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CHAPTER 3:

HYDRAULIC ENGINEERING

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

1. Introduction
Before the earthquake of 1976 the Tangshan Prefecture consisted of the cities of Tangshan and
Qinhuangdao, the counties of Fengrun, Fengnan, Luanxian, Luannan, Leting, Changli, Funing,
Lulong, Qianan, Qianxi, Zunhua, and Yutian as well as the Baigezhuang reclamation area. The total
area of cultivated land amounted to 11.65 million mu (one mu equals 660 square meters).
According to the topography of the Tangshan Prefecture, the land was classified into four areas
with high elevation in the northeast and a low elevation in the southwest part as shown in Figure 1.
The Yanshan Hill area was in the north part having an elevation of about 100 m for the hill area
and an elevation of 300 to 500 m for the mountainous area. There were 3 large B size, 4 medium
size, 48 small A size and 357 small B size reservoirs as well as 1,141 water ponds, and 13 pump
stations built in this Prefecture after 1949. Terraced cultivated land amounted to 0.4884 million mu.
(The reservoirs having a water impounding capacity greater than a billion, one hundred million, ten
million, and a million and fifty thousand cubic meters classified as the large A, large B, medium,
small A and small B sizes respectively).
The plain area was in the south and could be classified into the following three areas: (1) Luanji
alluvial fan, a very fertile and level land where irrigation canals, small sluices, conduits, as well as
pumping wells were the main hydraulic structures; (2) Jidong coastal area with an elevation of less
than 10 m; and (3) Jidong swampy area with an elevation of less than 3 m. Most of the large and
medium sluices and drainage pumping stations were built in the two low and flat areas in (2) and (3),
and also 3 reservoirs and a 120 km long coastal dike.
1 Thanks are expressed to Messrs. Wen Zhili, Zheng Chunyuan, Zheng Guoqing, Liu Ruixiang, Li
Linhua, Zhang Dingwen, Li Chengzhou, Dong Xiuzhong, Shi Chongyi, Li Shouzhen, Xiao
Diancai, Liu Qi, Pang Jun, Wang Zhengqi, Wang Jingyao, Liang Baohua, Tong Zuoxiang, Yang
Wentian, Sun Jizhen, Yang Lixian, Di Liang, Zhao Qingxian, Zhang Hongmin, Ge Jiguang,
Wang Jianyong and Yang Jingsi for their assistance in providing and checking information.
Thanks are also expressed to Messrs. Ma Pingjun and Lu Xingui for their preparation of the draft
of Section 2 which deals with damage to reservoirs.
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There are about 10 large and medium rivers in this Prefecture which includes the Jiyuanhe,
Huanxianghe, Luanhe, Douhe, Shahe, Yinmahe, Yanghe, Daihe, Tanghe and Shihe rivers in
addition to tens of small rivers.
Some rocks outcropped in the Yanshan Hill area but in the valley the bedrock was covered by
soils with a maximum depth of 10 to 20 m and an average depth of 3 to 6 m. Soils originated from
rock of the Cenozoic era, which are found south of the Luanji alluvial fan. The soils were sand,
gravel, clayey sand, and organic clay, their thickness increased from 20 m in the north to 800 m in
the south.
The thickness of soil deposits at the Jidong coast and swampy area ranged from 800 to 1,700 m,
and even up to more than 2,000 m.
The main damages to the Yanshan Hill area were land cracks, sandboils, cracks and settlements
of embankment dams, leaks through dam foundations, cracks of conduits, collapse of parapet walls,
disappearance of individual springs, and leaks at individual reservoir areas; 330 or 80% of hydraulic
structures were damaged. The collapsed terraced land amounted to 0.114 million mu, and some
water wells became dry.
Since the plain area south of the Luanji alluvial fan consisted mainly of saturated sand, sandboils
and subsidence occurred and salt-water springs appeared from place to place resulting in blockage of
irrigation canals, siltation of sand and alkalization of cultivated land of 1.594 million mu. The
discharge capacity of some rivers decreased due to blockage, sliding of riverbanks and cracks.
