influence of effective overburden pressure on sand liquefaction
In order to further understand the effect of overburden layer thickness and water table on
sand liquefaction, exploration tests were carried out in an area where sandboils occurred
concentrically and in an area where no sandboils occurred. Effective overburden pressure was
calculated using the following equation.

b

g

σ v = ds − dw γ 2 + dw γ 1
where

σv
ds
dw

γ1

–
–
–
–

effective overburden pressure;
distance from the ground surface to the top of the first sand layer;
distance from the ground surface to the water table;
natural volume weight of soil above the water table;
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γ2

– buoyant volume weight of soil under the water table.

Since the area of the preliminary field survey was small, the distance between boreholes in
the sandboil area and area with no sandboils was relatively short and it was considered that this
would affect the critical overburden layer thickness and overburden pressure. Later, 7 boreholes
were also drilled east of Yuzhuang Village where the nearest distance between boreholes in the
sandboil area and no sandboil area was 112 m. An area without sandboils existed between
sandboil areas, with width of 500 m. From test results of samples taken in this area the critical
overburden layer thickness and effective overburden pressure were calculated and the calculated
results approached closely to those in the preliminary survey.
The test results are listed in Table 14. From Table 14 it was found that the overburden layer
thickness in the sandboil area was generally less than 8 m, the effective overburden pressure σν
was 0.44-0.88 kg-force/cm2, the σν value in the area without sandboils was generally greater
than 1.0 kg-force/cm2.
III. Cause for Non-liquefaction of Sand Protection Layer in Upstream Slope
The sand protection layer on the upstream slope of the Douhe earth dam was 1.0 m thick. It
was a mixed sand layer with medium sand in the main proportion. After the strong intensity IX
earthquake, except for some cracks, the layer showed no evidence of liquefaction during
inspection. Here is some information about the sand protection layer.
(1) Type of sand in the layer
The sand frost-protection layer on the upstream slope was a mixed sand layer with medium
sand as the main proportion and fine sand. Particle analysis curves are shown in Fig. 14.
(2) Characteristics of mixed sand
Characteristics of mixed sand in the sand protection layer are listed in Table 15 and the mud
content of mixed sand in Table 16.
(Translator: Lu Rongjian)
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Table 1. Distribution of mucky soil in the first platform.
Location Along
the Dam Axis

Location Perpendicular
to the Dam Axis

Buried Depth
(m)

Thickness
(m)

1-6

1-2

0+080-0+200

on 0+220 axis, 50 m from the dam
axis in both upstream and
downstream directions

0+450-0+540

not existed 50 m away from the dam
axis in both upstream and
downstream directions

8

1

0+720-0+860

also existed 50 m away from the
dam axis in both upstream and
downstream directions

6

3.5

0+940-1+210

also existed 100 m away from the
dam axis in the upstream direction;
not existed 50 m away from the dam
axis in the down-stream direction

3.5

3.5-4.5

+340-1+675

also existed 100 m away from the
dam axis in both upstream and
downstream directions, but in the
downstream direction on the
exploration line 75 m from the dam
axis the width of the muck area was
only 170 m.

1-2

4.0-4.5

Remarks

during construction in
1956 this section was
called muck section

Table 2. Mechanical properties of the muck under the dam foundation.
Water Content (%)
Before
Construction

After
Construction

Dry Volume Weight (g/cm3)
Before
Construction

After
Construction

Internal Friction Angle
(degree)
Before
Construction

After
Construction

Elevation
(m)

Sept.
1955

June
1957

May
1964

Sept.
1955

June
1957

May
1964

Sept.
1955

June
1957

May
1964

24.9-25.4

35.2

31.0

26.3

1.346

1.39

1.52

8.0

6.3

16.1

23.8-24.4

44.6

32.1

29.5

1.210

1.41

1.46

3.0

8.5

8.5

22.0-23.4

38.0

35.5

30.0

1.297

1.38

1.43

5.8

Cohesion (kg-force/cm2)
Before
Construction

After
Construction

Compression Coefficient
(cm2/kg.-force)
Before
Construction

After
Construction

Elevation
(m)

Sept.
1955

June
1957

May
1964

Sept.
1955

June
1957

24.9-25.4

0.33

0.51

0.28

0.038

0.022 0.025

23.8-24.4

0.14

0.45

0.36

0.095

0.027 0.029

22.0-23.4

0.18

0.59

0.062

0.036

May
1964

5.0

Second
Platform

First
Platform

Location

below
shallow
sand
layer

above
shallow
sand
layer

1.52
1.50

23.3
28.3
28.0

heavy, light
sandy loam

medium
loam

loess
medium,
heavy silty
loam

1.73
1.62

1.55

15.1
15.3

heavy loam

1.66

light loam

14.1

1.13

52.5

heavy, light
sandy loam

1.32

37.4

1.60

(6)2

1.43

1.45

(6)1

30.9

(3)

1.47

1.25

24.7

30.4

(2)

(5)

43.8

(1)

1.46

1.53

32.3

29.5

clay and silty clay

1.60

1.65

1.61

1.63

Dry Vol.
Weight
(g/cm3)

(4)

26.6

heavy silty loam

muck

22.8
23.8

medium silty loam

24.1

light silty loam

light loam

23.0

heavy and light sandy
loam

Name of Soil Layer

Water
Content
(%)

0.795

0.713

0.620

0.732

0.536

0.605

1.420

0.997

0.675

0.886

0.835

0.845

1.139

0.865

0.778

0.724

0.613

0.653

0.645

Porosity

27.8

30.8

23.8

25.4

20.2

21.1

64.2

44.8

36.1

32.1

32.1

38.7

35.8

32.2

24.3

2.60

2.41

Flow
Limit (%)

Physical Properties

17.9

19.0

18.7

14.1

13.5

15.0

34.1

25.0

19.0

18.1

19.6

21.8

21.1

19.6

16.2

17.8

17.7

Plastic
Limit
(%)

9.9

11.6

5.1

11.3

6.7

6.1

30.2

19.3

17.1

14.0

12.5

16.9

14.7

12.6

8.1

8.2

6.4

PI

1.02

0.80

0.90

0.11

0.24

0.61

0.64

0.81

0.88

0.46

0.37

0.33

0.82

0.77

0.83

LI

25

46

63

49

71

68

29

19

21

8

12

53

13

18

22

50

30

77

>0.05
(%)

55

37

31

28

16

23

47

39

58

63

72

27

50

57

61

38

57

17

0.05-0.005
(%)

20

17

7

23

13

9

24

42

21

29

16

20

37

25

17

12

13

6

<0.005
(%)

16

40

64

34

9.6

13

15

25

14

Uniformity
Coefficient
(d60/d10)

Particle Size and Characteristic Value

Table 3. Mechanical properties of cohesive soil layers in the first and second platforms.

23.6

21.0

27.7

19.6

19.5

29.3

6.8

9.9

11.5

3.5

26.3

2.5

8.1

11.9

16.7

22.1

21.8

26.0

Internal
Friction
Angle
(degree)

0.27

0.25

0.30

0.24

0.29

0.17

0.20

0.22

0.34

0.19

0.12

0.15

0.34

0.32

0.35

0.19

0.19

0.23

Cohesion
(kg-force /cm2)

Shear Strength
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Table 4. Density of distribution of transverse cracks.

Left Dam
Abutment

Transition Section
Between the 1st and
2nd Platform

Location Where
Maximum Settlement of
the Dam Occurred

No. of Stake

0+000-0+100

1+700-1+800

0+650-0+750

Density
(No./100 m)

17

10

2

Location

Table 5. Main longitudinal cracks on the main dam section.

Stake No.

Location of
Occurrence

No. of
Crack

Distance
From the
Dam Axis

Elevation
(m)

Width of
Crack
(mm)

Filling Materials in
the Crack

33.26
upstream
slope
0+140

downstream
slope

0+167

upstream
slope
downstream
slope

upstream
slope
0+350
downstream
slope

1

13.2

32.3

220-150

sand, broken stone

31.8-31.1

140-30

broken soil mass

30.7

10

no filling materials

2

6.5

30.7-30.0

40-20

soft mud

3

9.0

32.8-30.0

40-2

1

14.72
15.0

31.0
28

350-320
10-5

2

17.1

28.0

90

soft mud

1

11.0

30.35

90

sand

4

8.9

32.0-31.5

10-1

sand

9

15.2

30.5

1

17.5

32.0-26.8

2,000-280

2

13.6

32.27-29.7

300-140

6

12.75

31.25-30.70
30.2
29.8

35-17
20
1

7

15.75

32.80-31.3
30.3-29.7

150-15
5-1

fine sand
no filling material

1
2

12.0
15.0

29.4
31.4-29.8
28.6-27.9

8
55-10
2

soft mud
fine sand soil
no filling material

3

16.8

32.0-29.5

40-0

sand, broken stone

rubble, sand
sand, broken stone
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Table 5. Continued.

Stake No.

0+750

Location of
Occurrence

upstream
slope

downstream
slope
upstream
slope
0+900

downstream
slope

No. of
Crack

Distance
From the
Dam Axis

Elevation
(m)

Width of
Crack
(mm)

1

7.05

34.9-33.9

4-1

3

9.0

34.4-3.3

300-200

3-8

9.4

34.3-33.3

1-20

no filling materials

9

10.9

33.9-31.2

250-5

loose soil

10-11

11.2-11.5

33.6-32.9

3

12

12.0

33.6-32.5

200-80

loose soil

13-16

12.5-14.1

33.5-32.1

5-150

no filling materials
or loose soil

17

15.1

32.9-31.7

100-50

loose soil

18

18.0

32.5-30.0

20-1

1-7

9.0-17.0

34.6-32.6

500-100

1-3

11.8-13.7

32.81-32.25

2

5

14.1

32.81-32.25

50

6
7

15.4
17.0

32.81-32.25
32.81-31.85

80
110-30

2-4

12.2-15.4

30.3-28.8

10-1

33.0

about 20

buried crack within dam
top

upstream
slope

no filling materials
loose soil, sand

no filling materials

no filling materials

filling broken soil
mass in the crack

1-3

7.5-9.3

34.1-32.5

1-3

4

10.1-10.2

33.1-32.0

200-50

5-7

10.5-13.4

32.9-31.5

1-3

8

11.81-11.7

32.4-31.4

630-400

10-11

12.5-15.5

32.3-31.0

350-120

31.14

170

broken stone, sand

30.8-29.3

100

broken stone, sand

28.99

30

soil and a few sand

1+300

downstream
slope

Filling Materials in
the Crack

2

11.2

loose soil
broken stone, loose
soil, sand
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Table 6. Settlements of the earth dam.
Location
river
channel
section

main dam
first
platform

auxiliary
dam

second
platform

upstream horse way of main
dam at elev. 32.0 m
downstream horse way of
main dam at elev. 33.0 m

Stake No.
0+000
0+100
0+167
0+200
0+300
0+400
0+500
0+600
0+682
0+700
0+800
0+900
1+000
1+100
1+200
1+300
1+400
1+500
1+600
1+700
0+000
2+200
2+500
3+000
4+400
0+100
0+500
0+900
0+500
0+900

Settlement
(m)
0.26
0.79
(1.64)
1.22
1.00
0.91
1.05
1.23
(1.60)
(1.53)
0.97
1.17
1.04
0.84
0.91
1.36
0.89
0.72
0.83
0.58
(0.04)
(0.15)
(0.12)
(0.13)
(0.10)
0.119
0.06
0.14
0.13
0.18

Remarks
1. Settlements (without bracket) were
measured by use of settlement stakes.

2. Value in bracket is difference
between elevations on top of the dam
before and after the quake.

3. Settlement of upstream and
downstream horse way of the main
dam was measured by use of the
consolidation pipe.

4. No settlement stake data was
available. Elevation on top of the dam
before the quake was taken from the
drawing after completion of the dam
in 1971; elevation on top of the dam
after the quake was taken from the
survey data for the center line of the
top of the dam.
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Table 7. Lateral bulking of the dam body and settlement of the dam foundation
Settlement Induced by the Quake
(mm)
Total
Settlement of
Dam top

Stake
No.

Settlement
Induced by
Lateral Bulking

Settlement
of Dam
Foundation

Percentage of
Lateral Bulking of
Dam in Total
Settlement of Dam

Percentage of Settlement
of Dam Foundation in
Total Settlement of Dam

0+100

790

358

432

45.3

54.7

0+500

1050

323

727

30.7

69.3

1+300

1360

343

1017

25.2

74.5

Table 8. Variation of ground surface elevation at Douhe dam site in downstream direction.
Elevation of Measuring Point
(m)

Location of Measuring Point
Distance
from Drain
Trench (m)

Before the
Quake

After the
Quake

Difference
of
Elevation
(m)

150

85

27.180

26.783

-0.397

0+150

90

30

27.120

26.817

-0.303

2304

1+000

180

115

28.380

28.391

+0.011

FM

1+800

100

35

33.901

33.928

+0.027

Ref. 8

1+850

100

35

34.811

34.887

+0.076

2309

2+000

200

135

35.64

34.652

-0.012

No. of
Measuring
Point

No. of
Corresponding
Stake

2213

0+050

2217

Distance
from Dam
Axis (m)

Table 9. Settlement of sand layer of dam foundation.
Stake No.
Elevation on Top
of Sand Layer
(m)

0+350

0+482

0+700

0+884

1+300

1+500

Before Construction
of the Dam in 1955

22.2

19.6

17.8

21.0

17.9

19.6

After the Quake in
1976

21.1

18.8

17.0

19.5

16.7

18.9

1.1

0.8

0.8

1.5

1.2

0.7

Settlement of Sand Layer of Dam
Foundation
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Table 10. Comparison of displacement of dam top and settlement.
Displacement of Dam Top (m)

Stake No.

Elevation of
Dam
Foundation
Surface (m)

Height of
Dam (m)

0+100

19.20

21.80

0+167

Displacement of Top
of Wave Prevention
Wall

Displacement of
Downstream
Dam

Settlement
of Dam Top

23

34

0.79

42

51

(1.64)

0+200

26.25

14.75

-5

-1

1.22

0+300

26.20

14.80

-15

-9

1.00

0+400

25.65

15.35

-4

7

0.91

0+500

25.40

15.60

9

10

1.05

0+600

25.80

15.20

28

29

1.23

57

58

(1.60)

0+680
0+700

25.60

15.40

64

66

(1.53)

0+800

25.90

15.10

-16

-6

0.97

0+900

25.60

15.40

-11

-4

1.17

1+000

25.60

15.40

-3

-4

1.04

1+100

25.80

15.20

-34

-24

0.84

1+200

26.30

14.70

-10

-5

0.91

30

34

(1.12)

1+250
1+300

26.30

14.70

37

47

1.36

1+400

26.10

14.90

-14

-21

0.89

1+500

26.10

14.90

3

5

0.72

1+600

26.30

14.70

10

8

0.83

1+700

28.40

12.60

11

25

0.58

1+800

32.00

9.00

-18

-1

(0.11)

-19

38

(0.07)

37

(0.02)

1+850
1+900

33.30

7.70

-7

2+000

34.60

6.40

11

(0.04)

Note: “+” represents displacement in the upstream direction; “–” represents displacement in the
downstream direction.
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Table 11. Measured values of settlement of the dam crest and wave protection wall.

Stake No.

Elevation of Wall
Elevation of Wall Top Measured in
Top Measured in September 1976
(m)
May 1976 (m)

Measured Value in September 1976
Settlement of
Wall Top (m)

Settlement of Crest
Relative to the Wall
(m)

Settlement of Abutment
Relative to the Wall (m)

0+100

42.424

41.700

0.724

0.069

0.239

0+167

(42.587)

(41.570)

1.017

0.031

0.141

0+300

42.910

41.310

1.081

0.017

0.087

0+500

42.377

41.270

1.107

0.000

0.080

0+700

42.382

(41.200)

1.182

0.010

0.050

0+900

42.383

41.140

1.243

0.050

0.250

1+100

42.412

41.570

0.842

0.000

0.150

1+300

42.443

41.130

1.313

0.010

0.210

1+500

42.403

41.690

0.713

0.008

0.258

1+700

42.418

41.930

0.488

0.052

0.192

1+900

42.441

42.360

0.081

0.150

0.290

Note: Values in bracket are obtained by interpolation.
Table 12(a). Table of borehole (0+167–1) (elevation at the top of the hole: 39.36 m).

Elevation
(m)
30

Classification
of Soil (based
on particle
content)

Water
Content
(%)

Saturation
Moisture
Content (%)

P. I.
(%)

Sand
Particle

Silt
Particle

Clay
Particle

14.9

1.81

18.2

9.7

57

25

18

soil in dam
body

28

26

Particle Content (%)

Dry
Volume
Weight
(g/cm3)

medium loam

1.80
14.2

1.82

18.0

10.9

60

22

18

24

20.5

1.61

25.1

7.2

43

40

17

22

21.7

1.70

21.8

5.0

45

41

14

18.8

1.78

19.2

4.1

58

29

13

20.7

1.68

22.5

5.8

60

27

13

20.9

1.65

23.6

3.4

62

26

12

light loam
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Table 12(b). Table of borehole (0+167–2) (elevation at the top of the hole: 32.96 m).

Elevation
(m)

30

Classification
of Soil (based
on particle
content)

soil in dam
body

28

26

24

light silty
loam

22
sand

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

Dry
Volume
Weight
(g/cm3)

Internal
Friction
Angle
(degree)

18.4

2.06

1.79

19.7

2.03

1.70

19.8

2.05

1.71

20.0

2.00

1.67

13.9

2.03

1.78

30.0

0.25

17.1

2.10

1.79

15.4

0.37

15.1

2.10

1.83

16.0

2.09

1.80

22.7

2.02

1.64

27.0

20.9

2.06

1.70

34.0

23.1

2.02

1.65

26.5

18.5

2.06

1.74

40.7

Cohesion
Force
(kg-force/cm2)

Remarks
1. Soil samples
intercalated with fine
sand and gravel.
2. The hole was drilled
in the crack.

0.05

3. All samples were
disturbed, no
undisturbed samples
were taken out.

497

Table 12(c). Table of borehole (0+167–3) (elevation at the top of the hole: 29.26 m).

Elevation
(m)

Classification
of Soil (based
on particle
content)
soil in dam
body

20

Dry
Volume
Weight
(g/cm3)

16.1

2.09

1.80

13.3

2.11

1.86

15.5

2

1.76

13.6

2.17

1.91

17.9

2.00

1.70

15.5

2.07

25.0

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

0.24

31.8

0.46

1.81

9.5

0.28

1.97

1.58

27.0

0.14

26.6

2.04

1.61

29.6

0.18

26.0

2.02

1.60

sandy loam

20.8

2.01

1.72

33.0

0.28

light silty
loam

21.1

2.03

1.68

34.5

0.11

19.0

2.07

1.74

34.5

0.11

24.0

2.02

1.63

light silty
loam

24

22

Wet
Volume
Weight
(g/cm3)

28.0

28

26

Water
Content
(%)

sand

N=8

muck

N= 14

sand

N = 18.3/1, 5/1, 10/1

heavy silty
loam

N=9

sand

N = 50/17

Remarks

Soil samples were
disturbed.

498

Table 12(d). Table of borehole (0+167–4) (elevation at the top of the hole: 27.15 m).

26

Classification
of Soil (based
on particle
content)
soil in dam
body
light silty
loam
sandy loam

24

light silty
loam

Elevation
(m)

Water
Content
(%)
15.2
17.3
25.4
25.2
18.2
20.7
25.0
24.5
20.6

Wet
Volume
Weight
(g/cm3)
2.09
2.02
1.87
1.92
2.08
2.07
2.02
2.05
2.04

28.5
31.4
27.5
21.1

1.96
1.99
1.99
2.06

20.5
23.3
25.1
23.3

2.08
2.04
1.98
2.00

1.89

2.02

Dry
Volume
Weight
(g/cm3)

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

25.5
10.0
31.0
31.0
19.5
6.0
36.0

0.10
0.10
0.18
0.14
0.20
0.24
0.03

3.1

0.26

4.8
9.0

0.29
0.30

30.1
29.9
27.0

0.15
0.10
0.19

Remarks

sand
22

20

18

muck
sand
heavy silty
loam
muck

sand

1.62
N=9
51
1.70
3.70

Soil samples
disturbed slightly.

0.08

Table 12(e). Table of borehole (0+167–aux. No. 1)
(elevation at the top of the hole: 27.83 m).
Classification
of Soil (based
on particle
content)

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

1.66

7.5

0.12

In soft plastic and
flow plastic state.

1.98

1.57

9.0

0.39

25.6

1.98

1.58

15.0

0.21

23.3

2.03

1.65

25.5

0.22

Structure of the
soil sample was
uniform; in plastic
state.

19.7

2.05

1.71

34.5

0.14

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

soil in dam
body

12.6

2.19

26

light silty
loam

22.2

2.02

24

heavy silty
loam
(brownish
yellow in
color)

26.3

sand

Elevation
(m)

22
20
18

loam

Dry
Volume
Weight
(g/cm3)

Remarks

19.5

N = 28
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Table 12(f). Table of borehole (0+167–aux. No. 2)
(elevation at the top of the hole: 28.34 m)

Elevation
(m)

26

24

Classification
of Soil
(based on
particle
content)

soil in dam
body

loam

22

20

sand (yellow)

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

Dry
Volume
Weight
(g/cm3)

Internal
Friction
Angle
(degree)

17.0

2.09

1.70

16.1

2.09

1.80

12.8

0.27

25.9

1.90

1.51

18.0

0.15

23.5

2.97

1.60

27.0

0.17

Soil structure in
mud state
destroyed.

24.5

1.98

1.59

12.0

0.08

Soil structure in
mud state
destroyed.

25.8

1.9

1.58

18.6

0.10

Soft-plastic state.

26.3

1.96

1.55

28.0

0.17

19.4

2.04

1.71

38.5

0.08

18.5

0.32

Cohesion
Force
(kg-force/cm2)

21.0

N = 20
18

loam
sand (white)

24.5

1.99

1.60
N = 41

Remarks
Upper soil in
hard and plastic
state, the lower
became
gradually in soft
and plastic state,
samples uniform,
and in flowplastic state.
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Table 12(g). Table of borehole (0+167- aux. No.3)
(elevation at the top of hole:28.13 m).

Elevation
(m)

Classification
of Soil (based
on particle
content)
soil in dam
body

26

24

22

loam

20
muck

18
loam

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

Dry
Volume
Weight
(g/cm3)

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

13.1

2.12

1.87

30.0

0.25

25.8

1.91

1.52

30.0

0.05

28.4

1.95

1.52

28.0

0.15

24.0

2.03

1.64

25.0

0.24

24.5

2.02

1.63

27.5

0.14

26.4

2.01

1.59

32.5

0.13

27.0

1.98

1.56

24.0

0.23

29.9

1.95

1.50

Structure of soil
samples in flow
and plastic state
was destroyed.

29.3

2.00

1.55

31.0

0.10

Structure of soil
samples with a
bad odor was
better.

16.1

2.09

1.80

17.0

0.38

Structure of soil
samples was
uniform.

N = 24

Remarks
Soil samples in
plastic state.

Soil samples in
soft plastic.
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Table 12(h). Table of borehole (0+167–aux. No. 4)
(elevation at the top of the hole: 27.89 m).

Elevation
(m)

Classification
of Soil (based
on particle
content)
soil in dam
body

28

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

Dry
Volume
Weight
(g/cm3)

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

13.4

2.12

1.87

17.0

0.88

14.7

2.13

1.86

32.5

0.43

14.7

2.13

1.86

32.5

0.43

26.2

1.98

1.57

31.5

0.20

Remarks
In hard plastic
state.

26

loam

24

sand

22

muck

20.2

2.04

1.70

41.5

0.07

20

sand (gray in
color)

18.3

2.04

1.72

35.0

0.16

Fine sand,
Dr=0.73.

19.0

2.07

1.74

34.0

0.28

Fine sand.

18
loam

Structure of
soil samples
was uniform
and samples
were in soft
plastic state.
Relative
density of fine
sand, Dr=0.73.

N = 26
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Table 12(i). Table of borehole (0+167–aux. No. 5)
(elevation at the top of the hole: 33.54 m).

Elevation
(m)

Classification
of Soil (based
on particle
content)

30

28
soil in dam
body
26

24

22

20

loam

sand (light
yellow in
color)

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

Dry
Volume
Weight
(g/cm3)

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

12.8

2.11

1.87

18.0

0.1

12.3

2.11

1.88

30.5

0.37

13.1

2.16

1.91

12.6

2.13

1.89

27.0

0.78

13.8

2.16

1.57

13.7

2.11

1.86

31.0

0.39

14.9

2.11

1.84

20.9

2.04

1.64

18.0

0.31

23.7

2.05

1.66

32.0

0.19

27.3

1.58

1.55

27.0

0.08

20.4

2.03

1.68

Remarks

Structure of
soil samples
was uniform
and samples
were in soft
plastic state.
Fine sand.
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Table 12(j). Table of borehole (0+167–aux. No. 6)
(elevation at the top of the hole: 27.82 m).

Elevation
(m)

Classification
of Soil (based
on particle
content)

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

Dry
Volume
Weight
(g/cm3)

loam

14.7

2.03

1.77

light silty loam

24.0

1.43

27.0

1.52

24.9

1.61

24.7

1.59

26.8

1.51

27.9

1.51

28

26

medium heavy
silty loam

24
22

20

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

loam (brown
in color)

27.6

1.99

1.56

11.2

0.38

sand (yellow
in color)

31.0

2.04

1.48

9.0

0.36

33.9

1.90

1.42

9.5

0.26

muck (dark
gray in color)

23.9

1.99

1.61

22.5

0.23

17.5

2.09

1.78

26.5

0.46

Remarks
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Table 12(k). Table of borehole (0+167–aux. No. 7)
(elevation at the top of the hole: 26.61 m).

Elevation
(m)

26

24

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

Dry
Volume
Weight
(g/cm3)

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

sandy loam
(yellow in
color)

21.4

1.86

1.55

29.5

0.06

loam (yellow
in color)

28.2

1.92

1.49

28.2

0.13

24.0

2.04

1.65

37.0

0.11

19.2

2.06

1.73

23.0

2.03

1.65

18.3

2.09

1.77

40.0

0.05

20.0

2.04

1.70

Classification
of Soil (based
on particle
content)

fine sand
(white in
color)

22

muck (gray
and bad in
odor)

20

sand (light
yellow in
color)

18

muck

Remarks
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Table 13. Location of spouting material and particle characteristic values of spouting material.
Spouting Material
Classification
Based on
Particle
Analysis

Location

No.

Stake
No.

Distance
to Dam
Axis (m)

upstream
slope

1

0+170

28

31.5

light silty loam

2

0+174

25

31.45

3

0+178

35

4

0+191

22

5

0+272

6

0+300

36

29.80

7

0+158

34.5

29.51

8

0+174

33.0

29.62

heavy silty
sand loam

0.048

4.55

9

0+175

42.5

28.23

light silty
sand loam

0.040

9.60

10

0+292

45.0

26.98

fine sand

0.230

2.79

11

0+321

42.5

28.56

medium sand

0.250

2.61

12

0+343

19.5

about 32.0

heavy silty
sand loam

0.045

5.20

13

0+730

40.0

28.8

yellow fine sand

14

0+958

37.5

29.2

yellow fine sand

15

0+137

54.0

27.0

fine sand

16

0+143

50.0

26.96

17

0+1740+178

54.0

27.0

18

0+178

52.0

27.41

19

0+266

55.0

26.66

downstream
slope

Elevation at
Top of
Sandboil (m)

Field
Classification

d50

d60/d10

Remarks

very fine
sand

0.130

2.39

Diameter of sand
dune, 2.5 m.

light silty loam

heavy loam

0.047

5.60

Major diameter
of sand dune,
2.1 m.

29.70

light silty loam

light sandy
loam

0.055

3.94

Major diameter
of sand dune,
2.0 m.

31.94

light silty loam
fine sand

Diameter of sand
dune, 0.4 m.
medium sand

0.265

2.45

Diameter of sand
dune, 0.9 m.

fine sand

0.160

2.00

Diameter of sand
dune, 1.2 m.
Spouting from
crack.

sandy loam

very fine sand

With a small
depressed pit.

very fine
sand

0.140

2.39

Ten and more
sandboils.
Spouting from
crack.

very fine sand,
yellow in color

medium sand

0.250

2.60
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Table 13. Continued.
Spouting Material

Location

No.

Stake
No.

Distance
to Dam
Axis (m)

20

0+344

51.5

26.98

sandy loam

21

0+640

51.5

26.86

yellow fine sand

22

0+797

51.0

26.90

gray fine sand

23

0+1000

51.0

24

about 26.5

Field
Classification

Classification
Based on
Particle
Analysis

d50

d60/d10

fine sand

0.180

2.21

fine sand

0.250

5.20

yellow fine sand
0.260

3.33

fine sand

0.200

2.63

26

fine sand

0.170

1.81

27

medium sand

0.300

3.00

fine sand

0.170

2.39

29

fine sand

0.170

2.65

30

fine sand

0.200

2.67

28

East of
Yuzhuang
Village

1.3-2.3 km from dam axis

Remarks

With a depressed
pit, 0.7 m in
diameter.

With a relative
large pit.
medium sand

25

East of
Yuzhuang
Village

Elevation at
Top of
Sandboil (m)

0+318
No. 1
sandboil

0+344
No. 2
sandboil

0+344

0+503

0+503

No. 6
sandboil (in
the fishery in
the reservoir)

12

13

14

15

16

0+220.3

7

11

0+145.5

6

0+300

0+188

5

10

0+160

4

0+220.4

0+181.5

3

0+290

0+167

2

9

0+167

1

8

Stake No.

No.

20.5

82

75

75

22.64

22.6

25.71

25.50

25.44

25.44

25.50

25.77

25.50

25.50

24.21

25.50

25.54

25.13

25.5

25.5

Water
Table
(m)

25.71

1.72

1.76

1.70

1.74

1.72

1.68

1.71

1.71

Dry Unit
Weight
of Sand
(ton/m3)

16.8

19.6

19.0

19.8

83

75

21.3

19.5

17.4

17.9

24.6

17.2

20.3

19.8

18.3

24.7

Elevation at
Top of Sand
Layer (m)

50.4

53.6

97.4

36.0

68.0

68.6

41

46

68

68

Distance to
Dam Axis
(m)

Location of Borehole

22.6-25.09

16.8-26.67

19.6-26.67

19.0-26.67

20.5-26.47

19.8-26.44

21.3-26.58

19.5-26.87

17.4-26.61

19.9-29.4

24.6-26.61

17.2-27.82

20.3-29.34

19.8-27.83

19.3-27.3

24.7-27.3

Elevation (m)

2.49

9.87

7.07

7.67

6.00

6.64

5.28

7.37

9.21

9.50

2.00

10.62

8.04

8.03

8.0

2.60

Thickness
(m)

2.00

2.00

2.00

1.97

2.00

2.00

2.00

2.00

1.95

1.95

2.00

1.95

1.97

2.04

2.00

2.00

Wet Unit
Weight
(ton/m3)

Overlying Soil Layer Above Sand Layer

0.56*

1.02

0.74*

0.88*

0.68*

0.73*

0.612*

1.83*

1.03

1.85

0.45

1.12

1.10

1.04

1.08

0.44*

Effective
Overburden
Pressure on Sand
Layer
(kg-force/cm2)

Sandboil occurred.

In the section between stake
No. 0+480 and 0+500, 85100 m from the dam axis in
downstream direction, 2
sandboils occurred with gray
fine sand which spouted out.

In the section between stake
No. 0+250 and No. 0+350, 40105 m from the dam axis in
downstream direction 23
sandboils occurred. Elevation
of sandboils was 26.4127.14 m. Spouting materials
included fine sand, medium
sand and sandy loam.

No sandboil occurred.

No sandboil occurred.

In the section between stake
No. 0+140 and No. 0+165, 6595 m from the dam axis in
downstream direction, 14 large
or small sandboils occurred.
Elevation of sandboils was
26.27-26.96 m. Spouting
materials included very fine
sand, fine sand and light sandy
loam.

Occurrence of and Spouting

Table 14. Effective overburden pressure and occurrence of sandboils on foundation sand layers.
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19.6
19.6

26

27

1.78

1.70

23.30

23.30

23.40

23.40

23.40

23.60

24.00

23.01

25.33

23.19

23.26

Water
Table
(m)

Note: “∗” denotes borehole data in the sandboil area.

14.2

25

15.0

12.8

No. 4
sandboil

21

19.0

24

No. 7
sandboil

20

19.5

17.4

No. 5
sandboil

19

20.2

20.2

17.4

No. 5
sandboil

18

1.76

Elevation at
Top of Sand
Layer (m)

23

No. 3
sandboil (in
the
warehouse
behind the
dam)

17

Dry Unit
Weight
of Sand
(ton/m3)

22

Stake No.

No.

Distance to
Dam Axis
(m)

Location of Borehole

19.6-24.9

19.6-24.9

14.2-25.6

12.8-24.8

17.4-24.4

17.4-24.8

15.0-26.0

19.0-26.01

19.5-27.03

20.2-26.19

20.2-26.26

Elevation (m)

5.30

5.30

11.40

12.00

7.00

7.40

11.00

7.00

7.50

6.00

6.00

Thickness
(m)

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

Wet Unit
Weight
(ton/m3)

Overlying Soil Layer Above Sand Layer

Table 14. Continued.

0.69

0.69*

1.36

1.34

0.80*

0.86*

1.30

1.00

0.93

0.84*

0.87*

Effective
Overburden
Pressure on Sand
Layer
(kg-force/cm2)

Sandboil occurred.

Sandboil occurred.

No sandboil occurred.

No sandboil occurred.

Sandboil occurred.

Sandboil occurred.

No sandboil occurred.

No sandboil occurred.

No sandboil occurred.

Sandboil occurred.

Sandboil occurred.

Occurrence of and Spouting
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Table 15. Characteristic values of mixed sand.
Characteristic Value

Porosity

Name of Sand
Quarry

Limit of
Particle
Size, d60
(mm)

Average
Particle
Size, d50
(mm)

Effective
Particle
Size, d10
(mm)

d60/d10

Density

Yougezhuang

0.42

0.38

0.17

2.47

Magezhuang

0.40

0.37

0.18

2.22

Maximum

Minimum

2.66

0.741-0.852

0.531-0.612

2.65

0.75

0.60

Natural Dry
Unit Weight
(ton/m3)
1.58-1.16

Table 16. Mud content of mixed sand.
Mud Content (%)
In General

Maximum

Percent of Mixed Sand with Maximum
Content of Mud in the Total

Yougezhuang

1-4

10

1.3

Magezhuang

2-5

10

1.4

Name of Sand Quarry

1.55
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Photo 1. The No. 3 transverse crack (axis 0+22.4) and
cracks on the wave protection wall.

Photo 2. Longitudinal cracks on the upstream
slope between stations 0+500-0+550.

Photo 3. Longitudinal cracks on the downstream slope
between profiles 0+800-1+000.

Photo 4. A longitudinal crack on the downstream slope
at profile 0+155. The width of the crack was 40 cm at
elevation 28.0 m. The crack was filled with large rubble
and fine sand.

Photo 5. A longitudinal crack on the upstream slope of
the exploration trench at profile 0+980 at the main dam.
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Photo 6. Settlement at the top of the dam.

Photo 7. Damage to the downstream shoulder of the
auxiliary dam in profile 2+000.

Photo 8. Longitudinal cracks occurred on top of the
auxiliary dam in profile 2+380.

Photo 9. An arc-shaped crack occurred on the
downstream slope in the vicinity of profile 0+167.
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Photo 10. Closely concentrated checkered shaped
fissures on the separation wall in the vicinity of the
upstream slope in profile 0+145.

Photo 11. The wave protection wall of the auxiliary dam
in profile 2+390 collapsed toward the reservoir.

Photo 12. Piping occurred at the downstream dam toe in
profile 0+100.

Photo 13. Piping occurred on the upstream slope in
profile 0+174.
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Figure 1. Arrangement of the key project of the Douhe Reservoir.
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Figure 2. Geology and seismic intensity near Douhe Dam.
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Figure 3. Geological profile of the dam foundation at Douhe Reservoir.

Figure 4. Penetration blow count NS depth curves
(legend for this figure is the same as in Fig. 3).
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Figure 5. Design profiles of the Douhe earth dam (in m).

Figure 6. Horizontal displacement and settlement of the dam crest, increase of drain trench baseline and distribution
of transverse cracks of the Douhe earth dam.
(a) Horizontal displacement; (b) settlement; (c) increase of drain trench baseline; (d) distribution of transverse
cracks
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Figure 7. Comparison of profiles of the Douhe earth dam before and after the Tangshan
earthquake (legend for this figure is the same as in Fig. 3).

Figure 8. Location of a buried crack on the main dam
(a) Location of buried crack; (b) elevation of buried crack; (c) width of buried
crack, in mm.
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Figure 9. Location of a buried crack filled with soft mud at the main dam.

Figure 10. Profile of the dam showing deformation of soil layers.

519

Figure 11. Plan showing damage to the Douhe main dam between axis 0+000 and 0+250.

Figure 12. Geological plan in I-I section of the downstream slope at dam section 0+167.
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Figure 13. Geological profile in II-II section of the downstream slope at dam section 0+167

Figure 14. Particle analysis curves for soil in the dam body and sand in the protection layer.

521

DAMAGE TO THE BAIHE MAIN DAM AT THE MIYUN RESERVOIR
Wang Qingyou*

The Miyun Reservoir is situated on the Chaobaihe River north of Miyun County town northeast of Beijing and about 150 km N52°W of Tangshan. It is a large-scale reservoir used mainly
for water supply and drainage. It was basically completed in 1960 and put into operation to store
water. It experienced a high water level of 153 m for 18 years and operated normally.
The M=7.8 Tangshan earthquake extended to the Miyun Reservoir causing liquefaction of
sand-gravel materials in the upstream protection layer of the Baihe main dam.
I. Geological Conditions at the Dam Site
Strata on both banks of the dam included gneiss of the prior Sinian Period, quartzite of the
Sinian period, igneous rock of the Mesozoic era and a sand-gravel layer of the Quaternary
period. Strike of quartzite at the dam site was N45-50°W, inclination NE, with a dip angle of
60-90°. The whole quartzite stratum was inverted with the old gneiss above the stratum and the
new quartzite below. There were two groups of tectonic line: one group was in a direction along
the stratum surface forming dislocation and fracture in compression; the other one was
perpendicular to the stratum surface with a strike N40-50°E, inclination NW and a dip angle of
55-70° forming a block structure.
The structure of faults in this area was rather developed. There were ten and more main
faults including consequent faults, dip faults and compressional fracture zones (Fig. 1).
The site of the Baihe main dam was a box-shaped river valley without a terrace (Fig. 2a).
Both rock banks of the valley were very steep. Slope of the right bank was 70-80°, that of the
left bank was up to 85-90°. Elevation of the river channel was 94-98 m; the alluvial plain was
smooth; elevation of the mountain ridge on both banks was 250-260 m; width of the bottom of
the river valley was 900-1,000 m and length of this river valley section was approximately 700
m. Upstream was a low hill area. Within the range of the dam the rock slope of the bank was
well jointed with fissures. There were many gullies: on the left bank two relatively large gullies
existed and on the right bank three relatively large gullies existed.
The overlying layer in the river channel was generally 30 m in depth with a maximum of
44 m. Except for the slope wash in the vicinity of the foot of the slope on both banks, at the
other locations there was an alluvial sand layer and sand-gravel layer. Particles in the upper
layer were relatively fine and those in the lower layer were rather coarse, therefore the boundary
of the layer was not apparent (Fig. 3). Underground water in the dam area included phreatic
water in the Quaternary alluvial deposit and fissure water in the bedrock. The Quaternary
alluvial deposit was thick and great in permeability with an average permeability coefficient of
500-800 m/day.
* Hydraulics Department, Qinghua University
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II. Outline of the Dam
Basic intensity of ground shaking in the Miyun Reservoir area was VII based on the
determination of the State Construction Committee and the State Seismology Bureau. The Baihe
main dam was designed for intensity VIII and checked for intensity VIII+.
Main structures at the Miyun Reservoir consisted of the Baihe main dam, Chaohe main dam
and five auxiliary dams. Maximum height of the Baihe main dam, Chaohe main dam and the
different auxiliary dams was 66.4 m, 56 m and 15.7-39.0 m respectively. The total length of the
crest of main dams and auxiliary dams was 5,083.6 m. Except for the Zhoumazhuang auxiliary
dam, which was composed of a core-wall dam and homogeneous dam, the other main dams and
auxiliary dams were all rolled and compacted earth dams with an inclined wall.
There were 2 spillways, 6 tunnels and 3 culverts under the dam, and there were 2 power
stations in the area namely, the Baihe Power Station and the Chaohe Power Station.
Elevation of the crest of the Baihe main dam was 160 m, length of the crest was 960.2 m,
width was 8 m, and maximum width of the dam base was 370 m. The design normal water level
of the dam was 157.5 m; maximum water level was 159.5 m.
The Baihe main dam was an earth dam with an inclined loam wall. Upstream and
downstream slope ratios are shown in Fig. 2b. The anti-seepage inclined wall thickness was
designed based on the allowable permeability gradient of 5.15, and maximum thickness of the
wall was 12.3 m and the minimum thickness was 1.5 m. Elevation on top of the wall was
158.8 m and at the lowest bottom was 95 m. The upstream slope ratio of the wall above an
elevation of 149.5 m was 1:2.25; under the elevation was 1:2.815, and the downstream slope
ratio was 1:2.25. On the downstream side of the inclined wall was a 0.5 m thick sand-gravel
layer which was formed by sieving out 50 mm of gravel from the material under the wall. The
maximum particle size of the material in the layer was 50 mm and particle content in size greater
than 5 mm was not greater than 30%.
Due to the steep cliff on both banks and development of rock fissures comprehensive
seepage prevention measures were used at the junction of the inclined wall and the riverbank, for
example; local increase of thickness of the inclined wall, installing a coating on the slope,
grouting of the cement curtain, pointing the joint with cement-sand mortar and laying a cement
protection surface, etc.
A concrete anti-seepage wall was used mainly in the permeable overlying layer of the dam
foundation, with a cement-clay grouting curtain, loam toothed trough, and a horizontal blanket as
auxiliary measures. The seepage line of the dam foundation was a total of 953 m long (seepage
line in the river channel section was located 196.5 m from the dam axis in an upstream
direction). In the neighborhood of both banks was an anti-seepage toothed trough 178.14 m in
total length and 15 m at the greatest depth. In the middle, but near the west (from dam axis
0+291 to 0+531) was a cement-clay grouted curtain 240 m long for an anti-seepage area of
9,600 m2. The grouted curtain, 10.6 m thick, was formed by three rows of grouted lines, spacing
3.5 m, with opening spacing of 4 m. The permeability coefficient of the overlying layer was
reduced to 1/1,000 in average. Between dam axis No. 0+148 and No. 0+298.17 as well as No.
0+524 and No. 0+942.86 were two concrete anti-seepage walls with a total length of 569.03 m.
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The wall was 0.8 m thick and 33.0 m in depth with an anti-seepage area of 15,878 m2. In order
to improve the connection of the concrete anti-seepage wall and the loam blanket, the wall was
embedded into the blanket 6 m so that the seepage gradient would be 5. At the same time an
asphalt layer was placed on the interface between the concrete anti-seepage wall and the blanket
and an asphalt layer 3 cm thick was put on top of the wall in order to prevent cracks from
occurring on the blanket in deformation.
At the dam site downstream from the Baihe main dam an inclined drainage layer was
installed. It had a width on top of 6 m, a slope ratio of 1:8, and a depth of 3-5 m, in order to
make the layer penetrate the surface soil layer and silty fine sand layer of the dam foundation.
Three anti-seepage layers were constructed among the drainage layer, dam body and dam
foundation.
The alluvium in the river channel was composed mainly of sand and gravel having a higher
permeability. After construction of the concrete anti-seepage wall the ground water level of the
river channel behind the dam was reduced from the original depth of 3-6 m to 15-20 m. A longterm observation showed the ground water level was stable.
An asphalt concrete pavement was installed on top of the dam. On the upstream side there
was a wave protection wall laid with granite blocks. The wall was 1 m higher than the dam top
and the bottom of the wall was buried into the loam inclined wall by 1.4 m.
The upstream slope of the dam above an elevation of 124 m had a double stone masonry
protection layer 0.5 m thick under which was a cobble layer 0.25 m thick. In order to prevent
scour of the joints of the masonry protection layer were filled with small aggregate concrete
above an elevation of 130 m. Drainage holes were made in the masonry for the convenience of
drainage. Under the elevation of 124 m a single protection cobble layer (without mortar) was
laid for the slope. The sand-gravel protection layer on the inclined wall was 1.5 m thick on the
crest, 3.0 m thick at half height of the dam and 5.0 m thick at the dam toe. Stone masonry
without mortar 0.2-0.3 m thick was used as a protection layer for the downstream slope. Under
the masonry there was a 0.1 m thick cobble layer.
A lot of soil samples were taken inside the dam during construction and laboratory tests were
performed on their properties. Grading curves of 174 samples are shown in Fig. 4 and their
properties are listed in Table 1. The properties of 58 samples taken from the blanket are listed in
Table 2.
III. Earthquake Damage
During the Tangshan earthquake of M=7.8 liquefaction, sliding, and collapse of the sandgravel protection layer of the Baihe main dam occurred under the water surface in the upstream
direction. At that time the reservoir water level was 138.4 m. Because the dam was of great
significance a lot of surveys and investigation on slope sliding had been carried out by means of
a diving survey, acoustic sounding, underwater TV and underwater geomorphic apparatus after
the quake. Measurements were performed once again after the reservoir had been emptied. It
was revealed that liquefaction of the sand-gravel material in the underwater protection layer
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extended almost the whole length of the dam. However, the loam inclined walls were basically
intact, only a small area of which was slightly damaged.
The range of slope sliding was from dam axis No. 0+050 to No. 0+950 m, with a total length
of 900 m. The top of the sliding was located in the range of 2-3 m above or below the existing
water level (138.4 m). Essentially, it was an underwater sliding. The total area of sliding
reached 60,000 m2 in which the area less than 1 m thick, on the loam inclined wall (including the
completely exposed part of the inclined wall surface), slid up to 17,000 m2. The quantity of
sliding was about 150,000 m3. The range of sliding is shown in Figs. 5 and 6 and Photos 1 and
2.
The accumulated sliding mass in the quake differed from the ordinary sliding mass by the
following three outstanding characteristics.
(i) Obvious gravitational sieving occurred on the sand-gravel protection layer consisting of
particles of different sizes during sliding. Remaining on the upper part of the slope were mostly
rubble of the protection slope layer and large cobbles; on the middle part were mostly small
cobbles; and on the lower part were mostly medium and fine sand.
(ii) Sand-gravel materials of the sliding mass moved a long distance. Most of the
accumulated sliding mass ranged from the lower part of the slope to a distance of 100 m and
more away from the dam toe. Part of the fine sand scattered 200-300 m from the dam toe.
(iii) Shapes of the sliding surface were basically similar but varied much along the dam axis.
Based on damage to the slope, sliding sections could be classified as follows:
a. Serious sliding section
This section ranged from axis No. 0+200 to No. 0+425 with a total length of 225 m which
amounted to 25% of the total sliding length. The greatest exposed length of the inclined wall
along the surface was up to 10-15 m, the damaged depth was within 1 m. Typical cross-section
of this section is shown in Fig. 7a.
b. Ordinary sliding section
This section ranged from axis No. 0+100 to No. 0+200 and from axis No. 0+425 to
No. 0+700 with a total length of 375 m which amounted to approximately 42% of the total
sliding length. Only the surface of the inclined wall was slightly damaged, residue of sandgravel materials was relatively thick. Typical cross-section of this section is shown in Fig. 7b.
c. Slight sliding section
This section ranged from axis No. 0+050 to No. 0+100 and from axis No. 0+700 to
No. 0+950 with a total length of 300 m which amounted to approximately 30% of the total
sliding length. The depth of sliding was shallow therefore it was a surface sliding. Typical
cross-section of this section is shown in Fig. 7c.
Generally speaking, sliding in the west section of the dam was more serious than that in the
east section. Because sliding occurred in the early morning, only a PLA soldier on duty at the
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site (on the west abutment of the dam) observed the event. When he felt a strong vibration
occurring he switched on the lamps on the dam and found that the slope had slid down.
IV. Post-Quake Measurement
In order to clearly understand the damage to the Baihe main dam, analyses were made of the
causes of damage and to determine the required repair measures. Detailed measurements were
carried out on the shape of slope sliding, settlement and displacement of the dam and variation of
the immersion line. The main measurement results are as follows:
Settlement and displacement measurements were carried out for the Baihe main dam after the
quake. Compared with measurements before the quake, settlement and displacement of the dam
body between section 0+300 and 0+500 were far greater than other sections. Maximum
settlement was 59 mm and maximum displacement was 28 mm. All occurred in profile 0+400 in
accordance with the location where serious sliding occurred.
In order to determine whether the anti-seepage system of the dam operated normally,
measurements were carried out day and night through 40 pressure measuring holes in the dam
body and on both banks. No obvious seepage was found in the dam.
A strong motion observation station was installed by the Institute of Engineering Mechanics
(IEM), Chinese Academy of Sciences on the downstream slope in the east section of the main
dam at profile 0+720, and 5 measuring points were placed at an elevation of 159 m, 140 m,
120 m and 100 m respectively. Satisfactory records were obtained in the M=7.8 Tangshan
earthquake (see Chapter 4).
V. Analysis of Characteristics of Sand-Gravel Materials in the Upstream Slope Protection
Layer of the Baihe Main Dam
During construction of the dam (April 1974) and after the quake (August 1976) samples had
been taken from different parts of the dam for tests. Test results showed that grading of sandgravel materials in the protection layer of the main dam was lacking 1-5 mm particles. Actually,
the material was a mixture of uniform gravel and medium fine sand. The average content of
coarse aggregates was 61.3% more than forming a skeleton (Fig. 8).
Based on dry unit weight and the gravel content and density of the coarse aggregates, the dry
unit weight of fine aggregates was reduced. Based on 12 samples of coarse aggregate content
less than 60%, the dry unit weight of fine aggregates varied in the range of 1.42-1.72 ton/m3 with
an average of 1.64 ton/m3, and an average of small values of 1.56 ton/m3. Based on the results of
5 samples, relative compactness of the material was 0.42-0.795 with an average of 0.595 thus,
the material was of medium compactness. From the above data it is shown that the material in
the protection layer was extremely susceptible to liquefaction.
In the quake, except for the Baihe main dam, no damage to other main dams, auxiliary dams
and buildings occurred. Height and shape of the Chaohe main dam and characteristics of sandgravel in the protection layer were all similar to those of the Baihe main dam.
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The overlying layer of the Baihe main dam in the range of axis No. 0+300 and No. 0+500
was up to 40-44 m thick while that of the Chaohe main dam was only 7-14 m. Under the Baihe
main dam there was an arc-shaped F8 fault basically parallel to the dam axis and there were also
F17, F18, F19 and F20 faults crossing each other. Tectonics at the dam site was more
complicated than at the Chaohe main dam and bedrock was more fractured than at the Chaohe
dam. The west section of the Baihe main dam where sliding seriously occurred was just in the
area where the F8 fault interacted with other faults and the overlying layer was greatest in depth.
Orientation of both dam axes were different: that of the Chaohe main dam was N10° and that of
the Baihe main dam was N61° with a difference of 51°.
(Translator: Lu Rongjian)
Table 1. Characteristics of sand-gravel material at the Baihe main dam.
Weighted
Mean
Specific
Gravity

Angle of
Repose
(above
water)
(degree)

Gravel
Content
(<5 mm)
(%)

Dry Unit
Weight
(ton/m3)

Compaction
(%)

Relative
Density
0.80

Effective
Particle
Size (mm)

Uniformity
Coefficient

Mud
Content
(<0.1 mm)
(%)

ordinary
value

0.14

166

5.5

2.65

35

61.7

2.15

103

in range

0.084-0.4

5.0-907

1.0-13.7

2.61- 2.68

34-38

24.5-83.5

1.87-2.40

92.4-124.7

Value

blanket

inclined
wall

Location

2.68-2.73

2.70

ordinary
value

in range

2.69-2.7

2.71

ordinary
value

in range

Density

Value

9.8-21.5

16

10.8-20.7

16

Water
Content
(%)

1.63-1.79

1.72

1.63-1.83

1.73

Dry Unit
Weight
(ton/m3)

45-88

70

47-96

81

Saturation
(%)

9.8-16.0

12

9.4-16.5

13.5

P.I.

14-29

21

14-29

23

Clay
Content
(%)

0.505-0.656

0.545

0.415-0.676

0.56

Porosity
-7

1.1×10

-8

-8

-7

9.7×10

6×10

-7
1.63×10
-8
9.8×10

4.4×10

Permeability
Coefficient
(cm/sec)

Table 2. Measured properties of soil materials in the
inclined wall and blanket of the Baihe main dam.

0.006-0.024

0.015

0.008-0.038

0.015

Compression
Coefficient
(cm2/kg-force)

0.11-0.55

0.2

0.15-0.64

0.35

kg-force/cm2

20-26.3

23

20.5-26.5

24

Internal
Friction
Angle
(degree)

Shear Strength

99.3

99.7

Qualified
Compaction
(%)
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Photo 1. Slope sliding at the Baihe main dam (Photo taken the morning of July
28, 1976 after the quake; water level of the reservoir was 138.4 m)

Photo 2. Slope sliding at the Baihe main dam (Photo taken on
Nov. 28, 1976; water level of the reservoir was 122.0 m).
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Figure 1. Faults in the river channel at the Baihe main dam.

Figure 2a. Plan of the Baihe main dam.
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Figure 2b. Typical profile of the Baihe main dam.

Figure 3. Profile of overlying layers in the foundation of the Baihe main dam.
1. Sand-gravel layer, 2. Sand-gravel-cobble layer; 3. Thin sand; 4. Sandy clay
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Figure 4. Grading curves for the sand-gravel material at the Baihe main dam.

Figure 5. Schematic diagram showing the range of sliding.

532

Figure 6. Sliding contour at the Baihe main dam.

Figure 7a. Serious sliding cross-section (0+300) of the upstream protection layer
measured sliding line after the reservoir was empty
- - + underwater measured sliding line after the quake

Figure 7b. Ordinary sliding cross-section (0+600) of the upstream slope protection layer (legend is the same
as in Fig. 7(a)).
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Figure 7c. Slight sliding cross-section (0+750) of the upstream slope protection layer (legend is the same as in Fig.
7(a)).

Figure 8. Exploration pit profile showing the appearance of sand-gravel
materials in the protection layer (in cm).
Note: The blanks in the figure are sand and gravel.
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CHAPTER 4:

ENGINEERING FOR WATER
TRANSPORTATION

EARTHQUAKE DAMAGE TO SEA HARBOR WHARVES AND SHORE SLOPES
Meng Zhaohua and Ye Borong*

When the Tangshan earthquake occurred the seismic intensities at the Port of Qinhuangdao
and at the Port of Tianjin were rated VII and VIII respectively. The distance from these two
ports to the epicenter was approximately 123 km and 82 km respectively (before this earthquake
the intensities at these two ports were stipulated to be at a rating of VI). The earthquake damage
at the Port of Tianjin was more serious than at the Port of Qinhuangdao. The following will
recount the earthquake damage to the hydraulic structures at these two ports.
I. Docks at the Port of Qinhuangdao
1. General situation
The Port of Qinhuangdao is situated on the northwest coast of Bohai Bay. The plan of the
port is shown in Fig. 1.
The Port of Qinhuangdao is based on Quaternary marine and river deposits. The lower base
rock consists of a weathered granite and is overlaid with residual soil, silty clay, gravel and silt.
Because of good geological conditions, in recent years the dock structures were mainly gravity
caisson wharves. The water depth in front of the wharf is 6-12 m. The level of the wharf surface
is +4 m. The wharf was constructed as follows: prefabricated reinforced concrete caissons were
floated and settled onto rubble bedding and filled with sand and rock, then the top of the caisson
and the concrete breast walls were constructed and the back of the caissons was refilled with
sand and gravel. Protection from waves was provided by a mound breakwater or a concrete
caisson type breakwater. Outside the breakwater concrete blocks were set irregularly to absorb
wave energy and protect the breakwater slope. The data for the dock at the Port of Qinhuangdao
is given in Table 1.
2. Earthquake damage
After the Tangshan earthquake damage to the No. 1-No. 9 piers, Pier A, the Crude Oil Pier
and Fuel Oil Pier was investigated. It was found that the caissons of the piers dislocated and on
the surface of the piers and pavement of the rock mole occurred 24 longitudinal cracks. But the
damage was slight and did not influence the use of the piers.

