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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.
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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
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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
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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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450×300 egg-shaped pipe, cement
mortar joint

Type of Pipe and Cross Section
Dimensions (mm)

Yueyangdao, Hepin District

Site

disjointed, 50 mm apart

longitudinal crack, 12 m
long, six sections

longitudinal cracks along
two sides of one pipe
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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.

653

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.
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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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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
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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.

676

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.

689

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.
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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).