Rivers, dikes, irrigation canals, sluices, pumping stations, and wells and also small conduits and
bridges within the cultivated land were damaged to various degrees. Table 1 shows the degree of
damage to important reservoirs, sluices and pumping stations under different earthquake intensities.
2. Damage to Reservoirs
(1) Introduction
There were 412 reservoirs in the Tangshan Prefecture before the 1976 earthquake including 3
large B size, 4 medium size, 48 small A size and 357 small B size reservoirs. At these reservoirs
386 out of 412 dams were earth structures among which 152 were homogeneous dams, 145 were
sloping core dams and 89 were central core dams. The construction material used for the
homogeneous dams was mainly silty clay, and mostly clay for the core dams. All were rolled
compacted embankment dams. Other types were earth and rock fill dams and stone masonry dams.
Figure 1 shows the location of the reservoirs. The large and medium sized dams were on the
main stream of rivers. River deposits on the bedrock were Quaternary in nature having a wide range
of compositions. The thickness of river deposits for small sized dams was only 4 to 6 m, only 2% of
reservoirs had a river deposit thickness exceeding 10 m.
No consideration for earthquakes was taken into account in the design of the dams except for the
Douhe, Qiuzhuang, Yanghe, Banruoyuan, Shihe and Gaojiadian reservoirs which were being
designed to resist an earthquake having an intensity of VII. Most small sized dams had a dam crest
width of 4 to 5 m, an upstream slope of 1 on 2.75 to 3.50, and a downstream slope of 1 on 2.50 to
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3.00. There was a berm on both the up and downstream slopes. A cut off wall having a base width
of 3 to 4 m was mainly in direct contact with the bedrock. Outlet conduits were usually founded on
bedrock and concrete or masonry structures were built under the dam.
Before the earthquake it rained continuously in the north mountainous region though the rain
was light. However, it rained heavily within 3 to 5 days before the earthquake, the precipitation
amounted to 80 to 200 mm. As a result, most of the reservoir water levels reached the normal or
high water level and the dams were subjected to a full hydrostatic load. Inspection of the dams after
the earthquake revealed that 330 or 83% of the 399 usable dams were damaged. All the dams were
classified into four categories in accordance to the seriousness of damage. They were serious, less
serious, slight and no damage.
1) Serious damage. Piping at downstream of the dam; large and long longitudinal cracks with a
width of more than 20 cm; transverse cracks whose width exceeds 3 cm; visible settlement; cracked
conduit; tilting of parapet wall.
2) Less serious damage than (1). Similar damage but to a lesser degree.
3) Slight damage. Slightly damaged, needing only very simple repair work.
4) No damage. No visible damage.
Table 2 shows the severity of damage to dams subjected to different earthquake intensities.
(2) Investigation of earthquake damage
There were 55 reservoirs of large, medium and small A sizes in this Prefecture among which 50
were earth dams, and 5 masonry dams. Table 3 briefly shows their damages. In Table 3 the No. 1 to
3 reservoirs were large B size; No. 4 to 7 were medium size, No. 8 to 55 were small A size and
No. 56 to 68 were small B size. The locations of these reservoirs are shown in Figure 1 in reference
to their label number in Table 3.
There were 15 masonry dams within the earthquake region among which 12 dams were
investigated including 5 stone masonry gravity dams, 3 stone masonry and rock fill dams, 2 stone
masonry framework gravity dams and 2 stone masonry arch dams. Their damages are shown in
Table 4.
(3) Typical examples of damage
1) Qiuzhuang Reservoir
A. Introduction
The reservoir was located on the middle up-reach of Whuanxianghe River, its drainage area was
525 square kilometers and its main purpose was flood control and irrigation. It was a large B size
reservoir. The dam was a homogeneous earth structure with a height of 24.8 m and a length of
926 m. The widths of the crest and base were 5 m and 161.55 m respectively. The elevation of the
dam crest was 73.8 m and there was one berm at an elevation 69 m on both the up and downstream
slopes. Figure 2 shows its cross-section. An open spillway along the bank consisted of three
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openings controlled by three steel tainter gates with a width of 13.5 m and a height of 10.9 m. Its
maximum discharge was 3,387 cubic meters per second. A concrete conduit built in a trench was
capable of discharging 333 cubic meters per second through a horseshoe cross-section.