* The First Navigational Engineering Bureau, Ministry of Communication
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(1) Pier A (Fig. 2)
At the front part of the pier on the concrete surface there was a crack about 0.5-1.0 cm wide
on the west side along the edge of the caisson and a crack 1-2 cm wide on the north side. There
was a dislocation of about 2 cm between the wharf front of Pier A and the outer edge of the
corner caisson, and a dislocation of 1 cm between the outside edge of the pier and corner caisson
(Fig. 3).
(2) The first stage project of the Crude Oil Pier
This pier has nine pier shafts (8 spans) and each shaft consists of two caissons which are
settled transversely. During the earthquake, due to non-uniform subsidence and inclination to
the inside of the two caissons, the upper concrete pavement was pressed and buckled and the
concrete pavement was damaged at the top of the No. 7 pier shaft.
The mound approach dike was built in 1974 at a total length of 746.7 m. The width of the
dike top is 6 m, the bottom elevation is -5 m to -5.6 m, the elevation of the dike top is +4 m; the
obliquity of both side slopes is 1:1.5 and they are protected with a slope pavement of hollow
concrete blocks 1-2 tons in weight. After the earthquake, at the top of the dike at a distance of
180 m from the root of the dike two longitudinal cracks occurred about 4 cm wide and 520
meters long running south to north (Fig. 4).
(3) The Fuel Oil Pier
The inside of the pier is used to berth vessels and the outside is used as a sea wall. After the
earthquake the original 1 cm expansion joint between wharf caissons widened to 4 cm.
II. Docks at the New Port of Tianjin
1. General situation
The New Port of Tianjin is located to the west of Bohai Bay and at the north bank of the
Haihe River estuary. The channel and wet slips were dredged. At both sides of the channel
there are the north and south breakwaters, their total length is about 15,000 m. Up until the
Tangshan earthquake 24 deep sea berths had been built (Figs. 5 and 6).
(1) Circumstances of engineering geology
The New Port of Tianjin is seated on a marine sedimentary deposit (Holocene Epoch) and on
an alluvial deposit of estuary delta; the thickness of these deposits is about 10 meters. There is
artificial filled land distributed over the earth’s surface varied in thickness. The soil layer
distribution from top to bottom is:
1) Artificial filled land.
It has a surface elevation of +4.6 to +2.0 m. The fill was mainly placed by jetting. The soil
constitution is silty clay. During the jetting process the soil grains decomposed; farther away the
soil grains are smaller.
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2) Marine deposit.
It is distributed over an extensive range and is very thick (at the port area it is about 15 m).
The natural moisture content is larger than the liquid limit. The porosity ratio of the upper soil is
larger than 1.5 and the lower is larger than 1.0. It is not very compact and the sensitivity is
rather high. It consists of silt and silty clay with thin sand layers.
3) Alluvial deposit of the estuary delta.
Generally, it is cohesive soil and silty sand. The cohesive soil is mainly silty clay and has
the feature of horizontal stratification and cross-stratification mixed with a lens of clay. This
deposit can be divided into two layers: a) yellow-brown silty clay 5 to 6 m thick with a distinct
bedded structure in a normal pressure and density state, a layer of silty sand distributed between
the elevation of –14 to –15 m, in a medium pressure and density state; b) brown silty sand layer
with a bedded structure, the silty sand layer is mingled with the clay layer, at an elevation of –21
m there is a fine sand layer with a dense texture which is a good supporting layer for piles.
The physical properties of the above mentioned soil layers are listed in Table 2.
After the earthquake the strength, deformation and pore water pressure of the soil was
observed and compared with their pre-earthquake data.
1) Change in soil strength
The change in soil strength and compactness are main factors affecting the stability of a
slope. After the earthquake borings were made on berth No. 13, No. 14, No. 18, and No. 19
respectively, and vane-shear tests were made in-situ three times. In addition, at the center parts
of pier No. 1 and No. 3 two borings were drilled respectively and the undisturbed soil samples
were taken out of the dynamic strength test. The results of the vane-shear test are given in Table
3. It is seen from Table 3 that except for a few cases the vane-shear strength of the soil at the
New Port of Tianjin before and after the earthquake did not change.
The test results of the dynamic strength of soft clay at the New Port of Tianjin are given in
Table 4. It is seen from Table 4 that the values of static and dynamic strength of soft clay at the
New Port of Tianjin are similar.
To sum it up, under the earthquake effect of intensity VIII, the strength of the soft clay at the
New Port of Tianjin did not change significantly.
2) Deformation of soil layer
At the sand drain testing area at the No. 2 pier of the New Port of Tianjin the vertical and
horizontal deformations of the soil layer before and after earthquake were surveyed. The survey
results are as follows:
a) Vertical deformation-settlement. At the test site there were a set of six observation points.
The observation results showed that each soil layer had settled various amounts in which the
settlement of the upper layers was larger than the lower ones. The settlement values at the
observation points are shown in Fig. 7. For the soil layer of poorer quality the average
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settlement under the action of the earthquake force was larger for example, the elevation −1.0 m
of soft soil layers above the average settlements was 0.6 cm/m.
b) Horizontal deformation-lateral displacement. At the test site there were 9 clinometers set
at different depths. The results of the survey show that after the earthquake each soil layer had
laterally displaced (toward seaside) to various extents with the displacement value increasing
with the depth of the soil layer (Fig. 8).
3) Change in pore water pressure
After the earthquake at the sand drain test area the pore water pressure was surveyed many
times. The results of the survey are shown in Fig. 9.
(2) Structural pattern of wharves
According to the ground condition the docks adopted a pile foundation except for the No. 1
to No. 4 berths, which were sheet pile bulkhead wharves, and the No. 6 berth was a dolphin type
wharf, the berths were all wharves of a high pile supporting platform structure. The structural
type of this kind of wharf can be divided into a girderless deck structure and a beam-slab
structure and according to the situation of the platform it can be divided into two parts i.e., front
platform and rear platform. The front platform bears vertical loads of transport machinery and
loading and unloading facilities and the horizontal load bears the mooring force of ships as well;
the rear platform bears only vertical loads from stacking cargo. The total width of the platform
is 33-51 m of which the front platform is 13.5 m wide. Under the platform a pile bent is set
every 3.5-7.0 m along the longitudinal section and each pile bent of the front platform contains a
couple of crossing piles. All the beams and slabs of the rear platform are supported on the pile
cap of a vertical pile.
2. Earthquake damage
(1) General situation
Damage to the wharf structure, in general, was less than that to local buildings. For
convenience of statistical analysis, according to the damage extent and degree of difficulty of
repair, damage to the wharf is divided into 4 classes as follows:
Class I, seriously damaged: The wharf collapsed or the whole platform had large
displacements. The main structure is seriously damaged and is difficult to repair.
Class II, heavy damage: The upper structure is damaged to various extents; the whole
platform is not displaced; piles and retaining walls have more damage but can be repaired.
Class III, slightly damaged: The upper structure is basically not damaged; the whole platform
is not displaced; piles and retaining walls are slightly damaged and are easy to repair.
Class IV, intact or basically intact: The upper structure is not damaged; the whole platform is
basically not deformed; piles and retaining wall are slightly damaged or intact and there is little
need for repair.
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The total length of the wharf berth at the New Port of Tianjin is 4,907 m (including three
specialized marine terminals in the New Port District). According to the above classification, the
earthquake damage to wharves at the New Port of Tianjin is as follows:
Class I
Class II
Class III
Class IV

0m
1,106 m
1,320 m
2,481 m

amounts to
amounts to
amounts to
amounts to

0%
22.5%
26.9%
50.6%

The investigation of earthquake damage to docks at the New Port of Tianjin is given in Table
5.
(2) Change in bottom slope of wharves and phenomenon of sandboils and waterspouts
in the landslide area
After the earthquake the cross-section of the bottom slope under the platform of each berth
was surveyed. A comparison with the pre-earthquake data shows that the bottom slopes did not
slip and were basically stable but settled and moved forward slightly. The average settlement
was 13 cm; the settlement at the lower part of the slope was larger and individual parts reached
120 cm. The water depth in front of the wharf did not change. After the earthquake the Tianjin
Channel Bureau made a waterside survey of all harbor basins. The results of the survey show
that apart from wharf frontage of about 25 m the bed level rose 10 cm on average.
After the earthquake a slope failure occurred at the corner of the No. 4 harbor basin 90 m in
length when the tide level fell from +3.0 m to +0.5 m. This was the only section that had slope
failure at the New Port of Tianjin during the earthquake. The wharf had not been constructed yet
on this shoreline. The slope of this shore was identical to the neighboring shore but the soil
strength at this location was somewhat low. According to the survey data the safety factor of
stability of this shore slope is only 0.8 while the safety factors of shore slope stability under
other wharves are all larger than 0.8.
After the earthquake sandboils and waterspouts occurred at nearly 100 places in the wharf
area. Witnesses said that about 3-4 minutes after the earthquake water was spouting from the
ground surface; the waterspouts in general were 1-2 m in height, the highest reached 3-4 m and
lasted about 5 to 6 hours, some individual waterspouts lasted more than 2 days. At the same
time sand boiled out from under the ground and piled up in small heaps, their height was
generally 5-20 cm; some individual ones reached 40 cm. At the middle strip of the No. 1 and
No. 3 piers groups of spouting holes occurred which covered a large area. The interval between
spouting holes was larger but the quantity of spouting sand was less (Photo 1). At the rear
landslide area at the wharf the waterspouts and sandboils basically occurred in the underlying
sand layer, which existed underground about 1 to 5 meters in depth. This sand layer was loosely
consolidated and the low number of the standard penetration test was smaller than the critical
value.
(3) Connecting structure with shore
At the No. 14 to 18 berths sand well drains were set in the shore slope below the platform to
drain off water contained in the soft soil and increase soil strength. On this soft soil a rubble-
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mound was piled and then the retaining wall was constructed. After the earthquake all retaining
walls settled 15 to 25 cm, inclined backwards and were separated from the rear platform. This
phenomenon was more serious at the end of the pier; its settlement reached 52 cm (Fig. 12).
The retaining wall at the north end of the No. 20 berth was built on a rubble-mound. After
the earthquake the retaining wall settled about 42 cm and slipped forward and pressed against the
rear platform resulting in a break in the retaining wall with a breach 12 cm wide and dislocation
of 18 cm. Simultaneously 4 surfaces in contact with the vertical pile caps under the rear
platform with the beam were opened and the opening facing the bank reached 3 cm. The vertical
piles inclined backward and several cracks appeared on the pile shaft (Fig. 13).
The retaining structures of the No. 7 to No. 13 berths were sheet pile walls with inclined
bearing pile type structures. The inclined bearing piles were fixed in the capping beam of the
sheet pile wall. The back of the sheet pile wall had been filled with sand with a depth of about
+3.5 m. During the earthquake waterspouts and sandboils occurred and the sheet pile had
obvious bending deformation and the steel frame of the xenon lamp on the top of the sheet pile
wall inclined also (Fig. 14).
On the shaft of inclined bearing piles original thin cracks widened and three new cracks
occurred about 0.5 cm in width. At the bank side of the inclined bearing piles the concrete split,
crushed and fell, the split length was about 1 m and the longest reached 2.5 m (Photo 2).
According to the statistics, the damaged inclined bearing piles amounted to 95% of the total of
the seven berths.
Moreover, at the No. 21 berth the inclined bearing piles were hinged with a capping beam.
At the back of the sheet pile wall the depth of filling sand was +2.0 m only. The bending
deformation of sheet piles was similar to the other berths but was irregular.
(4) Platforms
1) Pile footings
The crossing piles below the front platform of the wharves were vulnerable. Table 6 gives
the data of the investigation. The main damage to crossing piles was that at the outer side of the
inclined bankward piles open cracks occurred on the inner side (Photo 3).
In order to make clear the damage situation to the piles under the sea floor, in 1980 two
inclined piles were selected for observation. A hole was drilled along each pile shaft from the
wharf surface downwards then, with a submerged television camera the damage was observed.
Due to deviation of the drill hole the depth of observation was only 9 m (measured from the
wharf’s surface). The observation results are as follows:
(a) On the two-pile shaft below the pile cap cracks were observed in the drill hole which
corresponded to the cracks outside one by one.
(b) For any pile cap damaged the concrete in the drill hole cracked largely, even breaking
and forming a cavity after boring.
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(c) The quality of workmanship for the connection of the pile shaft with the pile cap was
poor, cavities and honeycombs formed in the concrete. At the connection of plates with beams
and beams with the pile cap there was the same phenomena.
For the pile caps of crossing piles, light damage was breaking of the pile cap and heavy
damage was the crushing of concrete in the pile cap and exposure of reinforcement bars
(Photo 4).
When a pile cap broke into two parts the bankwards inclined pile with the rear half of pile
cap became an independent unit and turned downwards a little and so it separated from the beam
(plate) and a gap occurred between them. As a result, all the upper loads were born by the batter
pile inclined forward.
The vertical piles under the front and rear platform were seldom damaged. Damage to
vertical piles below the rear platform are as follows:
(a) Pile cap split. For example, the pile cap of the vertical pile under the rear platform at
berth No. 9 was split (Photo 5). This was due to an overload of sand on the top of the pile cap.
(b) If the bank slope and retaining wall moved forward the vertical pile near the bank slope
under the rear platform cracked (Fig. 13).
2) Old wharves having had no maintenance
The old berths, which had long been out of repair before the earthquake, were damaged
heavily by the earthquake. For example, at berth No. 14 and 15 the wharf surface plate was a
Type Π plate beam structure. Before the earthquake the concrete had already cracked due to
shrinkage as well as improper construction methods of the rock revetment, and in the bank slope
large deformations occurred.
When these berths were completed 21 pile caps of crossing piles under the front platform had
cracked and in 1975 the number of cracked pile caps had increased to 41. After the earthquake
46 pile caps, which were investigated, all had cracked. At the same time 46 batter piles inclined
forward and all cracked or broke (reinforcement in the piles did not break); 4 rows of vertical
piles in front of the crossing piles also cracked.
Because the concrete pile cap of the crossing pile broke (the reinforcements still connected),
the batter piles inclined forward and pushed up the crossbeam, which made the two pile caps of
the vertical pile in the middle of the crossbeam separate from the crossbeam. The crossbeam
span increased and the crossbeam cracked at the middle of the span (Fig. 15). The investigation
showed that there were 28 crossbeams that separated from pile caps and 12 crossbeams that
cracked.
3) Influence of ship berthing and loading on damage to the wharf
During the earthquake 15 vessels were berthed along the wharves of the New Port of Tianjin.
A cargo ship “Panalias” of 10,000 tons, in which half of its cargo was unloaded, moored at berth
No. 13. Both the crossing piles under the mooring posts which were fastened by the head line
and stern line of the ship cracked, but the crossing piles under the mooring posts which were not
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fastened by any ropes were intact. During the earthquake the portal cranes on the front platform
did not overturn, but several cranes were derailed. Although the cranes were large and weighed
120 tons each (the weight of a section of the front platform is about 1,900 tons), they did not
significantly influence the damage to the front platform and all the longitudinal beams under the
portal crane were intact.
Bulk cargoes on the wharf surface had a direct influence on damage to the crossing piles
below the front platform. Big bulk cargoes seriously damaged the structure. The load of stacked
cargo on the platform increased the horizontal earthquake force, which was transmitted to the
front platform and thus intensified the damage to the crossing piles. Under the rear platform
there were all vertical piles and the beam and slab were simply-supported on the cap of the
vertical pile. At points of overload of stacking cargo the pile caps were damaged, however the
pile shafts above the seabed were intact. For pile shafts under the seabed two vertical piles had
been checked with a drill hole and submerged television and no cracks were found. For
example, at the 9th berth the stacked sand was 8 m in height, the average load was 6-7 t/m2 (the
largest reached 10 t/m2); and at the 18th berth the stacked salt was about 7-8 m in height, the
average load was 3 t/m2 (the largest reached 6 t/m2). The pile foundation under the front
platform of these two berths was seriously damaged. The results of the investigation of stacked
load distribution during the earthquake and damage to the pile foundation of the 9th to 11th
berths are shown in Fig. 16.
4) Displacement and settlement of the wharf
After the earthquake the expansion joint between the front and rear platform changed. Some
expansion joints widened about 3-5 cm and some were squeezed tightly together and the wood
lath left in the joint was squeezed out. Bending deformation occurred at both the portal crane
runway and railway at the expansion joint, the deflection in general was 3-6 cm and the biggest
reached 7.5 cm. The concrete surface at the jetty head and jetty root was generally damaged and
the jetty head was twisted.
The wharf did not move seawards apparently. No dislocation was found between sections of
the berths. Comparing the data from 1973 to 1975 the wharf surface on average settled about
5.7 cm, the biggest was 7.2 cm.
(5) Sheet pile wharf
Berth Nos. 1 to 4 at the New Port of Tianjin are steel sheet pile wharves. They were
constructed in the 40’s. The water depth of the wharf side was originally 6.5 m. In 1951 it was
increased to 8.5 m and the structure was reconstructed to a sheet pile wall with double anchor
ties (Fig. 17). After the earthquake on the ground surface at the front and rear anchor wall had
two longitudinal cracks which were parallel to the wharf. The crack at the top of the rear anchor
wall (about 28 m from the wharf front line) was 380 m long and 6 cm wide; the crack at the top
of front anchor wall (about 20 m from the wharf front line) was 250 m long and 5-8 cm wide.
(Translator: Qiu Ju)

Year of
Construction

Type of
Terminal

20.7

6.0

20.7

6.0

1900

1900

finger pier

123.5

frame
type

2

123.5

frame
type

Structural
Type

Length
(m)
Width
(m)
Water
Depth
(m)

1

Small Pier

Name of
Berth

1901

6.2

22

87.3

frame
type

3

9.0

25

151.7

frame
type

5

9.0

20

151.7

frame
type

6

1901

1903

1907

1954

8.8

17.6

9

1962

1962

marginal wharf

10.76

300

200

caisson
gravity

Pier B

10.76

300

200

caisson
gravity

frame and
60 m
gravity
wall
151.7

8

7

pier, the outside of pier is slope revetment

7.4

25

107.3

frame
type

4

Large Pier

Pier A

1976

pier, the
outside of
pier is
breakwater

12.5

182.9

463.6

gravity
wharf of
caisson

Table 1. Data of docks at the Port of Qinhuangdao.
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Project
Project
pier of
pier of
caisson
caisson
construcconstruction
tion

1976

pier

9.34

250

gravity
wharf of
caisson

Fuel Oil
Pier
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Table 2. Properties of the soil layers at the New Port of Tianjin.
Name of Soil Layer
Item
Elevation of indexes (m)

Silt

Silty Clay

Silty Clay

Silty Fine Sand

+2.0 – -2.0

-2.0 – -13.5

-13.5 – -21.0

-21.0
19.2

Natural moisture content (%)

54.6

49.0

27.4

Natural bulk unit weight (g/cm3)

1.68

1.73

1.94

Natural porosity ratio

1.56

1.36

0.77

Plastic index (%)

22.0

22.0

13.5

Liquid index (%)

1.50

1.23

0.74

Compressibility coefficient (cm2/kg•f)

0.133

0.119

0.029

4

4

14

0.06

0.10

0.19

Inner friction angle of fast shear (degree)
2

Cohesion of fast shear (kg•f /cm )
Inner friction angle of fast consolidation (degree)
Cohesion of fast consolidation (kg•f /cm2)

18

15

26

0.06

0.10

0.13

0.57

40

Table 3. Comparison between two values of soil vane-shear strength before and after the
earthquake at the New Port of Tianjin.
Soil Layers
Silty Clay
Berth

Elevation (m)

23
19
15-18
13

Silty

-0.5 — -5.5

— -9.5

— -14.5

before earthquake

0.25

0.23

0.36

after earthquake

0.15*

0.22

0.34

before earthquake

0.25

0.22

0.33

after earthquake

0.26

0.23

0.34

Silty Clay
above -6.0 m

below -6.0 m

before earthquake

0.364

0.283

after earthquake

0.359

0.295

before earthquake

0.26

0.26

after earthquake

0.26

0.26

* - The average of two data
Unit: Kg-f /cm2
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Table 4. Comparison between the dynamic and static soil strength after the
earthquake at the New Port of Tianjin.
Name of Project

Method of
Test

Index of Strength
ϕ (degree)

C
(kg/cm2)

Index of Physical Property
W (%)

r (t/m3)

e

IP (%)

Dry-dock engineering
of Xingang Shipyard

dynamic

19.4

0.17

42

1.78

1.19

19

static

17.1

0.15

42

1.78

1.19

19

Sloping wayrevetment works of
Hebei Province
Shipyard

dynamic

15.4

0.19

45

1.74-1.77

1.29-1.25

24-27

static

16.0

0.21

44

1.76

1.25

22

Bank slope under the
wharves of the New
Port of Tianjin

dynamic

18.6

0.11

40-58

1.65-1.86

1.02-1.63

static

18.0

0.11

41

1.80

1.13

Note:

The symbol of physical quantity is the same as in Table 3.
ϕ - inner friction angle, C - cohesion, W - natural moisture content,
r - natural bulk unit weight, e - liquid index, IP - plastic index

16

545

Table 5. Damage investigation list of the harbor docks at the New Port of Tianjin.
Name of Berth

No. 1
Wharf

No. 1

No. 3
Wharf

No. 2

No. 3

Construction Feature

Length
(m)

Connecting Structure
with Shore

Year of
Construction

Class of
Damage

1

sheet pile bulkhead
with two anchor ties

170

IV

2

ditto

170

IV

3

ditto

170

IV

4

ditto

170

IV

5

beam and slab
structure

175

6

/

/

/

/

/

7

beam and slab
structure

180

steel sheet pile with
inclined bearing pile

1974

IV

8

ditto

180

1974

IV

1958

II

9

ditto

175

1974

II

10

ditto

175

1974

III

11

ditto

175

1974

III

12

ditto

270

1973

III

13

ditto

170

14

ditto

188

15

ditto

16

1973

III

1961

II

188

1961

II

structure of girderless
deck

170

1960

III

17

ditto

170

1960

II

18

ditto

210

1960

II

19

beam and slab
structure

180

rock mound

1975

III

20

ditto

180

ditto

1975

III

21

ditto

397

steel sheet pile with
inclined bearing pile

1975

IV

22

ditto

175

concrete retaining wall

1975

IV

23

ditto

175

ditto

1975

IV

24

ditto

175

ditto

1975

IV

beam and slab
structure

150

1974

IV

Fuel Oil Pier

concrete retaining wall

Pier of Xingang

new

ditto

220

1974

IV

Shipyard

old

ditto

149

1958

IV
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Table 6. Statistics of damage to crossing piles of the wharf at the New Port of Tianjin.

Number
of
Berth

Category of
Terminal

Investigated
Number of
Crossing Piles

5

mixed cargo

50

7

mixed cargo

34

Earthquake Damage
Seriously Damaged

Slightly Damaged

Basically Intact

Number

%

Number

%

Number

%

18

36

32

64

0

0

8

mixed cargo

27

9

mixed cargo

32

25

78

5

16

2

6

10

mixed cargo

27

2

7

25

93

0

0

11

mixed cargo

27

0

0

25

93

2

7

12

mixed cargo

36

12

33

19

53

5

14

13

mixed cargo

39

3

7

35

90

1

3

14

mixed cargo

28

18

64

10

36

0

0

15

mixed cargo

18

11

61

5

28

2

11

16

mixed cargo

54

0

0

54

100

0

0

17

mixed cargo

54

36

67

14

26

4

7

18

mixed cargo

56

30

54

25

44

1

2

19

steel material

27

3

11

16

59

8

30

20

steel material

32

8

25

13

41

11

34

21

container

59

8

13

37

63

14

24

22

mixed cargo

27

0

0

24

89

3

11

23

mixed cargo

27

1

4

20

74

6

22

24

mixed cargo

27

0

23

85

4

15

Note: “Earthquake Damage” includes damage to crossing piles and to pile caps.
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Photo 1. At the New Port of Tianjin there were holes
created by waterspouts and sandboils at the rear
landslide area of the wharf.

Photo 2. Earthquake damage to inclined bearing pile
leaning against the sheet pile wall.

Photo 3. At the New Port of Tianjin there was damage
to a crossing pile.

Photo 4. The pile cap of a crossing pile broke and there
was disclosure of reinforcements.

Photo 5. The pile cap of a vertical pile under the rear
platform broke at the No. 9 berth at the New Port of Tianjin.
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Figure 1. A sketched plan of the Port of Qinhuangdao. (number 1-9 are the code name of berth).

Figure 2. Cross section of pier at the Port of Qinhuangdao (in m).

Figure 3. A sketched plan of cracks and dislocations at the corner of wharf A (in cm).

549

Figure 4. A sketch of the pavement structure of the mound approach dike and position of the cracks. The first stage
project of the Crude Oil Pier.

Figure 5. A sketched plan of the New Port of Tianjin.

Figure 6. Arrangement plan of berths of the New Port of Tianjin.
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Figure 7. Curve of settlement at the sand drain test area.

Figure 8. Curve of soil layer displacement at sand drain
test area.
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Figure 9. Surveyed results of the ground pore water pressure at the sand drain test area
before and after the earthquake.

Figure 10. Cross section of No. 9-No. 13 berths at the New Port of Tianjin (in m).
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Figure 11. Cross section of No. 22-No. 24 berths at the New Port of Tianjin (in m).

Figure 12. A sketch of a map showing the settlement of a retaining wall after the earthquake.
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Figure 13. A sketch of a map showing damage to the retaining wall of the No. 20 berth at the
New Port of Tianjin (in cm).

Figure 14. As sketch of a map showing damage to a retaining structure with rear sheet pile.

Figure 15. A sketch showing damage to a crossbeam of the No. 14 and No. 15 berths at the New Port of
Tianjin.
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Figure 16. A sketch showing the load and damage to a pile foundation investigation for the No. 9 to No. 11 berths.

Figure 17. A sketch of the wharf structure of the No. 1 to No. 4 berths at the New Port of
Tianjin (in m).
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DAMAGE TO SHIP LOCKS
Lin Xiongwei*

After the Tangshan earthquake the Planning and Design Institute (PDI) along with shipping
authorities of Hebei Province and Tainjin City investigated nine damaged ship locks located in
the Tangshan and Tianjin areas: Beitang, Peizhuang, Yonghe, Xingang, Fish Ship Lock,
Yangliuqing, Erzha, Qujiadian, and Fuxingmen. A more detailed site location of these nine ship
locks is shown in Figure 1.
The ship locks are classified into four categories according to damage: seriously damaged,
damaged, slightly damaged and intact. Of these nine ship locks there were two seriously
damaged, three damaged, one slightly damaged, and three that were intact. The type of structure
and damage are shown in Table 1 and Table 2. The damage of five ship locks is described as
follows:
1. Beitang Ship Lock
(A) General features
The Beitang water conservancy project is located at the river rectification estuary of the
Jiyun River. It consists of a sluice, ship lock and bridge (Fig. 2).
The sluice with in-site pile foundations consists of 10 apertures with a net width of 8 m, a
designed discharge rate of 1200 m3/s and a top sill level of −6.0 m. The sluice gate is a double
leaf lifting gate with the top gate level of +3.5 m and a lifting mechanism on the working bridge.
The sluice was designed according to a Class II permanent hydraulic structure and seismic
intensity VIII.
The ship lock is situated on the east side of the sluice. The distance between the center lines
of these two structures is 250 m. The navigation standard of the ship lock is Class V, capable of
navigating a 2×300 t DWT towing unit. The ship lock chamber is 130 m long, 12.2 m in width,
and the level of the top sill is −3.5 m. The lock wall was built with a guard wall on the top. On
both sides there are guide walls (Fig. 3). The lock gate is a steel traversing caisson supporting a
double-sided water head, which on the river side is 6.5 m and on the sea side is 5.1 m. The ship
lock was designed according to a Class III permanent hydraulic structure and seismic intensity
VIII.
A borehole examination at the project area was made. The physical parameters of the ship
lock foundation soil are listed in Table 3. The types of structure of different parts of the ship
lock are described as follows.

* Planning and Design Institute for Water Transportation, Ministry of Communications
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The lock head is a reinforced concrete U-type structure with a bottom floor 1.5 m thick.
Since the foundation stress is small (0.4-0.55 Kgf/cm2 during operation and 0.7 Kgf/cm2 during
repair) no treatment was done to the soft soil.
The lock gate recess on the west side of lock head is a reinforced concrete integral structure
and 12.8 m long. The foundation stress is 1.01 Kgf/cm2. There are timber piles under the lock
recess floor 5 m in length and 20 cm in diameter to mitigate any non-uniform settlement between
the lock recess and lock head. The spacing between piles is 0.9 m and the connection between
the floor of the lock head and lock recess is hinged (Fig. 4).
The lock chamber is 130 m long and divided into seven sections. The section near the down
lock head is 10 m long. The chamber floor is a watertight reinforced concrete structure. Other
sections are 20 m long and their lock chamber walls are masonry with concrete arches for
support. The inside of the arch rings is filled with soil to an elevation of 0.0 m and the chamber
floor is of leaky masonry (Fig. 5).
On both sides of the up and down stream of the ship lock there are wing walls and guiding
jetties. Every guide wall is 6 spans and 36 m long. Three of them are on the wing walls and
others are on pile foundations. The frame and deck are reinforced concrete and are not joined to
each other by a steel bar.
The steel traversing caisson is used for the lock gate which is 12.7 m in length and 7.2 m in
height. The value is set in the lower part of the gate for filling and emptying.
There is a highway bridge on the lock head; its deck is 4.5 m wide. The bridge is movable
with one end supported by the track on the gate recess and the other supported by the lock floor
track.
There is a 3-story operating building located on the gate recess side. The ground floor is
used for a wire room and is joined with the gate recess; the second floor is equipped with the
operation machines; and the third floor is the control room. The operation building was built on
filled soil with a reinforced concrete raft foundation.
The slope and bottom revetment of the upper and lower approaches are made of masonry, 0.4
m in thick and 1:4 in slope.
The Beitang ship lock was completed in 1975 and had been operating normally until April
1976. However, because the lower approach was silted up the normal operation of the lock gate
was affected.
(B) Damage to the lock
The Beitang ship lock was 68.5 km from the epicenter. It was within the anomalous zone of
intensity VIII in the area of intensity VII. During the earthquake the water level of the upper
stream and in the lock chamber was 0.72 m and the down tide level was 1.61 m. After the
earthquake the lock head was slightly damaged and the lock chamber was seriously damaged.
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(1) Upper lock head and upper approach
The upper lock head settled non-uniformly (see Fig. 6 and Table 4). The approach pavement
on the east side of the highway settled even more, between which the bridge deck formed a 0.12
m step. The lock gate recess moved horizontally. Between the lock head and gate recess the
track of the highway bridge dislocated 0.7 cm. On the repair gate recess occurred a crack 0.5 cm
in width and between the top of the lock head wall and the masonry pavement there was a 0.5 cm
wide crack (Fig. 7).
Both side guide walls of the upper stream tilted toward the river and the upper stream. The
maximum oblique angle on the east side was 3.2° and that on the west side was 3°. All the
bridge decks moved toward the upper stream and displacement was large. The deck of the first
span on the east end of the bridge fell down to the river (Photo 1). On the west end of the bridge
the decks between the third and fourth spans obviously arched. There were concentrated ground
cracks in an area 1 km long and 500 m wide along both banks of the upper stream. The masonry
pavement slope was seriously cracked and slipped towards the river and upper stream. On the
east side of the ship lock there were nine ground cracks and about 12 m from the lock head the
slope paving slipped 90 cm. On the west side of the ship lock there were eight ground cracks
and the slope paving slipped 20 cm toward the river (Fig. 7).
(2) Lock chamber
All sections of the lock chamber wall displaced horizontally and vertically and tilted varying
amounts. The width of the lock chamber decreased and the length increased. All water seals at
the joints of the chamber wall broke. The guard wall on top of the chamber wall cracked and the
chamber floor arched. The filled soil behind the chamber wall settled and the ground surface
cracked. The settlement and displacement of the lock chamber wall was surveyed after the
earthquake and the results are shown in Fig. 6 and Fig. 8.
The mortar bond rubble walls on both sides of the chamber displaced inwards (Photo 2, Fig.
8) and the top level of all the chamber walls settled with a maximum settlement of 42 cm (Fig. 6,
Photo 3). Most chamber walls tilted forward slightly and some backward, with a maximum
oblique angle of 1.5°-2.0°.
After the earthquake all expansion joints (2 cm in width) between wall sections of the lock
chamber widened, the maximum width reached 23 cm. The filled soil behind the lock chamber
wall flowed into the lock chamber.
There were many cracks or fractures in the guard wall on top of the chamber wall. A 3 cm
wide and more than 100 m long crack occurred between the guard wall and filled soil. There
were ground cracks near the lock chamber. The ground crack near the upper lock head passed
through the lock chamber and extended outward which resulted in the expansion joint of the lock
chamber widening to 17 cm.
After the magnitude 6.9 Ninghe earthquake on November 15, 1976 the lock chamber further
slipped and the width of the lock chamber decreased by 1-4 cm again.
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(3) Down lock head and down approach
The down lock head settled non-uniformly (Fig. 9). The ground around the lock head settled
even more and a 10 cm step formed between the east highway and bridge deck. The lock gate
recess displaced horizontally and as a result the track of the highway bridge dislocated 0.5 cm at
the intersection between the lock head and lock gate recess. On the repair gate recess occurred a
0.5 cm wide short crack. At the joint of the lock head wall and mortar bond rubble slope
revetment a 1-5 cm wide fissure was found. The down wing wall dislocated horizontally 2 cm
relative to the lock head.
The mortar bond rubble slope revetment on both sides of the down approach slipped toward
the river and cracked at many places, i.e. five cracks on the east side and nine on the west side
with crack widths of 3-4 cm. On the right side of the expansion joint the slope revetment opened
8-12 cm. The revetment at the end of the downstream slipped and part of it arched. The mortar
bond rubble revetment of the right bank, connected with the gate recess settled 10 cm relative to
the recess.
The guiding wall tilted and displaced toward the river and downstream. The joint of the
bridge deck opened with a maximum distance of 10 cm.
(4) Lock gate and operation building
The steel transverse caisson and highway bridge was intact and the operation building was
slightly damaged. On the corner of the north side of the upper lock head operation room there
was a crack. The joint between the ground floor of the down lock head operation building and
gate recess opened with a crack width of 3 cm.
Other structures at the water conservancy project were seriously damaged. The filled soil
around the project settled in an extensive area. The level mark on the east side of the sluice
beside the highway settled 62 cm. There were sandboils, waterspouts and cracks on the ground.
On the 60 m long bituminous road at the project office courtyard there were 57 cracks parallel to
the river, most of them were 3-4 cm wide and the maximum was 8 cm wide. The deep well tube
was damaged and the new office was seriously damaged except for the reception room. The
prefabricated plate roof of a single-story brick house collapsed. The adjacent single story office
house and two-story office building were pulled apart by 40 cm (Photo 5).
The sluice was seriously damaged. The abutment pier and other piers were no longer on the
same axis and the relative horizontal displacement reached 6-13 cm. The operation buildings on
the sluice on the two banks settled and tilted. The northeast corner of the operation building in
the east settled 25 cm more than the southwest corner (Photo 6). The joint of the operation
building and working bridge broke and pulled apart over 50 cm. Seven T-beam spans at the
working bridge fell down and the operation machines fell down to the working bridge deck
(Photo 7). The other T-beams displaced and the column supporting the T-beam cracked at the
base.
After the earthquake of magnitude 6.9 on November 15, 1976, the Beitang ship lock was
surveyed again and further damage was found as follows:
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a. The lock chamber wall displaced further and the width of it lessened by 1-4 cm.
b. The upper spacing between the wing walls and lock significantly lessened 2 cm during
the M=7.8 earthquake and the dislocation on both sides of the settlement joint enlarged
after the M=6.9 shock.
c. The guiding wall was more seriously damaged. The frame tilted more and the end span
tilted most seriously. The width of joints of the walking deck enlarged with the largest
reaching 11 cm. On the right side of the upper stream the third span walking deck fell
down into the river.
d. The concrete pavement of the upper and downstream wing wall settled more seriously
and it was 6-17 cm lower than the wing wall.
e. The partition wall of the upper lock head operating room cracked.
2. Peizhuang Ship Lock
(A) General features
The Peizhuang water conservancy project is located on the Jintang Canal in Ninghe County
and it consists of a sluice, ship lock and bridge. It had been completed but not put into normal
operation before the earthquake. It was seriously damaged during the earthquake.
The project was built on the riverbed of the Jintang Canal with its ship lock on the south
bank and its sluice on the north bank. The designed discharge of the three-span sluice is 150
m3/s. The maximum water level of the upper stream is 2.5 m, drainage water level 2.0 m and
downstream flood water level 3.81 m. The down lock head and the sluice are in the same axis
line and the upper lock head is in the upper approach of the sluice. The highway bridge crosses
over the down lock head and the sluice. The ship lock can be navigable by five 100 DWT barges
at the same time. The lock chamber is 120 m in effective length with an 8.4 m wide lock gate
and a 10 m wide bottom. The depth of the sill water is 2.0 m. The steel lift flap plate gate can
support a double-sided water head with an upper water head of 2 m and down water head of 3 m.
The reinforced concrete drilled piles were the foundation of the sluice and the lock head because
the soil foundation is soft. There are reinforced TYPE Π concrete frames on the top of the pier
with a section column of 40×40 cm and a T-beam where there are two sets of operation machines
installed. The lock chamber wall on the right side is a reinforced concrete wall of a reverse Ttype and the one on the left side is the slope bank with dry and mortar-bond stone pitching with a
slope of 1:3. Dry stone masonry was applied to the chamber bottom for protection. The level of
the chamber bottom is −3.0 m and the top level of the chamber wall is 2.0 m. There are
reinforced concrete guide walls in the upper and down approach channel on the riverside, which
are 20 m and 30 m in length respectively (Figs .10 and 11).
The lock soil foundation is silty clay. In the layer at level -3.0 to -7.0 m the average water
content is 41%. The quick shear test showed that the average cohesion was 0.0085 kg/cm2 and
the average frictional angle was 6.6° ranging from 2.2° to 12.3°, which means that the soil is
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highly compressible and the bearing capacity is low. Below the level -7.0 m the soil water
content is 28% and the soil foundation is better.
(B) Damage to locks
The Beitang water conservancy project is 37 km from Tangshan City and about 8 km from
Ninghe County. The seismic intensity in that area is IX. The ship lock was seriously damaged
in the earthquake.
(1) Lock head
The upper lock head wall is a pier type 9.7 m in height, 1.0 m in width and 9.5 m in length.
On the top of the pier there are reinforced concrete type Π frames 2.5 m high. Two 9.4 m long
beams are set on the top of the frames to constitute the working bridge. The pier foundation is a
reinforced concrete drilled pile, 4 piles 80-100 cm in diameter and 16-19 m in length. The lock
head floor is 1 m thick with a construction joint to the lock head pier. After the earthquake the
type Π frame on the left pier tilted about 6° to the left side. The column base of the frame
seriously cracked, steel bars were exposed and the concrete crushed. The type Π frame on the
right pier tilted about 3° to the right and the column base cracked. Two T-beams fell down with
the left end falling on top of the pier and the inner side wall and the right end falling on the lock
gate top. All the operating machines fell into the canal. The left and right piers displaced to the
outer side and the joint of the door enlarged (Photo 8, Fig. 12).
The down lock head pier is 9 m high and 12 m long. On which there is a highway bridge and
type Π frame. After the earthquake the frame column tilted to the left side and the column base
cracked. All T-beams of the working bridge fell down into the water more than 1 m. The
vertical rubber seal was deformed by the pressure of the tilted pier.
The hinged T-beams of the down lock head highway bridge displaced 1 cm to the left and the
frictional trace could be clearly recognized. Under the bridge the reinforced concrete retaining
plate was damaged with a 1 cm wide crack from the top to the base (Fig. 13).
The operating house on the highway bridge collapsed. On the pier of the approach bridge
there were horizontal and vertical cracks. The road at the end of the bridge settled and formed
itself into a slope.
(2) Lock chamber
The chamber slope pavement on the left side slipped down to the chamber. The
displacement in the middle was larger than at the two ends and formed itself into a curve. The
top of the slope pavement cracked with a crack width 1-2 cm in general, and the maximum
reached 10 cm. Part of the masonry pavement settled and cracked. During the earthquake the
water depth in the lock chamber was about 3 m and a wave spilled over the slope bank and
flowed to the land on the left.
Around the ship lock there were sandboils and waterspouts. At a distance of about 50 m
from the upper lock head on the left side there was a sandboil hole 10 cm in diameter. There
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were many ground cracks along the bank with one crack about 20 m from the top of the bank
that was 5-6 m in length and 10 cm in width.
The right lock chamber wall is a reverse T-type and 6 m in height. The base plate is 10.5 m
in width. It is divided into 6 sections with a rubber seal between them, each section is 20 m
long. During the earthquake the water level inside and outside of the chamber wall were the
same. After the earthquake the chamber wall displaced non-uniformly with a maximum
displacement of 27 cm. The expansion joints between the chamber walls widened with a
maximum width of 6.5 cm. All the sealing strips were broken. On the walking bridge deck on
the top of the chamber wall there were over a hundred small cracks (Fig. 14, Photo 10).
The upper and downstream guide walls tilted.
3. Yonghe Ship Lock
(A) General features
The Yonghe water conservancy project is situated on the Jinzhong River, north of Yonghe
Village in the east suburbs of Tianjin City. Its downstream joins with the New Yongding River
and Jiyun River then flows into the sea. The project consists of a sluice with 12 apertures and a
ship lock. It was completed in 1966 but navigated only seasonally because of the insufficient
water resource.
The upper and down lock head are a U-type structure with a highway bridge on the top of the
upper lock head. The lock chamber is a slope type and stone masonry, which is used for
protection of the chamber slope and floor. The lock gate is a steel lifting plate gate with a filling
and emptying system for the lock gate opening. The upper lock gate is 7 m in width, 5 m in
height, and the maximum lift opening is 7.7 m. The down lock gate is 7 m wide, 7 m high and
the maximum lift opening is 9 m. A 30t hoisting winch is used to open and close the lock gate.
The lock chamber bottom is 9 m in width and 100 m in length. The designed water head is 5.5 m
(Fig. 15).
The geological section of the ship lock site is a clay layer above a level of -5 m, a silty clay
layer from -5 m to -9 m, and silty clay, silty sand and clay interlacing layers below a level of
-9 m.
(B) Damage to locks
The Yonghe conservancy project is 29 km from Ninghe County and 74.5 km from Tangshan
City. The seismic intensity was VII.
(1) The lock head
At the upper lock head the top of the type Π frame of the working bridge displaced to the
north about 3 cm and the column foot of the type Π frame on the right side cracked with a crack
width of 3 cm. The left end of the working bridge deck cracked and concrete partly peeled off.
The right wing wall pulled away 6 cm from the lock pier and it’s top was 2 cm lower than the top
of the lock pier. The upper lock head had non-uniform settlement with the southwest part of it
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higher than the northeast part. The T-beam of the highway bridge moved about 5 cm towards
the south along the bridge axis and the bottom of the T-beam was crushed. At the lower lock
head the tops of both the right and left columns of the type Π frame of the lock pier displaced
outward about 10 cm. There were several vertical cracks 1-3 mm wide on the column of the left
lock pier and vertical cracks about 4 mm wide on the upper and foot of the column of the type Π
frame on the right lock pier (Fig. 11). A horizontal crack 2 m long and 3-5 cm wide occurred on
the left lock pier (Fig. 12).
(2) Lock chamber
The slope protection was seriously damaged on the right side and the wing wall joint opened.
Between the upper lock head and upper steps there were 3 vertical cracks. Many small cracks
occurred in the middle section, the masonry joints broke, the slope pavement lifted and rose or
settled in different parts. Between the down lock head and other steps there was a 3 cm wide
fissure from the top of the slope into the water. The slope pavement lifted 3 cm and cracked.
Outside the wing wall the pavement partly settled 3 cm along with a 2 cm wide crack on it.
On the left side there were nine cracks of which four were on the upper section, two were
horizontal and on the down section, and the remaining three were vertical and were between the
two steps (Fig. 16).
4. Xingang (Haihe) Ship Lock
(A) General features
The Xingang Ship Lock is located at the mouth of the Haihe River. It was built in 1939 and
repaired in the early 1950’s and put into operation in 1952. The lock chamber is 180 m long and
22 m wide. The designed sill water depth is 5 m and the maximum water head is 4 m. It is
navigable for a 3,000t sea vessel. The lock head is a reinforced concrete U-type structure with a
2.75 m thick lock head floor and timber pile foundation. The lock chamber wall is a reinforced
concrete cantilever retaining wall with a timber pile foundation and a 1.7 m thick chamber floor.
The lock gate is a steel traversing caisson with a short culvert filling and emptying system.
(B) Damage to locks
The seismic intensity was VIII in the Xingang area. After the earthquake two underwater
surveys were done in September and October. It was found that the chamber floor cracked and
settled or lifted in many places mainly near the joint of the floor and lock wall toe, especially to
the south. There was a total of seven cracks 1-4 m long, 4-20 cm wide and 5-30 cm deep. The
concrete near the cracks was crushed. The chamber floor partly lifted, 3 on the south side and
one on the north side. The lift height was 10-50 cm. The chamber partly settled in two places on
the north side. The settlement was 5-10 cm. The damage to the chamber floor was not fully
clear in the underwater survey because the chamber floor was covered by silt.
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5. Fuxingmen Ship Lock
The Fuxingmen ship lock is located outside the south bank of the Haihe River in the Hexi
District of Tainjin City. It was completed in 1970. The ship lock consists of two sluices with
three openings and a slope type chamber. Used as a lock head the two sluices are reinforced
concrete structures. The middle opening span is 6 m and the two side opening spans are 3 m.
The width of the chamber bottom is 15 m and the chamber is 106 m in length. The two sides of
the slope are revetted with stone masonry.
The ship lock is 105.5 km from the epicenter of the Tangshan earthquake. At the site area
the seismic intensity was VIII. After the earthquake the level of the top of the down lock head
pier settled 35 cm relative to the adjacent areas. There were horizontal cracks on eight columns
of the down lock head working bridge and on four columns of the upper one. And the columns
became oblique to the inner side. There was a ground crack about 34 cm wide and over 20 m
long crossing the lock chamber.
(Translator: Lin Xiongwei)
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Table 1. Lock structure.
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Table 2. Lock damage.
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Top Level
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25.4 - 32.4

−4.5 - −15.0
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0.79 - 0.94
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0.34

0.30

1.66

1.70

2.00

1
(20)
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Table 4. Settlement of the top level of the lock wall after the earthquake, Beitang Ship Lock.
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Table 3. Characteristics of ship lock foundation soil.
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Photo 1. Damage to the upper guiding frame at the Beitang shiplock.

Photo 2. The chamber wall of the Beitang shiplock displaced and became oblique.
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Photo 3. Two sections of the masonry retaining wall and reinforced concrete
chamber, having a seam at the center of the floor, dislocated at the Beitang shiplock
chamber.

Photo 4. Damage to the guard wall of the Beitang shiplock chamber.
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Photo 5. The Beitang shiplock office building was
separated by the earthquake.

Photo 6. The sluice operating building of the Beitang
project separated from the working bridge and settled.

Photo 7. The hoisting frame and equipment on the working bridge collapsed on the sluice of
the Beitang project.
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Photo 8. The upper lock head of the Peizhuang shiplock collapsed.

Photo 9. The down lock head of the Peizhuang shiplock collapsed.

571

Photo 10. The left side wall of the Peizhuang shiplock
displaced.

Photo 11. The Π frame column of the lock pier cracked
at the Yonghe Shiplock.

Photo 12. The left lock pier cracked at the Yonghe
Shiplock.
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Figure 1. The lock’s site in the earthquake.

Figure 2. The Beitang water conservancy project layout plan.
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Figure 3. The Beitang ship lock layout plan (in m).

Figure 4. Lock head structure sketch of the Beitang ship lock (in m).
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Figure 5. Lock chamber sectional drawing of the Beitang ship lock (in m).

Figure 6. Settlement of the top level of the lock wall at the Beitang ship lock after the earthquake (in m).
(Surveyed level after the earthquake is based on the datum horizon point that had been settled 0.62 m)
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Figure 7. A sketch of the damage to the upper lock head and approach channel at the Beitang ship lock.
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Figure 8. Horizontal displacement of the lock chamber wall at the Beitang ship lock (in cm).
(The surveyed value after the earthquake M=6.9 in parentheses)
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Figure 9. A sketch of the damage to the down lock head and approach channel of the Beitang ship lock (in cm).
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Figure 10. Peizhuang ship lock layout plan (in m).

Figure 11. Sectional drawing of the Peizhuang ship lock (in m).
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Figure 12. A sketch of the damage to the upper lock head at the Peizhuang ship lock (in
cm).

Figure 13. A sketch of the damage to the bridge abutment and retaining dam at the Peizhuang ship lock.
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Figure 14. Layout of the damaged lock chamber at the Peizhuang ship lock.

Figure 15. Yonghe ship lock structure view (in m).
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Figure 16. Damage to the Yonghe ship lock chamber.
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EARTHQUAKE DAMAGE TO DOCKS
ON THE BANKS OF THE HAIHE RIVER
Qiu Ju*

I. Introduction
The docks along the Haihe River are distributed mainly over Tianjin City proper and Tanggu
District of the Tianjin Municipality. The docks in the urban district were constructed with sheet
pile structures (steel sheet piles or reinforced concrete sheet piles). They are called sheet pile
bulkhead wharves and most of them were built before 1949. Most of the docks in Tanggu
District were built after 1949 and were constructed with ordinary pile structures; only a few were
sheet pile type structures. The position of the docks situated in Tanggu District is shown in Fig.
1. The piled wharves in Tanggu District were constructed mainly with girderless deck
structures, but some were beam-slab structures or unloading platforms supported on piles with a
sheet pile wall structure and frame structure. In plan view, pillar docks have two groups: piled
pier and piled wharf. The first one, a pile pier is connected to the bank by an approach bridge;
and the second, a wharf surface is connected to the shore directly. The structure, which connects
the pillar wharf to the shore may be a concrete retaining wall or a sheet pile wall. The structural
pre-earthquake condition of most docks along the two banks of the Haihe River is given in Table
1 and Table 2.
II. Earthquake Damage to Docks
On July 28, 1976 a violent earthquake occurred in the city of Tangshan. The earthquake
intensity in Tianjin City proper and Tanggu District was VIII. Damage to the docks along the
Haihe River can be divided into 4 classes:
A. Undamaged - the structures are undamaged;
B. Slightly damaged - parts of the structure are slightly damaged, but easy to repair;
C. Damaged - the structures have evident deformation, parts of the structures are damaged
but can be repaired;
D. Seriously damaged - the structures collapsed or have large deformations and are seriously
damaged and can not be repaired.

* Tianjin University
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The damage to docks located on the Haihe River are given in Tables 3 to 4. The total length
of these docks is equal to 2,933.31 meters in which:
Class A

227.92 m

make up 7.77%

Class B

912.45 m

make up 31.11%

Class C

1,163.38 m

make up 39.66%

Class D

629.56 m

make up 21.46%

The sum of Class C and Class D is 61.12%. It means that more than half of the docks, which
are situated on the Haihe River, were seriously damaged during the Tangshan earthquake.
III. Examples of Earthquake Damage to Pillar Wharves
1) Xinhe External Transportation Wharf
1. General features
The Xinhe External Transportation Wharf is 130.02 m long by 18.5 m wide and was
separated into two parts; the upstream part 67.5 m long, and the downstream part 62.5 m long.
The expansion joint gap is 2 centimeters. On both sides of the wharf stone revetments were
constructed and extended on each side approximately 65 meters. The main part of the wharf is a
girderless deck structure on piles. The structure, which connected the deck with the shore, is a
concrete retaining wall with a height of 1.3 m which is situated on a rock mound. The crosssection of retaining wall is shown in Fig. 2. The piles of the wharf are arranged in 27 pile bents
(Fig. 3). On the even-numbered pile bents there are couples of batter piles; on even numbered
bents (13 couples); while on the odd-numbered bents there are only vertical piles. At the front of
the wharf there are six couples of batter piles for dolphins. All foundation piles are reinforced
concrete. The cross-sectional dimension and length of piles are shown in Fig. 2. The quality of
construction of the wharf was good.
2. Situation of the wharf at the time of the earthquake
Some seamen of the barges related that on the morning of July 28, 1976 there were four
small cargo barges (L×B×T=39.0×7.15×2.80 m) berthed together on the upstream part of this
wharf when the violent Tangshan earthquake occurred. At first, the hulls vibrated up and down
then rocked left and right. The four steel mooring cables, 7/8″ in diameter, which were tied to a
mooring ring snapped and the mooring ring was deformed by the pull. These barges were
pushed away from the wharf about 20 m. The outermost cargo barge also snapped a steel cable
7/8″ in diameter.
3. Earthquake damage
(1) Bank slope
The foundation soil, where the wharf was constructed, is shown in Fig. 2. At the time of the
Tangshan earthquake there were more 250 places, in the region of the transit shed behind the
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wharf structure there were sand and water eruptions. A large area of ground surface subsided.
About 150 m from the wharf the two single-story reinforced concrete sheds, which were about
116 m long, 80 m wide and 7 m high, were damaged entirely. On both sides of the wharf there
are retaining walls. About 20 m behind these walls more than 10 ground fissures ran parallel to
the shore, the biggest width was 50 cm and largest depth was about 1.4 m. The concrete
pavement, closely linked with the upstream retaining wall, also had two big ground fissures 20
cm wide by 1.2-1.5 m deep. The upstream retaining wall broke off from the brick enclosure
which was situated on top of the wharf, slipped forward, moved in two parts about 1.0 m (Fig.
4), inclined, and subsided. The downstream retaining wall suffered the same, the enclosing brick
wall broke off from the wall situated on top of the wharf and then slipped towards the river about
1.2 m and subsided. In front of the retaining wall the slope pavement with cement-rubble
masonry had many longitudinal cracks and was squeezed in the form of random waves. The
retaining wall which was closely linked with the wharf structure together with the concrete
pavement mostly subsided; the amount of subsidence reached 40 cm. The piles of the wharf
inclined towards the river which caused the whole wharf to slip towards the river too. The slipof
the wharf structure was less than that of the bank slope but damage to the wharf was serious.
(2) Deck
The deck of this wharf is separated into two blocks by the expansion joint – the upstream
deck and the downstream deck. The joint gap is about 2 cm. At the time of the earthquake the
whole wharf vibrated in a north and south direction. After that the front opening of the joint was
closed up and the rear opening spread about 9 cm (Fig. 4); the back side of the downstream deck
had pressed into the retaining wall 36 cm yet the back side of the upstream deck was separated
from the retaining wall about 15 cm. From the view of the wharf line, the upstream deck had
moved forward about 55 cm. It is quite evident that the decks of the wharf had rotated
clockwise.
In addition, at the middle part of the deck the tops of crossing piles were arched upwards,
and had a longitudinal crack throughout the deck, the crack opening was about 2 cm. At the
expansion joint the upstream deck had arched higher than the downstream about 40 cm. Because
the entire structure of the wharf slid towards the bank, batter piles became steeper and the pile
crown raised so that the deck was jacked up. Some cracks occurred on the surface of the decks;
there were four cracks on the upstream deck and two cracks on the downstream deck; they were
all located at the tops of crossing piles (Fig. 4).
(3) Foundation piles
Most of the piles had been damaged, especially the crossing piles. The damaged state of
piles is as follows:
The pile of the first row: These piles are close to the shore, the greater part of the pile body
was buried in the rubble-mound and ground. After the Tangshan earthquake most piles inclined
towards the bank. The pile caps separated from the deck (Fig. 5). At the upstream section of the
wharf from the first pile bent to the 9th pile bent the pile caps opened between the cap and the
deck towards the bank; from the 10th bent to the 11th bent the pile caps kept close to the deck; at
the 12th, 13th and 14th bents the pile caps opened toward midstream. But there were not many
cracks on the pile body above the ground.
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The piles of the second row: Most piles had their pile caps separated from the deck. The pile
shaft inclined but the pile body above the sloping ground did not crack. From the 18th pile bent
pile shafts displaced towards midstream for a distance, the biggest one was about 1 m. But from
the 23rd pile bent the displacement of piles reduced. Since the middle part of the deck was
jacked up by the inclined piles some big and small gaps between the pile cap and the bottom of
the deck could be found (Table 5). At the 27th bent the opening crack of a pile cap facing the
river was only 10 mm.
The piles of the third row: In this row of piles the odd numbered bents had vertical piles and
the even numbered bents had crossing piles. All pile caps of the vertical piles were separated
from the deck; the maximum distance between them was 380 mm. Most vertical piles inclined
towards midstream, especially the pile of the 21st and 23rd bent, which inclined seriously; the
maximum relative displacement between pile and deck reached 20 cm. All vertical piles except
one were undamaged. The thirteen couples of crossing piles were damaged entirely. Among
them, some batter piles inclined towards the river and pulled apart; one pile cap broke and fell
into the water. Another batter pile that inclined towards the bank suffered a large pushing force;
the obliquity of piles had become steep, the pile crown rose, and the deck was pushed up quite a
lot. The concrete of the upper part of the pile body, about the range of 1 m, was pressed and
broke to pieces throughout; the remaining parts of the pile body split too.
The piles of the fourth row: In this row all the piles were vertical. Most of the piles inclined
towards midstream. All pile caps separated from the deck, a maximum distance of 19 mm. Of
the 27 vertical piles in total, 21 pile bodies were in good condition, 5 piles had cracks, and only
one pile body had a big crack; the concrete of the pile crowns was compressed and broken into
pieces.
The piles of fifth row: In this row there were 21 vertical piles and 6 pairs of crossing mooring
piles. Most of the vertical piles had inclined towards midstream and broke off. At the crossing
piles of the mooring post the majority of the upstream side batter piles were damaged by
pressure; all the downstream side batter piles were pulled apart but their pile caps were still in
good condition. At the 23rd and 25th bent there were small cracks 5-10 mm wide between the
pile caps and deck, and facing the river.
From the aforesaid damage situation of all piles it is evident that the wharf structures had
done a clockwise torsional movement.
2) Yujiapu Foreign Trade Terminal
1. General features
The Yujiapu wharf has a total length of 102.02 m and is divided into two parts – upstream
and downstream each part being 51 m long. The expansion joint between the two parts is 2 cm
(Fig. 6). This wharf was constructed with a reinforced concrete girderless deck structure on long
piles. The width of the wharf is 21 m. Its wharfside deck is a continuous slab; the rear two span
of decks are simply supported slabs. The pile layout, the pile spacing and the construction of the
wharf are shown in Fig. 6 and Fig. 7. At the frontage of the wharf 4 couples of crossing piles
were set up for mooring posts. The whole wharf consists of 85 reinforced concrete piles and 18
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fender piles, which are welded with steel sheet piles and placed against the wharfside deck. The
geological column where this wharf is located is shown in Table 6.
2. Wharf situation at the time of the earthquake
On July 28, 1976 when the earthquake occurred there were no ships moored at the wharf.
The upstream part of the wharf subsided about 60 cm. On that day in the afternoon the M 7.1
aftershock occurred; the next morning it was found that the downstream part of the wharf had
already collapsed into the water. Finally, only the upstream part remained.
3. Earthquake damage
(1) Rear ground surface of the wharf
Next to the wharf structure there was a row of timber piles supporting a revetment wall.
Within a range of 150 m behind the revetment wall there were about 900 sandboils and some
ground fissures, which paralleled the shore. Away from the timber pile revetment wall 1.5 m,
2.4 m and 6 m there were 3 ground fissures, their width was 5 cm, 15 cm and 11 cm. About 6 m
from the pile revetment wall a pole had slipped with the landslide about 90 cm. The shed
structure near the wharf suffered heavy damage.
(2) Upper structure of the wharf
1. The wharf surface on the remaining upstream part of the wharf originally was leveled with
the top of the concrete retaining wall, which is located behind the wharf. After the earthquake
the wharf surface subsided more than the subsidence of the retaining wall. The difference in
elevation between the wharf surface and the top of the retaining wall was 28 cm. The rear edge
of the deck had subsided much more than the front; the original 8% forward drainage slope had
become a reverse slope after the earthquake.
2. The original gap between the upstream deck and its rear retaining wall was 3 cm. After
the earthquake it widened; at the 8th pile bent the width of the gap reached 10.5 cm. The
retaining wall behind the downstream deck (which had already collapsed) had slipped forward,
the maximum relative displacement was 30 cm and the subsidence was about 50 cm.
(3) Foundation piles
From the side view the whole upstream part of the wharf had displaced forward, and all the
vertical piles inclined towards midstream (Photo 1). The fender piles against the wharf front
inclined towards the midstream about 12°.
All wharf piles were seriously damaged. The total piles of the downstream part of the wharf
collapsed into the water. The crossing piles of the upstream part of the wharf were damaged
entirely; some inclined towards the river, batter piles were sheared and fell into the water; some
were only pulled out of their pile caps (Photos 2 and 3). The forward inclined batter piles were
sheared off and the wharf deck with its pile cap moved forward about 70 cm, the obliquity of
piles increased from 3:1 to 6:1. The concrete pile heads were broken into pieces and the steel
bar reinforcement was exposed (Photos 2 and 3).
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At the upstream part of the wharf all crossing piles of the mooring post were pulled out or
broken off from their pile caps. All concrete pile heads of vertical piles, which were near the
wharf apron, were pressed and broken into pieces and steel bars were exposed (Photo 4).
Although the bank slope of the wharf had a large displacement and subsidence, at the two rows
of inshore vertical piles the pile bodies above the ground surface were damaged lightly, yet the
damage to the pile bodies under the ground surface hadn’t been probed with an instrument. The
pile crack at the upstream part of the wharf is shown in Table 7.
After the crossing piles separated from their pile caps the crossing pile caps of the No. 6 and
No. 8 bent moved toward midstream along with the wharf deck; inclined bankward batter piles
had shifted to the inside of the pile caps and the inclined bankward batter pile of the No. 2 bent,
after being cut off from the pile cap, had moved to the outside of the pile cap. That means the
wharf deck had turned clockwise.
3) Frontier Inspection Station pier
1. General features
The Frontier Inspection Station pier had a length of 80.02 m and was divided into two parts –
upstream and downstream, the former 42.5 m and the latter 37.5 m. Between these two parts
there is a 2 cm expansion gap. This pier is a reinforced concrete girderless deck structure on
reinforced concrete piles. The construction of the pier is shown in Figs. 8 and 9. The pier
foundation piles were mainly vertical, only on both ends and central section were there a couple
of crossing piles. The pier consists of 44 pre-stressed reinforced concrete piles, their sectional
dimensions are 40×40 cm. Behind the approach bridges there is a bank revetment wall 131.52 m
long; it is constructed with vertical piles and with horizontal retaining plates at the back.
2. Earthquake damage
This pier suffered heavy earthquake damage.
(1) Whole pier deformation
The whole pier had moved toward the midstream; the downstream part moved more than the
upstream part. At the expansion joint the relative displacement of the two parts was increased to
60 cm (Fig. 10, Photo 5).
(2) Foundation piles
Among the 44 foundation piles 35 were damaged and about 21 of these piles had a crack
width on the pile body that was bigger than 1 mm.
Of the 17 vertical piles in the front row on about 11 of the piles splits could be found on the
bodies at the northeast corner; the length of the splits were almost 1 m and 10 cm in depth.
Among 6 pairs of crossing piles, at the northeast corner of the upstream and downstream
deck, the No. 8−2 and 17−2 crossing piles were damaged most seriously (Photos 6 and 7). The
caps of these two crossing piles broke in two and the backward inclined batter piles were
steepened and pushed up the deck. At the southeast corner of the deck the pile caps of the No. 12 and No. 9-2 crossing piles also cracked but the degree of damage was not serious (Photo 8).
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The whole pier had 38 pile caps of which 17 separated from the pier decking; the largest gap
between the cap and deck reached 80 cm.
(3) Pier deck
The pier deck consisted of 19 prefabricated reinforced concrete plates of which 17 were
damaged. The deck leaned forward and twisted. At both ends of each part of the pier the rear
side of the deck was pushed up about 30 cm by crossing piles. The deck was cracked almost
completely especially at both ends of each part of the pier where the deck was damaged very
badly. The cracks on the surface of the deck had a width of 2-25 mm and a 45° trend. In
addition, on the reverse side of the deck there were also many cracks; these made a right angle
with the cracks on the upper surface. The deck, which was badly damaged, could leak water.
(4) Revetment wall
The bank revetment wall, next to the approach bridge, moved toward midstream and leaned
forward; the maximum relative displacement reached 1 m more. The backfill behind the
revetment wall settled.
4) No. 9 wharf
1. General features
The No. 9 wharf is a terminal of the Third Operation Company of the Tianjin Port. The
wharf line runs from south to north. Previously, it was the Kailuan Company dock. In 1957 this
wharf was reconstructed. The total length of the wharf line is 130.5 m. The water depth of the
wharf frontage is 7 m below the design low water level. The south end of the wharf is connected
to the No. 10 wharf. The No. 9 wharf is a reinforced concrete unloading platform structure
supported on piles (Fig. 11). Connecting the structure with the bank is the former wharf  a
reinforced concrete and sheet pile wall, the earth fill had been consolidated. The platform has a
width of 9 m and is 0.5 m thick; it is a big poured-in-place reinforced concrete plate joined to all
foundation piles. The foundation piles were pre-cast reinforced concrete piles. The spacing of
the bents is 2 m, every bent had a pair of crossing piles to resist the horizontal forces. At the
wharf frontage there were 6 mooring posts. Two rail tracks were laid on the wharf surface.
2. Wharf during the earthquake
At the time of the earthquake a cargo ship, the “Bao-Zhou” (dead weight of 10,000 tons),
was berthed alongside this wharf and was loaded with cargo of about 800 tons. On the wharf
surface there were no moving appliances and no stacked cargo.
3. Earthquake damage
The whole wharf had not deformed. There were no cracks found on the platform, vertical
piles and inclined bankward batter piles. Otherwise, among the 65 inclined riverward batter
piles 59 of them had cracks. The piles at the southern end of the wharf were damaged more
seriously than those at the northern end. The cracks on piles took place mainly at the pile top or
where they connected with the platform. Among these batter piles there were 10 which cracked
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around all four sides of the pile. Only 8 piles had cracks on the pile body and all these cracks
took place on the inshore side of the piles (Table 8).
5) No. 10 wharf
1. General features
The No. 10 wharf has a total length of 355.46 m and was built in 1976. The wharf is a
composite structure of beams and slabs on piles (Fig. 12). It consists of two platforms – a front
platform and a rear platform. The width of the front platform is 14.0 m and the rear platform is
12.2 m. The ground level at the wharf frontage is -5.5 m. The platform consists of a deck,
longitudinal girder, longitudinal crane track girder, and a cross girder. All girders are prestressed concrete beams. The cross-section of all girders is 120×40 cm. The thickness of the
deck slab is 34 cm. On the wharf surface there are 4 portal jib cranes set up and their hoisting
capacity is 10 tons. The spacing of pile bents at the front platform is 520 cm and the rear
platform is 360 cm. The front platform is divided into 7 parts by an expansion joint 3 cm in
width. At the point of operation this wharf is divided into 3 berths, No. 10, 11, and 12. Besides
the 7th part the other parts have been equipped with two mooring posts and under each post three
batter piles have been set up (Fig. 13).
2. Wharf during the earthquake
Alongside the No. 10 berth the freighter “Tie-Ling” (4,000 displacement tonnage) was lying
at anchor when the earthquake occurred. There were no berthed vessels at berth No. 11 and
No. 12 but at the wharf apron there were four portal cranes. On the surface of the rear platform
and goods yard more than 400 tons of sand were piled up.
3. Earthquake damage
The front platform was seriously damaged and the rear platform was lightly damaged. In the
case of damage to the front platform, the pile caps of crossing piles and the inclined riverward
batter piles were seriously damaged, but vertical piles and inclined bankward batter piles were
basically undamaged (Table 9). All cross girders, longitudinal girders, and crane track girders
were in good condition. The berthing member of the wharf was intact also.
Within the 7 parts of the front platform damage to the 4th part was the least. Among the 10
pile caps of crossing piles there were only two pile caps that had several cracks. Both sides of
the 4th part and all parts of the front platform had been damaged seriously, especially the 6th and
7th parts. The damage to pile caps of crossing piles is shown in Fig. 13. Damaged pile caps of
crossing piles were mainly cracked; most cracks started at the joint of the crane track girders and
cross girders, then progressed from cap top to bottom with a slope of 45°-60° inclined to
midstream. The upper width of the cracks was larger than the lower and some cracks ran
through the pile caps.
Damage to the foundation piles took place mainly on the forward inclined batter piles. The
damage is shown in Fig. 14. Damage characteristics appeared as follows: the side of the pile
body facing midstream cracked and the cracks extended to the left and right sides of the pile
body; no cracks were found on the back side of the piles.
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Generally, when a pile cap was damaged seriously then the pile body would be damaged
only slightly; if the pile cap was not damaged, the pile body would be damaged seriously.
6) No. 4 pier
1. General features
The No. 4 pier consists of 4 berths (Fig. 15). At the time of the earthquake the construction
of the No. 3 and No. 4 berths had just been completed and the back filling behind the retaining
wall was underway. All 4 berths are landing piers with approach trestles. These piers are
reinforced concrete piles with a girderless slab deck. The connecting structure next to the
approach trestles had various types of retaining walls (Table 2).
2. Earthquake damage
Due to the various types of retaining walls the degree of damage to the four berths of the
No. 4 pier were very different.
(1) The first berth
Next to the approach trestles there is a revetment wall – a cement-rubble masonry wall. At
the time of the earthquake all masonry walls together with the front approach trestles and pier
were moved forward and damaged badly.
(2) The second berth
The revetment wall of this berth is a cantilever pile with an inserted plate structure. Its
capability of resistance to slope failure is strong. Although the revetment wall was seriously
damaged the pier and trestles were damaged only slightly.
(3) The third and fourth berths
At these two berths a revetment wall was constructed only next to the approach trestle; the
other portions of the bank have a low retaining wall. When the earthquake occurred the
revetment wall behind the trestle settled and overturned backward. Only some vertical piles of
the approach trestle had been damaged. The whole pier was lightly damaged.
7) Pier for overhaul works of the Tianjin Channel Engineering Bureau
1. General features
The pier for the overhaul works is a berthing jetty with a composite structure of a reinforced
concrete girderless deck on piles. The entire length is 27.5 m and the width is 7.5 m. The
approach trestle is 21.3 m long and 7.5 m wide. Six pile bents are provided. The pier has two
wings, each wing contains two pile bents and each bent has two pair of batter piles. The pier
connects with the approach trestle in the middle. Vertical piles were installed in the approach
trestle (Fig. 16). All foundation piles are pre-stressed reinforced concrete piles with a crosssection of 40×40 cm. The vertical piles are 2,188 cm long and batter piles are 2,300 cm long.
The pile point is founded on a stiff clay strata at -18.30 m.
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The approach trestle is connected to the retaining wall which is constructed with a cementrubble masonry. The retaining wall is 1.5 m high and 11.5 m long with a base and top width of
1.3 m and 0.6 m, respectively. It is situated on the top of a rock mound.
The pier is designed for a live load of 1.5 t/m2 and for crane truck loading of 5 t. It can berth
a tugboat and a dredger.
The condition of soil horizon for this area is shown in Table 10.
Starting from the depth of -1.84 to -5.54 m is a strata of clay loam. The penetration blow
number is 1-5 so it belongs to liquefiable soil.
The construction of this pier started in the fourth quarter of 1966. The piling work was
finished before the end of that year. Some of the deck slab of the approach trestle had been
installed, while the deck slab on the pier had not. In order to survive through the winter, round
timbers and 8# steel wire were used to bind and strengthen the piles. After the freezing period in
the following year, because of the impact of floating ice, the foundation piles inclined. After
inspection it was found that there existed cracks on the piles at a level from 2 m to 4 m above the
subsurface of mud. Some had already broken. The methods used to save them were: straighten
up the piles; for those piles that had cracks or had been broken concrete was used to repair and
strengthen them; so damage already existed before the completion of the work. But the pier was
used normally until the earthquake.
2. Earthquake damage
When the earthquake occurred a dredger was berthed in front of the pier but there was no
load on the pier slab.
(1) Bank slope
Within a 60 meter range of the pier water and sand erupted from the ground at several places.
The bank slope slid seriously. There were lots of fissures parallel to the bank. The largest one
was about 100 cm wide. Many cracks crossed the wharf area to the workshop road, which
caused crosswise cracks on the concrete pavement every several meters.
(2) Upper part of the structure
The whole pier had moved forward and inclined and the deformation was great. The upper
structure was damaged so seriously that the slope of the deck changed from 5% to 10% incline
towards the river after the earthquake. The back of the decking of the two wings bent upwards,
which was higher than the deck of the approach trestle by about 30-55 cm. At the second and
fifth bent the deck was broken; there were radial cracks on it, the largest one was 20 mm wide.
The reinforced concrete close plates in front of the pier changed from vertical to a slope of 1:12
and inclined towards the river. There were several oblique cracks on the plate and the upstream
side of the plate was seriously damaged. The widest crack was 102 mm, the reinforcement bar
was broken.
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(3) Piles
All the piles of the pier were damaged to various degrees. Crossing piles experienced serious
damage in which the batter piles that inclined towards the river broke away from the pile cap i.e.,
the #6, #7 pile in the first bent, the #6 pile in the fifth bent, and the #6, #7 piles in the sixth bent
(Fig. 16). All batter piles were damaged seriously except for the #6 inclined forward batter pile
in the second bent, which was lightly damaged.
All the vertical piles were in the third and the fourth bents. The part of the vertical pile
shafts which was above water (#1 and #3 pile) was damaged slightly but it experienced a
forward sliding together from the sliding of the bank slope. But the #4 to #7 piles all inclined
seriously. There were cracks on the riverside of the pile shaft of the #4 and #5 piles, and the
concrete was damaged by the spalling at the back of the pile shaft. The deck had been pushed up
and split at the #5 vertical pile at the joint of the approach trestle and pier.
(4) Retaining wall
The retaining wall, which connected the approach trestle, moved forward horizontally. The
body of the wall was basically in good condition except there were two cracks at the top of the
wall.
After the earthquake the pier was out of use for some time.
IV. Examples of Earthquake Damage to Sheet Pile Bulkheads
1) Chentangzhuang Terminal for the Ocean Fishing Company
1. General features
This bulkhead, which was completed in 1965, has an entire length of 240.9 m.
This bulkhead is an anchored pre-stressed concrete sheet pile type structure (Fig. 17). The
imbedded depth of the sheet piles was 6 m and they were capped with cast-in-place reinforced
concrete beams. The anchoring system consists of 50φ mm steel anchor rods and reinforced
concrete sheet pile. The rods are placed at 2.0 m intervals. The designed normal water level is
at 2.75 m and the designed lower water level at 2.0 m. The bottom elevation in front of the
bulkhead is -2.5 m.
After construction it was noticed that sand was leaking through the gaps between sheet piles.
In addition, the original bottom elevation in front of the bulkhead was -2.5 m but due to erosion
from running water the bottom elevation fell to -4.0 m at the time of the earthquake so the depth
of burying sheet piles was 4.5 m instead of 6 m.
2. Earthquake damage
(1) Sand and water erupted in many places
After the earthquake sand and water erupted around the bulkhead wharf; at the downstream
end of the wharf there were 16 such places. By borehole surveying: above -6.0 m the soil is a
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clayey loam, which belongs to the liquefied soil. The steel pile wall and anchoring system were
all constructed in this stratum.
(2) The apron moved outward and the sheet pile wall inclined forward
The whole sheet pile quay wall inclined forward and the horizontal displacement of the top
of the wall was 10 cm to 20 cm. At the downstream side of the wharf there was a 20 m segment
whose outward displacement was about 30 cm. It was noticed that when the earthquake
occurred, in this segment at a distance 1.5 m away from the front line, there were five layers of
concrete sheet piles (26×50×1130 cm), which had been left there after the construction.
(3) Cracks on the wharf surface, a concrete “dead-man” wall moved forward
Two cracks existed about 10 cm wide parallel to the riverbank; one was in front of a “deadman” wall about 3-5 meters and the other at the back. The “dead-man” wall moved forward.
(4) The wharf surface subsided and damaged a fish shed
Subsidence of the wharf surface ranged from 20 cm to 30 cm, the largest reached 40 cm.
Due to the wharf inclining forward and the wharf surface non-uniformly subsiding, the fish
shed, which was set up on the downstream side of the bulkhead wharf, was seriously damaged.
The concrete ground surface at the fish shed had cracks parallel to the riverbank, the cracked
slab rose and fell unevenly. Brick posts were used for the shed, which had concrete thin-webbed
girders and a deck slab. After the earthquake, due to the shear force, there existed fractures at
the toe of all brick posts.
Because there was no investigation the condition of the tie rod and the anchoring system is
unknown.
2) Repair wharf for Xinhe Shipyard
1. General features
This dock is located in the Xinhe Shipyard. Formerly, it was a wood pile revetment wall; in
1968 it was reconstructed into a bulkhead wharf with a length of 124.4 m.
This bulkhead wharf is an anchored pre-stressed I-shaped sheet pile structure (Fig. 18). A
reinforced concrete cast-in-place capping beam was provided at the top of the wall. The
anchoring system consists of pre-stressed reinforced concrete piles; the spacing is about 80 cm.
Steel tie rods are 50φ and are installed at 2.4 m center to center. The design high water level is
+3.5 m and the design low water level is +1.7 m; the bottom elevation in front of the wharf is
-4.5 m. The depth imbedded of the sheet piles was 7.3 m.
During construction 2 m of original bank soil was dredged out replaced with a 50 cm thick
layer of sand and then backfilled with 4-6 cm of waste stone ballast at the back of the sheet pile
wall.
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2. Earthquake damage
After the earthquake the bulkhead wharf was basically in good condition. There was no
deformation. There were no cracks or subsidence of the wharf slab.
Around this bulkhead wharf area sand and water erupted at more than 280 places during the
earthquake. The workshop and lots of buildings were damaged to various degrees. A
neighboring beam-slab pile structure wharf with a length of 147 m was also damaged. Its
retaining wall subsided about 15 cm and most of the forward inclined batter piles had ring
shaped cracks or had broken; most of the crossing pile caps had cracks.
3) Repair of wharf for the First Navigational Engineering Bureau Shipyard
1. General features
This is a marginal bulkhead wharf with an entire length of 193 m. It was constructed in
1975.
This bulkhead wharf is an anchored sheet pile structure (Fig. 19). The wharf is divided into
three parts: east, middle, and west.
The east part of the wharf is 53 m long and was constructed with different types of steel sheet
piles. The piles vary from 8, 10, 13 to 14 meters in length. The elevation of the pile toe is
-4.8 m to -10.8 m. The designed elevation of the dredged bottom in front of the wharf of this
part is -1.0 m. It became -0.4 to -1.0 m when the earthquake occurred.
The middle part of the wharf is 105 m long and was constructed with a Larssen IV type steel
sheet piles with lengths ranging from 15 m to 18 m and the pile toe is at -11.8 m to -14.8 m. The
design elevation of the dredged bottom in front of the wharf was -3.0 m and it became -1.0 m to
-2.0 m when the earthquake occurred.
The west part of the wharf is 35 m long and was constructed with reinforced concrete sheet
piles. The length of the pile is the same as that of the middle part. The bottom elevation in front
of the wharf is at -3.0 m. The anchoring system consists of a 3.7 m long anchor plate and 50φ
steel tie rods at 1.81 m center to center. A reinforced concrete capping beam provided at the top
of the sheet piling.
The design HWL is at 3.5 m and the design LWL is at 1.0 m. The water level was at 2.0 m
when the earthquake occurred.
When the earthquake occurred the placement of the fill had not been finished in the east part
of the wharf and in some segments of the middle part. The elevation of the soil fill had already
reached the bottom of the pipe chase in the capping beam.
2. Earthquake damage
This wharf was damaged quite seriously.
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(1) Sand and water erupted in many places around the wharf
After the earthquake sand and water erupted at more than 200 places in the factory area. The
boring log shows that at an elevation from 4.0 m to 3.0 m, from -0.5 m to -1.0 m and from -3.0 to
-5.5 m there were sandy loam formations. The penetration blow number was less than 10 so it
belonged to liquefied soil. These three strata are just behind the sheet pile wall and in the range
of the embedded depth of the sheet pile.
(2) The apron moved outward and the sheet pile inclined forward
When the earthquake occurred a tugboat with a dead weight of 650 t was berthing in front of
the bulkhead. Due to vibration the steel mooring hawser of the tugboat which was fastened onto
the bollard.
After the earthquake a sheet pile wall began to incline towards the river. About three hours
after the earthquake the horizontal displacement of the top of the sheet pile wall was about
10 cm. Hereafter, the middle part of the wharf continued to incline forward. On the fourteenth
day after the earthquake the largest displacement of the wharf line reached 1.14 m. The
previously straight wharf line became curved (Fig. 20). The displacement was larger in the
middle part than at the two ends. The sheet pile wall inclined forward seriously, the inclined
slope of the capping beam, which was on top of the wall, was about 6°.
(3) The wharf surface cracked, the anchor plate inclined forward
After the earthquake the sheet pile wall moved and inclined forward. There were three
obvious cracks on the surface of the wharf, which paralleled the riverbank. One crack was at a
distance of 1 - 2 m from the apron line of the wharf and was 10 - 20 cm wide. Another crack
was near the anchor plate top with a width of 15 cm. The third one was at a distance of 20 30 m from the wharf apron line behind the anchor plate.
After the earthquake, in order to do the investigation, some parts of the bulkhead wharf had
to be excavated. It was seen that the connection of the tie rod with the sheet pile wall and with
the anchor plate was in good condition. The tie rod was in a state of tension stress; the amount
of forward displacement of the sheet pile wall was larger than that of the anchor plate. The
capping beam of the anchor plate became inclined. Because the forward displacement of the
entire wharf was different the concrete pavement at the back of the sheet pile wall rose about 20
cm due to compression. The repair shop at the rear of the wharf was also damaged seriously.
(Translator: Qiu Ju)
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Table 1. Structure of the main sheet pile bulkheads on the bank of the Haihe River.
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concrete
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Construction
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26
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Dimensions of Dock
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Full
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of
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57

38
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Full
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50×50

40×40

40×40
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Section
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Table 2. Structure of main piled docks on the bank of the Haihe River.
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Frontier
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concrete
girderless
deck

wharf, piled
structure with
reinforced
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Table 2. Continued.
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4.00
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long
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Name of
Dock

No. 9 Wharf

No. 10
Wharf

Fishery
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Number

11

12
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Tanggu
District

Tanggu
District

Tanggu
District

Position
of Dock
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structure with
reinforced
concrete
girderless
deck

wharf,
reinforced
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beam and
slab structure
on piles

wharf,
reinforced
concrete
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structure on
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Construction

34.00
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(m)

7.50
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9.00
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Number
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65
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8
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−2.50

Dimensions of Dock
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14
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130

Full
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Spacing
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constructed
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concrete
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wall; earth
slope 1:2.5

reinforced
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Structure
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with Bank
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Cold
Storage
Wharf

Fishing
Company
Wharf

Yujiapu
Foreign
Trade
Terminal

14

15

16

Number

Name of
Dock

Tanggu
District

Tanggu
District

Tanggu
District

Position
of Dock

1970
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Construction
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wharf, piled
structure with
reinforced
concrete
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pier, piled
structure with
reinforced
concrete
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wharf, piled
structure with
reinforced
concrete
girderless
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Type of Dock
Construction

102.02

90.50

95.00
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(m)

21.00

11.50

17.50
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(m)

Number
of Pile
Bent
20

21

18
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in Front
(m)
−4.50

−2.00

−3.50

Dimensions of Dock
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59

57

72

Full
Number
of
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26

36

30

Full
Number
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40×40
50×50

40×40
50×50

45×45

Cross
Section
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23.40
24.40

21.70
24.50

23.30
24.90

Length
of Pile
(m)

6.00

4.50

5.00

Pile
Spacing

concrete
retaining
wall; earth
slope 1:2.0

retaining
wall
constructed
with wood
piles with
plug board;
earth slope
1:3.0

concrete
retaining
wall; earth
slope 1:3.0

Structure
Connected
with Bank
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Berth 1 of
No. 4 Pier

Berth 2 of
No. 4 Pier

Berth 3 of
No. 4 Pier

17

18

19

Number

Name of
Dock

Tanggu
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Tanggu
District

Tanggu
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1974

1965
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girderless
deck
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pier, piled
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reinforced
concrete
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Type of Dock
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(m)

7.50

7.50

7.50
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(m)

Number
of Pile
Bent
21
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32
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(m)
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−4.20

Dimensions of Dock
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62

47

55

Full
Number
of
Vertical
Pile

32

32

31

Full
Number
of Batter
Pile

50×50

40×40

40×40

Cross
Section
of Pile
(cm×cm)

21.80
24.80

21.80
24.80

23.50

Length
of Pile
(m)

5.50

4.50

4.50

Pile
Spacing

next to the
approach
trestle
there is a
concrete
retaining
wall; earth
slope 1:2.5

vertical
reinforced
concrete
piles with
horizontal
plug board

cement
rubble
retaining
wall

Structure
Connected
with Bank
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Berth 4 of
No. 4 Pier

Wharf for
Overhaul
Works of
the CEB

Working
Craft
Terminal for
the FNED

20

22

23

Number

Name of
Dock

1967

1968

Tanggu
District

1975

Construction
Year

Tanggu
District

Tanggu
District

Position
of Dock

pier, piled
structure with
reinforced
concrete
girderless
deck

pier, piled
structure with
reinforced
concrete
girderless
deck

pier, piled
structure with
reinforced
concrete
girderless
deck

Type of Dock
Construction

7.50

5.50

69.52

7.5

Width
(m)

27.50

99.13

Length
(m)

Number
of Pile
Bent
20

6

15

Bottom
Elevation
in Front
(m)
−3.70

−3.50

−2.00

Dimensions of Dock

Table 2. Continued.

36

15

43

Full
Number
of
Vertical
Pile

8

15

22

Full
Number
of Batter
Pile

40×40

40×40

50×50

Cross
Section
of Pile
(cm×cm)

18.40
21.90

21.00
23.00

21.80
24.80

Length
of Pile
(m)

3.50

4.50

5.50

Pile
Spacing

cement
rubble
masonry
retaining
wall

next to the
approach
trestle
there is a
cementrubble
masonry
retaining
wall, earth
slope 1:3.0

next to the
approach
trestle
there is a
concrete
retaining
wall; earth
slope 1:2.5

Structure
Connected
with Bank

602
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Table 3. General damage to main sheet pile bulkheads on the bank of the Haihe River.

Number

Name of Dock

Rank of
Damage

Sheet Pile Wall

Anchor Structure

1

Liulin Wharf of
CEB

B

upstream part of the wharf
100 m in length was
undamaged; at the
downstream part the sheet
pile wall inclined, wharf
surface subsided

there were ground
fissures both in
front and behind the
anchor wall

2

Chentangzhuang
Terminal for Ocean
Fishing Company

B

the wall inclined about
10-20 cm in width, the
biggest one reached
30 cm; wharf surface
subsided 20-30 cm

there were ground
fissures both in
front and behind the
anchor wall, the
width of fissures
was about 10 cm

7

Repair Wharf of
Xinhe Shipyard

A

undamaged

undamaged

21

Repair Wharf of the
FNEB Shipyard

D

sheet pile wall displaced
forward, the largest
displacement reached
1.14 m; sheet pile wall
inclined forward, inclined
slope was 10:1

anchor sheet pile
moved forward one
meter

Terminal for
Oil Storage
Office

Xinhe
External
Transport
Terminal

Equipment
Wharf for
Shipyard

Old Wharf of
Xinhe
Shipyard

Frontier
Station
Wharf

No. 8 Wharf

Customs
Wharf

No. 9 Wharf

No. 10 Wharf

Fishery
Wharf

Cold Storage
Wharf

Fishing
Company
wharf

3

4

5

6

8

9

10

11

12

13

14

15

Number

Name of
Dock

15
18

C

6

69

65

4

64

D

A

C

B

B

C

D

6

27

C

B

19

Total

D

B

Rank of
Damage

11

0

2

4

6

0

16

0

1

0

0

1

4

17

39

2

9

0

0

1

5

0

0

48

20

2

32

0

20

10

Crossing Pile (couple)
Slightly
Undamaged
Damaged
Damaged

2

14

0

0

0

0

17

6

6

8

Seriously
Damaged

57

65

14

138

130

10

260

32

92

116

Total

40

37

14

138

130

6

185

1

91

79

2

3

0

0

0

4

14

12

1

9

2

14

0

0

0

0

61

13

0

10

Vertical Pile (single)
Slightly
Undamaged
Damaged
Damaged

11

0

0

0

0

0

6

0

18

Seriously
Damaged

Table 4. General damage to the main pile docks on the bank of the Haihe River.

seriously
damaged

undamaged

undamaged

undamaged

slightly
damaged

slightly
damaged

damaged

damaged

damaged

Upper
Structure

seriously
damaged

slightly
damaged

slightly
damaged

undamaged

damaged

undamaged

damaged

seriously
damaged

seriously
damaged

Retaining
Works
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Berth 1 of
No. 4 Pier

Berth 2 of
No. 4 Pier

Berth 3 of
No. 4 Pier

Berth 4 of
No. 4 Pier

Wharf for
Overhaul
Works of the
CEB

Working
Craft
Terminal for
the FNED

17

18

19

20

22

23

A

D

B

B

B

8

11

16

16

16

6

D

C

Total

Rank of
Damage

0

2

10

6

3

0

undamaged

0

1

1

2

1

0

1

8

5

7

2

0

Crossing Pile (couple)
Slightly
Undamaged
Damaged
Damaged

7

0

0

1

10

6

Seriously
Damaged

Damage degree of piles: slightly damaged – width of crack <0.5 mm
damaged – width of crack 0.5 – 5 mm
seriously damaged – width of crack >5 mm

Yujiapu
foreign trade
terminal
(upstream
part)

16

Number

Name of
Dock

14

43

71

54

54

30

Total

Table 4. Continued.

0

32

64

34

14

0

undamaged

4

0

0

2

12

8

3

1

0

6

8

5

Vertical Pile (single)
Slightly
Undamaged
Damaged
Damaged

7

10

7

12

20

13

Seriously
Damaged

undamaged

seriously
damaged

undamaged

slightly
damaged

undamaged

damaged

undamaged

Upper
Structure

undamaged

slightly
damaged

damaged

damaged

damaged

damaged

damaged

Retaining
Works

605
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Table 5. Circumstances of gaps between the pile cap and bottom of the deck.
Maximum Gap Between Pile Cap and Deck
(mm)
No. of Bent

Inclination of Pile

On the Bank Side

On the River Side

1-6

towards bank

310.0

1.5

7-14

towards river

2.5

195.0

15

upright

0.0

0.0

16-26

towards river

20.0

420.0

Table 6. Geological boring information of Yujiapu Foreign Trade Terminal.
Quick Shear
Test

Water
Content
(%)

Bulk
Unit
Weight
(g/cm3)

Void
Ratio

Plasticity
Index

+0.07 to -6.50
silty clay loam
with sandwich
of silty sand

41.0

1.78

1.15

13.1

-6.50 to -12.60
clay

46.2

1.77

1.26

20.9

-12.60 to -20.10
clay loam

26.9

1.98

0.74

11.4

Ground Soil
Strata

Consolidated
Quick Shear
Test

ϕ

C

ϕ

C

20°

0.18

25°

0.08

1.15

7°

0.22

12°

0.19

1.00

20°

0.15

26°

0.13

Consistency
1.83

Note: Below −20.1 m is the compact sand strata.
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Table 7. Pile cracks at Yujiapu FTT (upstream part of the wharf).

Total

Number of
Damages

inclined towards
river batter piles

4

inclined towards
bank batter piles

Category of Pile

Number of Piles with Different Crack Widths
δ (mm)
δ ≤ 0.5

0.5 < δ ≤ 5

δ>5

4

0

0

4

8

8

0

0

8

pile cap of crossing piles

6

6

0

1

5

vertical piles

30

29

13

3

13

pile cap of vertical piles

30

15

5

6

4

crossing
pile

Table 8. Pile cracks at the No. 9 Wharf.
Number of Piles with Different Width of Cracks
(δ) (mm)
Category of Piles
inclined
towards
river batter
pile

connection of
the pile and
platform

Damaged
Number

δ=0

δ ≤ 0.5

0.5 < δ ≤ 2

2<δ≤5

Total

%

6

35

15

4

65

59

4

1

0

on pile body

90.7%

inclined towards the bank
batter piles

0

0

0

0

66

0

vertical piles

0

0

0

0

130

0

Note:

Among the 35 piles (crack δ ≤ 0.5 mm) there were three
piles which had cracks δ < 0.5 mm on their bodies also.
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Table 9. Damage statistic of the pile caps and piles at the front platform of the No. 10 Wharf.
Number
Category of Members

Total

of
Damage

(%)

Number of Member with Different Crack Width
δ (mm)
I
δ=0

II
δ ≤ 0.5

III
0.5 < δ ≤ 2

IV
2<δ≤5

inclined
towards
river batter
piles

69

54
78.26

15

31

20

3

inclined
towards
bank batter
piles

84

9
10.71

75

2

5

2

pile cape of crossing
piles

69

25

8

19

17

vertical piles

138

44
63.77
3
2.17

135

3

0

0

pile cap of vertical piles

138

138

0

0

0

crossing
piles

0

Table 10. The condition of the soil horizon at the pier for Overhaul Works of T. C. E. B.
Elevation (m)

Name of Soil Horizon

+5.06 to −1.84

sandy clay

−1.84 to −5.54

clayey loam with silty sand strata

−5.54 to −6.79

sandy clay

−6.79 to −12.44

clay silty sand

−12.44 to −18.94

sandy clay

−18.94 to −20.34

clay
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Photo 1. The upstream part of the wharf displaced
forward and inclined at the Yujiapu Terminal.

Photo 2. The No. 6 crossing piles of the upstream part
of the wharf were damaged at the Yujiapu Terminal. (by
Jin Guangluo)

Photo 3. The No. 8 crossing piles of the upstream part
of the wharf were damaged at the Yujiapu Terminal. (by
Jin Guangluo)

Photo 4. The first vertical pile of the No. 8 frame of the
upstream part of the wharf was damaged. (by Jin
Guangluo)
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Photo 5. The horizontal staggered joint between the
upstream and downstream part of the FIS pier was about
60 cm; the vertical staggered joint was about 30 cm.

Photo 6. The pile cap of the No. 8−2 crossing pile of the
FIS pier broke; the inclined riverward batter pile leaned
forward.

Photo 7. The pile cap of No. 17−2 inclined backward
batter pile steepened. FIS pier.

Photo 8. The pile cap of the No. 8−12 crossing pile
cracked at the FIS pier.
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Figure 1. Position of main docks on the banks of the Haihe River, Tanggu District.

Figure 2. Cross section of the Xinhe external transport terminal (in m).
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Figure 3. Pile layout of the Xinhe external transport terminal (in m).

Figure 4. A sketch of damage to the Xinhe external transport terminal (in m).

Figure 5. A sketch of damage to the Xinhe external transport terminal (in m).
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(The dotted lines show the original situation of members)

Figure 6. Plan of the Yujiapu foreign trade terminal (in m).

Figure 7. Cross section of the Yujiapu foreign trade terminal (in m).
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Figure 8. Plan of the Frontier Station Pier layout.

Figure 9. Cross section of the Frontier Station Pier (in m).
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Figure 10. State of pier displacements and cracks of pier decking at the FIS pier (in mm).

Figure 11. Cross section of the No. 9 wharf (in m).
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Figure 12. Cross section of the No. 10 wharf (in m).

Figure 13. Cracks of pile caps of crossing pile at the front platform of the No. 10 wharf (in m)

617

Figure 14. Crack state of pile at the front platform of the No. 10 wharf.
(Classification of crack width is the same standard with Fig. 13)

Figure 15. Plan of the No. 4 pier of the Tianjin Channel Bureau (in m).

618

Figure 16. Plan of the pier for the Overhaul Works of TCEB and pile layout (in m).
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Figure 17. Cross section of the Chentangzhuang Terminal for the OFC (in m).

Figure 18. Cross section of the repair wharf for the Xinhe shipyard (in m).

620

Figure 19. Cross section of the wharf for the FNEB shipyard (in m).

Figure 20. Displacement diagram of apron line of the wharf for the FNEB shipyard.
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EARTHQUAKE DAMAGE TO BANK SLOPES
AT THE MOUTH OF THE HAIHE RIVER
Pan Pinzheng, Zhang Xueyan and Yang Jinxian*

I. Background of Engineering Geology
Located in the Tanggu area about 50 km east of Tianjin City is the mouth of the Haihe River.
It is characterized by deeply buried bedrock, flat and depressed topography, well developed
meanders and widely distributed old channels. The sediments at the mouth are dominated by
beach and alluvial deposits of an estuary delta.
From the surface of the land down to the lower soil, at the mouth of the Haihe River, it is
mainly composed of silty clay, clay, silty sand, fine sand and silt, and can be generally divided
into several layers as follows:
1. Artificial filled land – The dominant fill soil is silty clay and the secondary is
miscellaneous soil.
2. Gray-brown silty clay – This layer covers an extensive area and is 3.5 to 7.0 m thick. It
was deposited in the shallow water area of the sea facies in Holocene with a bedded structure.
The intercalated sand layer, which contains smelly organic materials and shells, is in a silty state
with median sensitivity.
3. Gray-brown silty clay – This layer covers an extensive area also and is 7 to 8 m thick. It
was deposited in the deep-water area of the sea facies in Holocene with a bedded structure
intercalating thin sand layer. The soil is of a homogeneous nature and in a plastic and soft
plastic state with small water permeability belonging to clay of high sensitivity.
4. Yellow-brown silty clay – This layer is 5 to 6 m thick and is of an alluvial deposit of
estuary delta in Holocene with a distinct bedded structure in a normal pressure and density state.
A layer of silty sand exists at an elevation of -14.0 to -15.0 m in most of the area. The soil is
plastic and of good quality.
5. Yellow-brown silty sand and silty-fine sand layer – This layer covers an extensive area
with large thickness and is an alluvial delta deposit in Holocene with a distinct cross-bedded
structure and intercalated clay layer lens. Its density is medium. The fine sand layer is a good
bearing layer for pile footings.
The main indexes of the properties of the layers mentioned above are listed in Table 1.
In general, the natural slope gradient of both banks on the Haihe River is at a ratio of 1:3 to
1:4. The artificial slope gradient of the protection bank made with stone is at a ratio of 1:1.5 for

* Tianjin University

622

a normal bank and 1:2 to 1:3 for the bank under the dock. Both the natural and artificial bank
slopes were stable before the earthquake.
II. Earthquake Damage
As a small island the estuary between the right upper reaches of the Haihe gate and to the left
of the diversion channel of the Yuchuan lock is situated at the mouth of the Haihe River. Soil
beneath the land surface 3 to 4 m thick is mainly wind blown soil and the filled soil during
construction of the Haihe and Yuchan locks. After the earthquake the bank slopes were
seriously damaged, sliding towards the Haihe River and the diversion channel respectively
within a distance of 30 to 40 m from the banks. There were three to ten ground cracks parallel to
the banks with a maximum width of up to 80 cm and a maximum length of over 1,000 m. The
surface of the land generally subsided 20 to 40 cm with waterspouts and sandboils in many
places (Fig. 1).
(1) The left bank at the lower reaches of the Yuchuan lock
The diversion channel located at the lower reaches of the Yuchuan lock had just been
dredged before the earthquake. The design slopes were at a ratio of 1:2 and the river bottom
elevation was -3.0 m. The dredging that was conducted, in fact, was not according to the ratio of
1:2 and the dredged depth reached -3.5 m, about a half meter more than the design value. After
dredging a natural collapse occurred on both banks of the channel.
Several ground cracks parallel to the bank as wide as 20 cm occurred near Yanhe Road on
the left bank of the diversion channel after the July 28, 1976 earthquake. Since then, the ground
cracks continued to develop and more than 20 cracks, with a maximum width of 80 cm and
maximum length of over 1,000 m, developed in the area from Yanhe Road to around the Institute
of Marine Petroleum Exploration Bureau until more than ten days after the earthquake. The
height difference between the sides of the cracks parallel to the bank on the bituminous road
along the bank was up to 40 cm. The geological research building about 40 m away from the
bank slid 70 cm towards the bank, and another building about 70 m away from the bank slid
40 cm towards the bank. Both buildings subsided 30 to 40 cm but the tilting and damage to the
buildings was not serious (Fig. 2). There were many waterspouts and sandboils in the vicinity of
the two buildings. The small dock for the ice refinery of marine fisheries slid with the
movement of the bank slope; the straight stakes under the dock tilted considerably and moved
towards the center of the river and the first gangplank near the bank fell and broke.
(2) The right bank at the upper reaches of the Haihe gate
There was a protection bank laid with a ratio of 1:2 on the slope along the right bank at the
upper reaches of the Haihe gate. After the earthquake the protection bank was basically intact
but the slope moved. On the bituminous road along the river occurred three to five ground
cracks parallel to the bank with a width of 5 to 15 cm and extended to the two adjacent docks.
At the living quarters the ground cracks passed through several brick-concrete buildings of the
Marine Petroleum Exploration Bureau and subsided by about more than 20 cm. Three cracks
from the foundation to the top of the building, with a maximum width of up to 10 cm, were
found in the middle unit of the No. 11 building. The beam of the stairs’ balcony was pulled out
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from the wall (Fig. 3). The No. 12 and No. 13 buildings adjacent to building No. 11 were
slightly damaged (there were two rows of steel stakes in front of building No. 12).
Cracks occurred at many places on the 2.7 m high enclosing wall, which was laid with stone,
at the Shipbuilding Yard, Tianjin Navigation Channel Bureau and a part of the wall collapsed.
Located between the Xingang navigation lock and the Haihe gate on the mouth of the Haihe
River and connected to a small island at the mouth, the Marine Petroleum Exploration Bureau
Base (originally the Marine Petroleum Exploration Headquarters) is a long and narrow estuarine
islet of recent sediments. Its soil belongs to softer silty clay.
Many ground cracks parallel to the bank were found at the Base along both the east and west
banks. The ground surface subsided and a large number of waterspouts and sandboils occurred
after the earthquake.
(1) Bank slopes
The bank slope near the Base’s offices on the western bank in the center of the islet (Fig. 4)
generally slid seaward by about 40 to 50 cm, and more than five ground cracks parallel to the
bank with a width of 15 to 20 cm occurred. The walls in most of the buildings, expect for a few
new ones, cracked where the ground crack passed through and the ground surface subsided to
various extents with a settlement of 30 to 40 cm. Most of the houses tilted towards the west
coast and slid to different extents.
At the dock area of the base on the east coast of the islet ground, cracks parallel to the coast
occurred and most of the straight pillars under the dock’s platform broke. The foundation of the
back edge of the platform subsided by about 20 to 30 cm. The pile foundation of an
uncompleted workshop subsided different amounts. While excavating the soil layer it was
observed that most of the concrete piles broke.
(2) Enclosure wall and foundation pit at the dock
The dock at the Marine Petroleum Exploration Bureau, which was under construction, was
situated on the east coast near the south tip of the islet at the mouth of the Haihe River. The
dock chamber was 150 m in length, 41 m in width and 8.5 m in depth, and was available to
repair 5,000 ton tankers and drilling ships. The enclosure wall outside the dock was completed
in June 1973.
The enclosure wall was constructed with piled bags of soil 3.5 m high and 5 m wide at its
top. The outside slope was at a ratio of 1:2 and was protected by a layer of stones. The
elevation of the ground inside the enclosure wall was about +1.5 m. The foundation pit was
excavated to an elevation of -6.3 m. The design slope was at a ratio of 1:4. During construction
the gradient for the local segment, about 20 m long, was changed to be at a ratio of 1:3. This
was a dangerous section. The enclosure wall and foundation pit plan, and the normal and
dangerous sections are shown in Fig. 5.
The drill data indicates that the properties of the soil layers of the foundation pit are basically
in accord with those of the Xingang area. The properties of the soil layers are listed in Table 2.
The water-bearing layer was not found during excavation of the foundation pit.
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The high tide level was +4.12 m during the magnitude 7.8 earthquake. The workers on duty
were awakened by the shock of the pump house at the foundation pit and went out to look it over
and found that ground cracks occurred on the platform at an elevation of +2.0 in the foundation
pit. The slopes of the enclosure wall and foundation pit slid immediately after the workers fled
from the pit. The pit filled with seawater within a few minutes.
A number of ground cracks were found on the beach outside the enclosure wall at ebb tide,
and many others also occurred at the site of the engine workshop, which was under construction.
The top of the foundation piles at the engine workshop all tilted and moved towards the dock
chamber, the maximum displacement to the east was up to 1.3 m and about 0.5 m to the north.
By excavating it was found that approximately 10 cracks occurred on the piles 2.85 m long under
the bearing platform with a maximum width of 10 mm. The piles all were discarded.
(Translator: Qiu Ju)

Table 1. Main properties of the soil layers
Mucky Silty
Clay

Silty Clay

Silty Clay

Fine Sand

+2.0 - −5.0

−5.0 - −13.5

−13.5 - −21.0

−21.0

33.9 - 36.9

42.5 - 48.0

26.1 - 28.6

19.2

Natural bulk density (g/cm )

1.83 - 1.85

1.76 - 1.78

1.95 - 1.97

Natural porosity ratio

0.99 - 1.02

1.20 - 1.29

0.74 - 0.78

Plastic index

1.56 - 1.70

1.89 - 21.0

12.3 - 13.9

1.06 - 1.34

1.11 - 1.28

0.77 - 0.88

Name
Item

Elevation (m)

Natural moisture content (%)
3

Liquid index
2

Compressibility coefficient (cm /kg force)

fast shear

fast shear
intensity

fast
consolidation
cross plate
lateral
unlimited

0.042 - 0.078

0.083 - 0.103

0.028 - 0.030

inner friction
angle (degree)

11 - 13

4-6

12 - 18

cohesion
(kg force/cm2)

0.12 - 0.16

0.12 - 0.15

0.15 - 0.20

inner friction
angle (degree)

19 - 21

16 - 17

23 - 25

cohesion
(kg force/cm2)

0.09 - 0.14

0.11 - 0.12

0.12 - 0.11

(kg force/cm2)



0.20 - 0.25





0.49



2

2

(kg force/cm )

Number of standard inertial driving

6

15 - 37

Moisture
Content
(%)
41.2
58.3
47.4

Elevation
(m)

+1.5 - −4.5

−4.5 - −8.4

−8.4 - −12.4

Layer of
Soil

mucky silty
clay

mucky clay

clay

1.74

1.66

1.81

Bulk
Density
ton/m3

1.31

1.61

1.14

Porosity
Ratio

44.7

52.6

31.6

Liquid
Limit

22

25.6

13.9

Plastic
Index

1.12

1.23

1.69

Liquid
Index

3

5.5

10.5

InnerFriction
Angle
(degree)

1.2

0.9

0.9

Cohesion
(ton force/m2)

Fast Shear

Table 2. Parameters of soil layers of the foundation pit.

15.6

12

26

InnerFriction
Angle
(degree)

10

1.3

0.6

Cohesion
(ton force/m2)

Fast Consolidation
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Photo 1. Sliding of the enclosure wall and foundation pit of the dock at the Marine
Petroleum Exploration Bureau after the earthquake.
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Figure 1. A sketch of a map showing sliding of bank slopes and ground cracks near the Haihe Gate and Yuchuan
lock.
(1) Small dock for the ice refiner of marine fisheries; (2) Building of the Institute of Marine Petroleum Exploration
Bureau; (3) Living quarters of the Marine Petroleum Bureau; (4) dock for the shipbuilding yard of the Tianjin
Navigation Channel Bureau; (5) Dock for the shipbuilding yard of the First Navigation Engineering Bureau under
the Ministry of Communications.
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Figure 2. A sketch of a map showing ground cracks and slope sliding around the Institute of
Marine Petroleum Exploration Bureau (ground crack width in cm).
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Figure 3. A sketch of a map showing ground cracks and bank slope sliding in the living quarters of
the Marine Petroleum Exploration Bureau.

Figure 4. A sketch of a map showing earthquake damage to the bank slope of the Marine Petroleum
Exploration Bureau Base.
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Figure 5. Plan sketch map of earthquake hazards damage to the enclosure wall and foundation pit of the dock for
the Marine Petroleum Exploration Bureau.
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CHAPTER 5:

PUBLIC WORKS

DAMAGE TO WATER SUPPLY AND SEWER WORKS
Shen Shije and Yao Chuanhong*

1. General Description
During the Tangshan earthquake the installations of water supply and sewer works in the
cities of Tangshan and Tianjin (includes Hangu and Tanggu Districts) suffered damage in
various degrees.
(1) Tangshan City
Ground water is the source of water supply in this city. The water supply system is divided
into the urban areas of Kaipin District and Dongkuang (east mine) District. The water supply
works for these urban areas and consist of 3 water plants, 27 wells and 220 km of pipeline for
water transmission and distribution. Two water source wells were set up at the water plant in
Kaipin District and 10 were set up at the water plant at the Dongkuang District Branch.
The earthquake caused 70% of the water well buildings to collapse and 80% of the pump
houses were seriously damaged. The damage rate of the pipeline was 4 places per km and the
entire water supply system was stopped by the earthquake. One week after the shock there was
still no water supply. Inhabitants took water from reservoirs, water cisterns, fish ponds, and
swimming pools for daily use. It was very difficult for medical emergency treatment.
The sewer system in this city was mostly a combined system; 24 drainage systems with a
total pipeline length of 176 km and 82 points of discharge to Douhe and Qinglonghe,
respectively. In addition, there were two pumping stations for storm water and one for combined
sewage. An 8,500 m long main conduit was inspected after the quake and 14% of it was badly
damaged. The total length of repairs was 1,190 m; 9% was slightly damaged and a total of
800 m of pipeline needed to be reinforced. Two pump houses collapsed and installed facilities
were smashed; the masonry wall of another pump house suffered serious damage.
Since the water supply network and waste water drainage systems both suffered severe
damage the quality of potable water was affected by sewage pollution.

* Beijing Municipal Engineering Design Institute
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(2) Tianjin City
Tianjin City was in an intensity VIII district. Along both sides of the Haihe River 3 water
treatment plants were set up with their water source from the Haihe River. In addition, there
were 17 well water plants with 351 deep wells which were interspersed among various districts.
The water supply network in the urban area was a ring system and in the suburb area it was
mostly a tree-like system. Bell and spigot cast iron pipes with diameters of 75-1,200 mm formed
the water mains. After the quake the water supply network suffered severe damage. Main pipes
with a diameter of 75 mm and over suffered damage at 161 places, branches at 815 places, and 4
mains under the riverbed at 2 places. The damage had cut off the water supply for 24 hours
around Zhenzhuangzi and Zhongshanmen on the eastern Haihe bank.
The sewer system in the urban area of Tianjin City consisted of 931.3 km of main conduits (a
298.5 km sewer main, a 206.3 km storm water main, a 426.5 km combined system main), and 64
pumping stations (19 for sewage, 26 for storm water, and 19 for combined systems). After the
quake a total of 5,023 m of pipeline in the districts of Hepin, Hexi, and Hedong was damaged
and accounted for 1% of the total length. Among those seriously damaged were the ellipsodalshaped pipe at Changdedao and the circular pipe on the right hand side of the Yueyahe bank.
The ellipsodal-shaped pipes cracked and the connection to the branch pipe broke. The joints of
the circular pipes opened 12 cm and uplifted 3-4 cm. The ground water carrying subsoil flowed
into the pipe and formed a depression at the ground level. The Beiyang pump house which was
located on the left hand side of the bank of the former Qiangzihe suffered the most serious
damage.
In Tanggu District of Tianjin City the water treatment plant drew water from Haihe and also
took water from 24 wells. The total length of supply main with a diameter greater than 75 cm
was 83 km. Most of them were cast iron pipes and some of them were asbestic pipe (about
6.4 km) and PVC pipe (about 1.8 km).
In Tanggu District there were numerous evidences of soil liquefaction and earth depression
during the quake thus the damage to the water network was severe. The water filter tank located
on the Haihe riverbank suffered severe damage; 14 wells broke down, 3 wells in Beitang District
were completely ruined, the water supply was cut off and drinking water had to be conveyed by
water wagons from neighborhoods. The network suffered serious damage, 332 places along the
water main pipe were damaged. The repair work lasted 1.5 months and the capacity of the water
supply reached only 50% of the pre-earthquake level.
The water supply system of Hangu in the outskirts district of Tianjin was divided into three
sub-systems: 1) five water supply stations were set up tapping ground water from 10 wells;
2) five water towers with a capacity of 100 tons each; and 3) 20 km of pipeline with a maximum
diameter of 150 mm of cast iron pipes.
Hangu District is in an intensity IX area. After the quake 6 water source wells were seriously
damaged, so there was no water supply and 5 water towers fell down. Due to liquefaction and
earth depression a total length of 20 km of pipeline network was completely inoperative. The
rate of damage reached 10 places per km with no water supply for the entire district. The supply
of water by wagon at regular intervals and locations lasted 3 months after the quake.
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Wuching County in the outskirts of Tianjin was in an intensity VII area. The water supply
system of Yanching was divided into two parts; one part was at the east bank of Beiyunhe and
the other was at the west side. Each part set up 2 water source wells, 1 water tower and a PVC
pipe network with a diameter of 50-200 mm. After the quake the brick masonry support cylinder
of the east tower cracked and inclined; one water source well collapsed; and the network was
damaged in 20 places with a 50% reduction of supply capacity.
2. Water Resource Wells
The statistical data of damage to 539 wells is described in Table 1. The wells in Tianjin,
Tangshan City, and those that were enterprise-owned are included. Excerpts of the three damage
conditions described in the table are as follows.
(1) Damage to well house structures
In a high intensity area of Tangshan City the damage to the water resource well was the
collapse of the well house structure as shown in Photos 1-5. Among the 85 well houses 52 of
them had fallen down and 57% of the installations were broken after the quake. The damage to
the well houses above ground was more serious, 59 out of the 85 total belonged to this type and
49 collapsed which accounted for 83%. At 26 semi-underground type well houses only 3 of
them collapsed.
(2) Damage to well pipes
The rate of damage to well pipes depended mainly upon the nature of the subsoil. In
Tangshan City the subsoil was comparatively compact and the damage to well pipes was mainly
due to the landslide along the Douhe bank. Some portions of concrete pipe joints were staggered
after the quake and were clogged by sand. The rate of damage to well pipes in Hangu ranked
first in Tianjin City due to liquefaction and earth depression of a large area.
In general, well pipe damage occurred within 15 m of the ground surface. Three steel well
pipes located at Douhe bank in Tangshan City broke below the ground surface at 11.5 m, 5.4 m,
and 4.5 m respectively.
(3) Changes in quantity and quality of water
After the quake in the urban areas of Tianjin City and Tanggu District the quantity of well
water suddenly dropped and became turbid, but this did not happen in the high intensity area of
Tangshan. In Hangu District most of the well houses and well pipes suffered very serious
damage but changes in quantity and quality of water could not be detected.
3. Pumping Houses
After the quake a survey of 40 pumping houses was conducted; 32 were State owned in
Tianjin and Tangshan and 8 were owned by enterprises. Due to lack of space the size of these
pumping houses were small and they were constructed semi-underground. Thus, those located in
the intensity VII area suffered no damage; those in the intensity VIII area suffered damage which
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mainly depended upon site conditions; and those in the intensity IX area suffered serious
damage.
(1) Beiyangzha pumping station in Tianjin
There were two pumping houses at this station: one was constructed semi-underground and
the other was constructed underground. They were located on the left bank of former Qianzihe.
The semi-underground one was 20 m away from the bank and the underground one was about
10 m away from the bank. The south side of this station was about 60-70 m away from the
Haihe bank. According to the boring log of the former Qianzihe bank the bearing stratum of the
pumping house was silt deposit with a natural water content of 30.8%-48%, a void ratio of 0.861.3, and a viscosity of >1.
The semi-underground pumping house was built in 1955. The underground portion was a
RC circular caisson 10 m in diameter and 3.6 m in height; the portion above ground was a
rectangular building; the main pump unit room was built at the top of the caisson with 5.03 m in
span, 7.1 m in height, RC columns at a spacing of 4.3 m; and the roof slab and beams were castin-site. The foundations of the distribution board room and transformer room were on natural
earth stratum instead of on a caisson.
The underground pumping house was built in 1955. It was a RC circular caisson 9.5 m in
diameter and 5.8 m in height. After the quake an uneven settlement of 10 cm occurred between
the caisson and natural earth foundations. The ground surface of the distribution room cracked
along the outer edge of the caisson wall; a horizontal crack occurred on the brick wall 2 m above
the ground level; the exterior wall and inner partition wall separated from each other with a crack
3 cm in width; one portion of the brick wall of the gate of the pump room became brittle and
inclined outward. The caisson of the underground pumping house inclined toward the former
Qianzihe and the outflow cast iron pipe of the pumping house was broken off 75 cm away from
the wall.
(2) The first pumping station in Weijinhe
The structure type of this station was similar to the one in Beiyangzha. The underground
portion of this semi-underground station was an RC caisson 10 m in diameter and the above
ground portion consisted of a pumping unit room, distribution room and transformer room
combined. The plan dimensions of the main machine room were 12.5 m×8.93 m. Most portions
of the building were set on the caisson with the rest set on natural subsoil with shallow footings.
The wall footings of the distribution room and transformer room were on a shallow foundation
on natural subsoil. The thickness of the brick wall was 37 cm with #50 mortar.
After the quake the ground floor of the pumping room was cracked along the outer edge of
the caisson wall. Shear cracks occurred at the upper portion of the flat brick arch lintel and
cracks 0.3 cm in width occurred at all the bearing masonry beam ends. The locations of cracks
are shown in Fig. 1.
(3) Liulin pumping station in Tianjin City
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The main pumping unit room of this station was in a rectangular building with an
underground collection basin which was made of reinforced concrete. The ground pumping unit
room was constructed with a brick bearing wall, wooden truss and tiled roof. There were 2 Φ
500 and 1 Φ400 cast iron pipes connecting the pumping unit room and the inflow grid chamber,
which was located in front of the building and made of an RC circular caisson.
After the quake 3 pipes broke at rigid joints away from the caisson wall, see Fig. 2.
(4) Intake pumping house of the Tianjin Tanggu Alkali Chemical Works
This pumping house was located along the Haihe bank with plan dimensions of 20 × 8 m.
There were two levels, the lower part was an RC intake box chamber and the upper part was a
pumping unit room with brick bearing walls and a cast-in-site RC roof slab. The outlet was 3
Φ900 mm of elevated steel pipes stretched to the riverbank and embedded there.
After the quake the intake caisson and pumping unit room suffered no damage. Since the
land of the riverbank slid toward the center line of the river the Φ900 mm pipes suffered
compressive deformation and were pushed toward the pumps and sheared the base of the pumps
(see Photos 6 and 7).
(5) Distribution pumping house of the northwest suburb water supply of the Tangshan
Water Plant
The plan dimension of this semi-underground pumping house was 21×7 m with an
underground depth of 1.5 m, a brick bearing wall, a wall thickness above ground level of 37 cm
with C5 mortar, a cast-in-site RC roof slab and floor slab. On one side it was connected to the
distribution room, its dimension was 10x4.5 m with a shallow strip foundation, a brick bearing
wall and an RC cast-in-site roof slab.
After the quake one end of the house settled, and a wall cracked (Photo 8) and formed a ring
crack on the floor and walls along the edge of the base of the first pump set (Photo 9). The outlet
pipe passing through the brick wall was rigidly jointed, thus, many cracks occurred at this
portion of brick masonry (Photo 10).
(6) Distribution pumping house of the north suburb water supply of the Tangshan Water
Plant
This newly constructed pumping house was not put into operation yet. The layout plan is
shown in Fig. 3. It was constructed above ground with a net height of 7.0 m. The pumping
machine room, distribution room, control room and workshop were adjoining rooms. The
pumping machine room was a framed structure with pre-cast RC columns, beam slabs and a
fabricated brick filler wall. The footings were rubble masonry with an embedded depth of 1.5 m.
There were no connecting steel members between the slabs and beams, beams and columns,
columns and supports. The distribution board room, control room and workshop were combined
structures; the exterior wall was a bearing wall 38 cm thick, #100 brick laid with #2.5 mixed
mortar. The window opening width was 1.5 m.
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The classification of soil at this plant site was Class 2. It was described in the boring log as
0.0-0.5 m of humus soil, 0.5-5.5 m of soft clay, and 5.5-22.5 m of fine sand. The foundation of
this pumping house was set on soft clay stratum. After the quake the whole building collapsed,
see Photo 11.
(7) Distribution pumping house of the Eastern Mining District water supply of the
Tangshan Water Plant
The plan dimensions of this semi-underground type pumping house were 24x6 m. The floor
was 1.5 m below ground level and the net height above ground level was 5 m. The RC frame
construction was cast-in-site and the thickness of the brick filler wall was 37 cm laid with #2.5
mixed mortar. There was an RC monolithic floor and the end wall was a bearing wall. After the
quake the brick wall was seriously damaged. The end wall cracked and the corner wall fell
down, see Photo 12.
(8) Distribution pumping house of the eastern water supply at the Tangshan Water Plant
The soil bearing capacity at this plant site was comparatively low. The surface was humus
soil with a 7 m soft clay layer and a 7-20 m fine sand and clay inter-bedded layer.
This pumping house was an above ground building with a plan dimension of 30×15 m. It
had a brick counterfort bearing wall 37 cm thick and a 50×50 cm counterfort at a spacing of
3.0 m, steel Fink trusses, steel purlins, and clay tile roof. The depth of the wall footings was
1.5 m with wooden piles which penetrated through the soft clay. There was an RC suction well
4.5 m in depth in the pumping house whose base was supported by wooden piles which
penetrated into the sand layer.
After the quake the floor settled 60 cm and the above ground structure cracked. The suction
pipe of the pump cut off and the masonry wall cracked but did not collapse, see Photo 13.
4. Reservoirs
After the quake an investigation was conducted on 44 reservoirs of various shapes. The
damage rate of masonry constructed reservoirs was 33% and RC constructed reservoirs was
10%; most of the damage was minor and they were available for operation. The 4,000 ton and
less capacity RC cast-in-site reservoirs located in intensity X-XI areas were still intact.
(1) Concrete settling basin at the Tianjin Paper Mill
This paper mill was located near the Haihe bank. The settling basin was constructed on
Class 3 soil. It was a rectangular, open air a semi-underground RC structure and its plan
dimensions were 65x15 m, 2.0 m embedded in depth, 1.0 m above ground height, 3,000 t in
capacity and was full of water and in operation during the quake.
Diagonal cracks occurred at the corners of the basin after the quake, see Photo 14.
(2) The settling basin at the Tangu Water Plant of Tianjin City

637

This settling basin was constructed along the Haihe bank with an earth embankment,
concrete revetment, a concrete bottom floor and perforated brick wall for inflow and outflow.
This tank was embedded 1 m in depth and 3 m above the ground with an 8,000 t capacity.
After the quake the bank of the Haihe slid down and many cracks occurred along the bank
and passed through the bottom of the basin. The crack width was 12 cm; one whole brick wall
fell down and another broke apart. A large amount of released water hit the pumping house and
nearby buildings, see Photos 15 and 16.
(3) The north suburb water supply tank of the Tangshan Water Plant
The capacity of the tank was 4,000 t. It was a pre-cast and fabricated pre-stressed concrete
circular tank; the columns, beams, and slabs were also pre-cast and fabricated; and it had a semiunderground construction with a pearlite insulating layer on the top plate. The tank was empty
during the quake.
After the shock, the lower portion of the columns were cracked with lateral displacements.
5. Underground Pipe Networks
Underground pipeline networks are vital components of public utilities. Water pipes, mostly
made of metal and pre-stressed reinforced concrete, generally have internal pressure. Some
small water pipes are made of concrete or plastic with hemp-asbestos caulking of joints. Sewage
pipes, mostly circular and made of reinforced concrete, are generally not pressured but have
gravity flow. Some large sewage conduits are made of masonry and reinforced concrete.
(1) Water supply pipe networks
Tables 2 and 3 show the damage statistic information of Φ75 mm and over diameter spigot
and socket cast iron pipes. The branch pipes in Tianjin City were Φ50 mm in diameter or less
and were galvanized steel pipes with screw joints. Due to longterm operation these screw joints
were corroded and then seriously damaged. A survey was made of 722 km of pipeline; 815
places were damaged at a rate of 1.13 places per km. Table 4 shows the damage to portions of
steel pipes, cast-in-site concrete pipes, asbestos pipes, pre-stressed and self-stressed concrete
pipes.
Several conclusions were drawn from the above mentioned information and have been
excerpted.
(i) Effect of site conditions
The assessed intensities in Tianjin City and Tanggu District were the same. With the same
spigot and socket cast iron pipes the rate of damage was 4.18 places per km in Tanggu and 0.18
places per km in Tianjin; the Tanggu area had a worse site condition than Tianjin and the
topography and physical features also affected the damage rate during the quake. Generally
pipes along a riverbank, lakeshore, or across a riverbed usually suffer the most serious damage.
Figure 4 shows the pipe across Haihe at Tianzhuang. Figure 5 shows the pipes along the
Yueyahe bank where all of them suffered serious damage. The Φ800 mm main cast iron pipe

638

along the Yueyahe slid with the riverbank toward the center of the river and all branch
connecting joints were damaged. There were more than 50 places that suffered damage for a
length of 1,600 m of pipeline.
(ii) Effect of pipe diameter
According to the damage survey of cast iron pipes in Tianjin City, the rate of damage to
mains Φ75 mm and over was 0.18 places per km and branch lines Φ50 mm and less was 1.13
places per km.
(iii) Damage to pipe joints
Table 2 shows the damage to cast iron pipes in Tianjin City. The joints between the pipes
and their accessories (bent, tee, cross, valve) which were mostly damaged accounted for 1/3 of
the total. This could have been caused mainly by the displacements of different direction,
amount, and phase.
(iv) Effect of pipe joint construction
Flexible joints with low strength asbestos cement pipes suffered no damage; rigid joints with
high strength cast iron pipes suffered more damage, see Table 4. Therefore, it is recommended
to adopt the flexible joint rather than the rigid joint.
(2) Sewer pipelines
Table 5 shows the damage to sewer pipes in Tianjin City. It can be seen that the effect of the
site condition is important and that the effect of the pipe joint construction, the connection of
pipes and other factors are also obvious.
(Translator: Peng Ruimin)
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Table 1. Classified statistics of earthquake damage to water resource wells.
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Table 2. Statistics of damage to water supply cast iron pipes in Tianjin City.
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Table 3. Statistics of damage to the water supply cast iron pipes in Tanggu District, Tianjin City.
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Table 4. Statistics of damage to different water supply pipes.
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Table 5. Damage to drainage pipes in the Tianjin Urban District.
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Photo 1. A semi-underground circular well house at the
N-W suburb water plant of the Tangshan City Water
Works.

Photo 2. An above ground rectangular well house at the
north suburb water plant of the Tangshan City Water
Works.

Photo 3. An above ground square well house at the
Dongkuang District water plant of the Tangshan City
Water Works.

Photo 4. An above ground circular well house at the
east water plant of the Tangshan City Water Works.

Photo 5. A semi-underground square well house at the
east water plant of the Tangshan City Water Works.

Photo 6. Compressive deformation of the outflow pipe
at the water intake pumping house of the Tianjin Tanggu
Alkali Chemical Works in Tianjin City.
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Photo 7. A sheared pump base at the water intake pump
house of the Tianjin Tanggu Alkali Chemical Work in
Tianjin City.

Photo 8. Cracks on a brick wall at the distribution pump
house at the north-west suburb water works of the
Tangshan Water Plant.

Photo 9. Cracks on the floor of the distribution pump
house at the north-west suburb water works of the
Tangshan Water Plant.

Photo 10. Cracks on a brick wall at the distribution
pump house at the north-west suburb water works of the
Tangshan Water Plant.

Photo 11. The collapsed distribution pump house of the
north suburb water works at the Tangshan Water Plant.

Photo 12. A brick wall at the distribution pump house of
the Eastern Mining District water works of the Tangshan
Water Plant was damaged.
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Photo 13. A suction pipe and equipment at the
distribution pumping house of the eastern water works
of the Tangshan Water Plant collapsed.

Photo 14. Diagonal cracks on the concrete
sedimentation basin at the Tianjin Paper Mill.

Photo 15. Cracks and settlement of the floor of the
sedimentation basin at the Tanggu Water Plant in
Tianjin City.