B. Foundation and its treatment
The thickness of river deposits on siliceous limestone varied from 17.75 m near the left abutment
to 33.60 m at the main riverbed and decreased to 17.13 m near the right abutment. The deposits
from top to bottom were successively sandy clay, fine sand, gravelly sand, gravel and cobble. The
sandy clay layer on the surface had a thickness of 3.7 to 5.8 m and was dark yellow in color and hard
plastic in state. The fine sand layer had a maximum thickness of 1.5 m near the right abutment and
terminated towards the left abutment. The following measures were taken to improve the dam
foundation: 0.5 m of sandy clay surface was excavated; inverted filters were placed on the main
riverbed between Stations 0+780 to 0+960 m. An upstream clay blanket for seepage control was
installed only on the surface of the ancient riverbed or on the foundation area where sand and gravel
outcropped. The blanket had a length of 300 m and a thickness of 1 m, but its length decreased to
100 m at the west tributary. In addition to the above-mentioned measures, a drainage toe and
drainage ditch were installed downstream of the dam as shown in Figure 2.
C. Construction and performance
Dam construction material was silty clay except for the downstream part of the dam below an
elevation of 67 m where sandy clay was filled. Construction specifications required that the
placement water content was 13 to 15% and that compaction densities were 1.60 and 1.65 g/cm3 for
sandy clay and silty clay respectively. Construction control showed that 96.2% of the samples
satisfied the above-mentioned requirements. However, some frozen soil which was placed in winter
was found near the bottom of the fill.
When the elevation of the reservoir water level raised to 60.66 m in 1960 seepage discharge
through the ancient riverbed was 1.6 cubic meters per second and some piping occurred. After the
reservoir water was evacuated in 1961 three cracks with a width of 30 cm were found 80 m from the
toe of the dam on the upstream blanket in addition to 40 craters. At the next evacuation of reservoir
water in 1962 another 89 cracks and 7 craters were found on the blanket. In 1964 when the
elevation of the reservoir water was at 62.6 m a large crater having an opening diameter of 1 m and a
depth of 0.5 m appeared at the drainage toe near Station 0+951 m (main riverbed). In 1969 with the
reservoir water level at 65.83 m, Station 0+953 settled again. In 1972 several cracks with a total
length of 1,676 m and a width of 3 to 10 cm were found on the upstream blanket when the reservoir
water was evacuated. To repair these damages a pervious fill was placed at the downstream toe of
the dam near Station 0+350 m as well as on the main riverbed.
During the earthquake 21.67 million m3 of water was impounded in the reservoir; the reservoir
water elevation was 59.63 m with a maximum water depth of 10.63 m.
D. Earthquake damage (Fig.2)
i) Displacement: Results of settlement observation are shown in Table 5. Settlement occurred
along the entire length of the dam crest. The maximum settlements measured at the dam crest and at
the upstream slope were 54 mm and 7 mm respectively, they occurred on the main riverbed.
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Table 6 shows the horizontal displacement of the dam. The dam crest moved in a downstream
direction and relatively large horizontal displacements occurred at Stations 0+400, 0+600 and 0+800
m where vertical settlements were also large. On the contrary, the upstream slope moved in an
upstream direction. No measurements were made of the downstream slope but visual inspection
found that the downstream slope seemed to move in a downstream direction in association with
vertical settlement between the elevations of 65.0 and 73.5 m.
ii) Cracks: Six cracks appeared on the dam crest between Stations 0+372 and 1+039m m. They
are described as follows: (1) This longitudinal crack on the dam shoulder was located 1 m upstream
from the parapet wall at Station 0+372 m extending to Station 0+480 m with a distance of 0.5 m to
the parapet wall then it continuously extended to Station 1+039 m with a maximum width of 5 cm as
shown in Table 7. (2) This longitudinal crack, also parallel to and with a distance of 0.15 m to the
parapet wall was very narrow and was located between Stations 0+480 and 0+930 m. (3) This
curved crack had a maximum width of 40 mm as shown in Table 8 located between Stations 0+520
and 0+900 m. The most upstream point of the curved crack was located at Station 0+810 m at a
distance of 1.1 m downstream from the parapet wall and the two ends of the crack terminated near
the downstream shoulder of the dam. (4) This was a curved crack near the downstream shoulder of
the dam which started at Station 0+550 m and extended to Station 1+039 m. (5) Two transverse
cracks had a width of approximately 1 mm. One was located at Station 0+494.3 m and the other at
Station 1+040.5 m. Their length nearly equaled the width of the dam crest.