Photo 16. The wall of the sedimentation basin at the
Tanggu Water Plant in Tianjin City collapsed.
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Figure 1. Plan of the Weijinhe First Pumping Station (unit: mm).

Figure 2. Plan of the Liulin Pumping Station (unit: mm).
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Figure 3. Plan of the distribution pumping house of the north suburb water works at the Tangshan Water
Plant.

Figure 4. Damage to the Tianzhuang River crossing pipe in Tianjin City.
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Figure 5. Damage to the water supply pipeline on Yueyahe bank in Tianjin City.
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DAMAGE TO THE UNDERGROUND WATER SUPPLY
NETWORK IN THE TANGSHAN URBAN DISTRICT
Xu Dingwen*

1. General Description
The underground water supply network in the Tangshan urban area suffered serious damage
during the 1976 Great Tangshan Earthquake.
Before the shock there were two water plants and booster water wells, which supplied water
to inhabitants and to portions of the factories in the Tangshan urban district. The third water
plant was completed but not yet in operation. The large industrial and mining enterprises in this
city had their own water wells. The underground water supply distribution network in the urban
area is shown in Fig. 1. The diameters of main and branch pipelines were 20-600 mm. The
pipeline materials consisted of cast iron, steel pipe, pre-stressed concrete pipe and chemically
pre-stressed concrete pipe; most of these were cast iron pipes. They were all trench pipes with
about 1.2 m depth. Pipe fittings were made of cast iron or steel rolling slat. Valves were set in
gate chambers.
After the quake a total length of 140 km of underground water supply main and branch
pipeline suffered damage at 646 places. The average damage density in the urban area was about
4.6 places/km, the high density area with up to 10 places/km covered 5 square km; the highest
damage density was reached in a small area and had 28.4 places/km. Network and fittings
suffered damage with great variety and a detailed survey was conducted.
The quake damage was indicated by serial numbers in which 1-476 and 631-646 were
records before September 1976 and 477-630 in were May 1977.
2. Statistic Analysis
(1) Damage rate in general
Based on the topographical map, the network of underground water supply in the urban area
was divided into blocks, and each block area was 1000×800 m2. The length of pipeline, number
of damaged places and the rates were recorded on each block as shown in Table 1.
Table 1 shows that the high quake damage blocks were Nos. 1630, 1631, 1632, 1634 and
1635. The ratio between the highest rate (14.25 places/km) and the average rate (4.61
places/km) was 3.1. The ratio between the lowest (0.6-1.2 places/km) and the average was 0.130.26. The difference between the upper and lower limits of the earthquake damage rate was 1224 times.

* Environmental Engineering Department, Qinhua University
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(2) Damage rates of different pipe diameters
The damage rates of different pipe diameters are listed in Table 2. It is noted that high
damage rates occurred in pipes of diameter (mm): Φ65, Φ125, Φ350, Φ450 and Φ500. The
damage rates of Φ300 mm pipeline hit a high level of 5.3 places/km. Φ50 mm or smaller rusty
steel pipes suffered a high rate of damage. Table 3 shows different pipe diameters and the
various corresponding damage conditions. The damage rates of different damage conditions are
listed in Table 4. The large amount of damage to pipelines was cracks and breaks. The damage
rate of fittings, valves and flanges accounted for only 15%.
3. Destructiveness of the Ground Fissure Zone
(1) The first ground fissure zone
The first large surface fault displacement in the Tangshan urban area was located in the
eastern portion of the city and was nearly north-south as shown in Fig. 2. The vertical drop was
0.7 to 1.0 m and all nearby buildings collapsed.
A. North-south pipelines. There were six water supply pipelines parallel to this fault trace.
The main damage to these pipelines follows:
a) Fuxinglu, Hepinlu, Jixianglu pipelines. They were spigot and socket cast iron pipes with
hemp-asbestos cement packing joints or lead joints. The substratum was clayey soil with a water
table at about 2 m depth.
These pipelines were parallel and very near the fissure. After the quake no major damage
occurred except there was slight damage at the pipe connecting joints in Fuxinglu and Jixianglu.
b) Jixianglu pipeline. There were spigot and socket cast iron pipes with hemp chemically
pre-stressed expansive cement and hemp-asbestos cement joint packing. From the north terminal
of the pipeline at the Douhe riverbank, No. 87 to No. 253, the total length was 3,650 m with 38
damaged places in which No. 222 to No. 253, was 2,300 m in length, and had 31 damaged
places.
The south section of the Jixianglu pipeline passed the paddy field. The subsoil was mud with
a 0.5 m deep water table. Slight liquefaction took place during the quake. Due to construction
during low temperatures the quality of workmanship was poor.
Pipe joints in the north-south section of the Jixianglu pipeline were pulled out and dislocated
at Nos. 179, 221, 222, 234, 235, 243, and 244. For example, the No. 221 joint pulled out 15 cm
and dislocated 10 cm; the No. 235 joint socket cracked 30 cm in length and dislocated; the
No. 243 joint socket cracked 1.2 m in length and dislocated (see Table 5).
Damage to the west pipeline from No. 391 to No. 253 had 14 joints pulled out in sequence
with gaps that were less than 3 cm; a few of them were dislocated more than 3 cm.
The west-east No. 487 to 246 pipeline was subjected to compressive force and seriously
damaged.
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c) Wenhuananbeijie pipeline. It was 220 m in length with a Φ300 mm cast iron pipe, bell
and spigot joints, and asbestos cement packing. It had 6 damaged sections of which two were
leaking joints.
d) Chezhanlu pipeline. It was a Φ150 mm cast iron pipe, its north section Nos. 616, 291
and 585 were broken away. They were located in the northeast margin of the Tangshan
depressed zone.
B. East-west pipelines
a) Pipelines passing through fault zone. The Hanjiahoujie pipeline was a Φ150 mm cast
iron pipe with asbestos cement joint packing. After the quake the fault trace occurred at this
location. The elevation of the road surface on both sides differed by 60-70 cm. At No. 295 the
pipe broke, the lateral displacement was 1.2 m and the vertical displacement was 0.3 m.
The Φ100 mm cast iron pipe in Huayuanjie broke at the No. 319; the lateral displacement
was 1 m and vertical displacement was 0.3 m.
The Φ100 mm cast iron pipe in Yaguanlilukou was broken at the No. 204.
The No. 296 pipe break occurred at the Φ150 mm cast iron pipe at the Yonghonglu and
Hepinlu intersection. The joint was pulled out 0.3 m and the lateral displacement was 0.7 m.
The Funingjie pipelines No. 605 and 607 had circular cracks, which were repaired using
sleeves.
The No. 453 pipe break in the Φ100 mm pipeline occurred in Xiaoshandongjie.
b) Pipelines not passing through the fault zone. The Φ100 mm cast iron pipeline along the
east-west direction of Shenglilu Road did not pass through the fault zone. The damage
conditions were different from the pipelines, which passed through the fault zone as shown in
Table 6. The total length of this pipeline was 1,070 m with 20 damaged places. A large number
of joints were broken and bells cracked at a spacing of 40-60 m. Some sections bulged from
compressive force, see Photo 1.
Another east-west pipeline was at Daxiezhuangqianjie Street. The total length was 1,130 m
with 12 damaged places; most of them were breaks, see Table 7. The damage rate was smaller
than in Shenglilu.
The Φ200 mm cast iron pipeline in Liutundonghoujie with asbestos cement packed joints
also ran from east to west at the east block of the fault. There were 12 damaged places; 2 pulled
out and the rest of the joints were broken.
The Φ100 mm cast iron pipeline with asbestos cement packed joints on Qichegongsinanjie
Street located on the west side of the fault had 6 damaged places. In Shizhuangyuqingli there
were 4 damaged places on similar cast iron pipes of Φ100 m and joints.
c) Fuxinlunanduan, Jixianglukou pipelines. This was the center of the first fault zone. The
ground surface was seriously disrupted.
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The Φ300 mm cast iron pipes with chemically pre-stressed cement-hemp packed joints were
laid under the south side of the road shoulder in Jixianglu. After the quake No. 416 was
abnormally damaged. The centerline of the pipe shifted southward 1 m with 30 cm of lateral
displacement and 20 cm vertical displacement; in the 4 sections of pipe (length 16 m) there were
3 bends, 3 separated bells, and a 45° diagonal crack.
There were two joint leaks, which happened over Nos. 511, and 483 near No. 416. No. 246,
30 m west of No. 416 was a pipe break. No damage occurred to the west. At No. 487 on the
east side of No. 416 a joint pulled out 4 mm. It was similar to the damage at Hahjiahoujie and
Huayuanjie.
The southern end of the Φ150 mm Fuxin pipeline was located at the cross point of the N-S
and W-E pipelines. A radial shear-type break occurred at Nos. 217, 266, 267 and 268. They
were different from the compressive breaks in Jixianglu.
(2) The second ground fissure zone
The second and first fault zones were 1.5 km apart and their total length was over 2 km. In
Zenshenglu the zone passed between the attached hospital and Zenshengtoutiao and a Φ150 mm
cast iron pipe with asbestos cement-hemp packed joints and a total length of about 600 m
suffered serious damage, see Fig. 3. No. 543 was subjected to damage from axial compression
with 18 cm of relative displacement. On the west side of No. 543 the damage was a bell crack
but on the east side No. 560 was subjected to damage from axial tension and the bell pulled out.
In Zenshenglu damage to the pipeline was more serious than in Wenhualu which may have
been caused by the site condition.
(3) The third fault zone
The third fault zone was located northwest of the first zone about 2 km (the People’s Park to
the Culture Palace was 2 km long as shown in Fig. 4).
At the northern terminal of this zone the Φ300 mm cast iron pipeline suffered damage at
No. 580 in which an asbestos cement packed joint loosened and water leaked out. No. 417 had
damage where an asbestos cement packed joint was drawn out and the damage at No. 20 and
No. 21 had joints that were pulled out slightly but not broken.
At the southern terminal of this fissure zone the Φ100 mm cast iron pipeline Nos. 13-18 and
No. 133 suffered damage due to breaking pipes.
4. Destructiveness of Earth Slides on Bank Slopes
In the earthquake region the bank slope of rivers, canals, ponds, and low-lying areas slid
towards the water causing damage to pipes.
(1) Pipes across river
There were 7 places in the Tangshan urban area where the water supply pipes went across the
Douhe River, see Fig. 1.
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A. Leizhuang Bridge elevated steel tube
The foundation at this site was a shallow buried rock base belonging to Class I foundations.
Damage to the bridge and surrounding buildings was slight so no damage occurred to elevated
tubes.
B. Pipeline on Shengli Bridge
After the M7.8 and M7.1 earthquakes this bridge and the Φ300 mm cast iron pipes which
were on the south side of the bridge deck collapsed simultaneously.
C. Steel pipe on Limin Bridge
It was an RC bridge, and the Φ150 mm steel pipe was put on the south side of the bridge
deck, the layout plan is shown in Fig. 5. Due to landslide of the bank slope at the west bank pipe
joint Nos. 289, 182 and 620 were pulled out. The No. 182 tee and sleeve were pulled off causing
the pulling of joint No. 411. The pulling direction of No. 289 was the same as the landslide and
the pull out was 15 cm. The damage to No. 143 on the east bank was the same as those on the
west bank.
D. The north section of the Jixianglu pipeline across the Douhe River
It was a skew inverted siphon across the Douhe River, see Fig. 6. Due to landslide of the
bank slope at the south bank the No. 88, 87 and 86 joints were pulled out and had a few cracks
on the Φ50 mm branch pipe (Nos. 434, 218, 239). Nos. 72 and 66 on the north bank were
broken at the bell joint. The bent inverted siphon pipes suffered damage at Nos. 88 and 72. No
damage occurred to the horizontal pipes on the riverbed.
E. Dahongqiao Bridge pipeline across the Douhe River
The Φ300 mm cast iron pipe crossed the Douhe River southwest of the Dahongqiao water
plant. Due to landslide of the riverbank the No. 248 and 444 valves at both banks pulled apart
and the bend pipe of the siphon, No. 445, was broken and joint No. 570 was pulled out, see
Fig. 7.
The horizontal cast iron pipes of the siphon were laid inside the existing RC pipes under the
riverbed. Both pipes were damaged after the shock.
F. Pipeline across the Douhe River on the north side of the Huaxin Railway Bridge
The damage conditions are shown in Fig. 8. The bent pipes of the inverted siphon were
broken. At the north side of the Φ400×45° the welded steel elbow was dislocated about 300 mm
and completely broken (No. 30). The connecting cast iron bell had a cracked elbow 300 mm
long and 200 mm wide (No. 31). The 3 Φ400 mm gate valves No. 539 were loose. At the south
side of the bridge the bend (a portion of inverted siphon) on the riverbank at the west pumping
house was broken i.e., No. 196. The discharge valves, flange and socket (No. 201), flange and
spigot (No. 48), and water meter (No. 29) were broken. There was no damage to the horizontal
pipes which were laid on the riverbed.
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G. Pipeline across the Douhe River south of Shengli Bridge
This was a Φ100 mm steel pipeline 40 m south of the bridge laid in a fine sand layer in the
riverbed. Due to the bank slope slide there were two places at the central part of the river where
the pipe was raised. One was like a siphon with a height up to about 2.5 m (Photo 2).
(2) Pipeline along riverbank
The pipelines along the banks of the Douhe River were concentrated between Limin Bridge
and Huaxin Steel Bridge. At Huaxin Bridge the Φ400 mm cast iron pipeline along the Douhe
riverbank was laid with hemp chemically pre-stressed cement joint packing. Due to the
landslide of the bank slope the ground surface was depressed over a length of 45 m and the pipe
was damaged at 11 places (Nos. 212, 467-476), and the accumulated dislocation was 1.4 m
(Fig. 9). The pipeline at the Dachengshan hillside suffered more damage than those at Huaxin
Bridge.
(3) Pipelines along the banks of ponds and low-lying land
A. Damage No. 68
A Φ400 mm cast iron pipeline with asbestos cement joint packing was laid along side the
city road in front of the boiler factory. There was a large area of low land 2 from the pipeline; its
bottom was about 2 m lower than the pipe bottom (Fig. 10). After the shock the bell was broken
and a 2.6 m longitudinal crack occurred on the pipe body (Photo 3). Ground failure was slight in
this area and no buildings collapsed. The sub-layer was a yellow clayey soil.
B. Damage No. 69
The damage to No. 69 was south of the damage to No. 68, by 60-70 meters. A Φ400 mm
cast iron pipeline with lead joint packing was laid beside the pit. After the quake 18 m of
pipeline suffered 2 broken bells with 10 cm of crack length and a 20 cm crack width and another
joint was pulled out 10 cm. The middle portion of this 18 m pipeline sank 20-30 cm. The sublayer here was mixed fill.
During the quake the pit slope slid and the pipe lost support and slid. But the sliding was not
uniform everywhere, the different sliding caused the bell-break (Photo 4) and collapse of the
pipe section.
Between Nos. 68 and 69, No. 367's lead packing loosened and water leaked out; Nos. 627,
628 and 629 valve packing rings all loosened and water leaked out.
C. Damage to No. 123 and 343 (Fig. 10)
The distribution pipelines of the Beijio water plant were Φ300 mm and Φ500 mm chemically
pre-stressed concrete pipes with flexible joints of bell and spigot with rubber gaskets about 1,000
m long. The subsoil was yellow clayey sand.
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Four joints of the Φ500 mm pipeline, within a 40 m section, were pulled apart, rubber
gaskets pressed out (Nos. 123, 599, 623, 611), the whole section sank about 20-30 cm and at 2
places the pipe was broken.
Two joints of the Φ300 mm pipeline, within a 30 m section, were pulled 10 cm apart and one
rubber gasket pressed out (Nos. 343, 583, 586). The whole section sank about 20-30 cm.
The two sections of pipeline No. 123 (including Nos. 599, 623 and 611) and No. 343
(including Nos. 583 and 586) were located in the new fill on the highway culvert. During the
quake the road surface sank 40 cm and the slope of the culvert slid.
D. Damage to No. 165
Broken pipe damage (No. 165) was caused by landslide of the pit slope. It was the only
damaged area of this Φ200 mm and Φ650 m long cast iron pipeline.
5. Effect of Subsoil
(1) The high damage area
On both sides of the first ground fissure zone in the high damage area there were 3 high
damage areas between Dachengshan and the first fissure zone i.e., the Dahongqiao Water Plant
area; the Cement Mill and Wujiazhuang (in Tangshan mine-Fuxinglu) area; and Tangshan Mine
south-Nanfuzhuang east-Wangxiezhuang of the Beijing-Shanhaikwang Railroad west area. The
sub-soils in the three areas were different. In the Dahongqiao area there was a sedimentary
deposit of the Douhe River with a soft layer; in the Wujiazhuang area there was a transition zone
of Dachengshan bedrock outcropping and sub-outcropping. The Wangxiezhuang area was at the
southeast edge of an empty excavated and depressed zone of the Tangshan Coal Mine.
A. Dahongqiao Water Plant area
As shown in Fig. 11 there were 3 over the river pipelines and 1 pipeline along the riverbank
near the Huaxin Steel Bridge. The boring logs of the Douhe River are shown in Fig. 12. The
No. 14 water source wells and No. 5 booster pump well were located along the Douhe riverbank.
The No. 2 and No. 8 water source wells were located in the center of this area. During the quake
liquefaction took place and pipelines broke.
The boring logs of the No. 8 and 11 wells indicated that the subsoil was getting better, and
east of the No. 8-11 wells the damage to the pipeline was less.
B. Wujiazhuang area
This area was located in the diluvial region of Dachengshan-Xiaochengqianshan-Tielunan.
The length of pipeline was 4.02 km with 37 places damaged and a damage rate of 9 places/km,
see Fig. 13.
The damage rate in the Wujiazhuang area was lower than in the Dahongqiao area, but much
higher than the near Chengzizhuang-Xingguosi District.

656

C. Wangxiezhuang area
Wangxiezhuang is near the first surface fault zone. In this area the length of pipeline was
1.43 km with 21 damaged places and a damage rate of 14 places/km, see Fig. 14 (full line).
According to the area shown in Fig. 16 (dotted line) the pipeline length was 2.96 km with 22
damaged places and a damage rate of 10.7 places/km. The damage rate was two times larger
than that in the city area.
D. Other places
The south section of the Jixianglu pipeline passed a paddy field and suffered serious damage
there.
There was damage to the pipeline in Diaoyutai, Nos. 10-12 (Fig. 15), which was laid on silty
sand with a high water table. During the quake, pipes were broken and joints were loosened.
The Φ600 mm pre-stressed concrete pipe at the Longwangmiao Water Plant and damaged
pipes Nos. 6-9 (Fig. 15) were laid on a silty fine sand layer and suffered serious damage.
From the Hexi pumping house to the Cement Mill, the Φ400 mm cast iron pipes with bell
and spigot asbestos cement packed joints were laid on loose back fill. There were 7 places
damaged along the 300 m long pipeline.
The Φ150 mm cast iron pipe of East Daxiezhuang Street had 3 places damaged on the east
end along the 15 m long pipeline. It was backfill land of a former water pond.
(2) The low damage area
Some areas in the Tangshan urban district belong to Grade I site soil. Here the damage rate
of pipelines was very low. For example, pipelines in Dachengshan and Fenghuangshan suffered
no damage.
In the Chengzizhuang area the pipeline along the east Douhe bank suffered damage due to a
landslide; the west bank suffered no damage due to the good soil condition.
(3) The anomalous low damage area
The full line in Fig. 16 shows where pipelines suffered no damage. For example, the
Φ100 mm cast iron pipeline west of Xinshichang and outside the east wall of the Cement Mill;
the Φ400 mm pipeline at Qiaotunbeixiaojie south of the Cement Mill; the Φ200 mm and
Φ300 mm pipelines at the north end of Fuxin Road and in Goudongxijie and Goudongdongjie.
The Φ100 mm pipeline from the East Goudong Street to Renmin Hospital ran parallel to the
Fuxin Road pipeline and was also not damaged.
The pipeline from Goudongxijie to Goudongdongjie ran in a east-west direction and was
located between two high damage areas in the first fissure zone and in the Dahongqiao area.
This whole region formed an anomalous low damage area in the high damage zone.
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6. Effect of Pipe Material and Type of Joints
(1) Pre-stressed and chemically stressed concrete pipes
At the Longwanmiao Water Plant the Φ600 mm distribution pipeline was located along a
farm on the east side of the Tangshan-Fengrun Highway with a side ditch of the Tangfeng
Highway at one side and the meander of the Douhe River on the other. Base soils were fine to
silty sand with a high water table. Liquefaction took place during the shock. The concrete pipe
was pre-stressed circumferentially but not longitudinally. The RC sleeve joint with asbestos
cement packing and a 180° concrete pipe cradle were provided.
After the shock a 380 m pipeline had 11 places where round transverse cracks occurred 1 cm
in width, water leaked out, and asbestos cement pressed out. At the same site a Φ600 mm cast
iron pipeline suffered no damage. The above-mentioned damage was possibly due to the rigid
connection of pipes and the longitudinal weakness. A connection between the cast iron pipe and
concrete pipe was raised and the bell broke off up to 300 mm.
The distribution pipeline of the Beijiao Water Plant was a chemically pre-stressed concrete
pipe with bell and spigot rubber gasket flexible joints. The straight pipeline section suffered no
damage except for the damage at No. 123 and 343 which was due to a landslide. The Φ300 mm
pipe at No. 174 bent and No. 602 had valve damage.
(2) Cast iron pipes and welded steel pipes
A. Cast iron pipes with rigid joints
Asbestos cement packing of a cast iron pipe forms a rigid joint. During the shock water
leaks occurred. Lead packing is also rigid but is deformable so the lead packing was better. The
types of damage to rigid joints are shown in Photos 5 and 6, such as loosening, pulling, pushing,
or breaking.
B. Steel pipes and rigid joints
Rigid joints of steel pipes include welded joints, screw joints and flange joints. Before the
quake they were all corroded.
The damage to steel pipes was mostly due to axial forces. Photo 7 shows a Φ100 mm steel
pipe joint which pulled out 2 cm and Photo 8 shows a steel pipe broken by axial force.
C. Fittings and valves
To provide for change in direction of pipelines some bends, tees and crosses were provided.
The damage rate was higher at the tees such as at the Hongqiao Water Plant. Photo 9 shows a
Φ300×150 mm cast iron tee's broken bell. The break of cast iron tees and steel welded tees
occurred often at the middle mouth portion. Welded steel fittings usually broke around the
screw thread and pipe sleeves usually broke at the middle section.
Valves became loose mainly due to the break of rusted embedded bolts. Photo 10 shows the
broken shell of a valve and Photo 11 shows the broken flange.
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D. Flexible joints
The anti-earthquake behavior of flexible joints was much better than that of rigid joints. No
damage to flexible joints was found during the repair of underground water works except for the
RC pipe at the Beijiao Water Plant which was damaged by a landslide.
The cast iron pipes with rigid joints which were laid in the depression area of the
Wangxiezhuang Coal Mine before 1964 were often broken. No joints were broken on the
Φ100 mm cast iron pipe which had flexible joints at 30 m spacing in the 200 m long section.
During the shock it was in a high intensity area. The ground surface settled about 1 m and the
pipeline suffered no damage but the nearby pipes with rigid joints were broken. The Φ150 mm
Jiaodalu pipeline with rubber gasket joints suffered no damage as well.
(Translator: Peng Ruimin)
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Table 1. Damage rate of each block.
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Table 2. Damage rate of different pipe diameters.
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Diameter
of Pipe
(mm)

254

15

1

Break

97

4

1

27

42

Dislocated

Break

30

4

5

BellMouth
Crack

65

5

6

8

1

10

Pull
Out

4

2

5

4

31

bend 1

bend 2
reducer 1
cross 1

bend 2
Y-branch 2
pipe clip 1

24

1

5

1

1

24

1

9

3

Pull Out
Valves
Fail in Fail in Asbestos
Lead
Cement
Damage of
Broken,
Packing
Packing
Fittings
Loose Cracked Pressed
Out

Condition of Damage

Table 3. Continued

11

stub A
flange 5

Damage
of
Flanges

14

Others

646

23

4

9

60

4

95

Total

662
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Table 4. Damage rate of Φ20-Φ600 pipeline.
Total Amount of Damage - 646

Break

Pull Out

Valves

Condition of Damage

Amount of Damage

Damage Rate (%)

Loose

77

12.1

Total

381

58.82

Crack, Break

351

54.2

Bell-mouth Crack

30

4.58

Total

75

11.82

Pull Out

66

10.31

Fail in Lead Packing

4

0.68

Fail in Asbestos Cement Packing

5

0.83

Damage of Fittings

31

4.91

Total

57

8.60

Loose

24

3.59

Crack

24

3.59

Press Out

7

1.11

Broken

2

0.3

Flanges

11

1.75

Others

14

2.0

664

Table 5. Damage conditions of the south section of the Jixianglu pipeline.
Damage No.

Spacing (m)

222

Damage Description
socket cracked

130
172

socket joint pulled out
20

179

bend cracked
120

408

loosened
210

220

lead packing loosened
150

234

pipe cracked, 700 mm
30

221

joint pulled out &dislocated
70

235

pipe cracked, 300 mm
10

244

socket cracked
70

243

socket cracked, 1200 mm
170

236

pulled out, 110 mm
170

277

loosened
50

282

reducer cracked
60

252

pulled out, 10 mm
130

251, 258

tee cracked
10

238, 400

socket cracked, 500 mm
60

391

socket joint pulled out
50

392

socket joint pulled out
40
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Table 5. Continued
Damage No.

Spacing (m)

228

Damage Description
lead packing loosened

40
195

lead packing loosened
50

588, 589, 590

socket joint loosened
30

194

lead packing loosened
40

193

loosened
40

518

joint pulled out
75

245

joint pulled out, 40 mm
120

422

joint pulled out, 20 mm
160

281

joint pulled out, 60 mm
80

253

joint pulled out, 30 mm
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Table 6. Damage condition of the Shenglilu pipeline.
Damage No.

Spacing (m)

313
170
579

Damage Description
Φ100 valve break
pipe break

20
393

pull out
20

136

break
70

502

break
70

135

bell crack
40

152

bell crack
80

540

bell crack
60

137
20
544

Φ25 elbow crack
pipe raised up 700 mm

40
125

pipe break
20

250

valve pulled out
30

126

pull out
10

312

valve plate kicked out
130

322

pipe break
180

425, 426

pipe break
50

311

pipe break and pull out
60

320, 321

pipe break
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Table 7. Damage condition of the Daxiezhuangqianjie pipeline.
Damage No.

Spacing (m)

180

Damage Description
break

60
247

bell break
30

399

break and pull out
30

240

bell break
90

254

break
250

630

tee crack
50

255

break
20

265

break
120

441

break
80

232

break
250

457

loosened
150

318

break
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Photo 1. Damage to the No. 544 pipeline in Shenglilu.

Photo 2. Damage to the pipeline crossing the river on
the south side of Shengli Bridge.

Photo 3. Damage to the No. 68 pipeline.

Photo 4. Damage to the No. 69 pipeline.

Photo 5. A broken joint.

Photo 6. A Φ300 mm cast iron bell broke off.
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Photo 7. A steel pipe joint was pulled apart.

Photo 8. A steel pipe broke and pulled apart.

Photo 9. A broken bell of a tee.

Photo 10. A broken shell of a valve.

Photo 11. A broken flange.
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Figure 1. Plan of the underground water supply network in the Tangshan urban area.
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Figure 2. Damage to pipelines in the area of the 1st ground fissure zone.

Figure 3. A pipeline passing through the 2nd ground fissure
zone.
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Figure 4. Pipeline damage in the area of the 3rd ground fissure
zone.

Figure 5. A steel pipe on Limin Bridge.
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Figure 6. Plan of a pipeline crossing the river in the
north section of Jinxianglu.

Figure 7. The Dahong Bridge pipeline crossing the
river.
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Figure 8. Plan of the Huaxin Railway Bridge pipeline crossing the
river.

Figure 9. Plan of pipeline damage along the riverbank
near the Huaxin Railway Bridge.
(a) Plan; (b) Sketch of damage and repair work
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Figure 10. Pipeline damage alongside low land.

Figure 11. Pipeline damage near the Dahongqiao Water Plant.
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Figure 12. Boring log of the Dahongqiao area.
(a) East No. 2 water source well; (b) Hexi pumping house No. 5 booster well; (c) East
No. 14 water source well; (d) East No. 9 water source well

Figure 13. Pipeline damage in the Wujiazhuang area.
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Figure 14. Pipeline damage in the Wangxiezhuang area.

Figure 15. Pipeline damage in the DiaoyutaiLongwangmiao area.
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Figure 16. Anomalous area of low intensity of damage.
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DAMAGE TO THE SEWER SYSTEM IN THE
TANGSHAN URBAN DISTRICT
Ni Qiaosheng*

1. General Description
Most of the sewers in the Tangshan urban district were combined systems. There were 24
sewer outfalls for municipal drainage systems and 59 outlets belonging to the industrial plants
and enterprises, which had been built along the Douhe riverbanks. The Douhe River flows
through the city from north to south and intercepts 75 water outlets directly and 8 indirectly. The
daily discharge of industrial wastewater was 390,000 tons and domestic sewage was 30,000 tons.
Circular and rectangular shaped conduits were almost universally employed for sewers.
Ellipsoidal-shaped and horseshoe shaped conduits were less frequently used. The diameters of
circular pipes were not more than 1,500 mm laying on earth bedding with cement mortar joints
and an earth cover from 0.7-2.5 m. Pipes with cradles were seldom used. Rectangular conduits
had separate rubble concrete foundations or concrete or RC integral foundations. They had
rubble walls and an RC top plate, or brick or stone arch top and the earth cover was 0-5 m.
To investigate the damage to the sewer system after the earthquake a team was formed in
August and September 1976 consisting of designers and managers from the Tangshan
Construction Bureau and teachers and students from Qinghua University. The investigation
covered 340 hydraulic reducers, 24 main sewer outfalls, 9 passable drainage mains, and 13
branches (see Fig. 1). In June 1981 the main sewers, Nos. (1), (4) and (6) were re-surveyed for
any remaining damage.
2. Damage
(1) Drainage system, no obvious damage
Four out of nine main sewers, Nos. (2), (5), (8) and (9) (Fig. 1) were slightly damaged. Their
cross-sections are shown in Figs. 2-5 (units in millimeters).
(2) Iron plant drainage system
The sewers were laid under the west sidewalk in Gangyaolu from the 3rd Porcelain Factory
in the north to the Iron Plant in the south (now a part of the Tangshan Iron & Steel Works) and
turned westward into the Douhe River with a total length of 2,000 m. There are two types of
cross-section, the arch shape and rectangular shape shown in Fig. 6.
Sections 1A-1D of the 700 m long sewer were inspected, among which, 1A-1B were built
with stone arch 1,300 mm in width and 1,600 mm in height; 1B-1C was built the same as the
* Tangshan Municipal Construction Bureau
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previous section 1,600 mm in width and the same height; 1C-1D see Fig. 7. Mud and water with
a depth not less than 0.4 m was always retained in the sewer through the entire length, thus, the
bottom plate could not be inspected. The damage above water level is described as follows:
(i) Transverse cracks
The transverse cracks were in a direction perpendicular to that of the sewers. These types of
cracks were concentrated at an outlet section (1C-1D) and they are listed in Table 1.
(ii) Longitudinal cracks
The longitudinal cracks were in the direction of the sewer. Sections 1C-1D were
transversely cracked more but a longitudinal crack was located from 0+024.3 to 0+042.6 with a
length of 18.3 m and a width of 3-5 mm. From 0+066.1 northward transverse cracks were fewer.
A longitudinal crack through the crown of the arch extended about 500 m in length with a width
of 1-5 mm. Within the 0+280-0+350, 70 m long, a section of the crack width increased to 1030 mm. The broken arch slipped up and down 3-5 mm and some of the rubble was crushed, see
Photo 2.
(iii) Diagonal cracks
A 45° diagonal crack was located at 0+19.9 along the southeast wall (lower end of the crack
at the lower reach) with a width of 1-3 mm. Another one was located at 0+39.9 along the
northwest wall (lower end of the crack at the upper reaches, the horizontal distance between
upper and lower ends was 0.3 m). This diagonal crack connected with the transverse crack of
the arch crown at 0+038.3, see Photo 3.
(iv) Complex cracks
Several types of the above mentioned cracks appeared in the same location. 45° diagonal
cracks were located at 0+011.7 along both the S-E wall (lower end at lower reach) and the N-W
wall (lower end at upper reach) and the crack width was the same, 50-70 mm. All the steel bars
of the cast-in-place RC slab were broken with a crack width of 50 mm. These cracks were
connected with each other, see Photo 4.
Transverse cracks on the walls and arch were located at 0+035.7 but not exactly in the same
cross-section; the crack in the S-E wall at the upper reach, the crack in the N-W wall at the lower
reach with a distance 0.8 m between them, and a diagonal crack with a width of 3-5 mm along
the arch was connected to them.
(3) Xibeijing (N-W well) drainage system
This was a storm water sewer under construction at the time of the earthquake. Masonry
work of 3A-3C and 3D-3E were completed but with no earth backfill. The structure section is
shown in Fig. 8.
At section 3A-3B the west side wall collapsed and top plates fell down (Photo 5) over a
length of 50 m. At section 3B-3C prefabricated RC top plates shifted laterally, 70 m long (Photo
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6). At section 3D-3E side walls tilted, the maximum offset occurred at 3D, and the wall was
dislocated from the cast-in-place RC top slab 0.5 m (Photo 7).
(4) Qixin Cement Mill drainage system
The depth of mud and water retained in the lower reaches of the sewer was more than 0.6 m
at section 4A-4B when inspected (Fig. 1). There were 3 railroad crossings along the pipeline
(Fig. 9), the structural cross-section under the railway was a 2,500x1,700 rectangular culvert
with a flat arch, and the remaining parts were 2,500x2,200 rubble side walls with RC cast-in-site
above ground top plate. The plates were above ground level. The sewer directly under the rail
was a brick arch and the depth of earth cover was about 1 m.
(i) Transverse cracks are listed in Table 2
(ii) Diagonal cracks on side walls
A diagonal crack on the north wall at 0+002 is shown in Fig. 10. The crack width was 23 mm at the upper part and 20 mm at the lower end. A diagonal crack on the south wall at 0+044
had a width of 1-3 mm.
(iii) Wall cracks at special locations
Side walls cracked mostly at the mains intercepted by the storm branches and the location of
changed cross-section (Photo 8), at the side walls, and at a water supply pipe passing through.
Most of the sewer outlets were damaged by a landslide on the riverbank (Photo 9).
(5) Goudong drainage system
The starting point of this system, 6A, was at the intersection of Wenhuananbeijie and
Wenhuabeihoujie; it ran along Wenhuananbeijie north to 6C then turned eastward and drained
into the Douhe River. There was a west branch at 6B (Fig. 11). The structural cross-section is
shown in Fig. 12.
(i) Transverse cracks were recorded, see Table 3
(ii) Longitudinal cracks were recorded, see Table 4
(iii) Cracks at the bottom plate
Due to mud and water retained in the sewers small cracks could not be detected along the
130 m long sewer. From 0+453.4 to the outlet there were longitudinal cracks at the middle of
the bottom plates with a crack width of 20-100 mm and up-down slippage making the east plates
100 mm higher than the west ones (Photo 14).
(iv) Diagonal cracks
There were no diagonal cracks on the side walls. The top arch at 0+258 cracked diagonally
at 45° with a crack width of 0.5-1.0 mm. Another top arch crack was 1 m long and 1 mm in
width at 0+499.3. An inclined crack appeared on the retaining wall above the sewer conduit
outlet, see Photo 15.
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(6) Daxiezhuang drainage system
This was the longest drainage system in Tangshan City. The total length of branches and
mains was 33 km. After the earthquake the two passable sections 7A-7B and 7C-7F were
investigated. The former section was laid with a diameter of 1,400 mm RC circular pipes on the
earth bedding and with 1:3 cement mortar joints. The latter was built with rubble side walls and
RC cast-in-site top plates with a concrete conduit of rectangular cross-section.
Section 7A-7B's pipe joints were all displaced (Photo 16). Cement mortar scraped out
(Photo 17) and some of the pipes slipped up and down.
Section 7C-7D's side walls (rectangular section) were overturned over a length of about
75 m. This section had been built before 1949 with less maintenance work and was seriously
damaged. This section ran through Heping Road and intersected a ground fissure at 7E.
Conduits approximately 15 m long were destroyed; from Jixianglu westward at a distance of
approximately 60 m at 7G it intersected again with another ground fissure. Some 5 m long
conduits were destroyed.
(Translator: Peng Ruimin)
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Table 1. Transverse cracks of the Iron Plant drainage system.

No.

Location
(m)

1

0+001.5

Spacing
(m)

Description

Crack Width
(mm)

whole arch and side walls (Photo 1)

8-20

whole arch and side walls (Photo 1)

5-20

connection of side walls with different section

30-50

N-W side wall

3-5

whole arch and side walls

2-3

whole arch and side walls

20-50

arch and side walls

50-250

whole arch

30-50

S-E part arch and wall

10-20

arch and side walls

50-100

arch and side walls

3-5

arch and side walls

3-5

arch and side walls

1-3

arch and side walls

1-2

2.6
2

0+004.1
3.6

3

0+007.7
11.4

4

0+019.1
1.9

5

0+021.0
5.5

6

0+026.5
2.1

7

0+028.6

8

0+032.4

3.8
2.0
9

0+034.4
3.9

10

0+038.3

11

0+059.3

1.0
35.9
12

0+095.2
11.4

13

0+106.6

14

0+112.3

5.7
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Table 2. Transverse cracks of the Qixin Cement Mill drainage system.

No.

Location
(m)

1

0+014.9

2

0+019

3

0+022.3

4

0+024.1

5

0+037.3

6

0+042.5

Spacing
(m)

Crack Description

Crack Width
(mm)

rubble wall, both sides

5-20

rubble wall, S-side

5-20

rubble wall, S-side

5-20

rubble wall, N-side

5-20

rubble wall, both sides

5-20

rubble wall, S-side

1-3

rubble wall, N-side

2-3

rubble wall, both sides

5-8

ruble wall, S-side

3-5

rubble wall, W-side

1-3

rubble wall, W-side

1-3

rubble wall, E-side

1-3

rubble wall, both sides

1-3

4.1
3.3
1.8
13.2
5.2
3.2
7

0+045.7
35.5

8

0+080.9
10.9

9

0+090

10

0+265
18.0

11

0+283
1.9

12

0+284.9
8.1

13

0+293
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Table 3. Transverse cracks of the Goudong drainage system.

No.

Location
(m)

1

0+058.75

2

0+063.9

3

0+070

4

0+104.5

5

0+111.5

6

0+145.2

Spacing
(m)

Crack Description

Crack Width
(mm)

whole arch

4-10

whole arch

6

whole arch

2-3

whole arch

2-3

whole arch (Photo 10)

4-5

whole arch

1-3

whole arch

2-4

whole arch

1-2

whole arch and side walls

2-6

east part of arch

1-6

whole arch (Photo 11)

5-7

whole arch

8-10

whole arch

3-5

whole arch

1-2

whole arch

1-2

5.15
6.1
34.5
7.0
33.7
25.5
7

0+170.7
14.0

8

0+184.7
47.0

9

0+231.7
13.0

10

0+244.7
9.0

11

0+253.7
8.4

12

0+262.1
11.3

13

0+273.4
22.7

14

0+296.1
8.3

15

0+304.4
16.4

16

0+320.8

east half arch

1

east half arch

1

2.5
17

0+323.3
0.6

18

0+323.9

whole arch

1-2

whole arch

1-2

0.9
19

0+324.8
3.4
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Table 3. Continued

No.

Location
(m)

20

0+328.2

21

0+333.9

22

0+356.8

23

0+370.6

24

0+390.4

25

0+425.7

26

0+458.8

27

0+475.3

28

0+483.1

Spacing
(m)

Crack Description

Crack Width
(mm)

whole arch (Photo 12)

3-5

whole arch

4-6

whole arch

1-2

whole arch

1-2

whole arch

2-3

whole arch

1-2

whole arch

1-2

whole arch

1-2

whole arch

1-2

whole arch and side walls

1-3

from east skewback to 1/4 span

1-2

from east skewback to 3/4 span

1-2

east half arch

1-3

whole arch and east wall

1-3

west part of arch

1-5

from east skewback to crown

1-3

whole arch and side walls

1-3

whole arch

1-2

4.89
23.71
13.8
19.8
35.3
33.1
16.5
7.8
23.8
29

0+506.9
11.9

30

0+518.8
22.7

31

0+541.5
12

32

0+553.5
10.6

33

0+564.1
18.4

34

0+582.5
0.9

35

0+583.4
-13.25

1
1.88
2

-15.13
10.27
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Table 3. Continued

No.

Location
(m)

3

-25.4

4

-33.3

5

-72.9

6

-83.9

7

-93

8

-113.2

9

-140

Spacing
(m)

Crack Description

Crack Width
(mm)

whole arch

6-8

whole arch and side walls

1-2

whole arch

1-2

south part of arch

1-2

south part of arch

1-2

whole arch and side walls

6-8

whole arch and side walls

6-12

7.9
39.6
11.0
9.1
20.2
26.8

Table 4. Longitudinal cracks of the Goudong drainage system.

No.

Location
(m)

1

0+121.5 – 0+127.5

2

Spacing
(m)

Crack Description

Crack Width
(mm)

6

arch crown

3-4

0+133.0 – 0+159.7

26.7

arch crown (Photo 13)

2-10

3

0+296.1 – 0+299.3

3.2

west half arch, 1/6-1/4 span

1-5

4

0+305.5 – 0+307.5

2

west half arch, 1/4 span

6-8

5

0+356.8 – 0+451.6

94.8

arch crown

6-10

6

0+450.2 – 0+499.3

49.1

west half arch, 1/6 span

8-10

7

0+463.6 – 0+483.1

19.5

east half arch, , 1/6 span

8-10

8

0+489.3 – 0+528.5

39.2

east half arch, 1/4 span

1-2

9

0+543.0 – 0+532.1

10.9

east half arch, 1/4 span

1

10

0+550.4 – 0+553.5

3.1

arch crown

1-2

11

0+556.7 – 0+585.3

18.6

arch crown

1-3

12

0+583.4 – 0+585.4

2.0

east half arch, 1/4 span

1-3
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Photo 1. Cracks on the arch and side walls.

Photo 2. Cracks on top of the rubble arch.

Photo 3. A diagonal crack on a rubble arch and side
walls.

Photo 4. Cracks on side walls and top plate.

Photo 5. Damage to a wall and plate in Section 3A-3B.

Photo 6. Lateral displacements of pre-cast top plates in
Section 3B-3C.
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Photo 7. An inclined side wall in Section 3D-3E.

Photo 8. Crack of side walls at branch connection with
main line.

Photo 9. Damage to an outlet.

Photo 10. A circumferential crack on a brick arch.

Photo 11. A wide crack on a brick arch.

Photo 12. Circumferential cracks on a brick arch with
local collapse.
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Photo 13. A longitudinal crack on a brick arch.

Photo 14. A bottom plate cracked longitudinally with
up-down slippage.

Photo 15. A diagonal crack on a retaining wall above an
outlet of a pipe.

Photo 16. A pipe joint displaced in Section 7A-7B.

Photo 17. Cracked mortar covering at a pipe joint in
Section 7A-7B.
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Figure 1. Engineering plan of drainage works.
1. Drainage system at Iron Plant; 2. Storm water sewer in Jianhualu; 3. Drainage system at N-W well; 4.
Drainage system in Qixin; 5. Drainage system in Didaoqiao; 6. Drainage system in Goudong; 7. Drainage
system in Daxiezhuang; 8. Drainage system in Xinhualu; 9. Drainage system at the Ninth Middle School
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Figure 2. Structural drawing of Jianhualy storm water sewer.
(a) Section 2A-2B; (b) Section 2B-2C

Figure 3. Structural drawing of Didaoqiao drainage
system.

Figure 4. Structural drawing of Xinhualu drainage main.
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Figure 5. Structural drawing of the Ninth Middle School drainage system.

Figure 6. Structural drawing of the Iron Plant drainage system.

Figure 7. Section 1C-1D of the Iron Plant drainage system.
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Figure 8. A structural drawing of the N-W drainage system.
(a) Section 3A-3C; (b) Section 3D-3E

Figure 9. Plan of the Qixin Cement Mill drainage
system.

Figure 10. Diagonal crack on a rubble wall.
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Figure 11. Plan of the Goudong drainage system.

Figure 12. A structural drawing of the main of the
Goudong drainage system.
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DAMAGE TO 4,000 T FABRICATED PRESTRESSED
CONCRETE CYLINDRICAL WATER TANKS IN TANGSHAN
Yao Chuanhong and Shen Shijie*

The Tangshan Northern Suburb Water Works (Fig. 1) was initially constructed in October
1974. During the 1976 earthquake many parts of this plant were still under construction. Two
4,000 t water tanks were completed but empty. This plant was located in an intensity X area.
Water resource wells, pumping houses, water tanks, and pipelines, etc., suffered severe damage.
1. General Situation
(1) Site condition
The subsoil at this plant is Class II (see boring log No. 13, Fig. 2). Due to the deep water
table the clay and fine sand stratum were of medium strength. The foundation of the water tank
laid on clay stratum and its bearing capacity was estimated at 15 t/m2 or more.
(2) Structural details and construction
This tank was a semi-underground pre-fabricated RC cylindrical structure with continuous
wire-wrapping pre-stress. Wall plates, columns, and roof beam-slabs were all pre-cast members.
The roof of the tank was laid with waterproof asphalt layers and expanded pearlite insulating
layers. The bottom of the tank was concrete cast-in-place. This tank had a 36 m inner diameter,
a 4 m maximum water depth, a 4.5 m total height, #250 concrete, No. 4 anti-percolation, and was
composed of 88 pieces of pre-cast wall plates with a width of 120 cm, a thickness of 18 cm, and
86 rounds of Φ5 mm high tensile steel wire with a tensile strength of 15,000 kg/cm2 wrapped
from the bottom to top of the wall. The bottom was a flat-slab capital construction and the roof
slabs and beams were simply supported with no welded connections, see Fig. 3.
During construction the specimens of the pre-cast concrete members were tested and proper
concrete curing was adopted. The quality of concrete members was approved. The high tensile
steel wires were inspected after winding and the tank met the demands of a watertight design.
2. Damage
The two fabricated pre-stressed concrete cylindrical tanks were subjected to damage
evidently due to weak connections between pre-cast members.
(1) Roof slabs and wall tops were disconnected and displaced (Photo 1).
(2) Most columns inclined in a north-east direction and the maximum declination from
vertical was 8 cm, see Fig. 4.
* Beijing Municipal Engineering Design Institute
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(3) There was relative displacement between roof slabs and beams.
(4) Transverse cracks occurred at the upper and lower part of all the 122 RC columns of the
two tanks and concrete surfaces were crushed, see Photo 2. Most of the stone masonry columns
were broken at the middle part.
The two fabricated pre-cast water tanks whose roof slabs and beams were not integrally
constructed and whose walls and roof slabs were weakly connected were damaged during the
quake but the bottom and walls were in good condition. After repair and reinforcement they
were available for use.
(Traslator: Peng Ruimin)
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Photo 1. Separation between roof slab and wall.

Photo 2. Cracks at bottom of column.
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Figure 1. Location of water tanks at the Northern Suburb Water
Plant.

Figure 2. Boring log of the No. 13 hole.
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Figure 3. A sketch of a water tank design (unit: mm).
(a) Elevation; (b) Columns and slabs; (c) Section

Figure 4. Displacements in cm of tops of columns of the
east tank.

701

DAMAGE TO GAS AND HEATING INSTALLATIONS
Zhao Hongye and Du Shizeng*

1. General Situation
After the Tangshan earthquake inspections were made of the damage to gas and heating
installations in Tangshan and Tianjin (two cities), and in Ninghe, Fengnan, Fengrun, Hangu and
Tanggu (five districts or counties). Except for the town gas supply in Tianjin City, the rest were
smaller in scale and were used only for supplying gas and heating within a plant enterprise.
(1) Gas installations in Tianjin City
There were two types of gas supply in Tianjin City: one was a natural gas supply transmitted
by pipelines and the other was liquefied petroleum gas supplied in cylinders. Natural gas
transmission included a total length of 72 km of underground pipeline: one natural gas
compressor station at Dagang, two sets (Liulin, Zhanzhuangzi) of gas distribution stations and
two local governor houses. The liquefied petroleum gas supply consisted of Hongqilu storage
tanks and seven corresponding filling houses in the urban area. There were high, medium and
low pressures for underground gas trunk mains: for high pressure trunk mains Φ500 and Φ400
steel pipes were used with a total length of 49.5 km; for medium and low pressure mains Φ100Φ700 steel pipes and cast iron pipes with rubber belts and expanding cement joints were used,
for a total length of 22.6 km. The Dagang natural gas compressor station consisted of 2 spiral
guided gas holders with a storage capacity of 30,000 m3 and 54,000 m3 respectively, and 14 sets
of 7L-100/8 compressors. The Hongqilu storage tank consisted of 7 sets of 40 cubic meter
sphere holders, 5 sets of 100 cubic meter horizontal cylinders, domestic and industrial filling
houses, and a cylinder shed. Both had offices and living houses.
The above-mentioned gas installations were located in intensity VII-VIII areas with poor soil
features in Tianjin City. Pipelines, storage tanks and buildings situated in low-lying land on the
old riverbed of the Haihe River suffered damage. Since the gas supply was small-scale and
effective emergency measures had been carried out after the quake, subsequent disasters were
avoided and the gas supply was recovered in a short time.
(2) Gas and heating installations of plant enterprises
A total of 28 plant installations of gas and heating were inspected including six 1,000 cubic
meters of spiral guided gas holders with water tanks, eleven 80 cubic meters to 2,000 cubic
meters of column guided gas holders with water tanks, fourteen 40 cubic meters of sphere
holders, forty-seven 4 cubic meters to 100 cubic meters of horizontal cylinders, 20 km of
overhead pipeline, 3 km of underground pipeline and some pump sets with accessories, and
some small plant stations. They were located in an intensity VII-X area. The geological site
condition of Tangshan, Fengrun and Fengnan were Site II, the rest were Site III such as Hangu,
* Beijing Gas and Heating Engineering Design Institute
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Tanggu, and the Ninghe seacoast plain. These were back-filled with muddy soil and the water
table was 0.5-1.0 m beneath the ground surface. During the quake gas and heating installations
which were located in high intensity areas and in Site III areas suffered damage at various levels,
among them serious damage occurred to the spiral guided rail holders, the supports of horizontal
cylinders and some overhead pipelines were hit by collapsed adjacent structures.
The gas and heating installations in Beijing (intensity VI area) were not significantly
damaged but cracks occurred on some processing structures.
2. Holders
(1) Gas holders with water tanks
Some gas holders were made of a water tank with overhead gas holders. Nineteen gas
holders were inspected in the earthquake area of which 8 were spiral guided and 11 were column
guided. These two types of holders all suffered damage during the quake but the former were
more seriously damaged.
a) The Tangshan Chemical Fertilizer Plant was in an intensity X area and the Ninghe
Chemical Fertilizer Plant was in an intensity IX area. Each possessed a 1,000 m3 spiral guided
gas holder and a bell-shaped cover which was mounted on a steel water tank. There were about
800 m3 of gas in each holder during the quake. After the quake 6 sets of guided roller carriages
of each holder were damaged and the bell-cover was derailed and tilted badly. The end of the
inclined guide rail stuck out at two openings on the steel water tank in Tangshan. In Ninghe the
guide rail axis was bent, the inclined bell-cover was pressed inward and leaks occurred (Photos 1
and 2).
b) The Dagu Chemical Works was in an intensity VIII area. The column guided 300 m3
holder consisted of an RC water tank, an upper bell-cover and a guided rail frame. This gas
holder had been in operation for a long time. The bell-cover and rail frame were badly corroded.
During the quake the bell-cover and frame struck each other causing the bell's welded seams to
break and the rail frame became deformed and was unusable.
c) The Tianjin Dagang Gas Compressor Station was in an intensity VII area. There were two
spiral guided gas holders with storage capacities of 30,000 m3 and 54,000 m3 respectively, with
an RC water tank and several lifts in the holders. During the quake 2.5 and 1.5 lifts were
inflating, respectively. Due to impacts between lift and lift, lift and tank, some guide rollers and
guide rails of the holder were destroyed; the former, mostly being bottom rollers rotated,
derailed, and displaced and 7 end closures were crushed; the latter, being all rollers derailed at
the tank platform, 4 guide rails bent up and 2 broke, welded seams broke at connecting angles of
the terminals of the guide rails and water splashed out of the tank 2 m away.
(2) Spherical holders
A spherical holder was made out of steel and was supported by a bearing structure, which
was composed of steel pipe props and tie bars. Twenty-one spherical holders were inspected in
this area including three 100 m3 oxygen sphere holders at the Tangshan Steel Works in the
intensity X area; seven 40 m3 LPG sphere holders at the Tianjin Liquefied Petroleum Gas
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Distribution Station in the intensity VIII area; and eight 40 m3 natural gas spherical holders at
the Tianjin Yonghong Chemical Works in the intensity VII area. The above-mentioned 18
spherical holders were empty during the quake and suffered no damage. At the Tianjin No. 1
Petroleum Plant in the intensity VII area one 160 m3 and one 200 m3 (No. 2) LPG spherical
holders which each held about 20 t of liquid during the quake had no damage. Another 200 m3
(No. 1) holder held about 40 t of liquid gas during the quake; five Φ28 cross tie bars bent and
buckle screws pulled out one thread length (Photo 3) and was damaged slightly.
(3) Horizontal holders
A total of 58 horizontal cylindrical holders were inspected in which 15 holders on concrete
supports (four 100 m3 capacity) were in fair condition after the quake except at the Tianjin LPG
Distribution Station where a 100 m3 gasholder inclined and the support displaced 15 mm due to
settlement of the foundation on soft soil stratum. Cracks occurred on the rest of the 43
horizontal holders with brick masonry supports and some supports collapsed.
a) At the Tangshan Coking Plant in the intensity X area there were twelve 38 m3 benzene
holders. Each holder was supported by 3 brick masonry piers 60 cm in height. During the quake
the holders were full of liquid, 45° cracks occurred on the brick supports and some supports
collapsed (Photo 4).
b) At the Hangu Chemical Works in the intensity IX area there were two 60 t and two 120 t
sulfuric acid holders. Each holder was supported by 3 brick masonry piers 80 cm in height.
During the quake water and sand spouted, the ground surface settled, and a 60 t holder inclined
(Photo 5). Large cracks occurred on a 120 t holder's supports. Cracks occurred on the remaining
12 small holders at this plant and also on their supports.
c) At the Hangu Tianjin Chemical Works in the intensity IX area there were two 15 m3 oil
holders. Each holder was supported by 2 brick masonry piers with a height of 4.5 m and a
thickness of 0.8 m. During the quake they were full of oil and collapsed along the longitudinal
direction of the holder (Photo 6).
d) At the Wuqing Fertilizer Plant in the intensity VII area there were four 10 t liquefied
ammonia holders. Each holder was supported by 3 brick masonry piers 90 cm in height. During
the quake they held 6 t of liquid each. Small cracks 45° in direction occurred on the supports.
The holders were still operational.
(4) Characteristics of earthquake damage to holders
Based on the above descriptions a summary is as follows:
a) The main damage to a gas holder with a water tank was the destruction of the guide
rollers, guide rails (frame) and the derailment of lifts, especially for the spiral guide holders. The
lifts and tanks could not be easily destroyed. The welded seams between the guide rail and
upper ring were weak points for earthquake stresses.
b) The spherical holder was a rigid structure, which had no damage after the quake. Damage
occurred to the supports of the structure and welded seams. In more serious cases the diagonal
tie-bar broke, pipe props bent up and the holder fell down.
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c) Damage mainly occurred on the brick masonry supports of horizontal holders. The
weakness of brick masonry supports was the seams between the bricks. The dimensions of the
supports were not adequate to resist the lateral force, and risk of collapsing, especially for high
supports if reinforcements were not provided.
3. Pipelines
(1) Overhead pipelines
Steel pipes were generally used with RC or steel structure supports and a few with brick
masonry. After the quake a few pipelines and supports were damaged but some of them were hit
by adjacent fallen buildings.
i) Pipes
The damage to pipes mostly included circumferential cracks along the welded joints, leakage
of water, gas leaking from flanges, broken cast iron accessories and slip of pipes, etc.
a) At the Fengrun Chemical Fertilizer Plant in the intensity IX area there was a Φ426 coal
gas pipe which supported another pipe at the middle of the span and after the quake a crack with
a 20 cm length occurred at the bottom of a nearby circumferential welded joint. At the Tianjin
Dagu Chemical Works in the intensity VIII area there were two Φ250 steam pipes with a Φ125
branch. A crack occurred at the intersection and steam leaked out (Photo 7).
b) At the Tangshan Steel Works in the intensity X area there was a Φ325 steam pipe
supported by RC supports. After the quake steam leaked out from the flange (Photo 8). At the
Tianjin No. 2 Spinning Mill in the intensity VIII area the cast iron sleeve joints of a Φ175 steam
pipe, which was set along a wall, pulled apart during the quake (Photo 9).
c) At the Tangshan Coking Plant in the intensity X area there was a Φ108 pipe attached
along a Φ500 coal gas pipe. After the quake the smaller pipe fell to the ground and broke. The
RC support of the Φ273 oxygen pipe at the Tangshan Steel Plant slipped away laterally up to 20
cm.
ii) Supports
After the inspection it was found that steel supports and RC supports suffered little damage;
brick masonry supports were seriously damaged.
A. Steel supports
At the Hangu Tianjin Chemical Works in the intensity IX area there was a Φ250 steam
pipeline with double post supports. Due to liquefaction of sand the ground surface subsided, 47
supports inclined various amounts and some posts and beams separated and displaced
(Photo 10). At the Tianjin Paper Mill and Tianjin Wool Mill in the intensity VIII area the Φ150
and Φ125 steam pipelines were put on temporary steel supports with no foundation and all of
them collapsed.
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B. RC supports
At the Tangshan Steel Works in the intensity X area many bracings of RC supports for
hanging Φ250 and Φ200 steam pipelines were broken after the quake. For another pipeline of
the same size the single column supports with a semi-hinged connection were broken at the
lower part of two columns after the quake (Photo 11). At the Tianjin Organic Chemical Works
in the intensity VIII area the turning points of two Φ500 gas pipes and two Φ400 residue gas
pipes were supported by a single post. At the Tianjin Petroleum No. 1 Plant in the intensity VII
area many oil pipes, which were supported by a double column frame, had 45° diagonal cracks
which occurred on both the upper part of the columns and cross beams after the quake (Photo
12). At the Tianjin Soda Plant in the intensity VIII area the frame supports of high double posts
were overloaded by several pipes (original and additional) for a long time and were seriously
corroded. The reinforcing of the posts was exposed after the quake and the lower part of the
posts of 17 supports cracked seriously. The pre-cast beams connected with bolts were broken
and separated from the post.
C. Brick masonry supports
Brick masonry supports were inspected at places in the quake area and all were damaged. At
the Ninghe Chemical Fertilizer Plant in the intensity IX area there were two Φ125 gas pipes
supported by a 50x50 cm brick column and three horizontal cracks occurred on the column
(Photo 13). At the Tangshan Coking Plant in the intensity X area many small pipes were
supported by a 37x37 cm brick column, all of them collapsed.
Also, some pipes and supports were damaged by being hit by adjacent collapsed structures.
For example, at the Tangshan Coking Factory in the intensity X area the Φ500 gas pipe broke
due to a fallen brick chimney; at the Tianjin Organic Chemistry Factory the Φ125 gas pipe and at
the Tianjin Glass Factory the Φ150 gas pipe in the intensity VIII area were both broken by fallen
chimneys; at the Tianjin Chemical Works and at the Tianjin Hangu Chemical Works in the
intensity IX area the pipelines were along the wall of the workshop and falling walls hit the steel
supports and pipes; at the Tangshan Power Plant No. 0 Generator set in the intensity X area the
Φ250 steam pipeline was damaged; at the Tianjin Tractor Factory in the intensity VIII area the
Φ150 steam pipelines were all destroyed by collapsed factory buildings. In the intensity VIII
area the Φ125 steam pipe at the Tianjin Wool Mill, the Φ175 steam pipeline at the Tianjin
Cotton Spinning No. 2 Factory, and the Φ100 steam pipe at the Tianjin No. 2 Wool Spinning
Factory were all damaged by fallen parapet walls, gable walls and roof slabs of factory
buildings.
(2) Underground pipeline
There were three types of underground pipelines: vertical steel pipes, cast iron pipes in a
trench, and box conduits with brick masonry. All suffered damage.
i) Embedded steel pipe
The damage to embedded steel pipes was concentrated at inadequate welded seams. For
example:
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a) In the intensity VII area the Φ325x7 natural gas spiral welded steel pipeline started from
Tianjin-Dagang to the Dagu Chemical Works. A 10 cm long crack occurred on the welded
seams south of Shanggulin District. Another Φ529x7 natural gas steel pipeline 80 km long
which started from Dagang to Cangzhou County had a 30 cm long crack which occurred on a
welded joint at Douzhuangzi, a liquefied region.
b) In the intensity VIII area a section of Φ426x7 natural gas steel pipe ran from Liulin to
Zhanzhuangzi about 100 m before crossing over the Haihe River. A 45° bent joint pulled apart
10 cm due to sliding of the riverbed during the quake; after crossing over the river the pipe was
pulled out at the valve chamber with a 2 cm shift. In Liulin District a branch of a Φ200 natural
gas steel pipe ran to the Tianjin TB Sanatorium. The Φ200 cast iron valve pulled out a half
meter apart due to liquefaction and deformation of the ground surface (Photo 14). A nearby
brick masonry drain well shifted northward for 50 cm (Photo 15).
ii) Conduits
In the intensity VIII area the heating conduit of the Tianjin TB Sanatorium was located on a
straightened backfill section of the Haihe River. After the quake the ground surface was
fractured and settled 80 cm. The conduit and pipes in this section were pulled apart (Photo 16).
(3) Characteristics of damage to pipelines
The damage to both overhead and underground pipelines is as follows:
a) Damage to overhead pipelines with steel or RC supports was limited to a slight degree,
except when it was hit by adjacent collapsed structures. Damage to the RC supports occurred
only at a few branch intersections and turning points. The brick masonry supports, especially
those in the high intensity area, were all damaged and some collapsed.
b) Overhead steel pipelines with qualified welded joints had a good resistance to the
earthquake (2 broken joints mentioned above were due to pipe corrosion).
c) Underground steel pipes laid in conduit and embedded in soil were damaged to a slight
degree. The damage was concentrated at landslide locations of riverbanks, liquefaction of sand,
ground fissure and ground depression areas. Underground cast iron pipes with cement and
rubber bell joints (semi-flexible) had basically withstood the earthquake in the intensity VII and
VIII areas of Tianjin. Joints failed only at a few sections causing gas to leak due to landslide and
floating of pipes.
d) Valves and accessories were the weak parts of the pipeline and they were very susceptible
to damage.
4. Field and Station Installations
Field and station installations of gas and heating equipment included: coal gas compressor
stations, natural gas inlet stations, liquefied petroleum gas storage and distribution stations
(field), filling stations (field) and central heating supply pumping stations, etc. After the quake
they had all suffered damage.
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a) At the Fengnan Chemical Fertilzer Factory in the intensity X area the stand-pipe of two of
1.5" soft water pumps and one 1.5" salt-water pump were inoperative. After the quake they were
broken at the bends of the pump (Photo 17). At the same workshop cast iron valves of a Φ108
soft water pipe and a Φ75 hot water pipe were also not operating and after the quake the bend of
the Φ108 pipe cracked and the valve of the Φ75 pipe was broken (Photo 18).
b) At the Fengrung Chemical Fertilizer Factory in the intensity IX area four Φ250 cast iron
tee-flanges of a coal gas outlet pipe from the four coal gas making furnaces installed on the
second story were broken after the quake (Photo 19). After the quake, in the same intensity area
at the Hangu Tianjin Chemical Works a soft water ionic exchange vertical tank with a tri-prop
support had the bottom of the tank pressed inward and the props were inclined (Photo 20). There
were Φ150 and Φ125 tees and bends (cast iron) connected with the tank and after the quake 36
places were damaged.
c) At the Tianjin Dagu Chemical Works in the intensity VIII area the flange of a Φ300 main
pipe was deformed and leaked and the welded seam of a Φ200 branch intersection broke due to a
ground fissure and dislocation of the natural gas inlet station.
(Translator: Peng Ruimin)
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Photo 1. A hole punched in a 1,000 m3 gas holder tank
at the Tangshan Chemical Fertilizer Factory.

Photo 2. A derailed bell and bent carriage of a 1,000 m3
gas tank at the Ninhe Chemical Fertilizer Factory.

Photo 3. A cross-tie bent up, a turn screw pulled out one
thread with a 200 m3 spherical gas holder support at the
Tianjin Petroleum No. 1 Plant.

Photo 4. A collapsed brick masonry support of a 38 m3
benzene tank at the Tangshan Coking Plant.

Photo 5. An inclined 60 t sulfuric acid tank at the
Hangugemin Chemical Works.
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Photo 6. A collapsed 15 m3 tank at the Hahgu Tianjin
Chemical Works.

Photo 7. A broken welded seam of a Φ125 branch
intersection at the Tianjin Dagu Chemical Works.

Photo 8. Gas-leaked at the flange of a Φ325 at the
Tangshan Steel Works.

Photo 9. A broken cast iron sleeve of a Φ175 pipe at the
Tianjin No. 2 Cotton Mill.

Photo 10. A steel support inclined at the Hangu Tianjin
Chemical Works.
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Photo 11. Cracks at base of column of a semi-hinged
connected support at the Tangshan Steel Works.

Photo 12. A cracked beam of a branch intersection
support at the Tianjin No. 1 Petroleum Plant.

Photo 13. A horizontal crack on a brick column
supporting a Φ125 pipe at the Ninhe Fertilizer Factory.

Photo 14. A broken Φ200 valve at the Tianjin TB
Sanatorium.

Photo 15. A half meter displacement of a Φ200 drain
well.
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Photo 16. A separated heating conduit at the Tianjin TB
Sanatorium.

Photo 17. A broken bend of a 1.5" pump at the Fengnan
Fertilizer Factory.

Photo 18. A broken valve of a Φ75 heating pipe at the
Fengnan Fertilizer Factory.

Photo 19. A broken cast iron T-flange of a Φ250 at the
Fengrun Fertilizer Factory.

Photo 20. The depressed bottom of a soft water ionic
exchange tank at the Hangu Tianjin Chemical Works.
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DAMAGE TO GAS INSTALLATIONS IN TIANJIN CITY
Hua Yuwen*

1. General Description
Before the Tangshan earthquake the city's gas installations included two parts, natural gas
and liquefied petroleum gas (LPG) as shown in Fig. 1.
(1) Natural gas
The natural gas in Tianjin was supplied using the petroleum-associated gas in the Dagang oil
field, which was purified, compressed, and transmitted by pipelines to the urban district.
A. Natural gas compressor station in Dagang
There were two spirally guided gasholders with storage capacities of 30,000 m3 and
54,000 m3 respectively. The two natural gas compressor shops each installed 7 units of 7L100/8 angle compressors with ancillary services; a purifying shop (not put into production); a
water cooling and circulating system; a substation; a boiler house with a heat supply system; a
maintenance shop; an office and living houses.
B. Embedded main trunk of high pressure natural gas
The total length of the main trunk pipeline was 49.5 km, which was divided into two
sections. The length of the first section was 45 km using Φ529×7 spiral weld (submerged arcwelding) pipes embedded 0.8-1.0 m deep which were laid from the Dagang Compressor Station
to the Liulin Gas Distribution Station running south-east crossing 11 rivers including the Duliuhe
River and 4 highways. The length of the second section was 4.5 km using Φ426×7 spiral weld
pipes (high frequency welding) laid from the Liulin Gas Distribution Station to the
Zhanzhuangzi Gas Distribution Station crossing the Haihe River (200 m) with Φ426×12
seamless steel pipes and crossing two highways.
C. Gas distribution stations
The Liulin Gas Distribution Station was in production; the Zhanzhuangzi Gas Distribution
Station had not been completed.
D. Embedded main trunk line of medium pressure natural gas
The length of the main trunk line in production was 15.6 km long, including Φ600 cast iron
pipes 4.20 km long and Φ219-Φ720 spiral welded pipes 11.4 km long.

* Tianjin Municipal Engineering Design Institute
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E. Three local governor houses
There were three governor houses, i.e. Zhangguizhuang, Hongxingli and the Lishui-Way
Pressure Regulating Station.
F. Embedded main trunk of low pressure natural gas
The total length of the main trunk was 7 km including Φ100-Φ200 cast iron pipes that were
2.2 km long and Φ219-Φ325 steel pipes that were 4.8 km long.
(2) Liquefied petroleum gas
Before the earthquake the Tianjin liquefied petroleum gas installations included the
following:
A. Liquefied natural gas storage tanks
There were seven sets of 40 m3 spherical tanks (16 kg/cm2 pressure) and three sets of 100 m3
horizontal cylinder tanks.
B. LPG main trunks
Φ50 seamless steel pipes with welded joints, flange and screw connections with lower
cradles and PG 25 globe valves were used.
C. Filling houses
They included domestic and industrial filling houses and a cylinder shed.
D. Gas apparatus factory and cylinder-making factory
The above-mentioned city gas installations were not designed for earthquake resistance.
Earthquake damage records indicated that steel structures of city gas installations were damaged
slightly. The damage to lifts and tanks of spirally guided gas holders appeared primarily on the
connections between the spiral guides and guided-roller carriages of the water seal rings or on
the tank platforms; damage to spheres concentrated on bearing structures; damage to horizontal
cylinders was mainly loosening, or shear fractures of anchor bolts; damage to embedded
pipelines was concentrated on joints due to axial deformations except that due to fault
dislocation, foundation deformation, soil liquefaction, bank slide, etc. But damage to field and
station buildings was serious and difficult to repair. There was no damage to the LPG
installations which disrupted the gas supply after the earthquake.
2. Storage Tanks
(1) 30,000 m3 spirally guided gas holder (intensity VII, site III)
A. Water tank
This water tank was constructed with pre-stressed concrete. The horizontal pre-stress was
applied by a continuous Φ5 high tensile steel wire wrapped spirally with spacing of 15 mm by
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measures of a winding machine. The wall was 0.4 m thick and 8.8 m high of #300 concrete.
The tank, with a capacity of 11, 800 tons, was painted with a waterproof coating and gunited
with 1:2 cement mortar 50 mm thick on the inner and outer surfaces. The connection of the wall
and bottom plate was constructed with a rubber waterproof sheet between them. The packing of
the joints was caulked with bituminous oakum and asbestos cement. The subsoil under the tank
was soft silty clay 21 m deep with fine sand and loam beneath it as shown in the No. 1 and No. 2
geologic boring logs (Fig. 2) and soil experimental reports (Tables 1 and 2). The foundation was
made with 218 pre-fabricated 400×400 mm RC square piles 22 m long driven into a layer of fine
sand and loam. The two outer rows of piles were arranged in a circular pattern; the inner rows
were arranged in a square. The diameter of the reinforced concrete bottom plate was 44 m; and
the thickness was 0.9 m. There was a concrete cap on each pile top. There was no damage to
the tank after the earthquake.
B. Gas holder
There were three lifts in the gasholder and no weights on the crown or in the lifts. The total
height when inflated was 34.173 m. The pressure in the holder was 120, 177 and 240 Ag when
one lift two lifts and all three lifts were inflated, respectively. The dimensions are shown in
Fig. 3, the places damaged are shown in Fig. 4, and the construction of the guide roller carriage
is shown in Fig. 5. During the earthquake two and one-half lifts were inflating, the water was
splashed out of the water seal and out of the tank upwards about 2 m over the platform cup. The
odor of natural gas around the tank was very strong. By estimation there was approximately 300
tons of water which overflowed from the tank. The relative slippage between the lifts resulted in
impact. The guide rails of every lift were light rails of 24 kg/m connected by bolts at both
terminals with the upper and lower rings and at the middle with vertical stays; there was no
damage after the earthquake. More serious damage occurred to the guide roller carriages. The
damage to dip carriages between the first and second lifts and between the second and third lifts
was minor. But damage to the dip carriages between the third lift and tank platform was greater.
The damage to the dip carriages is as follows:
(a) The seven end closures (cast iron) fell off by the washers and nuts at the end of the axles
(Φ75, ZG35), Photo 1.
(b) Slippages and rotations of dip carriages occurred at 22 places (Photo 2).
(c) The bottom plates of carriages were raised up from the dip channel of the third lift. One
of them (in the west) was raised about 10 mm (Photo 3).
(d) The guide rails out of the third lift dip channel were broken in 12 places along the weld
seams.
(2) 54,000 m3 spirally guided gas holder (intensity VII, site III)
A. Water tank
This gasholder was located north of the previous 30,000 m3 holder and had a diameter of
44.31 m, a height of 10.5 m, and a water storage capacity of 16,000 tons. The tank was made of
A3 welding steel with a 6 to 18 mm wall thickness; the bottom plate was 6 mm thick at the
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middle and 8 mm thick near the wall. The geological condition under the tank is shown in
Fig. 6. The No. 3-No. 6 soil boring experimental reports and static exploration results are shown
in Tables 3 and 4. The foundation was located on natural soil (pre-loaded). The reinforced
concrete bottom plate 150 mm thick was set under the steel bottom plate, and a 2.6 m×2.0 m
annular box beam was set under the wall. During the earthquake a great deal of water was
splashed out of the tank but unequal settlement did not occur and the connections between the
inlet and outlet pipes and steel bottom plate were not damaged.
B. Gas holder
There were four lifts in the gas holder and the total height when inflated was 52 m as shown
in Fig. 7. The locations of damage are shown in Fig. 8 and the structure of the guide roller
carriage is shown in Fig. 9. During the earthquake only the first lift and half of the second lift
were inflating, the third and fourth lifts were in the tank. An inspection after the earthquake
showed that the dip carriages were not damaged but the guide rails of the fourth lift dip channel
were damaged as follows:
(a) Two guide rails were broken at the flange of the connected angles about 300 mm long
(Photo 4) and the others were bent.
(b) Twelve guide rails were derailed from the rollers on the tank platform, seven outwards
and five inwards (Photo 5).
(c) The connected angles between the guide rails and the dip channels were broken along the
welded seams (Photo 6).
(3) Horizontal cylinders
The LPG distribution station (intensity VIII, site III) on Hongqi Road had three 100 m3
horizontal cylinders (16 kg/cm,2 No. 8-No. 10). Their foundation was made with two concrete
supports with steel supporting saddles over them, the anchor bolts were fixed at one end with
sliding at the other. The tank was made of 16 Mn steel with a thickness of 24 mm, a diameter of
3 m, a length of 14 m and was about 1 m above ground level. Before the earthquake an unequal
settlement of the foundation of the No. 8 tank occurred and the impounding basin cracked.
During the earthquake cylinder No. 8 contained 80% LPG, an additional settlement took place
and caused 15 mm displacement of the steel supports (Photo 7). The other two cylinders were
intact.
(4) Spheres
The LPG distribution station on Hongqi Road had seven 40 m3 spheres that were 1.5 m
above ground level and were divided into three groups with a shed for each. The sphere was
made of 16 Mn steel, which was 16 mm thick, 4.3 m in diameter, and was supported by the
bearing structure, which was composed of Φ117 steel pipe props, Φ20 steel bar cross-ties and an
annular beam foundation. They were empty during the earthquake and no damage was found
afterwards, except for wear at a few intersections of cross-ties that was about 2 mm in depth.
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3. Pipelines
(1) Liulin Distribution Station-Zhanzhuangzi Distribution Station (intensity VIII, site III)
The underwater crossing of the high-pressure natural gas line across the Haihe River was
constructed underwater with a reverse siphon. The single Φ426 seamless steel pipeline used
welded connections with an additional anticorrosive layer. The radius of curvature of the pipe
was 700 m and it was constructed using the dragging method. In order to avoid floating up a net
of Φ6 steel bars with 100×100 mm of mesh was added and poured with a 100 mm thick concrete
layer as additional weight. The two banks were ditched by laborers; 4 m of upper width, 1.2 m
of lower width, 5 m of depth. The riverbed was ditched by a drag shovel; 1.5 m in width, and
1.0 m in depth. The crossing was intact after the earthquake. On the other hand, the welded
seam of the joint 1.5 m in front of the valve chamber east of the river cracked. Meanwhile, the
pipeline outside the bank across the ditch (17 m of upper width, 3 m of lower width, 2.1 m of
depth) 100 m in front of the valve chamber west of the river pulled apart 100 mm.
(2) The high pressure natural gas main trunk from the Dagang Compressor Station to the
urban district
The underwater crossing of the Duliu distributary was constructed with Φ529 steel pipes and
welded joints (the width of the crossing was 1,060 m, two river courses 200 m wide, with a
distance between them of about 500 m and not navigable). A reverse siphon was used and a
single pipeline was laid underwater on the riverbed without a drag shovel. One crossing pipe
was wrapped with a 100 mm thick reinforced concrete layer for additional weight, the other was
laid with two lines of Φ600 cast iron pipes on both sides bound transversely with Φ10 steel bars
as a unit. Located on the southern bank of the crossing was the Dagong Compressor Station and
on the northern bank was the ball-valve chamber. There was no damage to the crossing pipe and
chamber after the earthquake.
(3) The medium pressure natural gas main trunk at the Liulin Distribution Station
It was made with Φ600 cast iron pipes, 121 m long, the 25 joints had 5 lead joints and 20
expanding cement joints. Before the earthquake there was some water in the ditch, and after the
earthquake the pipeline floated up 400 mm high and the water had bubbles with the appearance
of pulling out of joints and escaping of gas. Three lead joints of the starting terminal and one
cement joint at another terminal leaked seriously. Only 150-200 mm thick soil and grass cover
remained on the pipeline and the rest of the soil was washed away (Photo 8).
(4) The medium pressure natural gas main trunk at the outlet of the Liulin Distribution
Station
After the earthquake it was pulled apart 10 mm. The gathering line and the governing lines
moved 10-15 mm southward which resulted in the dislocation of supports of the gathering line
and slippage of the strainer from the foundation supports 20 mm apart (Photos 9 and 10).
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(5) The low pressure natural gas main trunk at the outlet of the governor house at the
Liulin Second Sanatorium
After the earthquake 200 mm of displacement and twist occurred (Photo 11).
(6) The embedded medium pressure natural gas main trunk at the Liulin Second
Sanatorium
After the earthquake the Φ200 cast iron valve was broken, one pipe end was pulled out 540
mm and the other was pushed outward to an angle of 15° with 50 mm settlement due to a ground
crack, a sand boil, and a slippage of pipes (Photo 12).
(7) The condensing well at the Liulin Second Sanatorium
After the earthquake it slipped over 500 mm and the valve inside was bent (Photo 13).
(8) The main trunk at the Liulin Distribution Station
The valve well of the medium pressure natural gas main trunk at the outlet of the Liulin
Distribution Station was damaged (Photo 14).
(9) The main trunk at the Zhanzhuangzi Distribution Station
The brick supports of the main trunk at the Zhanzhuangzi Distribution Station were cracked
at the top and bottom.
(10) The natural gas main trunk of the governor’s house at the Tianjin Paper Mill
The Φ325×7 natural gas main trunk through the wall was constructed without a sleeve and
the brick wall was cracked after the earthquake (Photo 15).
4. Field and Station Buildings
The fields and station buildings included natural gas distribution and compressor stations,
and LPG storage and distribution stations, etc. The damage to one-storied industrial buildings
and frame and brick-concrete buildings was similar to that of the ordinary industrial and civil
buildings (not described here). Two examples of seriously damaged buildings are described
briefly as follows:
(1) Liulin Distribution Station
The shed was constructed with asbestos tiles, light steel trusses, pre-cast RC columns and
brick gables as shown in Fig. 10. There was no consideration of earthquake-resistant design.
The site was formerly a pond and the back-fill was not consolidated. Soil liquefaction and
sandboils during the earthquake resulted in the falling down of tiles, the incline of gables, and
the twisting and cracking of columns at the front and back eaves in which two columns were
broken. Because the tie beams were poorly supported on the corner of the gables, they
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dislocated and the brick wall cracked and fell off. In addition, the enclosing wall mostly
collapsed as shown in Photo 16.
(2) The filling house and cylinder shed at the LPG storage and distribution station on
Hongqi Road
These buildings were built in two stages. In the first stage the domestic filling house and
cylinder shed were completed and in the second stage the industrial filling house and cylinder
shed were completed and between the two sheds an expansion joint was set up. The two filling
houses were constructed with load-bearing walls, asbestos tiles and a light steel truss roof. The
cylinder shed was a frame structure with eight girders that were supported on the brick walls of
the industrial filling house (Photo 11). There was no consideration of earthquake-resistant
construction in the design. After the earthquake the industrial filling house was seriously
damaged. The brick walls under the northeast, southeast and northwest beams were cracked, the
four sides of the brick walls were broken with an X-shaped crack 130 mm in width, and the
southwest corner settled (Photo 17); it had to be removed and rebuilt. On the other hand, the
domestic filling house was slightly damaged. For example, there were horizontal cracks on the
brick wall, vertical cracks on the brick column and cracks at the corner of the windows (Photo
18). The reinforced concrete columns of the cylinder shed inclined westward and the girders
cracked (Photo 19).
(Translator: Hua Yuwen)
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Photo 1. A broken end closure of a 30,000 m3 spirally
guided gasholder.

Photo 2. A twisted carriage on a 30,000 m3 spirally
guided gasholder.

Photo 3. A welded seam cracked on the bottom plate of
a carriage of a 30,000 m3 spirally guided gasholder.

Photo 4. The No. 4 lift guide rail broke on a 54,000 m3
spirally guided gasholder.

Photo 5. A guide rail of a 54,000 m3 spirally guided
gasholder derailed.

Photo 6. The welded seam of a guide rail of a 54,000 m3
spirally guided gasholder cracked.
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Photo 7. The foundation settled and the supporting
saddle displaced at the No. 8 horizontal cylinder after
the earthquake.

Photo 8. The arched medium-pressure trunk main at the
Liulin Distribution Station after the earthquake during
repair.

Photo 9. The embedded trunk main at the outlet of the
Liulin Distribution Station pulled apart 10 mm.

Photo 10. The gathering line at the Liulin Distribution
Station moved 10-15 mm southward which resulted in
the shear failure of a column.

Photo 11. The low-pressure natural gas trunk main of
the Liulin Second Sanatorium was deformed.
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Photo 12. A valve at the Liulin Second Sanatorium cracked.

Photo 13. The condensing pit at the Liulin Second
Sanatorium was displaced.

Photo 14. The valve pit of a medium pressure natural
gas trunk main at the Liulin Distribution Station was
damaged.

Photo 15. The pipeline at the Governor’s house at the
Tianjin Paper Mill passed through the wall, it was
broken after the earthquake.

Photo 16. The gable of a shed at the Liulin Distribution
Station was inclined after the earthquake.
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Photo 17. The brick wall of a L.P.G. industrial filling
house on Hongqi Road cracked and the door frame
deformed.

Photo 18. Damage to a domestic L.P.G. filling house on
Hongqi Road and repair measures.

Photo 19. An R.C. column of an L.P.G. cylinder shed
on Hongqi Road inclined.
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Figure 1. Distribution of Tianjin natural gas and L.P.G. pipelines.

Figure 2. Boring locations and geologic boring logs of a
30,000 m3 spirally guided gasholder.
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Figure 3. Construction sketch of a 30,000 m3 spirally guided gasholder.
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Figure 4. Damage to a 30,000 m3 spirally guided gasholder.

Figure 5. Construction sketch of a 30,000 m3 spirally
guided gasholder carriage.
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Figure 6. Boring location and geologic boring logs of a 54,000
m3 spirally guided gasholder.

Figure 7. Construction sketch of a 54,000 m3 spirally guided gasholder.
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Figure 8. Damage to a 54,000 m3 spirally guided gasholder
(legend is same as Fig. 4).

Figure 9. Construction sketch of 54,000 m3 spirally guided gasholder carriages.
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Figure 10. Plan of a shed at the Liulin Distribution Station.

Figure 11. A sketch of the filling house and cylinder shed at the Hongqi Road L.P.G. Storage and Distribution Station.
(a) Plan; (b) Elevation
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DAMAGE TO UNDERGROUND AIR-DEFENSE SHELTERS
Zhou Mansheng, et al*

After the Tangshan earthquake a general damage survey of underground air-defense shelters
was carried out in the following areas: Tangshan City (intensity X, XI); Tianjin City, Ninhe
County and Hangu District (intensity IX); Tanggu District (intensity VIII); and Nankai District
and Hedong District (intensity VII). A total of 35 places were inspected including 10 in
Tangshan (4 in intensity XI and 6 in intensity X); 25 in Tianjin (7 basements and 3 tunnels in
Ninghe and Hanggu Districts, 5 basements and 3 tunnels in Tanggu District, 5 basements and 2
tunnels in Nankai and Hedong Districts).
1. General Description
At the underground air-defense shelters most of the tunnels were constructed with brick
walls 24-37 cm thick or rubble walls 40-60 cm thick and a circular arch top; or brick walls and
RC top slabs with a span of 1.2-2.5 m and a height of 1.8-2.5 m. The basements mostly had used
brick walls and RC top slabs or an all RC structure. Some of them used rubble walls with RC
top slabs or rubble walls with brick arches.
2. Damage
(1) Tangshan City
Buildings above the ground surface were seriously damaged and collapsed in the intensity X
area and they completely collapsed in the intensity XI area of this city. Most underground airdefense structures were in fair condition with basically no damage. The tunnels, except for a
seriously damaged section along the Douhe bank had cracks only at some connections, turnings
and weak sections. As to the damage characteristics of underground air-defense shelters, there
were no differences between the intensity X or XI areas.
(i) KMA Tangshan mine (intensity XI area)
The shelters were set up on three levels. On the first level tunnels were covered with sandy
clay 4 m in depth with brick or rubble walls and a circular arch 1.2-2.5 m in span and 1.8-2.5 m
in height. The second level was under sandy shale and mud stone strata 27 m in depth in which a
headquarters, broadcast station, hospital and dining hall were built; construction materials and
structural types were the same as the first level with 3-5 m span and 2-3 m in height. The third
level tunnels situated in sandy shale and mud stone strata 66 m in depth. After the quake they
* Zhou Mansheng, Fan Zhongxing, Zhang Yunbin, Ye Yinlong, Shan Qingyun, Xu Fengbi
Luan Yesheng and Liu Zunyi of the Building Design Institute and Mi Xiangyou of the
Aseismic Institute took part in the survey; the materials were provided by the Air Defense
Office of Tangshan, the Air Defense Office of Tianjin and the Tianjin University.
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were basically intact except for some cracks that were discovered at weak sections and some
portions of the plain concrete floor were raised up and some ceilings fell down.
A. At the connecting parts (including joints, turns, changes in cross section or structural type)
diagonal cracks occurred 1 cm in width in general. As an example, there was a diagonal crack at
the connecting part between a large meeting room and a small one (Photo 1). At the east
entrance of the large meeting room there was also a diagonal crack (Photo 2).
B. The plain concrete floor in the tunnels and rooms was partly raised 5.5-15 cm in height
(Photo 3).
C. Longitudinal horizontal cracks occurred along the side walls. For example, in the exiting
headquarters on the 2nd level, 4.15 m wide and 3.5 m high, the 40 cm thick rubble masonry wall
cracked horizontally about 2 cm in width.
D. Lime plaster coating on the ceiling partly fell down (Photo 4).
(ii) Tangshan Locomotive Mill (intensity XI area)
The shelters were constructed under 1.5-4.5 m, of over burden, generally 2 m, in sandy clay
stratum and above the water table. The span of the tunnels was 0.8-2.0 m with a height of 1.82.5 m; the span of the basement was 2.0-4.0 m with a height of 2.0-3.5 m. Side walls were brick
and rubble masonry, top plates were pre-cast RC slabs and arches, brick arches and cast-in-site
RC slabs. After the quake they were basically in good condition, only a few cracks occurred at
weak sections.
A. Vertical cracks occurred at the corners of the tunnels with a crack width of 2 mm (Photo
5). The overburden of this section was 1.5 m deep, the span was 1 m, the height was 1.8 m, and
the brick wall was 37 cm. The pre-cast RC slab was 10 cm thick and the bar spacing was 24 cm
with no steel anchors.
B. Diagonal cracks occurred at the connection between the pre-cast RC slab and the wall
surface of the entrance.
C. Horizontal cracks occurred at the connection between the pre-cast RC slab and rubble
wall (Photo 6).
D. The exit and entrance to the room were blocked (Photo 7).
(iii) Douhe shelters (intensity XI area)
The main tunnel passed under the riverbed of the Douhe River. It was an RC cast-in-site
structure with a thickness of 50 cm, the rest had a 30 cm thickness; it was completed in 1971.
Sub-main tunnels were situated in the red loose and soft sandy clay layer on both sides of the
banks of the Douhe River. The depth of overburden was 2.0-2.5 m with a span of 1.5 m, a height
of 2.0 m, a 24 cm brick arch with 1:4 cement mortar and a brick pavement floor with a 2 cm
cement mortar finish.
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After the shock the main tunnel was in fair condition with no water seepage. The sub-tunnel
suffered damage due to landslide of riverbanks but the arch crown remained standing and the
sub-tunnel was passable.
A. At the connection between the RC and brick masonry structures, from the airtight door of
the main tunnel to the expansion joint, a crack about 1 cm wide occurred and the surface finish
peeled off (Photo 8).
B. The paving brick floor of the sub-main raised up 50 cm (Photo 9).
C. The rubble wall of the sub-main tunnel bulged inward and partially collapsed (Photo 10).
D. The brick wall and top arch at the corner of the tunnels was seriously damaged (Photo
11).
(iv) Underground air-defense basement in the Tangshan area
A. The underground meeting hall (Fig. 1) and kitchen of the Tangshan Mine were buried
27 m underground in sandy shale and mud stone stratum. There was no damage after the shock
(Photo 12).
B. The headquarters of the Locomotive Mill (Fig. 2) was situated 3.05 m underground in
sandy clay stratum. There was no damage after the quake.
(2) Tianjin City
There were 17 districts and counties in this city. Air-defense tunnels were made of brick
walls (37 cm thick), a brick arch (37 cm thick), and a 20-30 cm thick RC foundation with a plain
concrete or rubble sub-base. The span was 1.2-2.0 m and 1.8-2.2 m high. Five courses of watertight plaster (hard) were provided on the interior surface. Among the 17 places investigated, the
air-defense basements were made of RC exterior walls and top slabs, and base floors had a
thickness of 25 cm, 30 cm and 35 cm, respectively. Some were made of mixed structures with
brick walls (exterior 49 cm, interior 37 cm), RC top slabs and base floors. The earth cover depth
for tunnels was 1.5-2.0 m and 1 m for basements, more or less.
After the quake most of the underground air-defense shelters in this city were basically not
damaged. The structure of basements and tunnels in the intensity VII area were in good
condition, and in the intensity VIII and IX areas large cracks occurred but they could be repaired
and were available to use. Some tunnels with completed structures but no earth cover were
seriously damaged and some collapsed. Ground water leaked into some parts of the tunnels and
water flowed to adjacent basements. Based on the survey of this city, after the quake 95.2% of
the air-defense shelters were in fair condition; 4% could be repaired for use; and 0.8% were out
of operation due to water spouts and sandboils.
(i) Ninhe and Hangu Districts (intensity IX)
Buildings above ground suffered serious damage. Tunnels cracked circumferentially.
Watertight plaster peeled off and some parts of the tunnel fell down and water leaked in.
Basements had no damage.
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A. Circumferential cracks generally occurred at a spacing of 8-12 m longitudinally. In Ninhe
there were over 150 cracks within a tunnel length of 2,079 m, with a crack width of 3-5 cm, and
a maximum of 15 cm (Photo 13).
B. Usually, tunnels cracked and were crushed at the corners or at connections and at section
changes. For example in Ninhe a tunnel cracked with a crack width of 1.8 cm (Photo 14). At the
intersection of the NS and EW tunnels in Ninhe County the walls were crushed, the lining and
brick masonry came off and cracked both transversely and longitudinally (Photo 15). The
connection between the shelter and tunnel in Ninhe cracked circumferentially and dislocated 4
cm.
C. Tunnels with no earth cover suffered serious damage. The nursery in Hangu and the
tunnel in Ninhe were exposed (no earth cover) and they were cracked and collapsed after the
quake (Photo 16).
D. Most of the watertight plaster (hard) peeled off with a maximum area of one square meter,
a total of 20 odd places along the 2,000 m long Ninghe tunnel. Ground water generally leaked
into the tunnel.
E. Seven inspected basements suffered no damage after the shock but some held standing
water due to back flow from connected tunnels. The independent basement of the First Food
Stuff retail department in Ninhe was made of brick bearing walls (exterior wall was 49 cm thick,
the interior was 37 cm), a 25 cm thick RC top slab and base floor; and it had 1.0 m of earth
cover; the water table was 1 m below the ground surface. It was set in a muddy mild clay
stratum. After the quake it was not damaged and was dry inside. An above ground 4-story
frame structure building of the Hangu Petro-Chemical Works collapsed after the quake but the
underground basement was in fair condition (Fig. 3, Photo 17).
(ii) Tanggu District (intensity VIII)
Some above ground buildings collapsed. Most buildings cracked and suffered damage to a
greater or less extent, parapet walls fell down, some areas had sandboils and water spouts, and
there were ground fissures. But the underground basements were in fair condition. Cracks and
leakage of water occurred on tunnel walls and the exposed parts collapsed.
A. Generally, circumferential cracks occurred along the 37 km long tunnel in Tanggu District
at a spacing of 12-15 m with a width of 1-3 cm (Photo 18). Figure 4 shows a sketch of a
damaged tunnel in Tanggu District.
B. At the intersection of tunnels and at the locations of changing cross-sections cracks
appeared with a 1-2 cm width. At Hepin Park in Tanggu District cracks occurred at the joint of
the arch and top plate with a width of 2-3 cm. Rubber water-stops were provided at the joint to
the entrance and exit of the tunnel in Tanggu District and proved to be successful for water
tightness.
C. The Beitang tunnel in Tanggu District, which was along the seashore, separated 10 cm
due to a landslide (Photo 19).
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D. The main section of the Beitang tunnel was under construction and had no earth cover
(original design: 1.5 m cover). It suffered serious damage with a 20 cm wide circumferential
crack and up and down dislocation. The raised section was up to the ground level (Photo 20).
An S-curved portion of the exposed tunnel at Hepin Park in Tanggu District partly collapsed and
the brick arch was crushed.
E. In most tunnels ground water leaked in and stored up. In the tunnel in Hepin Park water
1 m deep remained at the time of inspection.
F. Five basements were inspected and all were in good condition. For example, the basement
of the Seamen’s Club and Border Guard Headquarters.
(iii) Part of Nankai and Hedoung Districts in Tianjin City (intensity VII)
Only a few buildings above ground level were destroyed but some had cracks. Basements
suffered no damage and tunnels were basically in fair condition. A few fine cracks were
discovered and generally were in dry condition.
A. Along the 1,000 m long main tunnel in Nankai District there were a few fine cracks (less
than 0.5 mm) some of which occurred during the shock and some were there before.
B. At the intersection of tunnels there were fine cracks at the joint between the flat top slab
and the circular brick arch with a width less than 0.5 mm. The 37 cm brick buttress was
provided with better mortar at weak sections, such as cross or tee joints, during construction at
the No. 5 Paper Mill in Hedong District. No cracks were discovered after the quake.
C. When the No. 5 Paper Mill tunnel, with no earth cover, was under construction the
circumferential cracks were wider after the shock. At the joint of the tunnel, which had earth
cover and an uncovered section, an up and down dislocation of 1.5 cm occurred.
3. Characteristics of Damage
A. In comparing underground shelters with buildings above ground level in the same area the
former suffered much less damage than the latter. For example:
(i) The Tangshan Locomotive Factory was located in an intensity XI area. All surface
buildings within 30 m around the shelter completely collapsed during the quake including the
machine workshop on the north side, the office building of armed forces on the east side, and the
upper portion of the warehouse of armed forces. The underground shelters such as the
headquarters, power house (Photo 22, Fig. 5), and kitchen (Photo 23, Fig. 6) were all in good
condition with no damage.
(ii) In the Xiaoshan District of Tangshan (intensity XI) all surface buildings collapsed (Photo
24), but the shelters built by inhabitants themselves were not damaged (Photos 25 and 26).
(iii) In the intensity IX area of Ninhe County surface buildings suffered serious damage, and
old and flawed houses nearly all collapsed. The basements of office buildings in this county
were in good condition (Fig. 7), but tunnels with no earth cover were seriously damaged.
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B. Deeply buried underground structures suffered less damage than shallow buried
structures. Tables, chairs, and brick stored in the basement, about 4-7 m deep, fell over
occasionally. But the equipment in a kitchen buried 27 m deep was left standing.
C. Underground structures embedded in better stratum suffered less damage than those in
soft stratum. For example, the tunnels in Tangshan City, except for those along the banks of the
Douhe River, were located in solid sandy clay or sandy shale and mud stone layers as compared
to tunnels in Ninhe and Hangu Districts; in the former, fewer cracks appeared.
D. The damage to basements was less than to tunnels. Basements were built with small
dimensions, a regular plan and good rigidity so compared with tunnels at the same site the
damage was less severe.
E. The functions of tunnels were weak points; more cracks were discovered in their vicinity.
F. Most of the cracks in the tunnels of Tianjin City were circumferential. The spacing of the
cracks was: intensity IX, 8-12 m and intensity VIII, 12-15 m. The width of the cracks was:
intensity IX, 3-5 cm and intensity VIII, 1-3 cm.
G. The floors of the tunnels in Tangshan City were raised up a maximum of 50 cm for brick
pavement and 10 cm for plain concrete pavement.
H. Tunnels along the riverbank and seashore were seriously damaged due to landslides and
earth fissures.
I. Under the same geological conditions buildings with basements suffered less damage than
those with no basements. A single-story brick masonry mixed structure at the Tangshan
Locomotive Factory was built with a basement and there was no damage after the quake (Photo
27). All surface buildings within 30 m completely collapsed. Another surface building at the
Tianjin Chemical Works in Hangu District was built with a basement and no damage appeared
after the quake (Fig. 8, Photo 28). About 20 m away a similar surface building with no basement
settled 40 cm and tilted (Photo 29).
(Translator: Peng Ruimin)
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Photo 1. A diagonal crack at connecting part of a
meeting room.

Photo 2. A diagonal crack at the entrance of a meeting
room.

Photo 3. A raised up floor.

Photo 4. Lime plaster peeled off.

Photo 5. A vertical crack around the corner of a tunnel.

Photo 6. A horizontal crack at the intersection of an
R.C. top plate and rubble wall.
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Photo 7. The entrance and exit of a room blocked by
debris.

Photo 8. A crack at the joint of R.C. and brick masonry
of the main tunnel.

Photo 9. The floor arched up in the sub-main tunnel.

Photo 10. Rubble side walls bulged inward in the submain tunnel.

Photo 11. Severe damage at a turn in a tunnel.

Photo 12. A meeting room with no damage.
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Photo 13. A circumferential crack in Ninghe tunnel.

Photo 14. A circumferential crack in Ninghe tunnel at a
turnnig point.

Photo 15. Damage at an intersection of two Ninghe
tunnels.

Photo 16. A destroyed tunnel with no earth cover.

Photo 17. An undamaged shelter in Hangu District.

Photo 18. A circumferential crack in a tunnel in Tanggu
District.
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Photo 19. A separated tunnel on the seashore of
Beitang.

Photo 20. A damaged tunnel with no earth cover in
Beitang.

Photo 21. A collapsed above ground building at the
Tangshan Locomotive Manufactory.

Photo 22. An underground powerhouse was undamaged
at the Tangshan Locomotive Manufactory.

Photo 23. An underground kitchen at the Tangshan
Locomotive Manufactory was undamaged.

Photo 24. A collapsed above ground building in
Xiaoshan District
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Photo 25. An undamaged shelter in Xiaoshan District.

Photo 26. Same as previous photo.

Photo 27. An undamaged brick masonry mixed
structure with a basement at the Tangshan Locomotive
Manufactory.

Photo 28. An undamaged surface building with a
basement at the Tianjin Chemical Works.

Photo 29. A surface building without a basement settled
and tilted at the Tianjin Chemical Works.
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Figure 1. Sketch of an underground meeting room at the Tangshan Mine (unit: m).

Figure 2. Sketch of underground headquarters at the Tangshan
Locomotive Manufactory
(unit: m).
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Figure 3. Sketch of an air-defense basement at the Petro-Chemical Works
(unit: m).

Figure 4. A general sketch of damage to a tunnel in Tanggu District (unit: m).
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Figure 5. Sketch of an underground powerhouse at the
Tangshan Locomotive Manufactory (unit: m).

Figure 6. Sketch of an underground kitchen at the Tangshan
Locomotive Manufactory (unit: m).
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Figure 7. Sketch of an underground air defense basement of an office
building in Ninghe County.

Figure 8. Sketch of an air defense basement at the Tianjin Chemical Works (unit: m).
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CHAPTER 6:

EARTHQUAKE RELIEF AND
RECONSTRUCTION OF TANGSHAN

DISASTER RELIEF AFTER THE TANGSHAN EARTHQUAKE
Wang Zixing, Cui Xifu, and Liu Keren1

The city of Tangshan, with a population of one million, was struck by the M7.8 earthquake at
4:00 a.m. on July 28, 1976. It is said in China that 243,000 people lost their lives. Most of the
houses and buildings were destroyed; there was no electric power, no running water, no
functioning sewers, no gas, no telephone communication, no functioning city government, no
highway traffic or railway traffic into the city. In effect, at four o’clock the city ceased to exist
leaving over 500,000 homeless survivors. The central government organized a massive relief
and reconstruction program, and since the disaster was too great for the Province to cope with,
other Provinces were called upon to contribute men and materials. Teams were dispatched to
deal with emergency disaster relief and emergency repair of public utilities and industries; and
complete reconstruction of the city was undertaken. This account of the disaster was written
shortly after the earthquake. A more detailed account of relief and reconstruction has not been
published.
More than 100,000 officers and soldiers of the PLA went to the disaster region from Beijing,
Shenyang, Hebei and other areas. They played a central role during the emergency disaster
relief (see Photo 1). Under the direct jurisdiction of the central government all the provinces and
cities as well as the autonomous regions sent medical workers and specialized personnel from
industry, communications, postal and telecommunication, construction, water and power supply,
mining rescue, etc. to the disaster area. At the same time large quantities of medicine, grain,
food, construction equipment and daily necessities were transported to the disaster area.
The CPC Committee of Hebei Province together with the Beijing Military Area Command,
the Shenyang Military Area Command, and the United Work Group of the State Council set up a
lead group and established the Headquarters of the Tangshan Earthquake Relief to direct the
project. The army units taking part in the earthquake relief all set up special headquarters.
Hebei Province also set up the Rear-Service Headquarters of Earthquake Relief to form an
earthquake relief command system of the Party Committee of Hebei Province.
In this large-scale effort of earthquake relief, the Tangshan Earthquake Relief Headquarters
managed many forces, organized rescues, provided temporary buildings, transported disaster
relief material, provided living arrangements for survivors, launched protection against epidemic
disease, handled public security and propaganda and education, restored industrial and
agricultural production, etc.
1

Construction Commission of Hebei Province
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I. Rescue, Repair and Transportation
1. Rescuing people in collapsed buildings was the most urgent task in beginning the
earthquake relief
The earthquake occurred at 4:00 a.m. and nearly all the houses and buildings in the city
collapsed and approximately one million people were affected. Even those who worked the
night shift did not escape death and injury.
After the earthquake members of various cadres organized cadres and the people who had
escaped to assist in the rescue of victims. The leading cadres of the Kailuan Coal Mine first
thought of the safety of 10,000 workers in the pits regardless of the casualties of their
dependents. They organized the workers and cadres who had escaped the danger into pit rescue
teams and opened all the spare vents to rescue their fellow workers in the pit. The cadres of all
levels of the Kailuan Coal Mine and all of the subordinate mines organized workers to proceed
with the rescue operation. The temporary Party Branch of the Lujiatuo pit put forward the
requirement that the non-Party people were to be rescued first, Party members second; workers
first, cadres second. The 10,000 workers in the pits of all the mines subordinate to the Kailuan
Coal Mine mostly returned to the ground surface within several hours after the earthquake.
At the same time, an independent relief effort was undertaken in the city and countryside.
Having few tools, people removed bricks and rubble with their hands and lifted heavy broken
posts and beams to rescue victims.
Under the leadership of the Party organizations and with the cooperation of a large number
of Party members and cadres the rescue work proceeded quickly. In the high earthquake
intensity area most of the buried people were rescued the same day the earthquake occurred.
Urban workers and citizens of Tangshan City and officers and men of the army stationed in
Tangshan overcame one difficulty after another and rescued most of the people rapidly. All the
barracks of a unit of the No. 66 Army collapsed completely during the earthquake and there were
1,800 people in the collapsed barracks. The army rapidly organized a self-relief effort and in a
half an hour all the people were rescued. Afterwards they went to nearby places to rescue
people. On the same day this unit dug out 5,572 buried people and 4,509 of them survived. On
the second day the unit dug out 1,638 people of which 552 were survivors. On the third day 743
people were dug out by the unit and 103 were survivors. After the 5th day there were very few
survivors. This indicated that the first 2 days, especially the first day of the earthquake, were
very important for the rescue of survivors.
More than 110,000 officers and men from the Beijing Military Area Command, the
Shenyang Military Area Command and construction engineer troops arrived at the disaster area.
Putting forward the pledge "letting the people have hope for life and keeping danger of death for
oneself," they climbed hazardous buildings and went through dangerous openings and rescued
large numbers of people. In order to rescue those people still alive the officers and men of the
PLA organized many detachments to search for victims and mobilized people to identify victims
needing rescue. Army commanders organized army personnel, crane teams and also the medical
teams from other parts of China. They rescued more than 16,400 people by working day and
night.
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With the lapse of time the rescue work became more and more difficult and people rescued
alive became fewer with each passing day. However, the effort to rescue every possible live
person was continued. "If there is 1% of hope, 100% of effort is made for the rescue". This was
the slogan of the rescue workers of the PLA. On August 4, the 8th day after the earthquake, the
officers and soldiers of the 9th Company heard a weak voice calling for help from the ruins of
the Kailuan Hospital. They dug a trench 10 m long in the rubble and prized layers of collapsed
floors and after 6 hours, along with the cooperation of the medical team; they finally rescued
Wang Shubin who was a worker at the Tangshan Alumina Mine. When the officers and soldiers
of the "All-Conquering Boshan Heroic Company" knew that there might be people in the west
end of the first floor of the medical department in the collapsed Commercial Hospital they
cooperated immediately with the engineer troops; they began to dig up the west end of the
collapsed building. Finally, they dug a small hole 10 cm in diameter from which a woman's
weak panting was heard. They were afraid of hurting the victim if they were to use power tools.
Instead, they used their hands to remove the rubble and broken concrete. More than 10 soldiers
carried away three pieces of concrete slabs each weighing more than one ton and they pulled
down the shattered wall on the west side. On August 9 they finally rescued the woman, Lu
Guilan; having been buried for 303 hours under the ruins. She was treated for 24 hours after she
was pulled out with no serious injuries.
Chen Shuhai and four other miners of the Zhaogezhuang Mine in Kailuan stayed in the pit
for 15 days. When the earthquake occurred they were working in the No. 10 tunnel, which was
900 m from the ground surface. The coal wall collapsed and the vertical shafts were blocked and
they were stranded in the No. 059 work area. They experienced several setbacks but fought
bravely for 50 hours and dug through the 16 m blockage. They walked out of the work area.
The electricity was out so they felt for the electric cable, and holding hands they climbed against
the wind for nearly 800 steps and arrived at the No. 8 tunnel. These five workers wanted to
climb to the No. 7 tunnel but a stream of water blocked the way, so they rested in two mine cars.
When they were thirsty and hungry they drank dirty water and nibbled the coal. When they were
cold they huddled close together. They firmly believed that the Party organization would send
people to rescue them. The Party Committee of Zhaogezhuang Mine was anxiously searching
for these five workers and they were finally discovered on August 11, fourteen days after the
earthquake. These five miners successfully returned to the surface after being given emergency
treatment in the pit.
Forefront rescue, i.e. timely treatment and on the spot dressing of wounds for the large
number of injured people and emergency treatment for the critically injured was the key link to
reducing infection and death (see Photo 2). Since there were large numbers of injured people in
Tangshan City it was an arduous task to treat them. The city medical workers and those in the
industrial enterprises set up many temporary dressing and medical stations by the road or at the
ruins. The 11 provinces and cities under the direct jurisdiction of the central government
(Beijing, Tianjin, Shanghai, Heilongjiang, Jilin, Liaoning, Shanxi, Shandong, He'nan, Hubei and
Jiangsu) and the rescue troops of the PLA sent 283 medical teams and nearly 2,000 medical
workers in total to the disaster area (there were 134 medical teams and 8,900 medical workers in
Tangshan). They worked day and night and they did their best to rescue the victims.
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2. Repairing communication, traffic, electrical power and water supply equipment
After the occurrence of the earthquake Wu Dongliang, a radio operator in a unit of the PLA,
rushed to get the radio station operating and at 4:03 a.m. got contact with the radio station of a
higher command. The Tangshan Airport reported to the capital of China using a short-wave
radio in a plane. It was very important that the Tangshan Airport could be used for planes to
take off and land. The leading comrades of the Party Committee of Hebei Province rushed to
Tangshan and set up a radio station. At 1:20 p.m. they got in contact with the Party Central
Committee. Tangshan City and Tangshan Prefecture personnel worked in cooperation with more
than 1,200 people from postal and telecommunication departments from 9 provinces. They put
through the first trunk-line and got through to Shijiazhuang at 1:20 p.m. and began sending and
receiving cables. At 7:20 p.m. the next day, with the help of the Postal and Telecommunication
Bureau of Tianjin City, a 12-channel carrier was set up at the outskirts station and direct lines
from Tangshan to Beijing, Tianjin, Shijiazhuang and Shenyang were operating. By July 31,
telephone communication was restored with 400 lines to counties and communes in the
Tangshan Prefecture.
After the earthquake large quantities of disaster relief materials were needed and had to be
transported to the disaster area and large numbers of injured people were waiting to be taken to
other parts of the country for treatment. Unfortunately, the railways in Jingshan, Tongtuo and
Tangzun, etc. were seriously damaged and the main highways of Tangqin, Tangbo, Jintang, etc.
which led to Tangshan were disrupted by cracking, subsidence and some were covered with
water and sand. The major bridges on these main highways such as the Luanhe Big Bridge, the
Shahe Bridge, and the Tangshan Shengli Bridge were damaged by the earthquake and were
impassable therefore, rapid repair of highways and railways needed to be done in order to
quickly restore transportation.
Repairing the highways was divided into two stages. The first stage was to determine the
damage and to plan the repair and immediately prepare temporary routes for automobiles. The
first thing was to organize forces to quickly repair main highways to open them to traffic. The
Headquarters of the Tangshan Earthquake Relief organized 4,500 people in total from the No. 3
section, the No. 1 Bureau of the Ministry of Communications, the Communications Engineering
Brigade of Hebei Province and some from the prefecture engineering teams to repair key bridges
and seriously damaged main highways. Twenty-eight thousand officers and soldiers of the PLA
erected temporary boat bridges and began to repair highways. The local highway management
departments organized 15,000 people to repair the surface of the highways and erect simple
wood bridges. By August 10, highway transportation in the Tangshan Prefecture was in
operation. In mid-August the second stage to restore the highway system to pre-earthquake
conditions began.
At the same time the highways were being repaired the railways were also being repaired.
Forty-two thousand three hundred people of 28 units from the Railway Bureau, the Engineering
Bureau and Railway Troops took part in the emergency repair of railways. Abiding by the
principles to open the railways to traffic first and completely restoring them second, and to repair
the main lines first and branch and special lines second, they did their best to open the railways
to traffic. The railways in Jingshan and Tongtuo were the main railway lines connecting
Northeast China, North China and Beijing. The restoration of transport played a very important
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role in relocating victims in the disaster area and in restoring manufacture and rebuilding
Tangshan. For example, the No. 12 Company of a unit of the Railway Troops was repairing the
lift tower for the boat bridge and 25 officers and men went underwater to clear the mud and to
lay flat foundation stones. They worked continuously for 18 hours. On August 3, the Tongtuo
railway line was repaired and became open to traffic. On August 7, the single-track line of the
Jingshan Railway was opened to traffic. On August 10, the twin-track line was opened to traffic
and 7,600 casualties were transported out of Tangshan and goods and materials were transported
in. On September 28, the passenger trains of all railway lines were in operation. Up until the
end of October they had repaired 897 km of main lines and station lines, 146 branch and special
lines totaling 413 km, repaired 63 bridges, built temporary buildings and repaired 330,000 m2 of
housing. The capacity of the railways essentially reached the pre-earthquake level.
The emergency repair of the electric power supply system was conducted under the direct
command of the Electrical Power Industry Control Bureau of Beijing under the Ministry of
Electrical Power and Water Conservancy. On the day the earthquake occurred it mobilized more
than 3,000 people from the power departments of Beijing, Tianjin, and Tangshan. Uniting and
cooperating with the workers and staff of the Beijing Power Control Bureau and the Power
Bureau of Hebei Province, they transported two power generators to the disaster area on the day
the earthquake occurred. That night power was supplied to the Tangshan Earthquake Relief
Headquarters. On the second day after the earthquake the power transmission line from Yutian
to Tangshan was repaired and power from Beijing was transmitted to Tangshan. On the third
day after the earthquake the urban water supply locations, the airport, streetlights and the
Kailuan Mine were supplied with power. The power supply range became continuously larger
with the gradual restoration of power transmission and substation systems and restoration of
power generation at the Tangshan Power Plant. The 220,000 V Douhan power line, which had
generally been completed in construction but not yet put into operation, was quickly repaired.
This increased the power supply and the need for power in the Tangshan disaster area was met
on a temporary basis.
Repairing water supply installations was another key element in the repair project. After the
earthquake water installations were seriously damaged: the pump rooms collapsed, equipment
was smashed, pipe networks broke, and all the water supply was stopped. The supply of
drinking water for the people was provided by sending water wagons and fire engines. After this
the repair of running water installations was organized. The repair team of Shijiazhuang City
was the first to arrive in Tangshan by airplane and the repair teams of Zhangjiakou, Baoding,
Handan, Qinhuangdao, Chengde and Yingkou, etc., arrived in Tangshan one after another. The
Running Water Corporation of Tianjin City, in spite of suffering damage from the earthquake
sent equipment and pipe material that was urgently needed. The State General Material Bureau
airlifted 15,000 m of hose and 40 tons of steel pipes. The water supply depended on the water
sources and the water transmission therefore, water sources were repaired first. When one well
was repaired it was put into operation at once. Serious damage to the pipe network was first
repaired then local damage to pipes was located, closing valves on the branch pipelines and
forcing the water through the main pipelines aided in locating and repairing leaks. Once the
main pipelines were in operation the branch pipelines were gradually restored. They were
restored from one branch pipeline to a large group of lines and they were finally connected to
form a network. During the time when water could not be supplied by a unified system, each
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source well or water station was used separately to supply water to a local district. Temporary
pipes and faucets were used to provide water to various regions. Water faucets were set up in
places where they could be reached conveniently by the people. When the wells and water
stations were operating and the main pipes in each district were put into operation and all the
main pipes were connected the unified water supply was restored to pre-earthquake condition.
By October 10, 39 wells had been restored to operation, 9 secondary pressure pumps had been
restored and installed, 166 km of main pipeline had been restored, 510 large pipe leaks and
nearly 1,000 small pipe leaks had been repaired, 528 public water faucets had been restored and
58 water faucets were set up to restore the water supply capacity to the level before the
earthquake.
3. Importing disaster relief material and transferring injured people to other areas in
China
The Air Force of the PLA and the departments of railway and highway launched a major
effort in order to transport several hundred thousand earthquake relief personnel and large
quantities of disaster relief material from all sides to the disaster area and to transport large
numbers of wounded people to other parts of China for treatment.
In the beginning airlifts were mainly used to transport material and to evacuate seriously
injured people to other parts of China. The Tangshan Military Airport communication was
seriously damaged which included the radar navigation equipment. The air traffic controllers
listened for the sound of an airplane and visually directed the airplane to land safely. The
airplanes carrying injured persons took off one after another and the airplanes carrying disaster
relief material and support personnel flew in from more than 20 airports in the country and
landed in Tangshan one after another. Sometimes in the airspace of the airport several different
types of airplanes appeared at the same time and demanded to land simultaneously. Controlling
the airplanes to the proper altitude and to different take-off and landing routes and conducting
temporary deployment of airplanes in the air the air traffic controllers safely directed the
airplanes to land one by one. Double-direction take-offs and landings on the right and left
runways were used for greater efficiency. Six days after the earthquake 1,364 sorties had taken
off and landed; the maximum was 350 in one day. The maximum frequency was controlled by
an interval of only 26 seconds between planes.
In the beginning ground transportation mainly relied on automobiles. The Headquarters
assembled more than 1,200 automobiles in the province, which were organized into more than
10 disaster relief automobile teams. The central government also allocated more than 2,400
automobiles to the disaster area. The General Transportation Corporation of the Ministry of
Communications, the Communications Bureau of Beijing, and the transportation departments of
the prefectures of Fushun and Yingkou also sent automobiles for assistance. At that time the
number of motor-driven vehicles from all the disaster relief contingents was over 8,000. In
addition to the locally driven motor vehicles the vehicles entering and leaving Tangshan City
daily were over 20,000. Before the earthquake the number of daily motor vehicles on Tangfeng
Highway was less than 3,000 and after the earthquake it was up to 9,000. The number of daily
motor vehicles on the section of Yutian to Tangshan on Jingshan Highway was less than 2,000
and after the earthquake it was up to 8,000. The number of vehicles sharply increased even
though the highways were damaged. The streets and lanes in Tangshan were blocked by
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collapsed buildings, slightly injured and seriously injured people, and people getting out of
danger by putting up tents and sleeping in the open. Corpses of people killed in the earthquake
were put along the streets. A large number of vehicles transporting disaster relief material were
in Tangshan so there were very serious traffic jams in Tangshan City for two to three days after
the earthquake, and it often took four to five hours for an automobile to pass through the city.
To counter this problem communication control was implemented and troops were sent to
provide information and help people clear the streets and open the roads. The main streets were
identified and one-way roads were established. Unnecessary vehicles were not allowed to enter
into the city. At the same time a combination of army men, militiamen and traffic policemen
were adopted to direct and control traffic. The PLA sent more than 400 officers and men to take
part in traffic control. Beijing and Shijiazhuang, Zhangjiakou, Handan, Chengde, Xingtai and
Cangzhou in Hebei Province also transferred some of their traffic policemen to Tangshan for
assistance. Road signs were put up at main traffic crossings and the traffic jam situation changed
rapidly. By July 31 the main streets and several main roads had been unblocked. For traffic
efficiency all the local vehicles were commandeered and controlled by the communications
group of the Headquarters. Workers and staff members accomplished much and a large quantity
of material was transported to Tangshan from all parts of China after the earthquake. By the end
of October 474 sorties had been used to transfer 20,700 wounded people to other parts of China.
In railway transportation 159 special trains had been used to transfer 72,800 injured people;
these people were transferred to hospitals in 9 provinces in Jilin, Liaoning, Shandong, Shanxi,
Hubei and those in Shijiazhuang, etc., of Hebei Province. Special lead groups were set up in
these provinces and prefectures. Of the 90,000 seriously injured people only 913 people died.
In order to coordinate railway and highway transportation and the receiving, unloading and
distribution of material, receiving stations were set up one after another at the 8 railway stations
around Tangshan City. Later, 10 more material receiving stations were set up along the
railways. All the material transfer stations were jointly composed of people transferred from
troops and departments of finance, commerce, material, communications, railway, etc. and they
were equipped with automobiles to load and unload workers and equipment. They were not only
in charge of loading and unloading material but also in charge of distributiing and transporting
the material rapidly and orderly.
II. Living Arrangements for the People
The strong earthquake brought extreme difficulties to people who lived in the earthquake
disaster area. It was most difficult in Tangshan City since it was in the epicentral area.
Buildings collapsed, water and power supply were cut off, food was buried and cooking utensils
were smashed. Since the earthquake occurred before dawn most of the people were not dressed.
Therefore, it was of great significance to let the people have water to drink, food to eat, clothes
to wear, and houses to live in, in order to stabilize their spirits and to launch earthquake relief.
It was a scorching summer and people could not stand their terrible thirst. The people who
escaped danger were threatened first by the cut-off of the supply of drinking water. When
workers in Beijing got this information they refitted 30 water tank vehicles and filled them with
clean water and traveled 250 km to transport water to Tangshan. The countries near Tangshan
City used all means available such as automobiles, carts, large handcarts, water cabinets, rubber
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carts, etc., to transport water to Tangshan. In Tangshan City several temporary emergency
measures were adopted. The first was to utilize the 6,000 tons of water in the water distribution
stations and water storage ponds and to supply the water to people in a planned way. The second
was to make use of the more than 30 wells in the city proper. They equipped them with power to
provide water to people on the spot. The third was to organize fire engines, watering cars and oil
cars provided by the entire country to supply water to appointed households. The fourth was to
use pressure-replenishing wells in the city proper to lay hoses all around and form a large
number of temporary water supply locations. On this basis a mass campaign for repairing
running water installations was conducted to make the water supply gradually shift to a normal
situation.
In order to solve the problem of eating all the cities and prefectures in Hebei Province
cooked day and night and prepared food such as pancakes, steamed breads and biscuits, etc. For
example, the Eating Corporation in Shijiazhuang City was assigned the task of processing 5,000
kg of prepared food at zero hour on July 30; they immediately mobilized 339 workers and staff
members from 35 sales departments. They started the processing equipment and processed
6,090 kg of prepared food in only 5 hours. The food was then transported to the disaster area.
People from quite a number of prefectures and cities offered to undertake the task of preparing
food for the disaster area. The citizens of Longyao County of Xingtai Prefecture, which suffered
from an earthquake disaster in 1966, took into consideration that the disaster area was short of
water so they didn't put salt into the pancakes. Instead they transferred all the sugar stored in the
entire county and cooked sweet pancakes and transported them to Tangshan. Beijing and some
other provinces and cities under the direct jurisdiction of the central government also transported
large quantities of food such as biscuits and bread, etc., to the disaster area. A total of 4.87
million kg of prepared food was transported to the disaster area. During the first few days after
the earthquake nearly 100 sorties were flown daily to airdrop food to the worst disaster area.
Then, the method was changed so that the PLA distributed food to the affected people. While
the prepared food was being supplied 75 million kg of processed grain was transferred to the
disaster area. The workers and staff members in the field of finance and commerce tried to
restore the production and processing of grain and edible oil as well as non-staple foods.
Originally there were 108 grain supply stations in Tangshan and they all restored business by the
middle of August. By the end of October they produced 23 million kg of grain monthly; close to
the level of 25.5 million kg before the earthquake.
Restoring the business network and stations to supply commodities was actively done. The
commercial organizations of various levels in Tangshan City were seriously damaged, so in the
case that wages were not paid out in August a free and rationing supply method was used for the
people's necessities of life such as grain, vegetables, edible oil, pork, salt, pickles, soda, soap,
kerosene, matches, and women’s sanitary napkins, 11 varieties in total. In accordance with
actual needs part of the cooking utensils, clothes, shoes and socks were distributed. People in
the disaster area said with deep feeling, "In the old society, when a disaster occurred the local
authorities and profiteers took advantage of the people's misfortune and the laboring people
became destitute and homeless. Today, in a socialist society the Party and government have
showed the utmost solicitude to the people in the disaster area. We have been hit by a natural
disaster but we are not in distress. The old and new societies are really two different worlds."
The implementation of this type of supply system could only supply the main necessities of life
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though people's needs were many. Therefore, to rapidly restore business networks and shops to
make life move towards normal was important to encourage the people. In the restoration of
business networks and shops the policies of self reliance, using local materials, setting up small
shops and building more comprehensive ones were implemented. The workers and staff
members in the field of finance and commerce were eager to help the people and supply them
with what they needed, overcoming one difficulty after another. They were determined to dig
out the buried commodities, to rebuild the stores, and restore the supply. Zhenxing Store, which
was open for business on the 7th day after the earthquake was the first to open in Tangshan City.
At the Xinshiqu Department Store the workers and staff members did the jobs of setting up
buildings, checking the warehouses and arranging commodities. They first set up mat sheds to
sell goods; with the help of the PLA they set up a semi-permanent store. On September 14 they
opened for business and managed over 4,800 varieties of commodities with a daily sale volume
of over 30,000 yuan, close to the level before the earthquake. Then, more "Zhenxing" type
stores of general merchandise sold food, hardware, communication and electrical products, nonstaple foods, vegetables, etc. Up until the end of December 520 stores which accounted for 74%
of those before the earthquake were restored. More than 50 commission stations and mobile
vending stations were restored and set up, which generally guaranteed the supply of daily used
articles. In addition, the business banks and savings banks were restored to deal with various
kinds of business. In order to accommodate people from other parts of China who came to help
Tangshan, the restoration of restaurants and hotels was of high priority and the business done
was soon up to 92.9 % of that before the earthquake.
To help people solve the problem of lodging before winter came was a very urgent task. On
August 6, the Earthquake Relief Headquarters of Tangshan held a meeting about building houses
and put forward the policy of mobilizing the people and using local material, doing things simply
and thriftily and gradually completing the work. A mass movement to build houses through
general mobilization and the pitching in of the army and people was formed in Tangshan
Prefecture. Many provinces and cities under the direct jurisdiction of the central government
transported large quantities of building material for houses, in which included 38 million pieces
of mixed wood boards, over 0.9 million rolls of asphalt, and 1.38 million pieces of reed mat.
With the assistance of the PLA the vast number of people helped each other with mutual support.
Up until the end of October 379,000 temporary rooms had been built in Tangshan City and 1.57
million temporary rooms had been built in counties in the prefecture. In general, each household
had one to two rooms. These simple rooms generally met the requirements of being earthquakeproof, rainproof, and fireproof. Before winter came cotton-padded clothes and quilts with cotton
batting were granted to households, which were short of clothes and quilts. At the same time,
arrangements for coal used for cooking and heating were also being conducted.
Solving the preliminary problems of eating, drinking, clothing, living, paying wages, paying
the injured workers and staff members, comforting and compensating the dependents of those
killed and solving the problem of relief became important in the economic life of workers and
staff members. As a result, a special group was organized to conduct interrogations, listen to
different opinions and refer to the "Regulations of Labor Insurance" and other regulations
concerned and as a result the following principles were determined.
Concerning pay for the injured people and the comfort, compensation and relief for
dependents of killed workers and staff members, first the conditions of being on duty or being
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off duty was distinguished and treated differently. All those who were killed or injured while
carrying out the tasks of their posts and those who rushed to deal with the emergency and
provided disaster relief were treated as on duty casualties. Others were treated as off duty
casualties. For those who were injured and became disabled while on or off duty the
"Implementation Details of Labor Insurance Regulations (revised draft)" or other regulations
were implemented. For the direct dependents of workers and staff members killed on duty, those
whose income combined with the comfort and compensation fees exceeded the local general
living standard were paid monthly with comfort and compensation fees in accordance with the
regulations concerned in the "Labor Insurance Regulations". Those whose income combined
with the comfort and compensation fees, which were to be granted, did not reach the local
general living standard were given monthly subsidies in accordance with the general living
standards. For the direct dependents of workers and staff members who were killed while off
duty, those whose income reached or exceeded the local general living standard were granted a
one time relief payment and those whose income did not reach the local general living standard
were granted monthly general living subsidies.
The earthquake disaster made over 7,100 aged persons and children become solitary old men
or women and orphans. After the earthquake over 760 children were transferred to the cities of
Shijiazhuang, Xingtal and Cangzhou to be raised temporarily. With the rescue work underway,
retirement homes and kindergarten homes in the city and countryside were set up. Means of
recuperation for amputated and paralyzed people were provided.
Restoration of cultural and educational activities was also undertaken. A large number of
teachers, students, administrative personnel and workers neither waited for, nor relied on, help.
They restored classes first and built schools second despite the fact that there were casualties and
that school buildings and teaching equipment were damaged. By the middle of August nearly
100 primary and middle schools in Tangshan City had restored classes. The Tangshan Mine and
Metallurgy College suffered the most serious losses. The buildings covering an area of over
72,000 m2 all collapsed and all the teaching materials were smashed. Nearly half of the teachers
were killed or were seriously wounded and became disabled.2 The teachers, students,
administrative personnel and workers rapidly built more than 830 classrooms with the help of the
PLA. They dug out and cleaned teaching materials and production equipment and provided for
the restoration of classes and enrollment of students. Since many teachers not only taught their
lessons but also lectured on other subjects, the college hired additional teachers to replace them
so the college could restore classes in 11 specialties during the first 10-day period in September.
Many literary and art workers buried the remains of family members and fellow comrades. They
created and performed a large number of small literary and art programs, which improved the
morale of the people. Film workers went deep into the factories, mines, and villages and
projected films at night in open air. At the first Spring Festival after the earthquake 27
specialized literary and art organizations and over 6,100 amateur performance teams took part in
performing activities. Over 130,000 performances were conducted. These enlivened the cultural
life of the city and the countryside.