Two test pits were dug in 1977 to inspect the cracks. One at Station 0+620 m just downstream
from the parapet wall at a depth of 2.02 m. The crack width was 15 mm on the surface decreasing to
a hair crack at the depth of 0.9 m and becoming invisible at a depth of 1.17 m. The other was at
Station 0+820 m with a crack width of 15 mm on the surface and 3 mm at a depth of 2.32 m; no
further excavations were made.
iii) Collapse of the parapet wall: Three sections with a total length of 10.7 m collapsed. The
other two sections having a total length of 17 m were seriously damaged. Most of the damage to the
parapet wall appeared between Stations 0+450 and 0+487 m as well as between Stations 0+816.5
and 1+052 m.
iv) Leakage and settlement: Water seeping out at the tailwater channel of the spillway between
Stations 0+300 and 0+350 m became cloudy after the 6.9 magnitude earthquake of November 15,
1976. At the same time, the water in the stilling basin also became cloudy. A maximum settlement
of the spillway gatehouse was 3 mm.
2) Yanghe Reservoir
A. Introduction
The main structures were completed in 1961 since then, the sluice of the spillway, power station
and right irrigation tunnel were successively constructed. This reservoir had a catchment area of 755
square kilometers and its main purpose was irrigation for 0.242 million mu. It was a clay sloping
core dam with sand shells as shown in Figure 3.
The open spillway on the left abutment consisted of three openings each of which was equipped
with a steel tainter gate having a height of 7.6 m and a width of 12 m. The discharge capacity of the
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spillway was 2,380 cm. A circular outlet tunnel 4.0 m in diameter with a discharge capacity of 206
cm was controlled by a steel flat gate.
B. Foundation and its treatment
The valley of the river at the dam site was wide and flat. Granite bedrock was overlain by loose
sand and gravel 3 to 9 m thick. The cut-off wall was extended to weathered rock having maximum
depths of 9 and 14 m located (ancient riverbed) between Stations 0+070 and 0+170 m as well as
between 0+800 and 1+563 m respectively.
C. Construction and performance before the earthquake
Good construction control of the dam resulted in good quality. The designed phreatic line of the
dam had not yet formed even in the 1980's. The controlled placement, dry densities of the clay core
and gravel shell were 1.70 and 1.85 g/cubic centimeters respectively. For example, the measured
dry density of 32 out of 33 samples taken at an elevation of 44 m was greater than the required
values. But the quality of compaction was relatively poor for the fill between Stations 0+070 and
0+170 m where the river was closed by this dam with a very high rate of placement. The settlements
of the dam crest were 233 mm and 77 mm at Stations 1+432 and 1+024 m respectively with an
average value of several centimeters several years after the completion of the dam. No evident
damage to the dam appeared during performance except the damages to hand-placed riprap under
the action of 1.5 to 2.0 m high waves induced by wind velocity of 7 to 8 in grade. Those damages to
the riprap occurred four times from 1962 to 1973, each time destroying an area 2,000, 2,500, 4,000
and 4,300 square meters respectively. The last time was the most serious one, the riprap as well as
its filters were scoured by the waves so that the clay sloping core was exposed. In the spring of 1974
a hand placed riprap above the normal high water level was replaced by a stone masonry riprap
containing drainage holes for preventing further damage.
The elevation of the reservoir water level during the earthquake was 50.97 m having a maximum
water depth of 16.57 m and water storage of 57.95 million cubic meters.