2

If the same ratio is applied to the city it indicates that approximately 500,000 were killed or
permanently disabled.
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III. Preventing Epidemics after the Earthquake
People in the disaster area were seriously threatened by epidemic diseases.
Chinese history records indicate many occurrences of pestilence after an earthquake disaster.
In January 1556, a great earthquake occurred in Shanxi Province and 100,000 people died at that
time. During the following year pestilence occurred and 700,000 people died. The number of
people who died of pestilence was seven times that of people who died from the earthquake. In
1949 an earthquake of magnitude 6.3 occurred in Luanxian County in Tangshan Prefecture. Not
many people in Xinglongzhuang Village, the epicenter of the earthquake, died but epidemic
disease occurred in the summer and autumn of the following year. In only a few days more than
100 people died. "There must be a big pestilence after the occurrence of a great earthquake" had
long been believed by the people.
The Tangshan earthquake occurred in midsummer. It was hot, cloudy and drizzly for days
on end. The remains of dead people and livestock began to rot and smell. Simultaneously toilets
collapsed and sewage pipes were blocked, excrement, urine and garbage accumulated, drinking
water was seriously polluted and mosquitoes and flies grew in large numbers. The people in the
city proper drank water from swimming pools and bathing pools as well as from puddles. The
number of colon bacillus in the drinking water exceeded state health standards by several tens,
several hundreds, several thousands or nearly ten thousand times. In some places the average
density was 400-500 flies to 1 m2 of excrement and urine. In places near the cultural palace the
density was 1,000 flies to 1 m2 of excrement and urine. Flies in accumulated garbage and
grassland around the downtown Xiaoshan area were a dense crowd that could not be calculated.
In 1 m2 of accumulated garbage 300-400 fly maggots grew in average per hour. Each kg of
garbage soil contained 450 maggots. Large numbers of patients suffering from enteritis and
dysentery appeared on the 3rd and 4th days after the earthquake. The number of patients
reached the highest in about a week. After several days the second highest number appeared.
The sickness rate in the city proper was as high as 10%-20% and that in the countryside was as
high as 20%-30%. People in the disaster area were seriously threatened by epidemic disease.
Handling the epidemic quickly was of great importance.
1. Actions taken to protect public health
During the earthquake large numbers of people were killed. The remains of the dead soon
became putrefied. This not only made the flies grow, but also caused the spread of epidemic
diseases and greatly affected the people's morale. The Earthquake Relief Headquarters of Hebei
Province undertook the large-scale work of cleaning up remains while it organized the rescue of
people buried under collapsed houses. It demanded that the remains be interred in 8 deep-buried
cemeteries, which were 5 km away from the city proper. The buried depth was more than 1 m.
The PLA undertook this very strenuous task. The officers and men worked day and night to
complete the task of cleaning up the remains. The epidemic prevention teams and medical teams
cooperated closely and they spread bleaching powder where the PLA went to clean up the
corpses.
After the earthquake a large number of remains were buried in the city proper or in the city
suburbs. Whether this could cause the spread of epidemic diseases or not, or whether this could
pollute the soil, grains, and vegetables or not were questions the people were universally
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concerned about. At that time many were fearful of the remains. The Hebei Medical College,
the Hebei Health and Epidemic Prevention Station, the Hebei Medical Science Research Institute
and Soil Quality Protection Research Institute and the Research Group of Remains Cleaning and
Epidemic Prevention were composed of people from the two cities of Tangshan and
Qinhuangdao. They collected 394 samples of air and ground water around the remains and the
pits. Tangshan’s running water and the cabbage and turnip vegetable fields, which had the
remains, buried underneath were tested and analyzed using various methods. The results did not
show the pathogenic bacteria that caused intestinal diseases such as typhoid, dysentery and
cholera, etc., thus, the people's concerns were minimized.
The pollution of water sources after the earthquake was the main channel for spreading
infectious intestinal diseases. The sterilization of drinking water wells was an effective measure
taken in preventing infectious diseases from spreading. As soon as the epidemic prevention
teams arrived at the disaster area they sterilized the drinking water. The fixed water sources
were all guarded by the PLA and militias. The health workers sterilized them at fixed hours. All
the water carts were followed by health workers and they sterilized them one by one. Some
health workers went from streets to lanes and entered the tents and sterilized the water in the vats
and barrels household by household. In the countryside of the disaster area the simple running
water installations and motor-pumped wells which were damaged by the earthquake were
restored. Wells with large openings were cleaned out. After many tests and chemical
examinations most of the water qualities conformed to the state health standard.
Flies and mosquitoes were the main mediums for spreading epidemic diseases. The mass
movement to wipe out flies and mosquitoes with pesticides was launched in large scale to reduce
their numbers and prevent epidemic diseases from spreading while water sources were being
sterilized. The Party Central Committee and the State Council gave orders to transfer 4 airplanes
to the disaster area to wipe out insects. On August 9, 16, 23 and on September 5 (each spraying
lasted 2-3 days) airplanes sprayed pesticides on Tangshan City proper, the suburbs, the East
Mining District and on Fengnan County 4 times in succession. The airplanes operated 95 sorties
and the spraying covered an area of 25,000 mu. The airplanes operated 46 hedgehopping sorties
and the spraying covered an area of 399,000 mu. In total, 45.29 tons of low-poison organic
phosphorous pesticides were sprayed. According to observation of 10 spots on Fuxing Road,
Lunan District, and Tangshan City, half an hour after the pesticides were sprayed the density of
flies was reduced by 84% in average and in some spots the density was reduced by 95%. The
effect on mosquito density was also very obvious. In addition to airplane spraying 31 pesticide
sprinklers, 1,900 various kinds of sprayers, 50,000 small household sprayers and several hundred
tons of pesticides were used.
Medical teams and epidemic prevention teams in cooperation with local medical workers
isolated and treated those who suffered from infectious diseases.
2. Mastering the spread of infectious diseases after the earthquake
When September came, though the incidence of various infectious diseases was controlled to
the level of a normal year, the sanitary conditions of living and the environment for the people
were still very poor. The tents, shacks and simple houses were low and crowded. The sanitary
installations in the city and countryside were seriously damaged and they could not be restored
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in such a short period of time. After the earthquake large quantities of excrement and urine and
garbage accumulated. This accumulated filth tended to pollute water sources. The spread of
infectious diseases of the respiratory tract and intestine, especially encephalitis B and malaria
was a threat.
The epidemic prevention teams and the health departments of the city and prefecture held
many meetings and had discussions with experienced doctors from the departments of infectious
diseases, internal medicine, and pediatrics. They also visited medical personnel, both western
medicine and traditional Chinese medicine, and investigated historical data about the incidence
of various infectious diseases and the rate of spreading in the city and countryside. They found
that 18 types of infectious diseases had occurred in Tangshan Prefecture since 1949. The five
most serious were influenza, epidemic encephalitis, dysentery, typhoid and encephalitis B.
Epidemic encephalitis was the highest in incidence in February to May of every year. The
incidence accounted for 85% of that in the whole year. Encephalitis B was the highest in
incidence in August to September and accounted for 85% of that in the whole year. Typhoid
was the highest in incidence in August to October and accounted for 66% of that in the whole
year. During the first winter and spring after the earthquake, stress was put on the prevention of
influenza and epidemic encephalitis. In the whole prefecture the adults were generally
inoculated against influenza (4 million person-portions). The children were generally inoculated
against epidemic encephalitis (2 million person-portions). This reduced the incidence of these
two epidemic diseases by 95% and 71% respectively; when summer came stress was put on
dysentery, encephalitis B, and typhoid. Dysentery is an infectious disease which had the highest
incidence, it is the easiest to spread and the most difficult to prevent. The prevention and
treatment of dysentery was the main focus of the year. Comprehensive measures were put
forward to mobilize the people and launch a mass movement to improve the hygiene in every
household.
In the city stress was put on cleaning the ruins, excrement and urine, garbage, restoring the
sanitary facilities and improving the appearance of the city. In the countryside stress was put on
"two controls" (control of water, and control of excrement and urine) and "five improvements"
(improvement of wells, toilets, livestock pens, kitchens and environment). A program of
education on hygiene and eliminating diseases was carried out. Over one million man-days and
40,000 vehicles cleaned up 70,000 tons of garbage and sewer sludge in 3,700 places and repaired
and built over 2,600 toilets and dug out 1,200 kg of maggot pupas thus, the sanitation was
greatly improved. In the countryside of Tangshan Prefecture 3.4 million people cooperated in
the movement to eliminate pests and diseases; they cleaned up over 4 million tons of garbage
and dredged over 200,000 meters of sewers. The wells that provided water were restored to the
level before the earthquake in Tangshan Prefecture. In 90% of the production teams the unified
control of excrement and urine was implemented. Since this work was conducted early and well,
the history of the spread of disease after an earthquake was changed. It was originally expected
that 800,000 people might suffer from diseases in the following year. However, fewer than
83,000 people suffered from diseases in the month of August. During the entire year fewer than
100,000 people suffered from diseases. The children in the entire prefecture were generally
inoculated against encephalitis B (1.5 million persons). The adults in Tangshan City and in the
main disaster area were generally inoculated against typhoid III, IV, V and against cholera (2.2

760

million persons). In addition, inoculation against measles and infantile paralysis was conducted.
All these measures played a very important role in controlling the spread of epidemic diseases.
3. The restoration of medical and health organizations and supplying medicines and
appliances
After the occurrence of the earthquake the total damage to medical and health buildings in
the prefecture amounted to an area of over 396,500 m2, accounting for 87.6% of the original
area. Of these damaged buildings those which completely collapsed covered an area of over
287,000 m2. Over 11,000 hospital beds were smashed and over 1,450 sets of large medical
equipment were damaged. The loss of fixed assets was estimated to be 28,325,000 yuan. The
earthquake killed 1,901 people which accounted for 10% of the total health personnel. More
than 1,200 medical workers were transferred to Tangshan from 25 provinces and cities including
Liaoning, Jiangxi, Gansu, Heilongjiang, Shanghai, Guangdong, Ningxia, etc. One hundred
thousand sets of medical appliances of 365 varieties, more than 50,000 varieties of medicines,
and nearly 1,000 tons of epidemic prevention liquid medicine and vaccine for one million
persons were transferred to the disaster area. This enabled the medical and health organizations
to recover. In less than half a year simple hospitals, hospital beds and medical facilities reached
90% of those before the earthquake. The hospitals at the commune level all exceeded those
before the earthquake.
The work of epidemic prevention the incidence of influenza, encephalitis, etc., which
historically occurred in the winter and spring was greatly reduced during the first winter and
spring after the earthquake. From January to August of 1977 there were 90,219 cases of various
types of infectious diseases. The incidence was lower by 71.4% than the 312,687 cases during
the same period of the previous year and lower by 32.9% than the average 134,447 cases of the
same period from 1971 to 1975. Sixty-five people died so the death rate was 82.1% of the same
period in an average year and lower by 52.2% than in 1975-1976.
IV. Strengthening Public Security and Rectifying the Social Order
After the earthquake a small number of people acted improperly. They seized the
opportunity to start rumors and spread reactionary and superstitious remarks and created a mood
of fear. They robbed private properties, raped women and disturbed the public order. In
response the cadres, public security policemen and militias organized themselves quickly to
guard banks, stores, storehouses, grain storehouses, etc., and to prevent sabotage. The
Headquarters held a meeting of the cadres from the armed departments and public security
departments of Tangshan Prefecture and Tangshan City. They studied and made arrangements
for the restoration of public security organizations and public security work was conducted.
After the meeting the departments of public security at various levels quickly strengthened the
lead groups and restored the administrative offices.
Directed against the increase of the occurrence of political criminal cases the following
measures were adopted by the public security departments. The first was to strengthen
investigation procedures. The second was that the Public Security Bureau and the court
organized special groups to handle cases in cooperation. On the 14th day after the earthquake a
group of active counter-revolutionary criminals were sentenced for smashing, looting and raping.
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Two more groups of criminals were sentenced in succession after this. Of these three groups 367
criminals were sentenced. Of these criminals 26 were guilty of the most heinous crimes and
were sentenced to death and immediately executed by shooting. At the same time the criminal
organizations were publicly sentenced. These actions frightened the enemy and encouraged the
people. The third was to mobilize the people to expose criminal activities. According to
incomplete statistics 9,985 cases were exposed and accused and 129 criminals surrendered
themselves to the police, 9,100 cases of various problems were confessed, and large quantities of
smashed and looted properties were seized. The fourth was to strengthen the guarding of key
targets. The fifth was to mobilize public security organizations at basic levels and make clear
the behavior of the bad elements and persons suspected of criminal activities, and to strengthen
supervision and control. At the same time, the checking of households in the city and
countryside was conducted to verify the number of people killed by the earthquake and verify
the number of the present occupants. Social public security education to the public was
conducted and people organized to protect the autumn crops, highways and railways. In
Tangshan City a program for returning items was launched and many lost and scattered materials
were collected.
While maintaining public safety the work of fire protection was taken note of. After the
earthquake the people's self-constructed simple houses were made from reed mats, asphalt felt
and wood boards all of which were flammable. Furthermore, the tent houses were very close to
each other and had many potential fire sources. Once a conflagration started there was the
danger of burning all the connected camps. Therefore, education on fire protection safety was
widely conducted and fire protection rules were made and examinations of fire protection safety
were done from time to time. Simultaneously the construction of specialized fire protection
brigades was strengthened thus, large conflagrations were avoided.
The Party Committees of Tangshan Prefecture and Tangshan City along with troops from
various units organized propaganda cars to go through the streets one after another and propagate
the profound concern and sympathy of Chairman Mao and the Party Central Committees. More
than 100,000 officers and men, medical team members, and supporters went from household to
household and to tents expressing the sympathy of the Party Central Committee. They also
made use of various propaganda forms to explain the incomparable superiority of the socialist
system, to explain the great truth that "man can conquer nature", and explain scientific
knowledge about earthquakes. The news and publishing units etc., also gave prominence to
earthquake relief. Up to September 9 the Hebei Daily published 85 pages of reports and
comments about earthquake relief, 2 pages each day in average. The Hebei Broadcasting Station
broadcasted 162 items about earthquake relief. The Hebei TV Station shot 3,500 m of film about
earthquake relief and showed 69 pieces of TV newsreels. The Hebei Peoples' Publishing House
published 13 types of books and pictures, more than 1,500 volumes (pieces). On August 2
broadcasting was restored in Tangshan City and in surrounding areas. On August 4 the
"Tangshan Labor's Daily" was restored. On September 12 the people in the disaster area could
watch TV.
V. Restoration of Production
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As for the restoration of industrial production, the emphasis was put on the large enterprises
which had great influence on the national economy. Industries supporting agriculture and light
industries which had a direct relation with earthquake relief and peoples lives were also given
importance. The central government attached great importance to the restoration of production
at the Kailuan Coal Mine and repeatedly stressed the importance of again producing coal and
increasing production. Efforts were first focused on draining water that had accumulated
because the electric power failure had stopped the pumps. The Ministry of Metallurgical
Industry set up a lead group to restore Kailuan. Many iron and steel factories indicated that they
would produce any type and any quantity of steel needed for the restoration of Kailuan. The lead
members of 38 factories under the Ministry of Machine Industry came to Kailuan to do an
investigation and to arrange for supporting items. The workers and staff members of the railway
said they would transport materials needed by Kailuan as top priority. The construction
supporting contingents came from Liaoning, Jilin, Heilongjiang, Shanxi and Shanghai and
engineering troops and design personnel from 10 design departments from all over China worked
day and night at the Kailuan Coal Mine from shortly after the earthquake until the restoration. A
total of 84 million tons of water was drained from the mine pits and 1.25 million m2 of ground
buildings were rebuilt in only half a year. In a short period of time 7 of the 8 individual coal
mines were restored and back in operation. The Ministry of Metallurgical Industry and the
Ministry of Power and Water Conservancy undertook the restoration of the Tangshan Iron and
Steel Corporation the Tangshan Power Plant, and the Douhe Power Plant. The workers and staff
members of the Tangshan Iron and Steel Corporation cooperated with workers, engineers and
technicians from the Anshan Iron and Steel Corporation the Baotou, Wuhan, Taiyuan Iron and
Steel Corporations and a large number of officers and men from an army engineer company.
First priority was given to repairing the No. 1 Steel Making Works. Less than one month after
the earthquake the first steel was made. It was followed by the restoration of production at the
Medium-sized Steel Rolling Factory, the No. 3 Steel Rolling Factory, and the Small-sized Steel
Rolling Factory on September 30, October 1, and November 1, 1977, one after another.
Restoration of the light industries was also conducted very quickly. The Party Committee of
the No. 1 Porcelain Factory of the Tangshan Porcelain Corporation with the help of the PLA
went all out to mobilize the workers. They removed collapsed buildings to look for wood
materials and shattered the broken concrete beams to get reinforcing bars. They rebuilt the bone
china workshop, which covered an area of 3,600 m2 in only 20 days. Up to the end of 1976 the
workshop completed the task of successfully producing 6,800 pieces of export bone china.
As for the restoration of agricultural production, the State Council demanded that a bumper
harvest be achieved in the same year and an increase of yield be achieved in the next year. The
Party organizations in the countryside fully mobilized the workers to utilize the middle and later
periods for the autumn crops. Each production brigade was usually divided into two units, one
to take care of the injured people and organize people's lives, and the other was to drain
accumulated water from the fields and to fully utilize available farmland. In the whole
prefecture nearly 2 million workers were engaged in the relief and reconstruction. On the 3rd
day after the earthquake 60,000 militias turned out to dig ditches and drain water in Luannan
County to relieve over 0.3 million mu of land from the danger of accumulated water and to
remove pests from 3 million mu of land. Thus, the normal growth of crops was guaranteed.
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Before planting wheat in Tangshan Prefecture 3,300 large, medium and small tractors and
1,600 sets of matching implements were allocated in order to support the restoration of
agricultural production in the disaster area. The Luoyang Tractor Factory sent a team to transfer
100 tractors from the factory to the disaster area and it also organized 30 technicians to go into
the communes and brigades to teach the necessary technology. More laborers were injured and
killed in Fengnan County by the earthquake and the loss of livestock was more serious. In
addition, the autumn crops in 1976 matured late and the wheat planting time was shorter than in
previous years. Thus, a lot of difficulties occurred in planting the wheat. They used manpower,
livestock, and machines to speed up the rate of planting the wheat and they fulfilled the task of
planting ahead of schedule. In the entire prefecture 4.1 million mu of wheat was planted which
exceeded the original plan.
Quickly repairing the water conservancy engineering of the farmland was the key to
restoring agricultural production. After the earthquake people organized to temporarily repair
the damaged dams and reservoirs to guarantee safety during the flood season. Then, Hebei
Province concentrated on having 200,000 civilian workers transferred. During the last 10 days
of September 1976 river harnessing contingents from 8 prefectures left for the work sites. The
river harnessing contingents from the prefectures of Handan, Xingtai, Hengshui and
Shijiazhuang were neither stopped by wind nor by rain and traveled a great distance to the work
sites. Twenty thousand civilian workers from Longfang Prefecture went to the disaster area by
foot. Up to March 1977 the main items, which were repaired and restored to operation, included
three reservoirs on the Douhe River, Yanghe River and Qiuzhuang River, three embankments
and facilities in Luanxian County and Leting County for the Baigezhuang water conveying main
channel, and water draining east of Luanxian along the Luanhe River, Huanxianghe River,
Douhe River and Shahe River. In total 37.6 million m3 of earth was handled.
While repairing large water conservation projects 30,000 well-drilling team members from 8
prefectures of the province were transferred to the disaster area with 1,300 sets of drilling
machines, over 200 sets of air compressors, electrical testing meters, and 8,000 sets of dies to
thread the well pipes. Closely working with the cadres and people they started a people's war to
repair the old wells and drill new ones. Up to the end of March 1977, 37,220 new wells had
been drilled and 26,410 damaged wells had been repaired and the water conservancy projects in
the small farmland were restored to the level before the earthquake through the joint efforts of
the supporting contingents and local people.
VI. Rebuilding of Tangshan
The remains of the old buildings were removed and a new city plan was prepared. The city
was then completely rebuilt to form a new Tangshan. At the 20th anniversary of the earthquake
the city appeared to be a model for other cities in China; clean and prosperous. The industries in
the city and the port serving the city had been rebuilt; and the population of the city exceeded the
pre-earthquake population.
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Photo 1. Removing victims from underneath the rubble
of buildings.

Photo 2. Saving survivors excavated from the rubble.
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THE REPAIR AND RESTORATION
OF THE KAILUAN COAL MINE
Mi Enli*

I. General Description
The Kailuan Coal Mine had a history of over 100 years since it was set up in 1879. Before
the earthquake there were 8 production pits with an annual raw coal output of over 20 million
tons. Because of the coal, Tangshan was a center of heavy industry and the availability of coal
was very important to the economy of China.
Earthquake forces were not taken into consideration for the buildings and structures at the
Kailuan Coal Mine. The subordinate pits and factories were all located in areas of intensity IX
to XI. All types of buildings and structures were seriously damaged. The buildings on the
ground surface mostly collapsed completely and most of the substation transformers were
smashed so all the electric power went off. This paralyzed the ventilation and drainage systems
of the pits in the entire mine area. In the entire mine area 70% of the mining levels and 60% of
the coal faces were inundated. Some of the pit shafts had displacements and cracks and some
tunnels collapsed. More than 30,000 sets of machinery and electrical equipment on the ground
surface and in the pits were smashed and inundated. The surface railways, communication
circuits, water supply network, and communication and transportation installations were
damaged to various degrees. All the production in the pits stopped. Both the direct and
secondary disasters of the earthquake were very serious.
The electrical power supply was restored in the mine area three days after the earthquake.
The first lot of coal was produced at Majiagou Mine ten days after the earthquake and production
was completely restored at Lujiatuo Mine four months after the earthquake. In one and a half
years over 160 million tons of accumulated water was drained from the pits in the entire mine
area. Over 370 km of tunnel and more than 100 coal faces were repaired; over 33,000 sets of
machinery and electrical equipment were overhauled and more than 1 million m2 buildings were
restored. By December 1977 the daily output of raw coal reached the level before the
earthquake.
When the magnitude 7.8 earthquake occurred in Tangshan all the power went out in the pits
in all the mines. The water level in the pits increased and the safety of over 10,000 miners and
staff members was seriously threatened. Fortunately, the emergency exits in the pits and the
ventilation installations in the tunnels were not seriously damaged. After the earthquake all the
workers and staff members working in the pits returned to the ground surface through emergency
exits (the personnel in Lujiatuo pit returned to the ground surface through the ladder rooms in the
shaft wells).

* Kailuan Coal Mine
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II. Draining Water from the Mines
1. Principles and measures for draining water
Since the power supply was suspended the original water drainage equipment in the pits was
all in a state of paralysis. The pits which drained water to the ground surface in one stage (e.g.
Jinggezhuang Mine) completely lost the capacity to drain water because the pump rooms at the
bottom of the pits were all inundated. In the pits of the multi-stage relay ground water drainage
(e.g. Linxi Mine, Zhaogezhuang Mine, etc.) the equipment in the upper tunnels could not be
brought into service because the pump rooms in the lower tunnels were inundated. Furthermore,
the volume of water pouring into the mines after the earthquake increased in time and the pits
were inundated. By the middle of August in the entire mine area 70% of the production levels,
58% of the slopes, 56% of the main water drainage pump rooms in the pits and 53% of the high
head water drainage pumps were inundated. If the water levels continued to rise all the pits
would have been in danger of being inundated. The steps used for restoration were as follows.
The first step was to ascertain the water situation and to quickly repair and restore water
drainage in the pump rooms which were not inundated. The second step was to build equipment
to increase the capacity for water transfer and drainage. The third step was to increase the
comprehensive capability of water drainage and to focus on removing the accumulated water
from the pits and to restore the normal water drainage system. The specific methods were as
follows:
1) Correctly calculate the volume of accumulated water and rate of water inflow.
2) To seal and block the water inflow locations which could be sealed in the tunnels that
were not inundated. For example, to shut off the drilled holes which carried inflow of water.
3) To eliminate back flow to avoid draining water from the lower tunnels to the upper tunnels
or to avoid the above ground water from flowing back into the pits or the lower tunnels.
4) To set up water gates in line with the specific conditions to draw water to the temporary
water drainage systems which were set up or to the secondary tunnels to protect the important
places such as the pump rooms.
5) To try to restore the pump rooms which were not inundated first. As for the motors whose
insulation performance was reduced and did not conform to the specifications, idle running was
conducted to gradually improve their insulation. For other electrical equipment replacement was
done.
6) To set up a new water pursuing system. The so-called water pursuing was to make use of
various movable pumps (pump groups) to pursue and pump water to the fixed pump rooms for
transfer to the ground surface. The capacity of the water pursuing pumps was 2 to 2.5 times that
of the water to be drained.
7) To set up and transform the fixed pump rooms to increase the water drainage capacity.
a. To enlarge the original water drainage capacity of the pump rooms. The first measure
was to install the new pumps, the second was to change the small pumps into big ones.
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b. To set up a new water transferring drainage station to transfer drainage water section by
section and to use existing tunnels as part of the water transferring drainage system.
2. Several better ways for water pursuing and drainage
(1) Water pursuing and drainage with horizontal pumps in the shafts
This method of water drainage was used more often. With this method the pumps and
motors were mounted to drain water from the shafts. The pumps and motor were gradually
lowered as the water drained. The mounting included two methods, i.e. mounting with hangers
and mounting with cages. Mounting the pumps with cages for water drainage was used in the
auxiliary shafts of Fangezhuang Mine. The pumps were operated for 142 days and the total
water drainage was 1.3596 million m3. The superiority of the shaft water drainage with
horizontal pumps over inclined shafts was that the pumps had fewer mechanical troubles and
there was less workload in the installation of pipes. The shortcomings were that more mounting
equipment was used and the installation and mounting technology was more complicated.
(2) Lifting water with skips in the shafts
The skips were refitted into the water lifting equipment, i.e. two small gates were made in the
bevel faces of the bottom side in each skip. When the skips contacted the water surface the small
gates were opened automatically and the water entered into it. When it was lifted upward the
gates were closed by the water pressure and the dead weight. The skips were lifted to the
unloading locations at the openings of the shafts where the water flowed away through a water
"receiving trough" and water pipes. The water lifting capacity of the skips at Fangezhuang Mine
was 400 m3/hr. In 4 months 0.567 million m3 of water was lifted. The advantages of this method
of water lifting was that it could make full use of the original equipment in the pits, it had less
workload in refitting, it was simple in operation and there were fewer accidents with machinery
and electrical equipment.
(3) Pressing air to drain the water in the shafts
This method of water lifting was to feed compressed air into the mixing rooms to mix with
the water forming a milky liquid which was then drained to a predetermined height. As the
lower density mixed liquid rose the new water came in at the bottom and the water in the pit
shafts was continuously being drained to the ground surface. The advantages of this method of
water drainage was that less space in the pit shaft was occupied, it was simple in installation, the
equipment was reliable in operation, and had a large capacity. The disadvantages of this was
low efficiency, large power consumption and that it was unable to completely evacuate the
accumulated water at the bottom of the pits. Therefore, it was only used as an auxiliary measure.
(4) Pursuing drainage of water through submersible pump groups in the shafts
The pump groups were divided into two categories: single-pumps and series-pumps. This
method of drainage had the following advantages. One was large in drainage capacity. In the pit
shaft, with a diameter of 5-6 m, the drainage could be up to 4,000-6,000 m3/hr with the head up
to 300 m in height. Another advantage was that it was better in adaptability. The operation was
not affected by the water in the pit shaft, by gas or the change in the water level, and the water
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drainage volume could be adjusted by changing the number of pumps being operated. The third
advantage was easy installation. The submersible pumps could be inserted at a predetermined
depth and operated continuously until the water was drained to that depth. The disadvantages
were that the life of the submersible pumps was relatively short, stable voltage was required and
the technologies of maintenance, handling, installation and operation.
(5) Pursuing drainage of water with horizontal pumps in inclined shafts
The pumps were installed on pump carts or sliding sledges. The pump carts were used in
larger section inclined tunnels with rails. If the tunnel sections were not large and the tunnels
and rails were seriously damaged then sliding sledges were used. The anti-inclined pump carts
could be used for the sliding bearing pumps or when the dip angle was larger than 20º. This
method of water drainage had the advantages of being quick and simple in installation, it was
possible to use on big and small pumps, and was quick in effect. The disadvantages were that as
the water level lowered it was difficult to move the pumps and connect the pipes, and the
operating conditions were poor and it was a less efficient method of water drainage.
(6) Pursuing drainage of water with deep-well pumps in the inclined shafts
This was a special method of pursuing drainage of water. It was used in cases where the dip
angles of the tunnels were large and the sections were small or irregular. It had the advantages
that it was not necessary to move the pumps from time to time when the water level varied over a
large range, it was high in utilization ratio and simple and flexible in management. For example,
by making use of the limited space near the belt-driven machines many sets of deep-well pumps
were connected in a series and installed at Linxi Mine. A good water drainage effect was
achieved.
(7) Pursuing water with submersible pumps in the inclined shafts
This method was used when the dip angle was larger than 30° and it was difficult to use
horizontal pumps. For example, in one section of a tunnel of the No. 11 level inclined shaft at
the Tangshan Mine (35° in dip angle and 280 m in inclined length and a section of 3.6 m x 2.8 m
with no rails), eight submersible pumps were used to drain the water.
(8) Pursuing drainage of water with the combination of inclined shafts and drill holes
This method of water drainage was used in difficult conditions. For example, at
Fangezhuang Mine four holes (367-267 mm in diameter) were drilled downward from the
ground. Of the four holes two were used for ventilation and two were used for water drainage.
The inner casing pipes had check valves at the lower end and they were connected to pipes from
the pumps down the shafts and the water was drained directly to the ground surface. From
November 25, 1976, 0.493 million m3 of water was drained in 86 days. The results were very
good.
3. Suggestions for improving future designs
1) There were two types of water drainage systems at the Kailuan Coal Mine: a) the water
was drained to the ground surface in one section; and b) the water was drained to the ground
after transferring drainage from many sections. As for the former, once the pump rooms at the
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bottom of the pits were inundated the pits were subsequently inundated, but the pits where the
multi-section transferring drainage of water was used the intermediate pump rooms could be kept
in operation. Therefore, for future new pit designs the following preventative measures should
be considered.
a. A proper size pump station should be set up above the water surface level in combination
with the pump type to be used to drain the shaft tunnel pursuing water below the water
surface level.
b. A water gate should be set up near the cart lot at the bottom of the pit. If necessary, the
main water resources area sub-stations and the pump rooms can be separated. This can
ensure the safety of the pump rooms and is favorable for water drainage and the
restoration of mine operation.
c. It is proper to merge the multi-stage water drainage system and to make the multi-stage
water transferring drainage a two-stage system.
2) In multi-level pits when the power is off the lower level shaft tunnel in fact becomes a big
water storehouse. In order to avoid the water level from rising to the level of the pump rooms
the standard height of the pump rooms should be higher than the level of the opening of the
shaft.
3) In order to prevent water accumulation after an earthquake it is proper to increase the
installed capacity of the main pump room. At the same time the water gate at the opening of the
shaft is set up and the lower tunnel is used as a regulating water storehouse.
4) High head should be considered when building a new pit. Large flow submersible pumps
can be used as substitutes for the present horizontal pumps.
III. Repairing and Strengthening Well Tunnels Including Pit Shafts, Cave Rooms and
Tunnel Passages
Various cave rooms located on different levels suffered light damage. Most of the cave
rooms basically remained undamaged. Only a few suffered damage but it was not serious.
In the mining district various tunnels which needed repair after the earthquake made up 16%
of the total in length. The tunnels which suffered the most serious damage were at the Tangshan
Mine and 32% needed repair for falling rock. The toppled down places were handled with arch
supports and driving wedges and filling in with waste rocks.
There were 62 pit shafts in total at the Kailuan Mine among which 26, or 42%, suffered
damage of different. The major damage included falling plates of rock from the well wall, caveins, oozing-in of mud and sand, ring cracking on well walls and vertical cracks (most taking
place in brick or stone lined pit shafts) or X-shaped cracks where the pit shaft passed through
alluvium of the Quaternary period where broken sections of the wall gushed water and oozed
sand. There were 2 shafts that could not be repaired due to serious peeling off of the wall and
being blocked up.
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For repairing pit shafts concrete rings with anchored metal-net or steel channel reinforcement
were adopted. To illustrate, a number of examples follow.
1) The pit shaft of the No. 3 well at the Tangshan Mine was built with brick or laid stone.
After the earthquake the well wall was broken over a length of 220 m from the lower part to the
upper part; a vertical crack had a length of 10-20 m, a width of 10-20 mm and faulted inward
200-300 mm at the No. 7 level dock gate. The anchor-net reinforcement method was adopted to
repair this pit shaft. First, they removed the bricks and stones which faulted inward or were
loosened from the upper to lower sections, then anchor rods with a diameter of 16 mm were
driven in 1.5 m with spacing of 600 mm. The wire network was tied to the rods then they
washed the pit shaft by using pressure-water and finally, cement concrete was sprayed for
coating.
2) The pit shaft of the new well of Xujialou in Tangjiazhuang was built with reinforced
concrete. It passed through the alluvium of the Quaternary period with a thickness of 92 m.
Because of liquefied sand the well tower sank, slanting as a whole. At the construction joint
near the mouth of the well and the joining of the single layer well wall with the double-layer well
wall, 13.23 m under the well mouth, a ring-shaped crack was found; the dislocation of the crack
was 110 mm. When repaired, within the range of 0.5 m above the crack to 3 m below the
original crack, the concrete was chiseled 50 mm in depth then 15 well rings made of No. 20
channel steel were mounted with a spacing of 200 mm. The steel rings were connected to the
original well wall and anchored as a whole by reinforced bar-resin-anchors. Meanwhile, vertical
bars with a diameter of 25 mm and a spacing of 150 mm, were tied in place and ring-shaped bars
22 mm in diameter with a spacing of 200 mm were also tied in place. Finally, No. 200 concrete
with a thickness of 150 mm was grouted over the steel.
3) The auxiliary well of Fangezhuang Mine went through a thickness of 78.62 m of alluvium
of the Quaternary period. When the well was built the freezing method was adopted but its
quality of construction was poor. After thawing, several building joints leaked water so grouting
to block the leaks was conducted a number of times. After the earthquake, the whole well wall
had fallen down at the connection of the well neck and the well wall. Along the well height
several water leakage points were found. The water gushed in the pit shaft increasing sharply,
reaching 41.8 times the amount before the earthquake. Besides, some fine sand also oozed out.
During repairs they chiseled the crevices and mended them first then 9 of channel steel well
rings were mounted to support the well wall temporarily. On May 12, 1977 after the Ninghe
aftershock the sand oozing took place again so the double-liquid-in-wall-grouting method was
used to stop the leakage. Finally, driven-in rotary spray stakes were used from the ground face
to reinforce the pit well.
4) For the auxiliary well at Lujiatuo Mine, the pit shaft went through 59.69 m thickness of
alluvium of the Quaternary period. During construction the shaft was too big due to the slanting
of the frozen hole, after tunneling in, the well's wall was not laying up properly. Soon, water
permeability took place at a depth of 62 m in the pit shaft and sand, gravel and pebble also oozed
into the well. At the upper portion of the pit shaft a big cave-in was formed. After the second
time it became frozen the well-digging began again and a vertical crack in the well wall 8-10 m
in depth underground was found. Going down to a depth of 34 m the crack was even more
serious, 12 mm in width by 26 m in length. Therefore, an additional well wall with a thickness

771

of 250 mm was built from the well neck to 131 m below ground. After the earthquake the
cracked pit shaft rifted and displaced (the biggest displacement was 30 mm) in a slanting
direction; at the rifted places sand oozed and water sprayed. Because the smallest clearance
between the well wall and lift cage was only 190 mm a compacting method was adopted to stop
the water leakage. For the original hot air opening, which had been discarded and blocked up,
the well rings made of No. 20 channel steel were used with a space of 300 mm between them for
temporary support. Afterwards, concrete was sprayed 200 mm thick then a tied steel bar net was
put on and more concrete was sprayed on with a thickness of 100 mm. For the rifted and
displaced areas of the pit shaft, 3 well rings made of No. 20 channel steel were used to enforce
them and water-glass cement pulp was pressed in. Finally, a thickness of 50 mm of concrete was
sprayed on. At the places where there were many more concentrated cracks the pulp injection
pipe remained temporarily in case one more spraying was needed.
5) The pit shaft of the air well at Lujiatuo Mine went through 48.68 m in thickness of
alluvium of the Quaternary period. The well depth was 102.55 m with a diameter of 4.5 m.
After the earthquake, near the two air cave openings, the well wall split open and showed
faulting and displacement of 130 mm. When repaired, within the range of 2.4 m from the bottom
plate of the east air duct to 9.5 m below the well mouth, 4 well rings made of No. 20 channel
steel were set up; a steel bar net was laid on them to be welded together. Finally, 200 mm thick
concrete coating was sprayed on. Over the reinforced section of the well ring, near the two
openings of the air duct within a height of 4 m, one layer of the well wall was chiseled then
200 mm thickness of concrete was sprayed on and finally, a single layer of rotary spray stakes
were driven in around the pit shaft to enforce it. The crossing point of the air duct was
reinforced from outside of the pit shaft with reinforced concrete then filled with lime concrete
and rammed solid.
IV. The Recovery of Ground Construction at Kailuan Mine
1. The recovery principles of on-ground construction
The repair of ground construction was divided into 4 categories i.e., production system,
necessary production engineering, residential buildings, and other buildings. In the light of their
urgent and important requirements all the projects were rebuilt on their original sites according
to their original scales and areas. For some of the unsuitable parts a number of adjustments were
made on the basis of production needs. During reconstruction earthquake intensity VIII
fortifying was done.
2. Positive measures were taken to save buildings which rifted but had not toppled down
For the buildings which rifted but had not yet toppled down the principles were: damaged
buildings that did not need to be torn down would remain in place; for those that could do their
duties only after being strengthened such work was conducted. Compared to reconstruction
strengthening could save building materials. Take steel for example, it would require less than
10-15 kg per m2 building area which is for a new building so the cost would be reduced by 6070% and the progress of ruin cleaning could be shortened by 1/3 or so.
3. Recovery of the production system and the necessary projects
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(1) Pit shaft
The pit shaft was the throat of the mine well. The recovery of derricks and well towers were
the key projects for fast repair of mine wells.
1) There were 15 steel derricks and all had some slanting, staff bending, shearing off of
connection joints, and so on, to different extents though not serious. The repair methods
included: pulling by winch, straightening and making them upright by jack hoisting, then
enforcement was made or some staff rods were replaced.
2) There were 12 steel derricks with brick supporting structures. The lower portions of the
brick structure were seriously damaged in general. Except for the air well derricks of
Tangjiazhuang, which were renovated as steel ones, the rest of the brick post derricks, which did
not topple down, were all made with high-grade mortar joints.
3) One reinforced concrete derrick was poured-in-place. After the earthquake its lower
standing frame made of reinforced concrete and the brick abutment of the well opening room
were all damaged. The strengthening was to wrap reinforced concrete around the lower standing
frame and to make a reinforced concrete abutment to replace the brick one.
4) There was one brick derrick which suffered slight damage after the earthquake. When
repairing it they removed the rifted part of its slanting leg and mended it, and reinforced concrete
120 mm thick was wrapped around it.
5) There were 2 well towers built with poured-in-place reinforced concrete. The round tower
of Xinfeng well at the Tangshan Mine, which was 12 m in diameter, was located on the
earthquake fault. During the earthquake approximately 6 m of its lower portion cracked and fell
and leaned against the inside wall of the tower. After it was removed a steel structure well tower
was rebuilt. The square well tower of Xujialou, Tangjiazhuang Mine had a ring-shaped crack
and its whole body inclined 270 mm in a southwest direction and when repaired only part of its
body was enforced.
(2) Repairing winch rooms
There were 32 various winch rooms in the mining district, most of them were brick/concrete
structures combined with a basement. During the earthquake the basements suffered slight
damage while the buildings above ground suffered serious damage. Among the 32 winch rooms
8 of them were strenghtened and 24 were rebuilt. When the key well winch room at
Fangezhuang Mine was rebuilt its basement walls were covered with reinforced concrete.
(3) Coal bins and waste rock bins
37 various bins including one of the round tube-shaped brick bins at Fangezhuang Mine,
toppled down, even some built with reinforced concrete. Except for these 37 bins, all the others
were reinforced concrete structures and no serious damage was found. Still, repair and
reinforcement work was conducted on them.
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(4) Conveyer belt passages
There were 78 conveyer belt passages in the mining district. Most of their bottom portions
were frame structures and their upper portions were brick-concrete structures. After the
earthquake most of their upper portions toppled down. When repaired, all of them were rebuilt
with a light frame structure. As for the lower frame structure part, most of them were reinforced
as well. Using the Xujialou conveyer belt passage as an example, during repairs the concrete at
the bottom of the frame column was chiseled and the steel bars were put in place; then the frame
was set upright by a winch and finally, concrete was poured at the bottom of the frame columns.
(5) Key factory buildings of the coal washers
There were 6 coal washers including 14 key factory buildings, which were all multi-story
buildings. Their structure pattern could be divided into 3 categories: 1) reinforced concrete
structures; 2) inner frame structures of reinforced concrete; and 3) two bottom stories having a
reinforced concrete frame and the other stories above having a steel frame or inner steel frame.
After the earthquake all these coal washers suffered damage to different extents. The Tangshan
mines suffered the most serious damage. Their frames, column ends, and beam ends were all
cracked, the concrete was crushed, and the steel bars were bent in the form of a lantern. During
repairs most were strengthened by being wrapped with reinforced concrete. Some were repaired
when the bottom of the frames were lifted with jacks and the columns were repaired.
V. Repair of Mechanical and Electrical Equipment
The Kailuan Coal Mine was one of the enterprises with high-level mechanization. There had
been 84,131 sets of mechanical and electrical equipment registered at the Bureau. When the
earthquake took place 55,100 sets of equipment were operating.
The mining power system was mainly composed of lifting, draining, ventilating and power
supplying systems.
1. Equipment maintenance
On October 14, 1976 an equipment damage investigation group was set up. The group
conducted check-ups on nearly 100 sets of equipment i.e., 7 transformer substation caves in the 8
tunnels of Majiagou, 2 digging-in coal faces, one stope, one central pump room, and one air
compressor room. The results showed that among these the mechanical equipment suffered less
damage; the mechanical structure basically had no damage, and the decelerator became rusty
after being submerged but if there was medium damage small repairs were conducted so they
could operate normally. The electrical equipment was badly damaged. Their insulating was
completely damaged and only an overhaul could make them work again.
In early December a large investigation group was set up again. An overall investigation and
study was conducted on mines and the results showed that only a small portion of the submerged
and buried equipment was seriously damaged and not worth being repaired. They needed to be
replaced by new ones. 70% or so of the electrical equipment, which was submerged and buried,
needed an overhaul.
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The specific measures of fast repair on equipment were:
1) A general survey was conducted on the submerged and buried equipment in order to work
out a repair plan.
2) To organize a repair contingent on the basis of the repair plan and assign tasks to each
group.
3) To prepare parts, fittings, and materials and to sort out the spare parts and fittings in
storehouses as well as in workshops; a replenishment plan should be worked out.
4) The equipment stored in surface buildings or in upper tunnels must be repaired first.
5) The site, equipment, tools and materials for washing, rust removing, drying, laying and
repairing of parts and fittings must be ready in advance. Besides, the work of washing, rustremoving, grease-smearing and antifreeze must be done.
2. Power supply systems
1) Recovery of 35 kV systems
After the earthquake, though the electrical equipment suffered damage, the 35 kV wire was
slightly damaged. Three days later a repair contingent organized by the Ministry of Water
Conservancy and Electrical Power was sent to Tangshan to repair on the electrical network.
According to the circumstances at that time the substation of the Tangshan Mine could not
transfer 35 kV electrical power so its capacity fell from 35 kV to 6 kV. All the others still
transferred 35 kV. The maintenance work on the power supply line was the responsibility of the
electricity department, and all the units of Kailuan Mine were responsible for their own
substations. They created conditions to meet their own requirements for power and by doing
this, each mine began to have electricity on July 31, one after another. In the 2nd step, some
temporary substations were set up to handle drainage for the recovery of production. Having
electricity, every unit organized manpower at once to clear the ruins and to prepare for the set up
of temporary substations at the original site or at other places. If DC electricity was used storage
batteries should be adopted. The 3rd step was to set up permanent substations, which were
designed by the department concerned at original scale or for a long range plan. After approval
from the Mining Bureau the project was built.
2) Recovery of 6 kV power lines
The recovery of 6 kV power lines started somewhat later. The first thing was to give power
to such units as water supplies, drainage items, lifting, ventilation and hospitals. When the
situation was good daily-lighting could be provided. The main measures taken were to make the
fallen and slanting poles upright again and to repair and connect broken power lines. Then, after
being checked, if all was well the power was turned on.
3. Recovery of electrical equipment in the pit
Being submerged by water was the main problem of electrical equipment in the pits. By
being submerged the high or low-pressure switches, transformers, rectifiers and other equipment
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had their anti-explosion surfaces become rusty, meters failed to work and their insulating
property was lost. Some needed to be replaced with new ones and some needed to be heated to
remove moisture.
When submerged the oil-soaked low-insulating cable in the pit, should have the watersoaked part cut off so the remaining part could be used? About 30% of the cable in the pit
needed to be replaced.
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EARTHQUAKE RELIEF WORK IN THE TIANJIN URBAN DISTRICT
Tong Enchong*

When the earthquake occurred in Tangshan City the earthquake intensity in the Tianjin
municipality, about 100 km away, was VI-IX with VIII in the urban area and the damage was
great. After the main earthquake aftershocks took place continuously. The residents in the
urban district went out onto the streets so the main traffic streets were blocked. As a result
industrial production and peoples lives were greatly disrupted. When the magnitude 7.8
earthquake ended the Tainjin Municipality Committee of CPC convened an emergency meeting
attended by the standing committee members and other related members. At the meeting an
Earthquake Relief Headquarters was established and earthquake relief emergency measures were
taken at once including dispersing the inhabitants especially the old, the sick, the weak and the
disabled people to safe places. They organized medical forces in the city to give first aid to the
injured. They mobilized the employees of commercial departments to handle material supplies
and called upon the inhabitants of the city to take precautions against fire and theft and to
cooperate with public security officers in maintaining public order so as to prevent criminal
activities. Meanwhile, all the factories and enterprises which could carry out normal operations
were directed to go on with production.
I. Repairing the Water Supply System in the City
1) Urban district
1) Through an effort of 4 days and nights, 3 main pipelines and 2 lines crossing the river
were repaired and the water supply to the main trunk line in the urban district was restored.
2) Emergency repairs on 142 deep wells was done one after another to recover the water
supply to the central city.
3) Leaks in the main pipelines were inspected and repaired.
4) Repairing and reinforcing eliminated dangerous situations at more than 20 locations.
5) There was an increase of 113 temporary vertical water valves at 58 locations.
After one month’s repair the water supply reached 0.4 million tons per day. The problems of
the water supply needed for daily use by inhabitants and industrial production had been solved.
2) Hangu District
Pressure-replenishing wells and water-source wells were the main projects of the repairs.
Next was to repair cast-iron trunk piping bigger than φ75 mm in diameter. By October 1976
one-third of the trunk piping was repaired. By the end of 1976 all the trunk piping and parts of
* The Earthquake-Resistance Office of the Tianjin Municipal Construction Commission
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the branch pipes were repaired and water could be supplied to the section. In the first half of
1977 the water supply was recovered to the level before the earthquake.
3) Tanggu District
After the earthquake the repairs were organized immediately. On the afternoon of July 28
the water supply began to gradually be recovered. Up until the middle of September the water
supply had recovered to 50% or so of its capacity, i.e. 10,000 tons daily, and by the end of 1976
it had recovered to the normal amount.
II. Repair of Coal Gas Equipment
1) Natural gas
Emergency measures were taken after the earthquake to prevent explosions or fires from
natural gas.
1) The electricity to the pumping station was cut off immediately. The main valves of the
intake and outlet at the pumping station and at Liulin Station were shut off. Gas supply to the
urban district was temporarily stopped.
2) All the pipe networks and gas facilities were inspected with 1 kg/cm2 of pressure. On the
third day after the earthquake the high-pressure bypass pipe at the pumping station was turned on
temporarily to provide gas to hospitals and other medical units located in the urban district.
After August 9, the gas supply volume increased gradually and at the end of August the gas
supply reached two-thirds the level before the earthquake. Entering October it basically reached
the pre-earthquake level.
2) Liquefied petroleum gas
If there was any damage to gas-filling stations temporary measures were taken to support or
strengthen it, then production went on.
III. Emergencies of the Electrical System
1) Junliangcheng Power Plant
When the earthquake took place there were more than 70 workers on duty. They carefully
examined the equipment using flashlights and tested more than 250 operating items to make sure
that the electrical power network was connected properly and did emergency repairs on
equipment. Two sets of generator units were restored to operation within 2 hours. The other 2
sets were put into operation on the 4th day after the earthquake.
2) Tianjin No. 1 Power Plant
There were 6 sets of generating units whose switches cut off automatically during the
earthquake. By quickly negating the cut-off device 3 of them kept running normally. The
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personnel on duty conducted more than 30 tests and showed that the safety of the power supply
was guaranteed.
3) Yangliuqing Power Plant
The workshop buildings suffered slight damage during the earthquake and their operation
was normal.
IV. Removing a Dangerous Situation at the Yuqiao Reservoir
A measure of press-pouring slurry to plug a crack was immediately taken after the
earthquake with good effect.
V. Removing the Dangers of Explosives and Acute Poison of Chemical Products
1) Tianjin Chemical Plant
Before the earthquake measures were taken to improve the stability of the 3 liquefied
chloride tanks so that no disaster would occur during an earthquake. After the earthquake the
control gate was shut off immediately. The original cast-iron throttle was changed to an
automatic throttle.
2) Tianjin No. 2 Organic Chemical Plant and Synthetic Fiber Mill
There were tons of stored intermediate intense poisonous gas (cysteine gas) when the
earthquake took place. The personnel on duty handled the control gates one by one according to
the technical procedures and as a result avoided a dreadful secondary disaster.
VI. Repair of Telecommunication Equipment
1) City telephone office
When the earthquake took place telephone calls could not go through due to damage to the
building. After the earthquake the unbroken equipment, underground rooms and temporary
telephone lines were utilized to guarantee that key lines would go through first. Meanwhile, the
danger to both buildings and equipment was removed and repair work was actively carried out.
2) Telegram building, wave-carrying building and long-distance station building of the
long distance exchange
The quake brought light damage or no damage and communication could be operated
normally.
3) Post Office building
During the earthquake the Post Office building collapsed. The number of letters and
telegrams sharply increased and it was too difficult to deliver them so there was a large buildup
of undeliverable items. Under these emergency circumstances a special measure was taken to
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mobilize some agencies that had special telegram units of their own to help receive and send
important telegrams for railway, aviation and electrical power departments. At the same time a
number of telephone lines were cut off in order to maintain more important lines.
VII. Medical Rescue
On the day the earthquake occurred a rescue team was organized for the injured by the Public
Health Bureau. Up until July 31 there had been 61,385 injured that needed treatment (including
approximately 20,000 people in Hangu District in Ninghe County), and among them 3,272 were
seriously injured who needed to be hospitalized.
To transport medical personnel and medical supplies during the first 3 days after the
earthquake more than 120 vehicles were sent out to transport medicine and chemical reagents,
medical apparatus and other related materials.
The dead were buried in the suburb after being wrapped in plastic bags. Most of the injured
were sent by highway, railway and air to big cities to be hospitalized.
VIII. Repair of Public Buildings
There was a good number of public buildings which were seriously damaged in Tianjin City.
In addition, they were located on vital communication routes. Since a secondary disaster might
take place moving the operations in time was necessary.
1) No. 1 Cultural Palace
The pinnacle of the front hall tower collapsed and the circular beam on top broke into 5
pieces, some leaned out more than one meter and some weighing more than 10 tons hung upside
down in the lift room hanging only by a few steel bars. Two cranes were used to remove the
beams. One crane supported workers who tied the cracked reinforced concrete beam to the lift
hook of the other crane and then cut off the steel bars and lowered the beam section by section.
2) Tianjin Daily News office
A portion of the roof and wall (5th story) slanted, front eaves of the entrance hall partly
collapsed, and the roof of the room was cracked. The inner partition walls below the 4th story
were almost entirely cracked. Measures were adopted to support the two ends of the beam with
logs from the bottom floor to the 4th floor, and to support the beam end of the top story with
piles of sleepers, to divide the reinforced concrete plates of the 5th story into sections and then
pick up and remove them. The removal work was finished within 4 days.
3) Navigation protective building
This building was a multi-story structure built with bricks and wood. There was a clock
tower which raised over the roof of the top story. The roof of the room was supported by 16
pillars of reinforced concrete. After the earthquake the roof was broken, the pillars were cracked
and deformed and a portion of the eaves collapsed. A safety network was set up along the
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outside of the eaves, then a scaffold was set up in order to cut off the structural members and to
remove them one by one with the crane.
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REPAIR AND RECOVERY OF THE DOUHE RESERVOIR
Dong Guangjian1 and Wang Yuren2

The Douhe Reservoir is located in the northeast suburb of Tangshan and was completed in
1956. Its main earth dam was 22 meters high, its up-stream side had slopes of 1:3, 1:5, and the
down-stream side had a slope of 1:2.5, 1:4.5. In 1964 an expansion project was carried out and
the dam was heightened by 2 meters.
I. General Situation of Damage
The reservoir was about 18 km away from the epicenter of the earthquake but was closer to
the causative fault. The level of the reservoir bottom was higher by about 2-3 meters than the
surrounding ground. The situation seemed dangerous after the earthquake (see Photos 1-4). The
main conditions were:
1) Several longitudinal cracks appeared on both the up-stream side and down-stream side of
the earth dam and there were some parts which caved in after the earthquake (for details see the
article “Damage to Douhe Reservoir”).
2) The earthquake took place during the flood season and it was cloudy and drizzly for days
on end. The water level in the reservoir reached 31.64 m in elevation, it was near the spillway;
the water level rose continuously at a speed of 1.4 cm/hour and it was only about 2 meters from
the longitudinal crack.
3) Strong aftershocks took place one after another. People saw the crevices on the dam open
and close repeatedly especially during the 7.1 magnitude shock at nightfall after the big 7.8
shock. This seriously threatened the safety of the dam.
4) No preparations were taken for earthquake relief beforehand. The power supply was
suspended when the earthquake took place and the lights and power were all cut off.
Since a large number of cracks appeared and there were no materials and manpower to repair
or block them the only solution was to open the water discharge gate and drain the water. To
avoid the occurrence of damage caused by draining the water too fast, people were sent out to
inspect if any damage was being done down-stream. This way the allowable opening of the gate
could be determined.
On July 29, the water discharge gate was lifted manually and water was slowly discharged
and it ran smoothly through Tangshan City. This kept the water level at the up-stream side under
32.00 m elevation.
In order to reduce the hazard of overflowing the dam the decision was made to open the gate
of the spillway. But because of the quake damage the machines for starting and stopping the
1
2

Haihe River Water Conservancy Commission, Ministry of Water Conservancy
Design Institute of Hebei Province, Water Conservancy Department
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equipment failed to work. The members of the PLA, who took part in dealing with the
emergency, jumped into the engine room in spite of the danger of aftershocks and tried their best
to lift the gate. After 6 hours the gate was finally lifted. On July 30, a water conservancy
construction team arrived and immediately began to repair the dam. At first they blocked up the
longitudinal cracks of the dam and at the same time they drove the piles to prevent sliding at the
up-stream side of the dam. In less than 4 days more than 1,800 m of cracks were blocked up and
more than 250 piles were driven (Fig. 1), and a large number of sandbags were filled for use in
emergencies. On August 4 the dam was repaired and the gate was closed to store water.
II. Overall Repairs
When the repair work on the reservoir was finished the overall repair work on the Douhe
Reservoir began to be considered. The post-quake repair work was carried out combined with an
enlarged construction plan made before the earthquake and work needed to be finished before
next year's flood season. At that time there were a lot of difficulties in immediately repairing the
reservoir such as: 1) water storage at the up-stream side needed to be maintained, it was not
permitted to empty the reservoir completely; 2) it was much more difficult to repair the damaged
reservoir than to build a new one; and 3) because the people suffered from the earthquake there
was a shortage of both workers and materials. Of course, there were some advantages such as
the information which was provided by the exploration and design for the enlarged reservoir
done in 1964 and 1974. Especially helpful was the manpower and material coming from other
provinces.
Through exploration the cracks in the dam were deemed to be 3-5 meters deep and after
repairing the cracks the 1974 plan for reconstruction of the down-stream slope was put into
effect. The work began to first widen the base of the dam, and earth was dug out from the cracks
to use for fill on the widened dam. The water level of the reservoir was higher than the bottom
of the cracks on the up-stream side and the river channel on the down-stream side needed repair
at the same time. Therefore, repair work on the dam had to be carried out in 2 stages. During
the first stage the earth was dug out to the bottom of the crack on the down-stream side. In the
second stage, when the river channel project on the down-stream side was completed, the water
level in the reservoir was lowered below the elevation of the bottom of the crack. The cracked
portion of the up-stream side was dug up (Fig. 2). Finally, the dam was built until it reached the
designed height.
III. Experiences and Lessons
1. The standards of anti-seismic repair of the reservoir
The very strong intensity that the Douhe Reservoir dam experienced during the earthquake
was far beyond its original design. How were the standards of repair to be determined? If the
design were to be based on intensity IX to X, it was obvious that the dam thickness would need
to be enlarged which would be costey but if the original design was used as a standard in the
repair it would be able to withstand the same intensity that occurred in the 1976 earthquake
without collapse. Therefore, it was decided that the original standards were to be adopted in the
repair.
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2. Dealing with emergencies in order of importance
Damage to the Douhe Reservoir was serious and below it was a city with a population of one
million people, so the repair was important. The procedure for dealing with this emergency was
to learn the nature of the damage quickly and accurately, to pay special attention to the
underwater portion of the dam, and to monitor the rising water level. On July 29 the decision
was made to lift the gate to drain water and on August 4 the decision was made to close the gate
and store water. To drain off water first and then do the repairs was accomplished successfully.
3. Organizing the special contingent in charge of construction
The water conservancy construction contingent had been trained by controlling the Haihe
River, and completed emergency repair work in less than eight months. During the repair
project 2.8 million m3 of earth, 0.8 million m3 of sand and more than 0.2 million m3 of crushed
stones were used.
4. Paying attention to aftershocks while dealing with the emergency
While digging into the sandy soil layer ground face before the drainage equipment was
repaired, the original plan to remove sand and soil was replaced by the method of digging pits
and filling them with gravel. The layout of the pits was in a plum blossom form with a spacing
of 2 meters and the depth of the pits was through the sandy layer (2-2.5 meters). On
November 14, the area was submerged by ground water. At that time, it was doubtful that the
water permeated only from the upper reaches so when the pit-digging and filling with gravel
were completed the filling and covering were not yet made. On November 15 at approximately
9:00 p.m. a magnitude 6.9 earthquake occurred over 50 km away and this made the area ooze
water and sand everywhere so a dangerous situation had again occurred. After covering the area
with sandbags as rapidly as possible the situation was controlled.
5. Failure in grouting the cracks
There were two plans to treat the cracks at the up-stream slope of the dam. One was to draw
down the water level and then do the repairs, the other was to fill the cracks with cement grout
while underwater. When the plan to widen and repair the down-stream slope of the earth dam
had been completed, it was decided that in order to accelerate the repair process they would
utilize the experience gained in the Yellow River Great Embankment project and grout the
cracks even though the repair plan of the river channel below the dam was not yet completed.
During mid-January a trial of grouting began but the results were not ideal. After having tried
several times without success it was decided to lift the gate and draw down the water level to do
the repairs. Due to the emergency situation draining off water in large flows was conducted and
this caused a large area of land in Fengnan County to be flooded.
The reason for success on the embankment of the Yellow River was mainly because of the
silty soil where gradation was bad, the density was low, and the water content was also low.
Therefore, the pressure of 2 kg per cm2 was enough to let mortar seep into the earth and the
mortar was absorbed smoothly, and the pressing and densifying action effect were remarkable.
But at the Douhe Reservoir the gradation of the dam earth was very good, the density of the soil
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was higher and the saturation of the dam reached 90%. In addition, the temperature there was
low so that the procedure did not work.
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Photo 1. Damage to the upper reaches of the main dam.

Photo 2. Damage to the lower reaches of the main dam.

Photo 3. Damage to the upper reaches of the sub-dam.

Photo 4. Damage to the lower reaches of the sub-dam.
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Figure 1. The upper slope of the main dam after repairs on August 3, 1976.

Figure 2. A map of the main dam repaired in stages.
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EMERGENCY AT THE BAIHE RIVER MAIN DAM
OF THE MIYUN RESERVOIR
Qian Denggao and Zhu Chendong*

The Baihe main dam of the Miyun Reservoir is the biggest and highest earth dam in North
China. Its safety is of great importance to the regions below the reservoir, with large populations
i.e. Beijing Municipality, Tianjin Municipality and Hebei Province. In 1975 after the Haicheng,
Liaoning Province earthquake occurred the earthquake safety of the Miyun Reservoir was of
great concern. In order to guarantee the safety of the reservoir the Beijing Municipal
Government and the Ministry of Water Conservancy and Electricity studied the problems and
organized a Headquarters for dealing with emergencies and specific plans were made.
Before dawn on July 28, 1976 the main dam of the Baihe River was hit by the Tangshan
earthquake. A large area of the sand protection layer and the cobblestone protection slope on the
up-stream side of the dam slid down. The Headquarters made a decision to: 1) report the
situation immediately to the Ministry of Water Conservancy and Electricity and the Party
Committee of the Beijing Municipality of CPC; 2) organize manpower to observe the damage at
the reservoir and to make preparations to deal with the emergency; and 3) lift the gate to lower
the water level in the reservoir.
The leaders of the Ministry of Water Conservancy and Electricity, and the Beijing
Municipality, etc., and the engineers and technicians from Qinghua University, the Beijing
Municipal Water Conservancy Bureau and other units came to the site immediately to discuss
the dangerous situation and the plan for dealing with the emergency.
I. General Survey of Rushing to Deal with the Emergency
According to visual observations the sliding of the slope had taken place near the location of
dam pile No. 0+200-0+700 and had a length of about 500 meters. As for the underwater portion
of the dam no definite judgment could be made at that time. It rained continuously day after day
and aftershocks took place one after another. The damage situation and its development were
considered as follows:
1) It was feared that the slope sliding reached to the slanting clay area wall. The clay wall
was the essential part, which affected the safety of the earth dam as a whole.
2) The sliding portion of the slope was underwater but the slope above the water level, about
20 meters in height, did not slide; an aftershock might cause it to slide down and expose the clay
surface and cause the danger to become more serious.
3) The toppled down portion of the dam's protective layer might slide further down under the
action of wind and waves as well as from rain and this might result in collapse.
* Beijing Municipal Water Conservancy Bureau
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4) Flooding might cause the water level in the reservoir to rise and exacerbate the situation.
As a result, the work of protecting and dealing with the emergency would be even more difficult.
Through analysis it was deemed that the important part was the section near the water
surface. It was also the only part, which could be protected at once. During the earthquake, at
the interface between the water surface and the dam body, a steep ridge 2-3 m in height was
formed which stabilized the upper part of the slope. Straw bags filled with earth (later filled
with gravel) were laid, the reinforced section is shown in Fig. 1. Twig mats were used on the
outside of the straw bags to protect them against wind and waves (see Photo 1).
The emergency work was dealt with and carried out rather smoothly and it was basically
completed by 6:00 p.m. the day of the earthquake. During the magnitude 7.1 Luanxian County
earthquake the dam slope slid down again and the length of slope-sliding was 900 meters long
(pile number 0+050-0+950) thus, the workload of dealing with the emergency was greatly
increased. There were strong winds and heavy rains at that time. During the night the lighting
conditions were poor but after overcoming great difficulties, the project work was basically
completed by noon on August 29.
The project handled more than 5,000 cubic meters of earth and stone and, used 200,000 straw
bags, 10,000 gunny bags, and 500 pieces of twig mats. The vehicles used in the project included
100 sets of 4-ton automatic dump trucks, 50 sets of 7-10 ton automatic dump trucks and 14 sets
of fork lift trucks.
II. Observation of Damage
In order to analyze the damage so as to determine a plan for repair it was necessary to make
an inspection and observation of the dam. The following 2 items were done:
1) Routine observation of the dam: observation on settlement, displacement and water level
in the pressure-measuring tube, and visual examination of the cracks in the dam slopes.
2) The underwater slope-sliding: especially inspecting possible damage to the clay core wall.
In the first item, because of good organization, the routine observations were completely
finished within an hour and a half. The biggest settlement and displacement all occurred within
section 0+300-0+500 at the dam top; the biggest was in section 0+400. The settlement amounted
to 59 mm, the horizontal displacement to 28 mm and the most serious underwater slope-sliding
also took place there. The water level change in the observation tube was approximately 10 cm.
At other parts of the dam there were no cracks and no water and sand oozing phenomena were
found.
An examination of the local F8 fault was conducted. The fault went through the dam base of
the Baihe River main dam and it corresponded to the lower part of the elevation terrace 124 m on
the up-stream slope. After the Haicheng (Liaoning Province) earthquake the fault was analyzed
and it was deemed that it had the possibility of being active. However, an examination showed
that its displacement after the earthquake was less than 0.5 mm and there was no surface trace so
it was within normal range. Through the above investigation and analysis it was deemed that the
damage suffered by the dam was not yet serious and that no danger of collapse existed.
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Inspection and observation of the damage in the slope-sliding area of the dam and the clay
slanting wall was a difficult and a complex task. The Headquarters assembled instruments that
were suitable to do underwater measuring and used various methods of inspection. These
methods included a diving survey; an apparent cross-section method (a kind of transit survey
supported by a ship); underwater television (black and white, and color); a general survey and
double survey with an echo sounder (including infrared range finding); and a lateral sonar
geomorphologic survey (including pulsed laser range finding). At first the diving survey method
was used. In only a few days the divers overcame quite a few difficulties and had no regard for
danger. They surveyed an area of several 10,000 m2 and found 5 clay locations (clay slanting
wall) within the cross-sections of 0+200, 0+300 and 0+400. Consequently, they practiced the
overall survey with key points first by using different methods covering the entire area of the
upper part of the dam and its covering and surveyed more than 70 cross-sections. The space
between 2 sections was 25 m and 50 m respectively according to the damage degree. Among
them a number of key sections were surveyed 6 times repeatedly. The number of unified survey
points was more than 1,000, the average point-distance was 7 to 24.6 meters, and the total length
surveyed was 20 km. The technical personnel who took part in the survey work came from 19
units all over China.
Through analysis of the survey data it was concluded that the slide on the upper part of the
slope of the dam occurred mainly in the gravel portion of the protection layer. In some locations
the scratched clay slanting wall was exposed. A few places the clay was softened especially at
the sections of pile Nos. 0+300 and 0+425, with an elevation of 120 m and 122.6 m, and the
depth of scratches entering into the clay was 0.5 m. Most of the slide was underwater; the
elevation of the top was 140-141 m; the elevation of the bottom of the slide was 107 m. The
most serious parts of sliding were at the elevation of 120 m or so. The total area of the sliding
slope was about 60,000 m2, and its volume was 150,000 m3 in total.
Among the survey methods mentioned above each had its own character and only by
comprehensively using them could a satisfactory result be achieved. The echo sounder could
rapidly provide successive section figures and its operation was simple and it was a better means
for measuring depths; underwater TV provided an underwater view of the slide and showed great
promise.
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Photo 1. Earth slide on the upstream face of the Baihe main dam.
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Figure 1. Section of the enforced dam.
Note: (1) straw bag; (2) twig fence; (3) protective layer; (4) clay slanting wall
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EMERGENCY REPAIR OF RAILWAY BRIDGES
FROM BEIJING TO SHANHAIGUAN
Tang Huancheng and Ding Rao*

During the Tangshan earthquake several bridges on the railway line from Beijing to
Shanhaiguan, Hebei Province were damaged and formed obstacles to railway traffic. In order to
recover railway transportation the Bridge Engineering Bureau of the Ministry of Railways
organized and sent technicians and workers to perform emergency repair and renovation work.
The first stage was urgent repair from July 30 to October 10. During that period the emergency
repairs on the Ji Canal Bridge and Yongding New River Bridge were completed. This enabled
the railway line from Beijing to Shanhaiguan Pass to run on a double-line with limited speed.
The second stage of engineering repair began after the trains were running day and night.
During this stage one Shimen double-line bridge, one Luanhe River double-line bridge, two Ji
Canal single-line bridges and two Yongding New River single-line bridges were repaired. On
September 25 the railway line from Beijing to Shanhaiguan returned to normal operation. The
following is a description of the emergency repair and recovery of the six bridges mentioned
above (except for the Shimen Shahe River Bridge, damage to other bridges is described in
Chapter 10 of this book, “Damage to Railway Engineering”).
I. Shimen Shahe River Bridge
The Shimen Shahe River Bridge was built around 1910 as a double-line railway bridge. It is
a two-span structure with tracks on top of the bridge. One line is a reinforced concrete beam
type, and the other is a riveted steel plate girder which was a replacement built after 1948. The
two lines run side by side over the same bridge piers. The bridge is not high; it is only 4.6 m
from the base of the pier to its top cap under the steel plate beam. There is a 2 m net gap from
the bottom of the beam to the riverbed surface. The load bearing element was originally made of
stones in 1953. Under the base of the pier there is a load-bearing element with a height of 1.5 m
or so. The pier foundation is wood piles with a diameter of 24 cm, a length of about 6.5 m and a
spacing of 82-85 cm. Due to weathering and peeling of the stone surface a layer of concrete
with a thickness of 30 cm was applied around each. As there was no connection between the
concrete layer and the pier body a crack of 5-15 mm occurred. In 1965 the crack was filled with
asphalt and a top cap of reinforced concrete was added. The bridge abutments No. 0 and No. 10
were U-shaped (Fig. 1).
The riverbed was formed from saturated fine silty sand. The sand-shifting phenomenon was
serious. The riverbed from pier or abutment No. 2 to No. 10 was protected by laying rubble
paving with cement mortar.
There was no damage to the steel girder except for a little displacement. The surface of the
lateral partition plate of the reinforced concrete beam end peeled off and the steel bars were
exposed due to the beam ends hitting each other.
* Big-Sized Bridge Engineering Bureau, Ministry of Railways
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The foundation of the piers all sank. Abutment No. 0 sank the most, 12.5 cm. Some
displacement in a lateral direction occurred from pier No. 6 to No. 8. Pier No. 6 displaced 8 cm
while pier No. 1 had a longitudinal displacement of 11.3 cm. The double-line beams were
relatively different in static weight, a number of pier bodies cracked vertically, the abutment
moved toward the center of the river, and the breast wall of the No. 10 abutment cracked from
pushing of the beam and the crack was 3 m long. The cone-shaped protection slope and the
protection layer in front of the abutment all sank and cracked. The No. 0 abutment was also
moved in a longitudinal direction but the distance it moved was not large and the breast wall
headed against the end of the reinforced concrete beam.
The protective layer on the riverbed was undamaged, only the joints of cement mortar
cracked at the base of the slope. There was ground cracking on the nearby riverbank and there
was water and sand oozing on the river bottom above and below the bridge site.
1. Beam structure repaired
Steel girders were moved back to their original positions. The battered and peeling-off
portion of the reinforced concrete beam was patched with epoxy resin cement mortar.
2. Bridge abutments
The sunken portions of the bridge abutment and riverbed paving were filled with rubble or
ballast to let the water go through at limited speed temporarily. During repairs the cracks of the
No. 10 abutment were filled with epoxy resin. In order to stop the abutment from moving while
the breast wall of the No. 10 abutment was being repaired, the spaces between the No. 7-10
beams were fully filled to let the earth pressure behind the abutment and the thrust force of the
live-load be born by 4 piers, Nos. 6-9 whose beams were abutting. There was no riverbed
protection from the No. 0 abutment to pier No. 2 so it was suggested that a layer of stone rubble
be placed after the repairs were finished.
3. Piers
There was no protection on the riverbed from the No. 0 abutment to the No. 2 pier. A test pit
3x4x2.85 m was dug near pier No. 1 and it reached the end of the wooden pile. By this time one
could see that the subsoil was dense silt. The wooden piles had been used for more than 70 years
and they were still in good condition.
Pier Nos. 6-9 of this bridge sustained vertical cracks. Calculation and analysis showed that
each half of the double-line pier could carry the load. In order to prevent these cracks from
expanding, due to stored up water freezing in winter, they were filled with epoxy resin cement
mortar after trimming and chiseling.
II. The Luanhe River Bridge
1. Beam structure
After putting the bridge beam in the original position both laterally and longitudinally, the
supports were leveled and the anchor bolts were buried anew. At the same time the broken parts
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caused by battering were repaired. Based on past experience with bridge maintenance work
beam-moving (small span) could be done without blocking the railway line and by not
disconnecting the joints of the rails. Anywhere where the supports were not the same level some
dry cement grout was used to do padding which was hardened by the moisture in the air.
2. Bridge abutments
Because the piers were cracked it was estimated that the contact face between the abutment
body and the bearing element was also cracked. During the repair ballast was added to the
pavement and the trains went through at limited speed.
For permanent repairs a holding-repairing method was adopted. First, the ear wall and breast
wall were repaired, then in front of the reinforced concrete abutment supports were made to
strengthen the abutment body. The specific way of holding-repairing was to support the railway
line behind the abutment with I-beams; one end being supported on temporary sleeper piles and
the other end on the terminal part of the steel girder. Digging out back fill of the abutment
enabled repairs and rebuilding to be done on abutment and wing walls (Fig. 2). During the
holding-repairing period of the Luanhe River Bridge the railway line was blocked for only 38
hours.
Due to the abutment being partly underground the extent of damage was unknown so the
examination could only be done by digging out the earth both in front of the abutment and
behind it. It was easier to dig out the earth in front of the abutment and a permanent triangular
buttress of reinforced concrete was installed. The front end was supported by 2 stakes with a
diameter of 1.4 m which were used to do drilling (Fig. 3). The calculations showed that with this
arrangement the abutment would be stable under an earthquake intensity of IX. Before digging,
in order to prevent the abutment from tilting forward a temporary strut was set up (Fig. 2). The
strut was composed of multipurpose shafts and at both ends of the strut hinges were used. From
the middle of the strut a level strut was led out to support the middle part of the abutment. A
weight cage was set up.
The specific steps of reconstruction were:
1) Assemble slanting strut first and put connecting bolts in place, but not turning them
tightly.
2) Lift vertical hoisting jack under the support points of the No. 21 pier to eliminate the bolt
clearance then screw the bolts tightly.
3) Loosen the jack to move the parts then hoist again thus shifting the load from the steel
beam to the slanting strut. After that the position of the steel plate beam could be adjusted and
the bearings could be repaired and trimmed.
4) Dig out the earth in front of the abutment until reaching the level of the support. Then
arrange the level strut and the hanging cage whose weight of stone chips was about 45 tons.
5) The level jacks should apply a force of 100 tons each. Then turn the bolts of the level
strut tightly.
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6) Loosen the level jack between the level strut and abutment body; steel wedges should be
inserted and driven in tightly.
7) Dig out earth continuously in front of the abutment until the necessary elevation of the
permanent strut is reached.
When the permanent strut is finished the temporary strut should be removed and the sliding
slope in front of the abutment should be replaced. All the parts of the permanent strut should be
buried in the slope.
3. Piers
The way to contain the cracks in the piers was to install a reinforced concrete hoop. A
number of connecting rods were set to join the hoop to the pier body. The thickness of the
concrete was determined according to the stress in the hoop section. The hoop's thickness need
not be large but a minimum thickness was required to bear the horizontal shear at the cracked
section.
III. Ji Canal Bridges
1. Beam structure
After the earthquake most of the fulcrums of the superstructure of the Ji Canal Bridge, except
for the middle piers, were displaced and some were off of their supports and all the bridge
openings were shortened. The top of the 4 piers which were near the banks of the main span
steel trusses of the 2 bridges had moved longitudinally 77.5-204.5 cm. During repairs
supplementary struts were added to the middle of the truss end section to form a panel point
under which a new support was installed. Meanwhile, the shattered end lateral beam and other
damaged parts were repaired and adjusted. The steel girders of the side spans were cut shorter to
fit the diminished bridge span.
2. Bridge abutments
Each of the 4 abutments of the Ji Canal Bridges had their own individual problems for
damage repair.
1) The No. 0 and No. 6 abutments of the down line bridge had no significant sinking but their
longitudinal displacement was bigger, i.e. 1.05 m and 1.52 m respectively; the No. 0 abutment
slanted backward with a 3% slope and the steel girder pierced the breast wall. The temporary
repair method used was to support the steel girder with a sleeper at the abutment and the ballast
and earth under the girder end behind the abutment was removed. Then, another sleeper pile was
put up to support the beam end so as to keep trains going through under limited speed. The
foundation of the bridge was verified by exploration as being wooden piles. The longitudinal
movement of the abutment was caused by the whole riverbank moving. There was no change
during one month of railway operating so the permanent repair plan was implemented. The wing
wall and breast wall were repaired according to their original dimensions. Between abutment
pier No. 0 to No. 3 a 3-span steel beam was set up instead of the original one-span beams to
greatly reduce the load on the No. 0 abutment, which was why the breast and wing wall repair
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was only returned to the original condition without any strengthening. It was suggested that the
maintenance unit make careful observations during later operations. If the abutment were to
move any more a chip stone was to be put in front of the abutment to essentially bury it. It was
estimated that this measure would not be necessary.
2) The 2 abutments of the up-line bridge settled after the earthquake and the lateral
displacement of the steel beam relative to the abutment was bigger. The No. 0 abutment
displaced laterally upstream 42.6 cm, sank 70 cm and moved longitudinally 190 cm; the No. 4
abutment displaced laterally upstream 38.5 cm, sank 48 cm and displaced longitudinally 60 cm.
The temporary repair method was the same as that used on the down-line bridge. For permanent
repairs, except for cutting the beam to accommodate the reduced span length, the other repairs
were to offset and raise the top cap of the bridge abutment and the breast and wing walls. For
the substructure of the two Ji Canal bridges, except for the exposed part which would actually be
measured, other information such as whether it was a whole U-shaped body behind the abutment
or a gravity-type with a U-shaped wing wall or whether or not there was a sloped back wall and
where the lower limit of the broken section was were all unknown. As trains were running on
the up-line bridge it was not possible to dig out the abutment to make measurements so the
formwork and the arrangement of the steel bars needed to be made in advance before any
digging began and it was necessary to make sure that the repairs being considered could be
implemented without delay. Therefore, the formwork was made in advance and the steel bars
were arranged so it would not be necessary to make major changes when the work was
underway. The shorter the stoppage of trains the better so for repairs they adopted a plan in
which lower grade concrete was used in the design but higher grade concrete was actually used
in construction mixed with an early strength admixture. In addition, to shorten time both the
concrete cap beam and the upper frame beam of the ballast-stop needed to be successful at the
first try.
During construction the broken breast and wing walls were removed first then the concrete
grouting was completed using a flat form which was made in advance. Connecting rods were
used to hold the new and old concrete together. The reason for using a ballast-guard frame beam
was that the frame beam could be supported on the abutment body even with a different size
below. Besides, its rear beam could act as a pull rod under the condition of thrust from the wing
wall ballast live load. The repair was successful.
The No. 4 pier was built according to its design (see Fig. 4). The digging at the No. 0
abutment was at the final stage of the repair of the whole bridge. Time was urgent so there was
no time to clear the debris after digging began. The broken and displaced breast and wing walls
were left in place and a new breast wall was built in front of the original one forming an
L-shaped structure with the newly built top cap which was now elevated. Between the walls
stone chips mixed with cement mortar was poured to form a solid body, and on its top a
reinforced concrete frame beam for a ballast-stop was built. The repair work project of the No. 0
abutment and No. 4 pier from beginning digging, plan making, formwork and steel erecting to
concrete pouring was completed in less than one day.
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3. Piers
(1) Down-line bridge
On the bank the No. 1 and No. 2 pier body cracked in a ring shape. Connecting rods and
reinforced concrete hoops were built to strengthen them (see Fig. 5 for the hoop arrangement of
the No. 1 pier).
The No. 2 pier of the down-line bridge cracked and broke 0.6 m above ground and partially
toppled down. When repaired temporarily the steel plate beam was supported by sleeper piles;
when the permanent repairs were to be carried out the upper part of the pier body would be
grouted anew. As for the No. 4 pier, its main structure did not break seriously so it did not need
repair.
(2) Up-line bridge
The No. 2 pier was ring cracked at the upper portion under the bearing of the steel beam.
Before repairs divers examined the underwater portion and found no dislocation or cracks so
only the upper portion was repaired by adding reinforced concrete hoops.
The No. 3 and No. 5 piers of the down-line bridge and the No. 1 and No. 3 piers of the upline bridge were located at the slope of the riverbank. The four piers had all moved toward the
center of the river. The two piers of the up-line bridge were slanted. The temporary measures
taken when doing repairs included supporting the girder beam with I-shaped steel beams and a
sleeper pile behind the pier (see Fig. 6) and to let the trains go through at a limited speed.
When permanent repairs were conducted the possible damage to the covered part needed to
be investigated. Take the No. 5 pier of the down-line bridge as an example, the pier moved
toward the center of the river by 1.76 m while remaining vertical but there could be 3 types of
damage:
a) Longitudinal sliding of the whole pier.
b) The first section dislocating from the second section at the pier bottom.
c) The pier body dislocating at higher levels.
The pier was made of rectangular rubble with cement mortar and a coarse surface; the quality
of the pier body was good. Cracks often occurred near the ground surface. It was possible that
situation “c” above might take place. According to this, the pier body moved 0.97 m and 1.53 m
of contact width still remained. Through preliminary calculations it was considered safe for the
trains to go through at a limited speed.
There were two repair plans made. One was that the steel beam would remain at the
dislocated position after the earthquake and to make the pier body wider the second was to move
the support point of the steel beam to the original bearing point. The second plan was decided
upon as being more expedient. If the pier body really moved 0.97 m it would not meet the
requirements of structural stability so it was necessary to verify the situation.
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The first drilling hole went through 0.57 m of stone chips before reaching concrete, at that
time it was considered to be a construction wall but when drilling 1 m farther black sandy clay
was found. After going through 0.89 m of the sandy clay a piece of wedge-shaped wood about
0.65 m in length was discovered. Further drilling was carried out and a result it was verified that
the front edge of the concrete was 1.2 m off horizontally from the pier body top. The second
hole drilled was 0.4 m from the first hole toward the center of the river and at the same depth as
the first hole where the concrete was found the thickness of the concrete layer was 0.93 m.
Passing through the concrete the drilling reached the wood immediately; the wood was cylinder
shaped with a sharp edge and was 1.05 m in length. Under the wood there was again black
sandy clay. The wood shape determined from the 2 holes is shown in Fig. 7. The second piece
of wood, where of its sharp edge changed to 90°, had a length, which was parallel to the drilling
hole. The appearance of the second wood piece further indicated that a wood pile foundation
existed. For its possible arrangement see Fig. 8. The third drill hole was 0.8 m from the first and
second holes at the lower reaches and 0.42 m from the top side of the pier body. Neither wood
piles nor concrete walls were found.
Inferring that the slanting pile inclined towards the bank and that it was a square pile as used
in the past, the pile could move 0.3 meters and the center distance was about 0.8 m. There
should be one straight pile at 0.4 m to the right or left of the center line of the bridge. The
position of the No. 4 drilling hole was determined here. The result was as expected, a straight
pile with a length of 1.1 m was found. At the same time, wood piles were also discovered both
in a drill hole of the No. 3 pier and in another drill hole in front of the No. 0 abutment.
Therefore it was concluded that all pile-foundations were made completely different from the
original report on the pier foundations. The restored No. 5 pier foundation is shown in Figure 9.
The length of the piles were 16-20 m and there were both straight piles and slanting ones. This
showed that the ground fissures on the riverbanks parallel to the river made both the riverbed and
the piles move as a single body so that the repair plan of shifting steel beam support points was
adopted.
The main problems of the up-bridge were at the No. 1 pier. An examination using holedrilling was adopted. The hole-drilling position is shown in Fig. 10. The results showed that the
foundation of the No. 1 pier was a sunk-well, the depth of which was 8.9 m or so (original data
was 16.5 m in the archives). The repair to the No. 1 pier of the up-bridge is shown in Fig. 11.
The repaired up and down-bridges are shown in Fig. 12.
IV. The New Yongding River Bridge
To deal with ice-floating problems during the winter it was decided to build a new bridge.
Therefore, for this bridge only a temporary repair plan was considered.
1. Beam structure
The beam dislocation was corrected either in a longitudinal or in a lateral direction. The
bearing was adjusted and the anchor was buried anew. In addition, all the damaged parts caused
by being hit were fitted.
2. Abutment
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The crevices of the abutment were filled with epoxy resin by a press-grouting method. The
place where the beam headed against the abutment was chiseled off but when the No. 20
abutment of the up-bridge was chiseled off the abutment immediately moved against the beam
with no ill effect so the chiseling stopped. Instead, an auxiliary pier made of concrete chunks
was built in front of the abutment to stabilize it (Fig. 13). Observing it for a long time the beam
still pressed against the abutment but no problem resulted.
3. Pier
The bridge is temporary, no overhaul is needed.
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Figure 1. A sketch of the Shiman Shahe River Bridge (unit: cm).

Figure 2. A sketch of the repairs of the abutment of the Luanhe River Bridge and the temporary
support (unit: m).
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Figure 3. A sketch of the permanent repair of the abutment of the Luanhe
River Bridge.

Figure 4. Abutment repair sketch of the Ji Canal up-line bridge (unit: cm).
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Figure 5. Reinforced concrete hoop of the No. 1 pier of
the Ji Canal down-line bridge on
(unit: cm).

Figure 6. Sketch of the dislocated and temporarily
repaired No. 5 pier of the Ji Canal down-line bridge
(unit: m).

Figure 7. Wood pile samples from a drilling hole at the
No. 5 pier of the Ji Canal down-line bridge (unit: m).
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Figure 8. The possible position of the slanting pile at the
No. 5 pier of the Ji Canal down-line bridge (unit: m).

Figure 9. The inferred pile arrangement at the No. 5 pier
of the down-line bridge (unit: cm).
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Figure 10. Layout of the No. 1 pier hole-drilling of the
up-line bridge (unit: m).

Figure 11. A sketch of the repaired No. 1 pier of the up-line bridge (unit: cm).

805

Figure 12. Ji Canal up-line and down-line bridges after being repaired (unit: cm).

Figure 13. Bracing struts at the abutment of the new Yongding
River Bridge (unit: cm).
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REPAIR OF HIGHWAYS AND RELIEF TRANSPORTATION
Xu Fengyun,1 Liu Jingsheng2 and Yin Longsen2

I. General Introduction to Repair
After the Tangshan earthquake all the highways in the Tangshan Prefecture were damaged.
In order to recover traffic as soon as possible and fulfill the task of transporting disaster relief
materials the Ministry of Communications, following the State Council's instructions,
immediately established a command system for emergency repair. People were sent to
investigate the condition of damaged highways; bridges and traffic blockages and plans were
made. More than 104,000 people were assembled at once from construction units, transportation
units, public security forces, engineer corps of the PLA and from nearby villages to take part in
the repairs and traffic control. On the morning of August 5 all six main highways to Tangshan
were reopened to traffic. Each day about 10,000 vehicles drove to Tangshan. In August and
September 4,785 automobiles and 1,328 trailers from the communication units were put into
operation transporting 1.8 million tons of disaster relief goods, building materials and a large
number of injured and sick people.
The assembled forces were assigned to repair bridges first. Many different repair measures
were taken due to topography, width and depth of the rivers and the difficulty of repair. For
example, temporary floating bridges were set up, pre-assembled steel highway bridges were
installed, temporary wooden bridges were put up, rail-sleepers were laid, and old bridges were
reinforced or a new detour line was built, etc.
At 7:00 p.m. on July 29, the Ninghe Boat Bridge was completed. That was the beginning of
reopening the Tianjin-Tangshan Highway to traffic. On August 2, the Luanhe Boat Bridge was
finished and the Shanhaiguan-Tangshan Highway was reopened to traffic. Afterwards, some
temporary highway steel bridges and wooden bridges were erected. By the 5th of August all six
main highways to Tangshan were unimpeded. Table 1 shows the date of reopening of the main
bridges and highways to traffic and the units in charge of the construction.
The following is the course used to repair Shengli Bridge in Tangshan and Lutai Bridge in
Ninghe County.

1
2

Research Institute, Ministry of Communication
No. 1 Highway Engineering Bureau, Ministry of Communication
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I) Erecting the Shengli temporary steel bridge in Tangshan
1. Scheme selected
Considering the topography of the bridge site, the depth of water and the requirement for
application it was decided that two pre-assembled steel highway bridges should be built on the
former location of the bridge so vehicles could travel in two directions.
The two bridges having the same structure type were 2 m apart in net distance. The load
standard was truck Grade 10. The vehicle lane was 3.7 m wide. The riverbed was only 50 m
wide but the new bridge was designed to be 72 m long in consideration of the continuous
embankment slides and the crack along the bank after the earthquake. The bridge had three
spans. The span near Tangshan was 18 m, the middle span was 30 m and the one near Luanxian
County was 24 m. Figure 1 and Photo 1 show the layout of the steel trusses.
For fear that the piers might sink unevenly the three spans were all simply supported girders.
The components and tools used in the construction of each bridge are shown in Table 2 and
Table 3.
2. Pier construction
The net height was about 4-5 m under the bridge; 2 wood-cage piers were adopted.
The cages were made of logs which were 20 cm in diameter. The logs were fixed with bolts
and #8 wire with stone-retaining boards around the cage.
When they were fixed the cages as well as the surrounding area of the bases of the cages
were filled with flat stones to one-third of the height of the cages. Then, 6 wooden lattice beds
were laid on the cage pier to support the seat plate of the steel bridge.
3. Assembly and erection
1) Arrangement for the assembly site
The assembly site was carefully selected before the assembly work was to begin. All the
components were placed in order on both sides of the work site. The site was carefully leveled
to ensure assembly quality.
2) Assembly
Two kinds of rollers were laid on the assembly site, a rocking roller and a flat roller. Flat
rollers were used to assemble and move steel trusses. There was a set of these rollers every 6
meters along the bridge axis. Rocking rollers were set on both banks to ensure the end posts
would be seated on the central line of the seat plate accurately when the bridge girder took its
final place. The elevation of the rocking rollers needed to be accurate.
When the girder truss was lifted up to the pier a guide beam was temporarily placed at the
front end of the truss in order to reduce the weight of the cantilever. The guide beam was made
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up of three sections of a single-row truss (truss, transverse girder and wind bracing). The guide
beam was dismantled after the project was completed.
During installation the guide beam was first, then all the truss sections were assembled in
proper order. Only the sectional truss, girder and wind bracing were assembled at the site.
Longitudinal girders, bridge deck plates and other accessory components were to be assembled
after the truss girder was lifted up onto the piers. The following experience was gained from the
assembly.
a) Transverse-girder clamps and wind bracings should not be tightly fastened on the girder
until the transverse girder, diagonal members, truss and link boards are in place.
b) During assembly make adjustments to keep the truss in alignment. Be sure that no
bending appears. Much attention must be paid to the tension and length of wind bracing.
c) Whenever there is difficulty in attaching any of the components try to find the cause and
loosen some clamps and adjust them. Never apply force on them to avoid any damage.
3) Lifting the truss up onto the piers and installation
The assembled trusses were lifted up onto the piers manually. Since the assembly site was
rather small some prop stands were put up under the end of the smaller span on the bank in
Luanxian County.
The girder truss was lifted after it was assembled. All the people who took part in lifting the
truss moved together to avoid any distortion.
When the middle span of the first steel bridge of Shengli Bridge was erected the maximum
deflection of the cantilever was 70 cm so a V-shaped boom was put up over the wooden cage
pier with a hoist. When the cantilever reached the edge of the pier it was lifted by the hoist.
During lifting of the second steel bridge another method was adopted. Before lifting, the
fulcrum on the bank was set up higher so that the end of the cantilever was slightly higher than
the top of the pier to ensure the guide beam would move onto the pier smoothly.
After erecting the bridge the fulcrum on the bank was lifted by jacks. Rollers and spacers
were removed so that the steel trusses were seated on the bearing plate. Meanwhile, end posts,
longitudinal girders and the bridge deck were installed. Then, the guide beam at the front of the
girder truss was removed. Finally, all the nuts, pins and screws were carefully checked to make
sure it was safe for use.
4) Effect
It took three days to build the first Shengli Bridge (including the construction of the wood
caged piers) and two days to build the second Shengli Steel Bridge. Each cost 4,000 workerdays (including not only the construction of the bridge itself but also transportation, loading,
unloading and a period of maintenance after the bridges were completed). The building cost per
meter of the bridge averaged 575 RMB yuan (including the cost of the wooden cage piers, but
not including the cost and transportation charge of the steel bridge components). It was
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convenient to build such bridges and took a shorter period of time. They were in good condition
all the time; there was dense traffic during the period of earthquake relief.
II) The repair of Lutai Bridge
This was a 3-span main bridge plus smaller 3-span bridges at each bank; the total length was
168 m. During the earthquake the main span and the second span from Tianjin bank fell into the
river and traffic on the Jin-Yu Highway was blocked.
1. The repair plan
After surveying the conditions a plan was made to erect a typical pre-assembled highway
steel bridge on the piers. The main ideas of the plan follow:
1) Even though the piers cracked in several places they did not settle much and the slant
angle was small and the loading capacity was not reduced much. They could be temporarily
used.
2) In the middle section a pre-assembled steel bridge having three rows of girders with
reinforced chord members was adopted forming a continuous girder of three spans with a length
of 21+54+21=96 m. The positive moment and deflection of the middle span was reduced by the
continuity.
3) In the sections at both ends steel bridges having three rows of girders with reinforced
chord members also adopted forming continuous girder with three spans 8+20+8=36 m.
4) At the Lutai end the ground was leveled and there was a straight section of about 350 m.
The slope angle was small (about 1%) and there were no roads across it so it was selected as the
assembly site.
5) The superstructure was made up of an assembled truss with 56 panels of 3 m. The total
length was 168 m. In order to save time the work started at several places at the same time. At
the work site the superstructure was assembled into a three-row single layer structure of 168 m
with reinforced chords. The longitudinal and transverse girders and the deck were ready. It was
then lifted into place at one time after checking it.
6) After the whole bridge was lifted to its place the connectors of fulcrums 3 and 5 were
removed, dividing the bridge into three independent sections: 36+96+36 m.
7) The upper three rows of the middle section were installed after the bridge was in place so
as to reduce the weight when lifting.
2. Erecting the superstructure
When the bridge was assembled it weighed as much as 300 tons. The following problems
had to be solved while lifting and erecting.
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1) The main span was supported by a floating pier
Between piers 4 and 5 a temporary floating pier was put up so as to shorten the cantilever to
27 m during installation. The floating pier was made up of two 60-70 ton boats with wood piles
on them. On the top of the wood piles there were rocking rollers forming floating piers. The
floating piers, fixed by anchors on each side, were a little lower than the previous bridge deck.
Photo 2 shows the floating piers, floating boats and the assembly scene.
2) Towing and rolling apparatus
While lifting there was a rocking roller and a flat roller at every second panel point. The
weight of the rocking roller was 25 tons and that of the flat roller was 6 tons. The friction
coefficient between the steel girder and the rocking roller or the flat roller was estimated to be
0.07 so the traction force was about 21 tons. On both sides there were 5 tons of single roller
electric hoists with 3-4 pulley groups. See Photo 3 for the scene of steel girder towing.
3) Controlling the stability while moving and lifting the bridge
The bridge was completed by a single assembly so the stabilizing moment was bigger than
the overturning moment all the time. Because it was pulled by electric hoists with groups of
pulleys it moved slowly and steadily. During towing some safety measures were taken such as
demanding that the workers pay great attention to the upper part of the structure and adjust it if it
inclined. When it was towed to the pier the end of the upper part of the structure drooped.
When it almost reached the pier a large deflection appeared so a support was put up for assembly
before it was towed out so that the height of the raised end would be the same as the deflection.
4) After the steel bridge was towed into place it was divided into three simple supported
girder sections
A group of pulleys were set up on the steel bridge so that the assembled girder truss could be
hoisted into place on top of pier 4 and pier 5. The rocker bearings were fixed then the steel
bridge was lowered and leveled. A single layer woodpile was set up for every other support.
Finally, it was connected with the approach spans. Taking into consideration the possibility of
aftershocks and in order to avoid distortion the bridge was braced with cables. Then, the
transverse girder and the bearing plates on pier 4 and pier 5 were welded together. The
transverse girder was tied firmly to the piers with wire rope to avoid falling or displacement.
After the connections the bridge could be opened to traffic if the deflection of the middle span
was less than the allowable value and no obvious distortion was seen in the bolts of each
component. Photo 4 is the erected bridge in place.
The rods, parts and tools used on the bridge are listed in Table 4 and Table 5.
II. Traffic Administration
After the earthquake a large number of vehicles were concentrated in Tangshan. The traffic
was in a state of confusion which impeded the transportation for earthquake relief. Therefore,
the Earthquake Relief Headquarters issued an “Announcement about strengthening the Traffic
Administration in the Beijing-Tianjin-Tangshan Region” on July 30 and on July 31 the Ministry
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of Public Security and the Ministry of Communications established the Traffic Headquarters.
The Headquarters was in charge of traffic control, traffic order and traffic coordination.
Traffic directing stations were set up at major crossings along the main highways between
Tangshan and Tianjin. Traffic personnel were on patrol duty day and night to keep the traffic in
order. A traffic command office was set up for each of the three main highways to Tangshan.
There were 180 traffic directing stations and more than 3,000 traffic directing personnel
including 1,100 PLA officers and men, 380 policemen, 30 traffic administrators and more than
1,500 militiamen from communes. There were 432 traffic signs that were placed at main
crossroads, ferries and bridges.
Ninghe Bridge and Luanhe Bridge were on key traffic lines between Tianjin-Tangshan and
Tangshan-Shanhaiguan, respectively. Army units guarded them and directed the traffic. Before
the second line (double line) was built they alternated one-way traffic on the single-line. After
the double lines were completed each of them was for one-way traffic.
With the enhancement of traffic control and the recovery of highway construction the
highway transportation became normal step by step.
Table 6 shows the traffic volume at a few main traffic spots after recovery of traffic.
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Table 1. Statistical table for repairing the main bridges and reopening them to traffic.
Bridge

Line

Ninghe
Bridge of
Lutai

TianjinTangshan

Luanhe
Bridge of
Luanxian

ShanhaiguanTangshan

Length
(m)
169.5

789

Span (m)

Method of
Repair

Unit in Charge

main span
54 m

military
boat bridge

Engineer Corps of
the PLA

19:00 July 29

highway
steel bridge

No. 1 Bureau,
Ministry of
Communications

24:00 Aug. 3

military
wooden
bridge

PLA troop

Aug. 2

temporary
wooden
bridge

PLA troop

reinforced
previous
bridge

Provincial Bureau
of Hebei

Aug. 11

22.2

Reopening
Time

Leizhuang
Bridge

ShanhaiguanTangshan

217.78

11.4

railway
tracks and
sleeper piles

No. 1 Bureau,
Ministry of
Communications

6:00 Aug. 2

Shengli
Bridge

Tangshan
suburb

55

11.0

double steel
bridge

No. 1 Bureau,
Ministry of
Communications

single line:
18:00 Aug. 2

a unit from
construction
Engineer Corps

July 29

Xiazhuang
Bridge

Tangshan
suburb

44

11.0

C

double line:
24:00 Aug.
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Table 2. The quantity of components and materials of the
Shengli temporary steel bridges (for each bridge).
Item

assembly components
and parts

main material

Order
No.

Name

Unit

Quantity

1

truss

piece

232

2

transverse girder

piece

102

3

transverse girder clampers

piece

464

4

threaded longitudinal girder

piece

96

5

non-threaded longitudinal girder

piece

144

6

positive end post

piece

28

7

negative end post

piece

28

8

diagonal member

piece

96

9

strut

piece

96

10

link board

piece

96

11

wind bracing

piece

96

12

bridge deck

piece

640

13

protecting log

piece

96

14

bridge seat

block

47

15

seat plate

block

20

16

pin

piece

520

17

flat roller

piece

6

18

different bolts

piece

1168

1

stone

m3

350

2

wood

m3

76.8

Table 3. The main mechanical equipment used for erecting each bridge.
Series No.

Item

Unit

Quantity

1

30KVA welder

set-shift

13

2

75KV generator

set-shift

14, for illumination

3

8-ton lorry

set-shift

14

4

4-ton Jiefang lorry

set-shift

96

5

8-ton crane

set-shift

48
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Table 4. Main members of the Lutai (temporary) Bridge.

Name of Member

Unit

Installation Location
Two End
Embankments at
Sections
Two Ends

Middle
Section

Quantity

steel truss

piece

528

384

144

reinforced chord

piece

528

384

144

truss pin (including rod
pin)

piece

1740

1140

600

truss bolt

piece

384

384

chord bolt

piece

1344

768

576

transverse girder

piece

115

65

50

clamps for transverse
girder

piece

676

388

288

20

threaded longitudinal
girder

piece

132

64

48

20

non-threaded
longitudinal girder

piece

132

64

48

20

positive end post

piece

6

6

negative end post

piece

6

6

diagonal

piece

112

66

52

support

piece

178

130

48

link plate

piece

180

128

52

support bolt

piece

1308

908

400

wind bracing

piece

112

64

48

deck

piece

1140

480

360

300

wood curbs

piece

152

64

48

40

6

6

piece

608

256

192

160

m/piece

40/4

40/4

10

10

rocking roller
(including seat)
bolt for wood curbs
#65

I-steel

15 mm steel plate

set

m2
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Table 5. Machines and tools used in the construction of the Lutai (temporary) Bridge.
Name

Specification

Unit

Quantity

Remarks

crane

5-t truck

set

2

for unloading and assembly

crane

500 kg

set

1

to assemble steel girder

hoist

5-t single drum
electric

set

2

for towing girder

generator

50-70 kw

set

2

for light and dynamic power

km

3

for towing girder

set

30

for lifting girder

set

30

special for laying girder

wire rope
jack

hydraulic 300

flat roller
rocking roller

(including seat)

set

40

English wrench

12°-18"

pair

40

different
spanners

special for
moving girders

set

20

wooden boat

60-70 tons

tug
tarred sleeper

floating boat

1

carrying tools on the river

piece

1500

piece

30

scaffolding
board

m

3

electric welder

set

2

fir pole

railway repairing
sleeper

2

wood pile for floating pier,
approach wood pile and the pile
at disconnecting spot
for temporary scaffolding

welding the I-steel and
transverse girder
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Table 6. Traffic volume statistics at main traffic locations.
Line

Traffic Volume
(vehicles/day)

Date

Place

August 8

Ninghe Bridge,
entrance to Tangshan

Tianjin-Tangshan,
into Tangshan City

2,500
6,000

August 10

Ninghe Bridge,
Yutian

Tianjin-Tangshan
Baodi-Yutian-Tangshan

3,400
2,700

August 16

Ninghe Bridge,
Luanhe Bridge

Tianjin-Tangshan
Shanhaiguan-Tangshan

2,142
6,132

August 18

Tongxian,
Tongxian,
Ninghe Bridge,
Luanhe Bridge

Beijing-Tongxian-Tangshan,
Beijing-Tianjin,
Tianjin-Tangshan,
Shanhaiguan-Tangshan

1,226
2,235
2,385
4,503

August 20

Tongxian,
Ninghe Bridge,
Luanhe Bridge

Beijing-Tongxian-Tangshan
Tianjin-Tangshan
Shanhaiguan-Tangshan

1,450
2,500
5,000

September 9

Tongxian,
Ninghe Bridge,
Luanhe Bridge

Beijing-Tongxian-Tangshan
Tianjin-Tangshan
Shanhaiguan-Tangshan

1,200
3,000
5,000
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Photo 1. The Shengli Steel Bridge.

Photo 2. Wood was piled on linked boats to build
floating piers.

Photo 3. Towing the simple steel bridge into place.

Photo 4. The finished Lutai Steel Bridge.
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Figure 1. The temporary steel structure of the Shengli Bridge (unit: m).

Figure 2. The simple steel bridge adopted to repair the Lutai Bridge.
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REPAIR OF THE TANGSHAN
MUNICIPAL WATER SUPPLY SYSTEM
AND RECOVERY OF THE WATER SUPPLY
Shen Ersong*

The Tangshan earthquake seriously damaged the water system in Tangshan City and water
supply in the urban area was disrupted. After repairs clean water from deep wells was delivered
to most of the area only five days after the earthquake. Two months later the repair work on the
main water supply pipe system was completed and covered 70% of the area serviced before the
earthquake. The essential water supply was recovered.
The measures taken for repair are as follows:
1. An immediate inspection was made of damage to water facilities, especially damage to the
macrostructure. Repair work was planned. Meanwhile, the outlet control valves were turned off
as soon as possible to avoid any harm caused by water.
2. The first thing to do was to recover the water source after damage was ascertained, i.e. to
recover new pressure wells and water sources from wells whose second stage pumping houses
were not damaged. After the water sources were recovered the broken underground pipe
network was located and was repaired. Temporary pumps and pipes delivered water to nearby
areas. Also, eight slightly damaged wells of some enterprises were repaired and began to supply
water.
3. To avoid any abuse or pollution armed militiamen were sent to guard the two clean water
reservoirs whose storage was about 6,000 m3 each. Fire engines took water to medical units,
emergency hospitals, etc. which badly needed water.
4. The authorities concerned got in touch with the Electric Power Supply Bureau and asked it
to go all out to resume supplying power to the water source wells and water works that were not
badly damaged. The water supply department thoroughly checked and regulated its own internal
electric lines and equipment, getting ready for power resumption. The undamaged high voltage
distributing cubicles (10 kv and 6 kv) for the water supply system were repaired and regulated
promptly for power consumption. The Power Supply Bureau added a switch cubicle to supply
power directly to the transformer of the water works by passing the switch cubicle damaged by
the collapsed buildings. Part of the water system was supplied with power only four days after
the earthquake.
5. Before the pipe network (especially the main outlet pipes of the water works and relay
pressure well) was recovered, water from standby pressure wells and enterprise wells was delivered through φ50 mm open hoses from the fire brigade with temporary pumps fixed on the roofs
of the clean water reservoirs. During the 20 days after the earthquake 11,000 m of hoses (transported in by air) were laid and appointed persons were in charge of patrol and maintenance.
* Tangshan Municipal Construction Bureau
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Water was delivered as far as 2 km through fire hoses. The earthquake relief command office
utilized fire engines and sprinklers to send water to farther places.
6. Quality of water was closely watched to avoid any pollution or epidemic diseases. A
quarantine station and the water supply department often examined and analyzed the water in the
wells, in the water works, and in the pipes. Slightly low quality water was simply chlorinated.
Polluting sources caused by the earthquake such as human and animal dead bodies, feces, and
industrial waste were cleared away.
7. Temporary second stage pumps were set up on the roofs (covers) of clean water reservoirs
in the water works whose second stage pumping houses were damaged.
8. Repair of the water pipe networks:
When the supply capacity was not large the water was delivered to main outlet pipes and to
main distribution pipes so that there would be controlled pressure in the pipes. As the supply
capacity increased water was delivered to a larger area under higher pressure so that leaks could
be found and repaired. The problems were solved one section after another and the delivery area
got larger and larger. After two months of repairs the delivery area through the pipe network,
was up to 70% as before the earthquake. Since most buildings had collapsed, inhabitants and
users had to get water from outdoor water hydrants for quite a long time.
9. Freeze-resisting work on the water supply facilities had to be done before winter came.
The simple, promptly built and freeze-proof buildings took the place of the collapsed pump
houses. Special attention was paid to the freeze resisting-work on outdoor taps, fire hydrants and
other facilities. Meanwhile, the sewers near these facilities were dredged to prevent pooled
water from freezing so as to ensure normal water supply and traffic.
10. Methods for repairing pipes and tubes:
Cast iron pipes: The method used to repair pipes which were slightly pulled out at a joint was
to pound in aluminum bars. Water could then go through the pipes immediately after the repair.
(This method was also suitable for repairing pipes where flow of water could not be stopped).
Any broken pipes or joints were cut off then short pipes took the place of the broken ones and
quick setting cement was used as filling. Three or four hours after the repair water could be let
through. Broken pipes were cut with saws or axes or sometimes by a welding torch. Another
method for repairing cast iron pipes was to wrap the cracked pipe using clamps with quick
setting cement.
Reinforced concrete pipes: The broken and cracked pipes and fittings were wrapped and
covered with quick setting concrete. The edge of the pipe where the rubber seal was out of place
was refilled with self-stressing cement mortar.
From the experience of recovering the water supply after the earthquake in Tangshan we
have come to know the real meaning of "water supply is a lifeline of the city". In order to ensure
that the water supply system could be restored after an earthquake some suggestions and
proposals on the plan, design and administration of the water supply system are as follows:
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1. An anti-seismic defense in the water system should be considered in cities in seismic
areas. The seismic standards of important buildings (such as outlets, first and second stage
pumping houses) of the water supply system should be a little higher than the basic earthquake
design intensity in the area. Other buildings should be designed according to the basic code
intensity.
2. Water sources and water works should be separated from each other in the water supply
plan. An underground water source has obvious advantages. Standby pressure wells in different
parts of a city play an important role in restoration (because of fewer links in the flow course and
faster recovery for water supply). The city should have as many such wells as possible. The
municipal authorities in charge of the water supply should have the spare wells of enterprises
connected with the city pipe network in case of emergency.
3. There should be two independent power sources to supply power to the water works to
avoid complete power failure. The water supply system should be a priority unit to be provided
with power when the power supply is resumed. The water works should have a certain quantity
of equipment in storage such as diesel generator sets, diesel pump groups, etc.
4. We suggest that the volume of clean water reservoirs should be larger than or normal
usage so that more water can be provided for inhabitants, fire control, medical work, and
emergency work if the water supply system has been destroyed.
5. All structures and pipes of the water supply system should be laid on a good foundation
keeping clear of subsiding areas, backfill, mud and places where landslides easily occur. If it is
impossible to avoid such places special design of the foundation must be done and pipes must be
reinforced.
6. The reservoir should be a semi-buried reinforced concrete structure. The reservoirs of
cast-in-place concrete have excellent anti-seismic qualities though the cost is larger. Judging
from the performance of the pre-stressed, pre-cast 4,000 m3 reservoir during the earthquake, castin-place bottom plates and pre-stressed assembled wall plates can meet the requirement of no
leaks caused by a strong earthquake. It will have better seismic qualities if the connections are
reinforced at the joints between prefabricated components: columns and beams, beams and roof
plates, roof plates and walls.
7. The layout of the delivery pipe network should be strictly in accordance with the regulation that "important pipes should be doubled and delivery pipes should be circled." Valves, outlets and drainage pipes should be rationally arranged in the pipe network. These valves must be
well maintained to ensure easy turning. Maintenance personnel should be knowledgeable about
the layout of the pipe network and valves, and keep the essential drawings and data for
emergency repairs.
8. The main underground outlet pipes should be away from any buildings for fear of more
difficulties in repairs after buildings collapse over the pipes.
9. The main outlet pipes should avoid crossing any large sewers or civil air defense tunnels.
When necessary, the pipes must be reinforced for fear that the pipes will break and water will
flow into the tunnels.
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10. More water hydrants and fire hydrants should be located in public squares, and on
roadsides near the source wells so as to supply water to inhabitants in case of an emergency.
11. Wall jacket pipes and soft fillings should be used when a pipe goes through any structure.
We suggest studying and improving the joint between a pipe and component, and the joint at a
water-meter so as to minimize stress and reduce the possibility of damage.
12. Material selection:
Though steel pipes are expensive and not corrosion resistant they are anti-seismic. Such
pipes should be applied at the sections across a river or soft soil foundations. Cast iron pipes,
pre-stressed or self-stressed reinforced concrete pipes with rubber or elastic joints also have antiseismic qualities. It is easy to repair cast iron pipes so cast iron pipes with rubber gasket joints
should be developed. From our experience we suggest that the following problems should be
solved for concrete pipes which are widely used in China: 1) The products should have more
varieties and specifications including pressure grades, different diameters, etc. The products,
including rubber joint rings (gasket) should be designed to improve their adaptability. 2) Pipe
installations and parts should be specially designed. 3) Sealing quality and elastic deformation
quality of the rubber joint gasket need improving. 4) Effective, simple and convenient repair
materials and parts must be developed for quick repairs.
13. Pipe maintenance must be mechanized. After an earthquake prompt repair of pipes is an
urgent, arduous task with strenuous labor. So, it is particularly important to improve the mechanization of pipe construction (especially earthwork, hoisting, drainage, pipe-cutting etc.).
Different units should be equipped with different special machines and tools according to their
different needs.
14. Rational quantities of mechanical and electrical equipment should be in storage such as
pumps, transformers, switchboards, starters, valves, etc., as well as quick setting cement, tinned
aluminum cast iron pipes and pipe parts and other materials. They should be stored in antiseismic warehouses so they can be easily taken out in case of an emergency.
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REPAIR OF ELECTRIC SYSTEM POWER
Zhang Jinglong*

Before the earthquake the Beijing-Tianjin-Tangshan power system consisted of power plants
from seven regions (Beijing, Tianjin, Tangshan, Zhangjiakou, Baoding, Chengde, and
Qinhuangdao) in the same network (see Fig. 1). The installed capacity of the entire system was
3.14 million kW and it generated power of 2 million kW.
Tangshan City had two power plants, the Tangshan Power Plant (with installed capacity of
305,000 kW) and the Douhe Power Plant (750,000 kW). The load in Tangshan Prefecture was
410,000 kW.
I. Damage to Power Construction
I) Power net system
After the earthquake all the plants in the Tangshan area were inoperative. All the switches
on the transmission lines to Tangshan tripped off so the two systems in Chengde and
Qinhuangdao were separated. They had to operate individually. In Tianjin a few generator sets
were suspended from generating power but most of them were still in operation in the combined
network with Beijing, Baoding and Zhangjiakou. The generating capacity of this system was
0.99 million kW. The frequency instantly rose to 51.28 HZ. The earthquake occurred in the
early morning during a time of low power load. The load cut off by the earthquake was
approximately equal to the capacity of the idle generator sets so there was no instability in the
power system.
The Central Dispatching Office of the Beijing-Tianjin-Tangshan system lost touch by telecommunication with each plant or substation in the east part (Tangshan, Qinhuangdao and
Chengde) and with the wave carrier station because of the power failure. The power failure
caused great difficulty in the inhabitants' lives and in the earthquake relief work.
II) Power plants
The earthquake caused 26 steam-turbine generator sets to trip off, the capacity of these was
1.06 million kW. The Tangshan Power Plant and the Douhe Power Plant were seriously
damaged. The details follow.
The Tangshan Power Plant was located in a town at the foot of Dacheng Hill. The plant had
ten generator sets with a capacity of 305,000 kW. When the earthquake broke out all the
generator and boiler switches tripped off automatically except for the No. 4 generator and No. 3
boiler which were being overhauled at the time. The emergency exits of the boilers started
exhausting steam into the air and the boilers stopped working. All the operating generator sets