D. Damage (shown in Figure 3)
i) Dam cracks: There were longitudinal cracks on the dam crest. Some cracks appeared after the
7.8 magnitude earthquake however, they became much more serious and extended the entire length
of the dam during the 7.1 magnitude aftershock that occurred on the same day. The cracks with a
total length of 1,423 m located mainly between Stations 0+086 and 1+514 m. The most serious
section was located between Stations 0+400 and 0+700 m where three cracks were found. The
widest crack having a width of 10 cm, a length of 75 m and a unequal settlement of 5 cm between
two sides of the crack was located between Stations 0+674 and 0+749 m. It was found that most of
the cracks were distributed at the downstream half of the dam crest except for the cracks between
Stations 0+460 and 0+530 m and between 0+355 and 0+414 m. Four test pits were dug across the
crack near Station 0+500 m, it was found that all material excavated from the pits was clayey sand,
and the other was a vertical crack 1.2 to 1.6 m in depth.
Cement mortar on the sides of the stone masonry parapet wall, a total length of 1m570 m,
collapsed as shown in Photo 1. Some stones and concrete slabs on the top of the parapet wall
dropped 2 to 3 m away from the parapet wall. Three sections at the stations between 0+464 and
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0+524 m, 0+554 m, between 0+674 and 0+734 m collapsed completely as shown in Photo 2.
Twenty-seven out of 52 poles at the top of the parapet wall for electric lamps tilted towards the
upstream direction. The tilting of these poles resulted in breakage of the parapet wall with a total
length of 64 m. A 30 cm unequal settlement of the parapet wall occurred at Station 0+260 m where
the wall evidently distorted as shown in Photo 3.
There were five longitudinal cracks with an average length of 20 to 30 m on the upstream slope
resulting in breakage of stone masonry riprap after the 7.8 magnitude earthquake. The number of
cracks increased to 13 after the 7.1 magnitude aftershock of the same day. They were mainly
parallel to the dam axis and distributed near an elevation 54 m between Stations 0+074 and 0+174 m
just above the ancient riverbed. The width of these cracks increased slightly in one week after the
earthquake, but they did not extend to the clay sloping core.
ii) Displacement of the dam: Settlements measured before the earthquake on May 15, 1976 and
after the earthquake on October 19, 1976 showed that the horizontal displacement due to the
earthquake was not evident as shown in Table 9.
iii) Other damage: Hair cracks appeared at Y-type pipes in the power tunnel as well as on
penstock adjacent to the powerhouse, from the latter water seeped out. There was no damage to the
spillway and intake tower. The construction of the irrigation tunnel was nearly complete before the
earthquake; some stones at the top of the masonry structure near the outlet dropped after the
earthquake. Meanwhile, a diagonal crack appeared on the tunnel resulting in displacement and
breakage of the reinforced concrete lining.
3) Huashihou Reservoir
A. Introduction
This reservoir was located on a tributary of the lower reaches of the Yanghe River in Funing
County having a catchment area of 5.5 square kilometers. Its main purpose was irrigation, it was a
small A size reservoir. The main dam was a clay sloping core earth structure as shown in Figure 4
and the auxiliary dam had a homogeneous cross-section. A conduit passing under the dam was built
on a rock foundation near the left abutment. It was a masonry concrete structure with a horseshoe
cross-section having a height of 1.6 m and a width of 1.2 m. The spillway, also on the left abutment,
had a broad crest weir 25 m in width capable of passing water 117 cubic meters per second.
B. Foundation and its treatment
The valley at the dam site was wide and was located in a low mountain and hill area. Granite
bedrock of the Precambrian period outcropped at the left abutment and was highly weathered, it was
overlain by sand, clayey sand and silty clay having a thickness of 3 to 6 m near the left abutment
where the ancient main river passed and a thickness of more than 10 m near the right abutment
where the alluvial terrace existed. The cut-off wall extended 1 m into the bedrock and was used to
control seepage through the dam foundation near the left abutment, but an upstream clay blanket was
used near the right abutment.
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C. Construction and performance before the earthquake
The quality of the clay core was not as good as required due to poor compaction and as much as
2 to 3 m unevenness of fill placement surface especially during the placement of the fill whose
height raised from 5 to 8 m. It was recorded that the fill of the auxiliary dam was compacted under
very high placement water content and included some frozen soils so its quality was even worse.