* Science and Technology Department, Power Administration Bureau of North China
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were damaged to different extents. The entire plant (including the old plant and the new plant)
stopped generating power.
Damage to the workshop of the old plant was slight. The No. 0-No. 3 generator sets and the
No. 2 boiler were slightly damaged. The walls of the workshop were cracked in some places and
slanted outwards a little. The distance between the two rails of the workshop crane was wider by
4-14 mm. The elevation angle of the rotors was slanted in one direction. The main bushing
were worn to different extents. Some small diameter pipes were distorted at the elbows. The
glass tube testing elements and prime elements of the pyrological instruments were destroyed.
The bearing seat of the steel roof truss of the steam turbine house at the new plant was
displaced and the roof was out of shape. A portion of the reinforced concrete roof fell down and
broke the machines. The No. 4-No. 9 generators and the No. 3-No. 9 boilers were seriously
damaged. A portion of the steel roof truss over the boiler also fell and broke the boiler.
The following is damage that occurred to the main accessory equipment:
The bases of the 3 natural ventilation-cooling towers were cracked and leaking. The
concrete bases of the 48 machine-ventilation-cooling towers were cracked; a gap in the No. 4
tower was as wide as 100 mm. The circulation water tube from the machine-ventilation tower to
the steam turbine house, which was 200 m long, had 19 cracks 50 mm to 60 mm in width. The
reactors, filters and softeners in the chemical treatment workshop were displaced. The joint
pipes were terribly distorted. The pump house of the chemical workshop collapsed and all the
pumps were broken. There were two coal conveying bridges, A and B. Bridge A was good in
general but the main piers of Bridge B were all cracked. Portions of the ash tube were displaced
and broken. Of the three reinforced concrete chimneys (one was 100 m tall, the other two were
each 80 m tall) one (80 m) was cracked at a height of 35 m and the crack was 50-60 mm wide.
The Douhe Power Plant was under construction at the time, the capacity of which was 0.75
million kW. When the earthquake broke out the No. 1 set of the first phase had already been
completed (125,000 kW) and was in normal operation and the No. 2 set had been installed. The
workshop building of the second phase was under construction. Both roofs of the houses for the
No. 1 and No. 2 sets collapsed during the earthquake and damaged the equipment, 35 m of the
top of the 180 m reinforced concrete chimney fell down and broke the coal conveying bridge.
Other accessory equipment was also seriously damaged because of the collapsed workshops.
III) Equipment for transmission, transformers and distribution
1. Transmission lines
In the Tangshan area there were 82 lines including 35 kV and 110 kV lines which were in
operation and 220 kV lines which had been completed but not put into operation yet, with a total
length of 1,592 Km and 8,004 pylon bases. In the soft soil, or bog section, 102 bases sank, 373
bases were slanted and 8 pylons fell to the ground. Also, the porcelain insulators used in the 35
kV lines were mostly cracked, some were even broken.
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2. Transformer substations
There were 37 transformer substations in the Tangshan area: one 220 kV, nine 110 kV and
twenty-seven 35 kV. The earthquake caused power failure to 33 substations including the
220 kV, 8 of the 110 kV and 24 of the 35 kV. Damage to equipment at the substations was
mostly caused by collapsed buildings, e.g. control rooms collapsed and damaged 98 control
boards, instrument dials and relay protection boards amounting to 21.4%; switch rooms
collapsed and damaged 83 switch cubicles of 6-10 kV covering 26.1%; and 9 sets of DC
equipment were damaged (23%). The outdoor porcelain high voltage equipment whose center of
gravity was high was also terribly damaged. For example, one 220 kV circuit breaker and nine
110 kV circuit breakers, which were all domestic high voltage circuit breakers with small
amounts of oil, were broken at the bottom (18.8%). Ten of the domestic 220 kV high voltage
arrestors (80%) broke at the bottom and so did twelve 110 kV arrestors (30%). Most of the 35
kV circuit breakers had large amounts of oil, 13 of them near the epicenter were slanted and the
stands were bent and distorted (8.9%). Fifteen main transformers at the substations were
damaged (21%). Damage to the main transformers was mostly due to the transformers being
displaced (some toppled down) and the sleeve lead wires were broken or cracked at the bottom.
3. Damage to the distribution lines
The distribution lines were not seriously damaged and the damage rate was small, 85 poles
fell or broke due to collapsed buildings or soft foundation (0.7%). Four distributing transformers
fell off their stands and 81 were displaced (7.5%).
II. Repair of the Power Construction
On the day of the earthquake the authorities and experts from the Ministry of Water and
Power and the Beijing Power Administration Bureau established a “Command Office for
Earthquake Relief and Power Construction Repair”. The repair work was to be carried out in
four stages; 500 people in the first stage, 500 in the second stage, 700 people in the third stage
and 900 in the fourth stage.
I) The procedures for repair
The urgent task in the first stage was to determine how to transmit power from other regions
to Tangshan. On the day of the earthquake two diesel generator vehicles were dispatched from
Beijing to Tangshan, one was 75 kW and the other was 48 kW, which supplied power to the
Tangshan command offices only 16 hours after the earthquake. Meanwhile, the transmission
line from the Yutian to the Jia'anzi transformer substations and the No. 2 transformer (the main
one) at the Jia'anzi Substation were undergoing emergency repairs. The city of Tangshan
received power from Beijing at 18:00 on July 29, and in the early morning of July 30 the wave
carrier communication from Beijing to Tangshan was restored. At 20:00 on July 30 the lighting
circuit was supplied with power. In the early morning of July 31 electrical power began being
supplied to the water works. The power source to the Relief Command Office was supplied by
diesel generators. During the two days of July 31 and August 1, the power supply to eight major
mines was restored.
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In the second stage Tangshan was to receive its power supply through four 110 kV lines from
four directions, i. e. from Beijing, Tianjin, Chengde and Qinhuangdao, instead of one line from
Beijing. At the same time all eight 110 kV transformer substations resumed supplying power.
Thirteen of the 24 damaged 35 kV substations resumed power supply. On August 7 the street
lamps on more than 20 main streets were lit. On August 10 power was supplied to the suburbs
and to the 10 counties of Tangshan, which was necessary for disaster relief, restoration of
agricultural production and grain processing.
The No. 2 and No. 1 generator sets were put into the network on August 11 and August 14
respectively after emergency repairs.
On August 5 the Tangshan Power Supply Bureau resumed work and began receiving users.
Up to August 14 the power supply to more than 100 enterprises was recovered and the load in
the Tangshan area rose back to 70,000 kW.
The third stage was to increase transmission capacity to the disaster area. From August 15 to
August 21 the Dou-Han Line, the Dou-Lu Line (both were 220 kV) and the main 120,000 kVA
transformer at the Lujiatuo substation were repaired after round-the-clock work so that the
220 kV power source could be transmitted to Tangshan. The supply capacity was up to 0.1
million kW. Meanwhile, the 33 damaged transformer substations were finished being repaired
and with temporary measures being taken they received power on August 19. On August 27 the
load in the Tangshan area was up to 0.138 million kW including 40,000 kW to the coal mines,
and 183 enterprises resumed their power supply. During this stage the buildings of the Tangshan
Power Plant were repaired and this created good conditions for the emergency.
In the fourth stage the emphasis was put on the power plant instead of transmission and
substations. The No. 0 and No. 3-6 generator sets of the Tangshan Power Plant were repaired,
connected with the network and began generating power which made the capacity of the plant
rise to 150,000 kW. The 60,000 KF phase modulator at the Lujiatuo Substation was repaired;
every substation was equipped with a 100,000 KF electrical capacity which played an important
role in keeping a good quality of voltage after the earthquake. Some earthquake-proof measures
were taken on the equipment to improve their reliability during aftershocks.
By the end of September the supply capacity in the Tangshan area added up to 0.3 million
kW (150,000 kW from the Tangshan Plant, 100,000 kW from the 220 kV line and 50,000 kW
from the 110 kV line) meeting the needs of the disaster relief and the recovery of production.
The No. 7-9 sets of the Tangshan Power Plant were severely damaged and after repairs they
were joined with the network and began operating on October 8, November 22 and November
25, respectively. Then, all ten generator sets of the Tangshan Power Plant were finished being
repaired.
The facilities of the Douhe Power Plant were very seriously damaged. After special repairs
the No. 1, No. 2, No. 3, and No. 4 generator sets were joined with the network and began
operating power respectively on November 6, 1977, November 19, 1977, February 7, 1978 and
August 10, 1978.
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II) Technical measures in the repair
1. Generating equipment
The undamaged generating sets (No. 0-5 generators and No. 1, No. 2, No. 5-9 boilers) were
overhauled to the standards for their turbines, boilers and electric, pyrological and chemical
equipment except that the steam turbines were not opened and the rotors of the generators were
not taken out. The water delivery pumps, circulating water pumps, induced draught fan, and
forced draught blowers were checked section by section and repaired, and then put into
operation. At the same time public facilities were repaired such as, equipment for power
sources, industrial water systems, chemical treatment, deep-well systems, water circulating and
coal conveying and ash-removing systems.
The damaged items (No. 6-9 generators and No. 3, No. 4 boilers) and the cylinders of four
steam turbines of the Tangshan Power Plant were all opened, checked and repaired by replacing
broken vanes; centering and dynamic balancing; taking out rotors and overhauling the generators; adjusting the elevation angle of the sets; replacing or thoroughly repairing the broken valve
wheels, electric transmissions, tubes and all kinds of instruments.
As for the worst damaged set, No. 9, when the cylinder was opened it was found that a lot of
double ring rivets at steps 7, 12, and 18 fell off or were cracked. A vane at step 20 fell off and
102 vanes were cracked at the bottom. The rotor of the steam turbine was sent to Beijing for
repair. Other generator sets were checked and repaired in the plant.
2. Transmission, substation, distribution and equipment
The first problem in the repair of the transformer equipment was relay protection. The
houses of the substations collapsed and damaged the relay protection boards. The undamaged
ones could not be used because the lead wires were buried. Without relay protection the electrical apparatus could not be put into operation. In order to provide power as soon as possible
some technical measures were taken in two steps. The first step was to hang the over-current
relay (wrapped in plastic cloth) on the frame stand near the circuit breaker box so that power
could be supplied during the first and second stages of repair. This measure was easy, convenient and more reliable than if the fuse wire took the place of the relay. Though it was dust proof
and waterproof it could not be used for a long period of time. In the second step a special relay
protection box was designed and fixed near the circuit breaker which was called an “anti-earthquake protection box”. In this protection box there was equipment for over-current, quick-break
and auto re-close circuit breakers for meeting the power supply demand.
The situation was the same with the damaged control boards and instrument dials. Simply
built wooden houses served as temporary control rooms at 110-220 kV transformer substations
and at important 35 kV substations with main instruments and control boards in them. The
circuit breakers of 35 kV or less than 35 kV were repaired and operated on on the spot.
All the damaged DC apparatus, porcelain sleeves of main transformers, 220 kV and 110 kV
circuit breakers and arrestors were replaced. All the high-voltage apparatus were tested for
insulation quality before putting them into operation and only the qualified ones were allowed to
be switched on. Oil filled equipment such as transformers and circuit breakers were refilled with
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oil and after an insulation test they were put into operation. Insulation oil which had been
contaminated with moisture was replaced.
Some of the 10 kV switch cubicles were broken due to collapsed buildings and the unbroken
ones could not be used. During the first and second stages of emergency repair fuses were fixed
on the 10 kV switches to temporarily take the place of switch cubicles so that power could be
transmitted as soon as possible. In the later period of emergency repair (the third and fourth
stages) in the substations where there were a lot of 10 kV lines, the switch rooms were built out
of asbestos boards and angle irons with 10 kV switch cubicles installed in them for transforming
power.
Earthquake-proof measures were taken on the repaired equipment. For example, the chassis
of the transformer and the base were welded together and four guy wires were used to stabilize
the transformer. The lead wire of the porcelain sleeve of the transformer was changed to a
flexible wire. Insulated guy rods were fixed to the porcelain equipment whose center of gravity
was high.
All the transforming and distributing lines were thoroughly checked and repaired (repair
workers climbed up the poles for repair). The damaged parts were replaced, the slanted poles
were straightened and the defects that may have hindered the power supply were eliminated.
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Figure 1. A sketch of the network of the Beijing-Tianjin-Tangshan power system before
the earthquake.
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REPAIR OF THE POSTAL AND
TELECOMMUNICATION SYSTEMS IN TANGSHAN
Liu Yinghe*

Located at the border of North China and Northeast China, Tangshan is the center joining
Beijing to the three provinces of Northeast China. Not only is it an important traffic line but also
a hub of telecommunication with the country's main long distance lines and underground cables
running through it.
I. Conditions of Postal and Telecommunication Systems Before the Earthquake and the
General Situation of Earthquake Damage in Tangshan
Before the earthquake there was a local (municipal) telephone building (automatic exchange
telephone building), a long distance central building, a wireless station and a repeating station in
the city which formed a "nerve center". This connected 15 post offices, 119 branch offices,
3,348 agencies in 13 counties (districts) as well as more than 2,000 users of telephones and
telegraphy in town.
The local telephone building of the Municipal Bureau was an automatic exchange building
with apparatus for 2,400 telephones. It was a three-story brick and concrete building. The
building collapsed in the earthquake and all the apparatus were damaged.
The long distance call center on Huayan Road, which was a three-story inner frame structure,
collapsed during the earthquake. The equipment on the second and third floors was damaged
which broke off all phone and telegraph telecommunication to the big cities such as Beijing,
Tianjin, Shijiazhuang and Qinhuangdao and to more than 100 circuits in the 13 counties of
Tangshan Prefecture. The phone communication from Beijing to the three provinces in Northeast China was also suspended.
The main exchange house of the wireless transmission station in the west suburb was a
single-story structure constructed of bricks and concrete. The walls were cracked and the frame
of the main device was displaced.
The single-story main exchange house of the repeater station of the long distance cable,
located more than 10 kilometers northwest of Tangshan, was cracked during the earthquake.
Around the city most of the open-wire poles fell, sank, toppled over, or displaced which
caused broken lines and bad connections. Collapsed buildings damaged some local lines in the
urban area; some were broken by ground fissures. The communication supports along bridges
were out of shape which caused broken lines and mixed wires when the bridges collapsed.
The collapsed postal and communication buildings in the city were 4,0591 m2, covering 96%
of the total building area. The damaged equipment covered 83.9% of the main equipment.
* Bureau of Posts and Telecommunications, Hebei Province
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Among them, 2,400 automatic exchanges were completely damaged, and 291 of the 347 sets of
long distance and local call equipment were broken; 55 sets of postal transportation vehicles and
motorcycles were damaged covering 81% of the total.
II. Repairs for Recovery after the Earthquake
After the earthquake there was only one special line left keeping in touch with Beijing and
Tianjin at a manrepeating station in the outskirts of Tangshan. It was through this line that at
5:15 on the morning of July 28 someone got in touch with the Beijing Long Distance Telecommunication Bureau and reported in detail the disaster to the Ministry of Posts and Telecommunications. No sooner had the report been received than the Ministry founded an earthquake relief
office which was to be in charge of relief work for the telecommunication system. Emergency
repair groups were sent to Tangshan immediately and a plan was made to get lines through and
to repair main lines and important facilities first.
At the same time the Provincial Bureau of Posts and Telecommunications took some emergency measures:
1) All vehicles in the units under the Provincial Bureau were held for simultaneous dispatch.
2) The Provincial Bureau established an earthquake relief command office and emergency
repair groups were immediately sent to Tangshan.
3) The Provincial Line Service Station, the Telecommunication Construction Brigade, the
post offices of eight prefectures (except Longfang) and the departments concerned were ordered
to organize relief groups to help Tangshan with tools, materials and goods.
4) Urgent telecommunication materials and goods in warehouses were allocated to Tangshan.
5) A group of radio men were flown to Tangshan carrying transceivers together with the first
relief group of the provincial government.
6) The communication vehicles prepared for war were put into use.
After the earthquake more than 1,200 people and 123 automobiles with large quantities of
telecommunication equipment and goods from 9 provinces flowed into the disaster area day and
night.
The procedures and methods for telecommunication emergency repair were as follows:
1) First of all, a communication network was established with an on-the-spot command
office as its core forming a local phone system and a long distance call system with a command
station in the outskirts.
2) Since neither wired nor wireless communication could be used, the underground cable in
the outskirts served as a special line contacting the command office with the CPC Committee.
3) Transceivers were used to get in touch with the provincial capital of Shijiazhuang as soon
as possible.
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4) On the basis of conditions, the backup power was used and new lines were set up.
5) The provincial line was tortuously connected from Shijiazhuang to Tangshan through
Chengde-Qinglong-Qianxi by unified control.
6) The 60-channel wave carrier circuit was connected between Tangshan and Beijing and the
new telegraph from Tangshan to Beijing and from Tangshan to Shijiazhuang was opened up by
making use of the telecommunication vehicles prepared for war and the main underground cable.
7) The long distance open wires and phone lines in the countryside were checked and
repaired according to a unified plan. Work was assigned to each individual group.
8) Plastic covered cables were used and manual exchangers were installed to put calls
through to important users forming an on-the-spot command center in the city.
9) New automobile mail lines and air mail lines were opened up.
interruption were solved in many ways.

The problems of

Because of the emergency measures mentioned above, the circuit between Tangshan and the
CPC Central Committee went through at approximatley 10:00 on the morning of the earthquake.
Tangshan was put through to the three counties of Funing, Qian'an and Fengnan by a relay trunk
cable. The main telecommunications got through by emergency repairs during the three days of
July 28 to 30 (see Table 1).
After the main lines got through repair groups from 9 provinces began recovery work with
the workers of Tangshan. Up until the end of August, 64 various sets of equipment were
installed. The newly installed carrier equipment approached the level before the earthquake.
The number of long distance circuits was up to 116, 13 more than the number before the
earthquake. Telephone service from Tangshan to every county was restored. One hundred local
circuits and eleven magnet exchangers were installed serving 230 users. For radio communication the circuits from Tangshan to Shijiazhuang and Tangshan to the reservoir were restored,
besides, 14 new circuits from Tangshan to every county were opened up. The telex circuits
between Tangshan and Beijing, and Tangshan and Shijiazhuang were also opened up by means
of wired telegraph.
On September 1, the telegram business resumed and nearly 400 circuits from every county
and town to communes was restored. The postal transportation from Tangshan to the counties
was also restored. The municipal postal business was as good as before the earthquake except
for the parcel business and telegraph remittance business.
III. Some Proposals
In order to reduce disaster loss of the postal system and keep its normal function during an
earthquake some suggestions and proposals were made as follows:
1) Because postal and telecommunications are one of the engineering lifelines in the city, the
anti-seismic design standard of all buildings should be improved. For example, at the
telecommunication exchange building: the "three rooms" (exchange room, phone room and
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telegram room); the long distance cable and open wire repeating station; the microwave station;
the transceiver station; and the municipal call exchange room, etc.
2) The bases of all telecommunication equipment should be reinforced and anchored in all
directions so as to improve its anti-seismic resistance.
3) Long distance wire poles and local open wire poles, terminal poles, leap poles, fly-over
poles and angle poles should be reinforced by guy wires, struts, and by putting up neighboring
poles, etc.
4) It is best to use expand-proof wire coated cables in the mineshafts and in subsiding areas.
The submerged cable should be reinforced especially the sections that cross rivers.
5) Basements should be included in the plans for standby rooms. Precautions should be
taken against any blockage of underground exits.
6) A radiation-like telecommunication network is needed. A multi-office system should be
adopted in town. There should be many different delivery methods.
7) Telecommunication circuits need many exits. Having only one line for one destination
should be avoided.
8) There should be normal use equipment and spare or standby equipment both for wired
communication and wireless communication. Technical personnel should be experts at one thing
and good at many. Important technical drawings and data should be filed in many sets.
9) Postal and telecommunication offices of different levels should have, in advance, a
dispatch plan for the emergency repair and recovery of damaged telecommunication circuits. A
certain quantity of telecommunication materials and goods should be kept in storage.
10) Postal and telecommunication staff and workers should be further educated in antiseismic knowledge and knowledge about disaster relief, repair and recovery.
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Table 1. Time of establishing postal and telecommunication after the Tangshan earthquake.
Time of Recovery
Item

(Telecommunication Means)
Units at Both Ends

Unit of Emergency
Repair for Recovery

Month

Date

Hour/Min.

7

28

5:15

(underground cable) Tangshan
Suburb Station-Beijing Long
Distance Bureau

Suburb Station of the
Tangshan Bureau

7

28

13:20

(transceiver) Tangshan Command
Office-Shijiazhuang

Transmission Station
of the Provincial
Bureau

7

29

7:20

(12-channel carrier) Tangshan
Suburb Station-Tianjin, Beijing,
Shijiazhuang, Shenyang

Tianjin Long Distance
Telecommunication
Bureau

7

28

P.M.

(local telecommunication)
Tangshan Command Office, local
junction

Liaoning Provincial
Postal and
Telecommunication
Bureau

7

29

(roundabout route)
Tangshan-Shijiazhuang

Hebei Provincial
Postal and
Telecommunication
Bureau

7

29

(60-channel carrier)
Tangshan-Beijing

Beijing Long Distance
Telecommunication
Bureau

7

30

(telex) Tangshan-Beijing,
Shijiazhuang

Beijing Long Distance
Telecommunication
Bureau

7

29

(air mail) Tangshan-Beijing

Post Offices of Beijing
and Tangshan

7

30

(airmail) Tangshan-Shijiazhuang

Post Offices of
Shijiazhuang and
Tangshan

7

30

(new motor route)
Tangshan-Beijing

Post Office of Beijing

7

31

(new motor route)
Tangshan-Tianjin

Post Office of Tianjin

Telecommunications

P.M.

Postal
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DEALING WITH EMERGENCIES AND
REPAIRS FOR THE PRODUCTION TECHNOLOGY
OF THE TANGSHAN STEEL AND IRON CORPORATION
Wang Daming*

I. Outline of Earthquake Damage
The Tangshan Steel and Iron Corporation was located in the area of intensity X of the
earthquake. There were 320,000 m2 of industrial buildings, 12% of them collapsed or were
seriously damaged. The partially damaged buildings accounted for 70% and only 18% remained
basically intact. There were about 160,000 m2 civil buildings in the area and 90% of them were
damaged.
In the workshop area there were 41 industrial chimneys and 34 of them cracked, dislocated
or toppled down; 3 sets of brick-laid water towers with a capacity of 125 tons all collapsed;
reinforced concrete columns at the bottom of 4 sets of water-cooling towers collapsed; among
the 15 heavy oil pots (located near 4 key workshops) there were 3 places that were seriously
leaking oil; and 20 of the furnace-kilns were damaged to different degrees.
At the ironworks 4 sets of 100 m3 blast furnaces and relevant hot blast stoves and pneumatic
dust-removal systems basically remained in good condition. Due to the cut-off of the water and
electricity supply after the earthquake all the molten iron solidified in the furnace. Because the
water supply was cut-off for such a long time the furnaces were seriously deformed and they
could not operate continuously. Among the 4 units of frame-type stock warehouses made of
concrete, one toppled down and the support props of the other 3 either cracked or were badly
rifted. The shaft kiln of spherical aggregate sintering was abandoned because of the complete
collapse of its reinforced concrete frame support structure.
At the steel mill the cupola furnace, converter, and the ore-heating stove of the iron alloy
plant became frozen due to the cut-off of water and power. The high stock warehouse of the
converter and cupola completely collapsed. Due to the collapse of the workshop buildings the
equipment in the other auxiliary facilities failed.
At the steel rolling mill the vein piping of the heating furnace burned and broke, but the key
rolling structure basically remained in good shape. In the main power room the power supply
facilities and key generators suffered partial damage due to the collapse of neighboring
workshop buildings.
In the public system the air supply was decentralized through high supported pipes. With the
exception that a number of air pipes were displaced or fell off, all the others survived. The water
used for production mainly came from the Douhe River but a portion of it came from tap water
or deep wells. There were 2 river water pump stations, 9 deep well pump stations, 10
* Tangshan Steel and Iron Corporation
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pressurization and circulating pump stations, 3 water towers and 12 km of water supply piping.
Besides, 3 water towers toppled down and a number of connecting points of the underground
piping were found loose, cracked or broken off. At the 2 transformer substations the
transformers were all displaced, the secondary bus was broken by pulling, casing pipes were
smashed to pieces, the brick wall of the substation room toppled down, the room roof fell off,
and most of the equipment in the room was broken. The electrical transfer towers were
deformed. The 3 air intake chimneys of the oxygen supply station all collapsed, the 600 m3
oxygen making machine and its relevant equipment was seriously damaged because the building
collapsed; 129 sets of railway switches were displaced. After the M7.8 earthquake the operation
of the plant stopped completely.
II. Dealing with Emergencies after the Earthquake to Prevent a Secondary Disaster
1. Oxygen
The 2 steel works in the corporation were equipped with whole top-blown oxygen and whole
side-blown oxygen systems. The oxygen came from 5 sets of oxygen making machines
(producing 13,600 m3 of oxygen per hour) and flowed into 3 spherical tanks then through overhead oxygen pipes which was sent to the steel works. When the earthquake took place the
electricity was suddenly cut off and the oxygen compressor stopped working. An explosion
could have occurred at any time while the liquid oxygen evaporated in its tank. To prevent this
from occurring a number of experienced workers drained the liquid oxygen according to
regulations and in the meantime emptied the oxygen gas. The goal was to prevent an explosion
in case metal things hit each other producing a spark during an aftershock.
2. Power supply
The power supply to the corporation came from the south substation (its capacity was
18,000 kva) by 16 circuits and the north substation (65,000 kva) by 25 circuits with all the
overhead cables supported by high voltage towers or poles. During the earthquake all the
transformers were displaced, the porcelain insulators cracked and steel towers became twisted.
Therefore, the personnel concerned were organized to carefully check on every electric cable,
porcelain insulator, cable tower or wire pole one by one in order to prevent casualties or a fire
because of partial electric conduction when the electricity was again turned on. As for the
substation buildings, all the dangerous conditions were removed in time to avoid disasters caused
by an aftershock. For the units which received electricity, their electrical intakes were also
carefully examined in order to prevent a secondary disaster from occurring when the electricity
was turned on.
3. Water supply
Due to the collapse of buildings during the earthquake the equipment concerned was
damaged. Since aftershocks were successively taking place they quickly dealt with eliminating
dangerous conditions at the pump station. The repair work was hurried in order to prevent
equipment damage if the buildings toppled down. Meanwhile, the water pipe and valve
problems were handled quickly in case water flowed over motors or other devices. Since
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recovery of the running water system in the urban district took a considerably long time, the
repair of the deep well pump stations was given high priority.
4. Oil supply
There were 15 different sized oil tanks in the corporation located in 4 places. During the
earthquake, due to the breaking of pipe connections at the tank outlet valves, a lot of heavy oil
flowed into the drainage ditch network and went into the Douhe River. Some of the oil flowed
into workshops, some even blocked the entrance of the 1st pump station and some oil fully filled
the escape canal of the drainage network creating a secondary disaster bringing about great
difficulty in production recovery. Hence, an examination of the oil tank to sluice gate, valves,
and pipeline were carefully done one by one to find damage and repair them in time. In addition,
the overflowing heavy oil was cleaned up.
III. Emergency Repairs
1. Smelting system (steel smelting, iron smelting, iron alloy, casting and other plants)
1) Chimneys
The dust exhaust chimney of the steelworks and the hot-air-blast chimney of the ironworks
all toppled down 1/3-1/2 from the top and their lower parts showed dislocation. They were
completely removed and steel chimneys were erected as there was no repair value; these could
be built quickly and were better in anti-seismic performance but their service life was shorter.
2) Furnaces
After the earthquake the furnace’s foundation bolts became loose and its body tilted. When
repaired, the body of the furnace was returned to its upright position by jacking; its center
alignment was adjusted precisely; then, concrete around the loosened bolts was dug out and the
bolts were welded by lap splicing. Finally, the foundation was consolidated with reinforced
concrete.
Because the water supply was cut-off for a long time 100 m3 of blast furnace became
solidified; its foundation sank unevenly; the No. 4 blast furnace moved 30 mm and its watercooling fire bars all burned and broke. The foundation of the furnace body remained unhandled
and the furnace chamber was cleaned with explosives and the steel plates in the furnace belly
were replaced. After the water-cooling fire bars were renewed and the furnace was lined anew,
it was put into production.
The hot-blast stove was split open mostly inside at the brick seam and partly fell off and a
portion of the chimney top made of stone masonry fell down and the foundation settled. Only
part of it was repaired.
3) Stock warehouse
The material-feeding warehouses equipped for converter and blast furnaces were all built
with concrete frames supporting steel bins. During the earthquake the high stock bins of the
No. 2 steelworks were fully filled. Because the columns of the frame broke all the bins fell
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down. There were 5 bins equipped for the No. 1 blast furnace and they all toppled down. The
No. 2 warehouse had 5 bins; the foot and head of their columns cracked and their steel bars
became twisted. The No. 3 warehouse had 6 bins; due to the broken column tops the whole body
slanted by 160 mm. The No. 4 stock house had 5 bins and all of them sank 40 mm. All of the
stock bins that toppled down were rebuilt with steel columns replacing the original ones. The
repair plans for the stock houses that were partly damaged were as follows:
a. To support the overhead bin, remove the original concrete columns and replace them with
steel columns.
b. To return the toppled down store bins to their original positions first, reinforce the column
head, and add cross diagonals.
c. If the column head cracked it could be strengthened by removing the concrete then new
steel bars were welded to existing bars and concrete was poured.
d. For slight cracking of columns steel angles were used to wrap around the columns.
4) Sloping feeding bridge
The stock feeding sloping bridge and its feeding entrance of the iron smelting stove in the
No. 1 steelworks inclined northeast by 50-60 mm. The big stock-hopper of the No. 3 blast
furnace inclined east 60-70 mm. The upper transverse beam of the sloping bridge of the No. 4
blast furnace turned around 60 degrees. When being repaired the furnace body was first returned
to its original place. After leveling it and aligning it and making sure it was in the right place the
material-feeding entrance was used as the center to align the bridge with the furnace body then
the equipment was firmly reinforced.
2. Steel rolling system
1) Heating furnace
All the longitudinal or lateral stove pipes of the heating furnace at the 4 steel rolling workshops were burned and toppled down because there was no water supply, and cooling and uprising pipes which were connected with the furnace pipes were displaced at different amounts.
The furnace wall and flues cracked and became loose. There was one furnace top that was
smashed when the chimney fell down. After the furnace vein pipes of the broken furnaces were
replaced one by one and the furnace walls and flues were slightly repaired so they could be
operated. But before water was supplied a pressure test was conducted and finally the heating
furnace could be operated.
2) Main rolling machine
The rolling machine had its own foundation. After the earthquake it was inspected and no
problems were found and the drive system was not damaged. The main power room was next to
a main production building, the walls of the later toppled down and part of the key motors and
the high-voltage power supply system were smashed. The main rolling system was put back into
production only after general tests and repairs.
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3) Fuel system
All the 4 rolling mills used heavy oil as fuel. There were 13 oil tanks of 300-1,000 tons in
capacity for each. After the earthquake their enclosing wall toppled down and 3 tanks with a
storage capacity of 1,000 tons each had their outlet broken which released oil. The drainage
networks at each mill were blocked which was a secondary disaster. All the fuel pipelines were
overhead. There were no abnormal situations except for a few that were displaced and their
supports fell down. When the repairs were being done the fuel leaks were found and repaired.
4) Others
Due to the toppling down of pump station houses some of the equipment was smashed and
there were a few broken connecting joints of ground pipelines. No other big abnormalities were
found. The tracks of the shop traveler twisted and displaced because of the uneven settling of
the columns.
3. Auxiliary system
1) Kiln
Nine sets of the lime-roasting kiln laid with bricks all toppled down. Inside the inverted
flame kiln and in the top movable kiln of the refractory plant the linings became loose and part
of them split; the tunnel kiln remained normal. The body of the dolomite stove had no damage
except that its concrete frame columns were cracked at the top. Only general medium repairs
were conducted on it and it was put into production.
2) Foundations
The foundations of various milling machines, stoneroller and brick-pressing machines, etc.
all had uneven settling; the depth of sinking was less than 40 cm. The main part of the equipment also partly displaced. The outlet and inlet connecting the main equipment with the
conveyer belt and pocket hopper machines opened at the welded seams or became twisted.
Repairing only the levels and alignment of the equipment was enough.
3) Stock bin
When the earthquake occurred the limestone coke storage bins at the No. 2 steelworks were
all fully filled. Due to poor design the columns bent and the bins fell down. Several elevated
stock bins in the stock factory were steel structures and had shear bracing members so mainly no
damage took place. At the Houtun Stone Mine, though the stock bins were steel structures, there
were no shear bracing members so during the earthquake they all slanted and sank unevenly. At
the refractory plant the stock bins were steel structures and during the earthquake their brick-laid
enclosing wall partly collapsed. When being repaired all the materials in the bins were removed,
the container was then hoisted with a jack and when the container was lifted up to its original
place it was fixed and reinforced. Finally, the brick wall was removed and a steel structure was
built instead as a safeguard.
4. Public system
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1) Pneumatic system
With the exception of the safety valve of the compressor being smashed by the collapsed
building of the compressor station at the casting plant, there was no damage to the major
equipment at all the other air compressor stations. Foundations only sank slightly and pipeshifting and joint-disconnection situations were found. All were handled on the basis of
medium-scale repairs.
2) Water supply system
During the earthquake the major section of the deep well pump house partly collapsed but
the pump was unbroken. With no electrical supply the deep well pump was driven by a diesel
generator and a truck wheel and belt.
The leak at the water pond was repaired with quick hardening concrete.
3) Power supply
During the earthquake 6 transformers all had displacements, tilted and were off their tracks.
The displacements were 50-500 mm and some of the bars were pulled and broken. Some high
voltage porcelain insulators cracked, and there were 3 steel transmission towers that became
twisted and crooked and one pole fell down. All the usable elements from the two substations
were concentrated into one. When the transformer returned to its original place the core of the
transformer was taken out to be checked, the oil was changed, and then after a trial run and
adjustments it was put back into service.
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REPAIRING THE CERAMIC KILNS IN TANGSHAN CITY
Dong Kejun and Wang Shirong*

The kiln is the key equipment in ceramic production. During the earthquake the 123 kilns
belonging to the Tangshan Ceramic Industry Corporation suffered damage to different extents.
I. Main Structure of the Kiln
The Tangshan Ceramic Industry Corporation was one of the enterprises producing porcelain
articles both for daily use and for industry. There are a large number of kiln categories. There
are 16 sintering tunnel kilns; 68 sintering flame inverted kilns; 18 sintering straight flame kilns;
17 baked embossing tunnel kilns; and 4 baked embossing rolling-track kilns. The output of the
corporation was 130 million pieces yearly. Most of the kilns were brick concrete structures. The
parts of the kilns that were seriously damaged during the earthquake were the kiln-top, kiln wall,
kiln foundation, kiln framework, and so on.
1) Kilns for continuous production (tunnel kiln)
The major part of this kiln is the long tunnel; 20-105 m in length with a net width of 0.42.2 m and a net height of 0.5-3.1 m. In light of different temperatures and structures they can be
divided into the following categories:
1. Kiln wall structure
When the temperature will be under 500°C the inner wall is built using a No. 25 refractory
mortar to lay No. 75 or higher brick or refractory brick with a thickness of 230-240 mm. The
outside wall is built with No. 50 mortar to lay brick with a thickness of 370-490 mm; the total
thickness of the wall is 610-730 mm.
When the temperature will be higher than 500°C an insulating layer with a thickness of 115230 mm between the inner and outside wall is added. The insulating layer can be light clay
insulating brick or just filling with slag; the total thickness of the wall is 720-840 mm.
For temperatures over 1,100°C-1,300°C in the sintering zone the inner refractory wall is
increased to 345 mm and the outside wall is increased to 620-860 mm.
2. Kiln roof structure
For most of the roof structures an arch is built using refractory bricks. In the pre-heating
zone and cooling zone (temperature under 1,100°C) the refractory bricks are laid with fine
refractory mud and the thickness is 230 mm. The arch is covered with light-clay-heat-insulating
brick and a layer of slag with a thickness of 200-300 mm. The insulating layer is a 60 mm thick
brick surface. In the cooling zone between the upper layer and lower layer of the refractory
brick arch there is a ventilating duct. If temperatures are higher than 1,100°C in the sintering
* Tangshan Ceramic Industrial Corporation
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zone the inner layer of the refractory brick arch is 300-345 mm thick, the insulating layer is 115230 mm thick with light clay brick and a layer of 200-300 mm of slag or pearlite layer.
3. Foundation
In general, the foundation is located on a rubble layer with a thickness of 200 mm and it is
covered with No. 75 brick 200-300 mm thick and jointed with No. 50 mortar. Under the tracks a
ground beam is made of reinforced concrete with a thickness of 200 mm to support moving
vehicles.
4. Framework
Most of the tunnel kiln roofs are arched structures; all have arch-foot-beams and pull rod and
props forming a framework to bear the lateral thrust.
2) Kilns for intermittent production
1. Intermittent kiln with framework
There are 2 types of intermittent kilns. One type is a rectangular kiln and the other is a round
kiln. Their foundations and structures are basically the same and their volume is 7-314 m3.
a. Kiln wall
In general, the outside wall is laid with No. 75 bricks with No. 50 mortar 620-860 mm in
thickness; the inner wall is built with refractory bricks and refractory mud 300-345 mm in thickness. A gap of 30-50 mm remains between the inner wall and the outside wall and a certain
insulating material can be filled in-between. The total thickness of the kiln wall is 0.9-1.2 m.
b. Kiln roof
The rectangular kiln has a single curved arch and the round kiln has a double curved arch.
Both are laid with refractory brick and refractory mud with a thickness of 300-350 mm. The outside layer is made of a leather-mud sealed insulating layer 220 mm thick.
c. Foundation
In general, the foundation is built with No. 50 mortar and brick over a rubber layer.
d. Framework
The framework is made of belt steel and channel steel.
2. Intermittent kiln without framework
This type of structure is rather old. There is heavy load on the roof and the horizontal thrust
is smaller. The kiln wall only bears the expanding forces produced by high temperature and
vertical load.
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a. Kiln wall
The inner wall is built with refractory brick and refractory mud with a thickness of 350500 mm. For the outside wall brick or stone is laid with No. 50 mortar with a thickness of 500800 mm. Between the inner wall and outside wall loess is filled in and rammed as an insulating
layer 1 m in thickness.
b. Kiln roof
In general, refractory brick and refractory mud are used layer by layer to form a dome. The
so-called refractory brick is 350 mm thick and is finally sealed with a straw-mud insulating layer
of 200 mm.
II. Earthquake Damage
Most of the Tangshan ceramic industry enterprises were located in an intensity X area.
Because of the differences in geological conditions and different types of kiln structures the
damage degrees were different as well.
Kilns suffered more serious damage on weak foundations. For example, the No. 1 and No. 9
porcelain plants were located near the Douhe River; their kilns were seriously damaged. The
No. 4 porcelain plant was located in the subsided area of the coalmine under which the coal was
mined out and its 9 straight-flame kilns all toppled down. The No. 3, 5, and 10 porcelain plants
were situated on a hill slope and due to the ground conditions being better they only suffered
light damage.
In general, the outside wall of the kiln was laid by No. 75 bricks with No. 50 mortar. Any
kiln that was built without framework such as the old style straight flame kiln fell down
completely during the earthquake. Those that had framework such as the inverted flame kiln, in
spite of the kiln wall being thinner, only had a few topple down completely.
In general, most of the kiln roof structures were built with special shaped refractory bricks
and refractory mud to form single curved arches or double curved arches. The structures had a
good integrity so they remained intact. The old style straight flame kilns were not built with
framework; their roofs fell down during the earthquake.
There were 3 types of ceramic kiln, i.e. rectangular, square and round. The rectangular
shaped kiln (such as the tunnel kiln), had slight damage in general. Most of the square kilns with
single curved arch roofs toppled down during the shocks due to the weak connection of the wall
with the arch. Round kilns with double curved arch roofs had good integrity, especially the ones
having framework which had the least damage.
III. Production Recovery
The key problem for production recovery of the ceramic industry, except for the workshop
building, was repairing the kilns. Those that suffered slight damage during the earthquake
(about 8%) only needed a bit of repair work to recover operation. Those that suffered serious
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damage (about 25%) were overhauled so they could be put back into operation. Those that were
completely destroyed (about 67%) needed reconstruction.
In 1977 a large-scale reconstruction and repairs on workshop buildings was carried out. By
the end of 1980 there were 117 kilns that were put into production making up 95.12% of the total
before the earthquake.
During the earthquake, the kilns gradually stopped operation because the power and fuel
supply was cut off. The unfinished products in the kiln had to be scrapped. Since the kiln body
(brick, stone, steel, concrete) and the products were all non-combustible materials no
conflagration took place.
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REBUILDING TANGSHAN
Huang Yuhua and Hou Minzhong1

After the earthquake the reconstruction of Tangshan City began in 1978. The total building
area was 18.21 million m2 and the task was expected to be completed by the end of 1985.
The capital needed for reconstruction of the enterprises which were attached to provinces,
prefectures and the city governments was raised from their profit and tax relief by the State. The
reconstruction funds for those under the direct jurisdiction of the Central Government were
allocated directly by the State. The total reconstruction investment was to be 24,400 million
yuan.
According to the State's requirements for rebuilding Tangshan the pre-construction preparation work was to be completed in about one year. It included 1:1,000 topographic surveys on
urban areas covering more than 240 km2, a survey on engineering geology and hydrogeology of
residential quarters and the industrial district, and designing of construction work. All these
were mainly given to the units which came from other provinces and cities to help rebuild
Tangshan. Each unit worked independently; the unit in charge of a certain project proceeded
until finished. The remaining work was undertaken by the Tangshan City Design Institute and
other design units of Hebei Province. Concerned industrial ministries which were directly under
a department of the Central Government were to be in charge of design projects belonging to
these enterprises.
The construction to help rebuild Tangshan was carried out by units from 15 provinces and
municipalities and by engineering troops of the PLA.
To improve the coordination of the reconstruction the Frontline Earthquake Relief Headquarters was set up by Hebei Province and a construction headquarters was also established by
Tangshan City.
I. Outline of the New Tangshan
The construction principles of the new Tangshan were: "Be advantageous for production,
convenient for daily life, protect the environment and bring benefit to the people". In the plan
industrial development of coal mining, steel and iron, ceramics, electricity, building materials,
etc. was fully considered and the former disorderly and unsystematic layout of the urban area
was avoided; and the serious environmental pollution existing before the earthquake was to be
eliminated. It was planned to build the new Tangshan as an anti-seismic city in modern style.
The newly rebuilt Tangshan City would be composed of an urban district, an east mining
district and Fengrun (new) District. The distance between any 2 will be 25 km (see Fig. 1).2

1
2

Construction Headquarters of Tangshan City
It is not known if this plan was actually carried out. However, the city was completely replanned and rebuilt, including a new street layout. In 1996, the 20th anniversary of the
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The entire city will cover an area of about 810 km2 (including 2 state-owned farms: Hangu
and Lutai Farms). Urban construction will occupy 73 km2 and the city will have a population of
1,338,304 (data from the State census in 1982).
During the rebuilding some of the inhabitants and factories were moved out of the original
Lunan District where the population density was too high before the earthquake. The coal
reserves were under the district and it was where serious losses occurred during the earthquake.
There will be a new district named Fengrun New District to be established east of Fengrun
County Town. A number of large industrial enterprises will move there including: the Huaxin
Textile Mill; the Tangshan Printing and Dyeing Mill; the Tangshan Silk Fabrics Mill; the
Tangshan Yarn-Dyed Fabrics Mill; the Tangshan Woolen Mill; the Tangshan Light-Industry
Machinery Plant; the Tangshan Gear Plant; the Tangshan Rolling Stock Plant; the New District
Heat and Power Plant; and the Jidong Cement Plant, and so on. The new district will cover an
area of 7 km2 and the population there will be controlled at 60,000 or so in the near future.
The rebuilt city proper will be mainly located in the original Lubei District and there will be
a little extension toward the west and north. In the city proper the original enterprises such as
coal, steel and iron, ceramics, electricity, machine, and so on will not be moved. Besides the city
agencies there will be 12 various hospitals, 10 theatres and cinemas, 30 middle schools, 59
primary schools, 2 colleges, a number of secondary technical schools, one teachers training
college, and 70 kindergartens and nurseries as well as hotels, restaurants, hostels, department
stores, etc. The city proper will cover an area of 40 km2 with a population of 400,000 or so.
Four parks will be built to beautify the environment.
To make things convenient for the people and eliminate a pollution source in the urban
district a coking and gas making plant with a production capacity of 400,000 m3 of coal-gas will
be built between the city proper and Fengrun New District.
The east mining district, still consisting of the 5 coal mines (Linxi, Tangjiazhuang,
Zhaogezhuang, Lujiatuo and Fangezhuang) will build living and production sub-districts by each
mine unit to form small towns; each will have a population of 40,000-60,000 people. Each small
town will have its own system and at the same time be able to keep in contact with each other.
The total area covered by the east mining district will be 26 km2 with a population of 300,000
people or so.
All the coal mines in the east mining district including Tangshan Mine in the urban district,
Majiagou Mine and Jinggezhuang Mine in the suburban district as well as the Kaiping Coal
Field will connect with each other to form a mining zone 100 li long.
In the new Tangshan City there will be railways and highways connecting the 3 districts with
each other so that the traffic situation will be very convenient.
The newly rebuilt Tangshan will be more beautiful than it was before the earthquake. The
newly built factories regardless of their production scales and technological processes will all
earthquake, Tangshan was a new and prosperous city with a larger population than before the
earthquake.
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have big developments. The enterprises, which were simple and crude in equipment as well as
small in production scale, will have standard production buildings built and the working conditions of the employees will be greatly improved. A good number of big-sized industrial and
mining enterprises will all build modernized buildings and, in addition, buy new equipment so
that their labor productivity will be increased. The newly built Jidong Cement Plant will have a
production capacity of 1.5 million tons yearly, more than twice the output of the whole city
before the earthquake. The ceramics industry will also be developed, except that the original
Tangshan Construction Ceramic Factory and several other ceramic factories will be rebuilt to
their original production scales. A number of new factories will be built such as sanitary
ceramic ones, wall and ground brick ones and glazed tile porcelain ones. The electrical power
industry's development is even more rapid. Take the Douhe River Power Plant for example, it
will now possess an installed capacity of 1.07 million kW (not including the heat and power
plant in the new district, and the special power plant attached to the Qixin Cement Plant and
Kailuan Coal Mine) and after the second phase project is completed its total installed capacity
will be 1.47 million kW. It will then be the largest power plant in North China and it will be the
key plant in the Beijing, Tianjin and Tangshan power network.
The Tangshan Steel and Iron Corporation is one of the middle-sized integrated complex
enterprises and will be rebuilt. The Kailuan Coal Mine is one of six famous large coal mining
enterprises in China and it will be enlarged and renovated during reconstruction.
The scale of rebuilding residential quarters will improve the quality of life of the citizens. In
Tangshan City before the earthquake the streets were narrow, crowded and a mess. Poor quality
old small flat roof houses made up 80% of the total buildings in the city. They provided only
3.6 m2 of living space per capita. The residential construction in the new Tangshan will make a
great difference compared with that before the earthquake. Except for the new one-story houses
that will be located on soft soils, over 90% of the new dwellings will be 4-5 story apartment
buildings and the living space per capita will be more than twice the 3.6 m2 before the
earthquake, and new Tangshan will become the first city whose living space per capita will reach
the goal set by the State. In new Tangshan there already have been 220,000 families to possess
an apartment that has all the necessary furnishings with good lighting and ventilation. Children
older than 13 years can have their own bedrooms. The unreasonable old living conditions such
as having three generations living in a single room, and one toilet and one kitchen shared by
several households have been eliminated.
The coking and gas-making plant and the heating and power plant in the new district have
been put into production and the original power plant has been completely renovated, the
underground gas in the mine pit of Kailuan Mine has been developed, and the centralized heating
and gas supply in the urban district has been achieved. So the practice of cooking with coal by
each family has been completely eliminated and so, fire making and rising smoke coming from
households has been eliminated as well. To use energy reasonably, most of the households in
the new buildings have electric water and gas meters.
Each inhabited area is to have a population of 30,000-50,000 people and each inhabited area
will consist of 4-5 sub-areas. For each sub-area there will be department stores and cultural and
health care facilities to serve the people. In addition, a number of cadre-living apartments have
been built each with a living space of 70-125 m2.
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At the center of the city a comprehensive shopping center has been set up with a department
store building 14,000 m2 in area, 5 times bigger than before the earthquake. In addition, a 5story service building has been built with a floor area of 38,000 m2 to sell hardware, electrical
appliances, chemical products, cloth, medicine, and books for family use. The largest song and
dance theatre in the city is also located nearby. Among the big-sized buildings a ring-shaped
comprehensive commercial market is built there including a commercial park which includes a
rice fragrance village; a ceramics store; a furniture store; a candy, cigarette and wine salesroom;
and a cold drink and tea house all distributed in a 2-story building. In the central square a small
park with some small buildings will be built with an artificial pool and small bridge. In
summary, it has features of the Dongfeng Market of Beijing and Chenghuang Temple of
Shanghai and it breaks the old pattern in which the store buildings are laid out along the streets.
There are two big hotels more than 10 stories high on the west side of the commercial center.
To the south stands a green post office building and to the east a workers’ hospital 9 stories high.
The beautiful scenery of Fenghuang Hill Park can be seen in the distance (Fig. 2).
Several institutions are located north of the commercial center between Fenghuang Hill Park
and Jianshe Street such as office buildings of the City Committee of CPC, the city government,
the Tangshan City Library, the Coal Mine Medical College, and the Teachers Training College.
Further toward the north there will be a physical cultural center and a number of gymnasiums
and stadiums.
To green the city and improve the environment the natural conditions of Dachengshan Hill
and the Douhe River to the east of the urban district are utilized and a large natural park has been
planned. The park will separate factories from living quarters.
Harnessing of the “3 wastes” in the industrial area of Tangshan City has already reached
State standards. The serious polluter, the Tangshan No. 2 Steelworks, has not discharged any
more contaminants after being renovated. A separate sewer system for rainwater and for
polluted water was built. The 5 newly built sewage treatment plants can handle 306,000 tons of
polluted water daily and the polluted water handled by the 2nd grade treatment in the plants will
be clean enough for irrigating farmland. The sanitation conditions in the city proper have been
greatly improved by the new sewer and the new centralized heating and gas supply system.
Before the earthquake the roads in Tangshan City were narrow and winding. There were too
many T-shaped crossings and there were too few streets going out of the city so traffic was very
inconvenient. Aiming at solving these problems several measures were taken: widening the road
surface, increasing the number of traffic trunk-lines, strengthening winding roads and continuing
streets through the T-shaped intersections. As a result, a traffic system linking all directions was
formed. The width of the main trunk roads was widened from 30 m to 40-50 m, the sub-trunk
roads were widened from 20 m to 30-35 m and branch roads widened from 3-6 m to 10-20 m; 7
ring-like intersections were built and 27 new trunk roads and sub-trunk roads were completed.
There were 8 trunk roads with a width of more than 40 m for which a 3-piece plate structure (see
Photo 1) was designed and built; the roads were divided into 2 lanes, an express lane and a slow
lane. The original railway line from Beijing to Shanhaiguan was shifted out of the urban district
so it now runs through the western part of the city. In addition, a new railway station was built at
the terminal in the west part of the city.
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II. The Reconstruction of the New Tangshan
During reconstruction of the new Tangshan special attention was given to seismic resistance
from planning, site selection, and engineering design and construction. Generally speaking, it
can withstand an intensity VIII earthquake without damage and intensity IX and X without
buildings collapsing. The standard of defense for common buildings is on the basis of intensity
VIII which is stipulated by the State. Lifelines will have an enhanced earthquake resistance.
1. Planning for residential quarters
The site for living quarters should be selected to avoid poor geological conditions as much as
possible. In the section where geological conditions are better (Class I or II) residential
buildings of 4-6 stories can be built, and in those sections where geological conditions are poorer
(Class III) it would be better if no buildings were constructed, but if necessary 1-3 story
buildings could be considered.
The density of residential buildings should be limited. In general, for 4-6 story buildings the
space between two buildings is 1.7 times the eaves' height and architectural density of residential
buildings is 21%-27% of the land area with a story height of 2.8 m.
Generally speaking, the net population density for 4-6 story buildings is 800-1,000 people
per hectare so it is in accords with the State stipulated standards of 900-1,000 people per hectare.
On the basis of statistics of 18 sub-areas with similar facilities the land area used for dwelling
and living is 15-24 m2/person, the average is 18.43 m2/person for floor area which is 8-15
m2/person; the average is 11.01 m2/person. Public buildings have 3-6 m2/person in general, the
average is 5.08 m2/person; green land is 0.2-1.5 m2/person, an average of 0.76 m2/person;
pavement in sub-areas is 1-3 m2/person with an average of 1.84 m2/person. The building area for
each family is 46-52 m2/household, the average residence has 6.32 m2/person. It is a little higher
than the State standards stipulated in 1985, i.e. 5 m2/person, so it is one of the highest dwelling
levels presently in China.
The arrangement of land used for dwellings, green land, and roads is helpful to disperse the
population. During the Tangshan earthquake 3-6 story buildings often collapsed at 2/3 their total
height. A design consideration is that when 2 close neighboring buildings collapsed
simultaneously it is proper to keep 5-6 m of open space for people to escape. The green land
area should be 6 m2 per person by either beautifying the environment or offering a refuge space
for the inhabitants when a destructive earthquake occurs. The paved streets in the sub-area
should be straight and water supply facilities should be equipped near each of the green-lands.
During the reconstruction of the new Tangshan available land was scarce and there were
some difficulties with the government taking over land to do construction in a short period of
time, so the bend of the Douhe River was selected for construction of the sub-area residential
buildings where the geological conditions were poor and subject to soil liquefaction. The Hebei
Living Quarters and Diaoyutai Living Quarters are located here. In the design the footings were
enlarged to reduce loading per unit area to prevent a building from cracking due to uneven
sinking of the ground. In addition, some structural measures were taken to reinforce the
buildings. To prevent damage from landslides along the Douhe riverbank a zone of 60-80 m

850

along the riverbank was used as a protection-belt with no building on it. The ground under the
buildings near the protection-belt were rammed by a 10-ton rammer so as to improve their
bearing ability.
2. The type of structure for residences
On the basis of experience from the Tangshan earthquake there are 2 main points to be made
in choosing the structure type of residential buildings:
(a) To decrease the building's weight to reduce earthquake loading when an earthquake
occurs.
(b) To prevent damage from fragility and try to enhance the ductility of the structures.
In light of the practical conditions of either the building materials or the construction contingents of Tangshan City, the 3 mainly structure type of the buildings should be:
(a) pouring inside, hanging outside and pouring inside, laying outside;
(b) brick-concrete structure with structural column;
(c) frame and light-plate structure.
(1) Pouring inside, hanging outside and pouring inside, laying outside
Pouring inside and hanging outside means the exterior walls and interior walls are poured-inplace reinforced concrete. No plaster coating on the wall is needed. Elements such as floor
slabs, kitchens, toilets, spacing board, outside wall panels, stairs, and balconies are all
prefabricated and finished at the component’s plant. When installed no finishing is needed. The
progress rate was greatly quickened with construction practiced in this way. This construction
pattern was adopted for the No. 1, 3, and 4 Hebei sub-areas in the downtown district; the No. 42,
44, 45, and 48 Zhaozhuang residential areas; the No. 31, 40, 56 sub-areas; the B area on Jichang
Road; the No. 6 and No. 9 sub-areas in the Fengrun New Area; the No. 4 sub-area in
Tangjiazhuang; the east mining area; and so on (see Photo 2).
Pouring inside and laying outside means the outside wall is laid with brick but the other
elements are the same as hanging outside. This structure costs less and the insulating property of
the outside wall is good so the 4-6 story residential buildings that were built later such as Nos. 24
and 25 in the downtown district, the A area in the area of Jichang Road, and the Longdong and
Shuidong sub-areas were mostly built in this way (see Photo 3).
(2) Brick-concrete structure with structural columns
Buildings made with brick have been a traditional construction practice in China for several
thousand years. Experience shows that brick houses can not withstand the shock force of an
intensity VIII earthquake. The Tangshan earthquake showed that reinforced concrete bond
beams at each floor level and spaced vertical beams in brick walls markedly improved
earthquake resistance. Under high intensity shaking, even though the brick walls are cracked, a
building can remain standing. In common situations the anti-shearing capacity of the brick
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masonry is improved, even though such structural columns and beams do not act as main load
bearing members due to the containment actions of the columns and beams. On the other hand,
when the brick structure has been broken the wall will change from rigid to flexible but it can
keep the building from collapsing. During the rebuilding of the new Tangshan buildings under 4
stories which were brick-concrete structures had structural columns built in at the 2 ends of the
load-bearing wall. Furthermore, the bond beams were built both on the upper and lower
boundary of the load-bearing wall connecting with the structural columns. Thus, the antiseismic behavior has been improved and material expenses and construction costs have not
increased much. To build dwellings like this the weight of steel bars used was only 15-18 kg/m2,
while for the structural patterns of pouring-in and hanging-out or pouring-in and laying-out the
weight of the steel bars was 25-30kg/m2 of building area. For the cost of the civil construction
the former is 100 yuan or so per m2 while the later is 110 yuan.
(3) Frame and light-plate structures
This structure is light in weight of materials, less in dead weight and rigidity as well as it is
long in free-vibration period so it is not easy to produce resonance in the epicenter area. That is,
it is helpful in the reduction of quake disasters. But through the practices of a number of
buildings it is clear that the cost of this type of construction is higher than any other so it has not
been widely used in residential buildings and it is only adopted in some public multi-story
buildings with longer spans.
3. Industrial buildings
Most of the industrial buildings were reinforced concrete or steel structures. Among them,
single-story buildings were row structures and most of the multi-story buildings were frame
structures. Though these buildings had not been designed for earthquake forces they suffered
less damage. Therefore, in constructing new Tangshan some improvements were made only in
the building layout such as reducing the roof weight, trying to make the floor even and tidy,
avoiding long spans, lowering the center of gravity of the buildings, making the structural layout
simple, and making the torsional center of rigidity and center of gravity coincide. The singlestory production houses and the inner frame multi-story production buildings which were built
with brick columns in the past were now built using reinforced concrete columns. For multistory production buildings attention was paid to overcoming their defects such as being rigid in
the upper part and soft in the lower part or vice versa.
4. Chimney, water tower and stock bins
Reinforced concrete was adopted and for most of these types of structures for a few low ones
a brick structure was used; these should have had structural columns to improve their antiseismic ability.
5. Lifeline structures including water and power supply as well as communications
Lifeline engineering is closely linked with people's life safety. The seismic standards for
these structures should be raised one degree of intensity more than for ordinary buildings. Their
safety requirements should be to maintain their operational function during a strong earthquake.
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A ring-shaped network with multi-water sources and a district-divided system should be
adopted for the water supply. In addition to pumping underground water a second water source
has been developed by diverting water from the Luanhe River to Tangshan. Some of the
enterprises which use a large volume of water develop their own water supply. As for the native
wells in villages, they should be maintained as well as possible to meet the urgent need
following an earthquake. The water sources and water works should be dispersed as far as
possible, a dual pipeline system should be used to connect the pump station and the water works
and should have ductile connections. In addition, the design standard should be increased for
key buildings and structures such as pump stations and water works. Water supply valves and
underground fireplugs should be mounted in city squares and open areas of the city as a
temporary water supply station when an earthquake occurs.
Multiple power supply sources with a ring-shaped electrical network should be used linking
the high-voltage electricity lines of the 4 power stations of Beijing, Tianjin and Tangshan to
prevent damage in one location from resulting in overall power failure. For the vital sections i.e.
the transformer substation, distribution station, control cabinet and power dispatcher's office, all
should be designed for enhanced earthquake resistance.
In the communication field both wired and wireless communication are combined together
but equipment buildings are built separately. For wire circuits more underground cables and
outlets should be installed and they should be connected in a circular and radial network. The
radio room should be located in a safe place to guarantee that communication is kept working
when hit by a strong earthquake.
Public security, fire fighting and hospital facilities should be reasonably distributed and be
located at sites that are easily accessible by automobile traffic. Emergency relief and hospitals
should be especially resistant so relief work and treatment of the injured can be provided.
In addition, various bridges, reservoirs, and river channels both inside and outside of the city
have all been reinforced and rebuilt with improved seismic resistance.
Generally speaking, during the rebuilding of Tangshan seismic resistance has been carefully
considered. The New Tangshan City, rebuilt on earthquake ruins, is the first anti-seismic city in
China.
III. The Experiences of Rebuilding Tangshan
The rebuilding of Tangshan was a giant project with many difficulties that had rarely been
seen in construction history in China or the world. The main experiences and lessons are now
summed up as follows:
1. Rebuilding on the basis of self-reliance as much as possible to reduce the State's burden
A contract system in which the building funds came from future profits and tax relief was
adopted for rebuilding the enterprises of Tangshan City.
2. Depending on support from all over China and organizing unified command
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Under the leadership of the Central Committee of CPC 15 provinces and municipalities
selected to provide manpower and materials for rebuilding Tangshan under the direct jurisdiction
of the central government and PLA forces assisted in the reconstruction of new Tangshan.
Topographical surveying, geological prospecting, planning, designing, and constructing was
done by a huge technical contingent which came from the whole country. At the same time,
under the direct leadership of the Hebei Provincial Party Committee the Tangshan City
Construction Command Headquarters was set up to coordinate the rebuilding. The headquarters
exercised a series of so-called “six unifying” measures i.e., unified planning, unified designing,
unified construction, unified funding, unified distribution and unified administration. The results
were successful.
3. Standardization for designing and industrialization for construction
During the rebuilding of Tangshan standard components were used as much as possible. By
doing this both industrial production and mechanization of construction provided benefits. As a
result, a good number of construction procedures and design work were made more efficient.
4. Peripheral construction first and the construction on the old city site second
After the earthquake it was difficult to get a clear path through the old city proper to prepare
for construction because ruins of buildings blocked all avenues of approach. The inhabitants had
no where to go so to settle this problem it was determined to first take over land at the outskirts
of the city and build living quarters, then to let some inhabitants of temporary sheds in the urban
district move into the new housing and thus make available space for new building sites in the
city. To accomplish this some necessary decrees and compulsory means were used to guarantee
that reconstruction could proceed. During this time many inhabitants rebuilt, their collapsed
one-story houses by hand.
5. The rebuilding of roads and laying the pipe network in the city
Because of the urgent need for residential buildings many units started projects in sub-areas
even though engineering for roads and underground pipeline networks had not started yet. As a
result, because design and building of underground projects such as the water supply, drainage
works, heating, power and gas piping could not keep pace with the sub-area dwelling
construction, much digging out and burying of pipelines, etc. took place. This frequently caused
public complaint. Thus, the dwellings in the sub-area were complete but because they were
unable to offer heating and gas to the inhabitants each family had to burn coal. As a result the
new buildings became dirty and the new city became polluted by coal smoke.
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Photo 1. The 3-piece plate structure on Jianshe Road in the center district of Tangshan City.
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Photo 2. Building site of “pouring inside and hanging outside” in the No. 71
sub-area.

Photo 3. Buildings of “pouring inside and laying outside” in the No. 24 sub-area.
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Figure 1. A sketch of Tangshan City’s overall plan.
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Figure 2. Planning and layout sketch of the Tangshan City area.
1. People’s city government; 2. Seismic monument; 3. Department store building;
4. Comprehensive commercial center; 5. Tangshan theatre; 6. Workers Hospital;
7. City’s Post Office; 8. Tangshan Hotel; 9. Agricultural Trade Market Hall; 10.
Kailuan General Hospital; 11. Stadium; 12. Coal Mine Hospital attached to Medical
Science College; 13. No. 2 Hospital; 14. Tangshan Guesthouse; 15. Fenghuang Hill
Pa