However, the reservoir, while retaining 1.36 million cubic meters of water and irrigating 2,500 mu in
1975, had no problems though the duration of performance was relatively short. The depth of the
reservoir water during the earthquake was 9 m.
D. Damage (Figure 5)
Three longitudinal cracks with a width of 4 cm appeared on the dam crest between Stations
0+165 and 0+210 m just above the main riverbed after the 7.8 magnitude earthquake; they became
more serious after the 7.1 in magnitude earthquake. The main damages are as follows:
i) Three longitudinal cracks on the dam crest over the entire length of the dam axis had a
maximum width of 37 cm at Station 0+250 m and an average width of 15 to 20 cm as shown in
Photo 4. The most severe location was at the bend of the dam axis where lots of cracks resulted in
breakage of the fill. The earthquake also caused 20 to 30 cm settlement at the dam crest mainly
above the main riverbed. It is of interest to note that the shoulders settled more than other parts of
the dam crest so that the crest became convex.
ii) The surface of the hand placed riprap became wavelike mainly above the main riverbed and
the distance between the peak and the valley of the wave amounted to 50 cm. Moreover, a crack
with a width of 2 mm appeared on the guide wall at the outlet of the conduit. A construction joint of
the guide wall near the inlet of the spillway widened 1.5 cm. Leakage through the reservoir area
increased, amounting to 0.15 million cubic meters in three months after the earthquake. Test pits
showed the crack had a width of 1 cm at a depth of 3.5 m.
4) Maojiagou Reservoir
A. Introduction
This reservoir was located on a tributary of the Qinglonghe River in Lulong County. Its
catchment area and reservoir capacity was 3.06 square kilometers and 1.74 million cubic meters
respectively and was a small A size reservoir. Figure 5 shows a sketched map of the dam. There
was a stone masonry conduit under the dam with a rectangular cross-section of 0.8 m in height and
1.0 m in width. Its inclined intake pipe had a diameter of 0.3 m. The open spillway had a width of
22 m and a discharge capacity of 106.5 cm.
B. Foundation and its treatment
Granite-gneiss bedrock at the dam site was overlain by clayey sand 3 to 4 m in thickness; the
cut-off wall extended to the weathered bedrock. Some cracks were found in the dam foundation at
the main riverbed resulting in large leakage.
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C. Construction and performance before the earthquake
Construction of the clay core was carried out in the winter; inclusion of large amounts of frozen
soil as well as poor compaction resulted in poor quality of the fill. It is important to note that in the
placement of the cut-off wall the first lift was too thick, it became mud and was impossible to be
well compacted. Samples taken from the clay core after the earthquake had an average dry density
of 1.6 g/cubic centimetres, which was lower than the required value. This reservoir had not been put
into operation before the earthquake. The reservoir water elevation during the earthquake was 81.25
m (the foundation elevation was 72.25 m as noted by the translator).
D. Damage (Figure 5)
i) Two longitudinal cracks with a maximum width of 20 cm and a maximum length of 150 m
appeared on the dam crest between Stations 0+030 and 0+200 m. Numerous other cracks with a
width of 3 to 5 cm also appeared on the dam crest between Stations 0+200 and 0+340 m resulting in
breakage of the fill. Test pits dug along the cracks revealed that most of the cracks were vertical,
terminating at a depth of 4 to 5 m and one crack had even a larger depth. A transverse crack with a
width of 2 to 5 cm between Stations 0+190 and 0+230 m extended from the dam crest to the
upstream slope with a length of 8 m. Total settlement of the dam crest observed in March 1977
amounted to 12 cm.
ii) A longitudinal crack with a length of 28 m and a width of 3 to 5 cm appeared on the
downstream slope at an elevation of 88.5 m between Stations 0+170 and 0+200 m (main riverbed).
Sandboils, in which air bubbles were also liberated, appeared at 12 places downstream from the
dam; the cloudy water in those sandboils became clear after 5 hours. The water percolation could be
heard in the drainage toe of the dam and seepage discharge amounted to 5 litres per second.
iii) Hand placed riprap at an elevation of 83 m between Stations 0+110 and 0+210 m slid and the
boundary of the slide area extended 3 m in an upward direction when the reservoir water level
raised; the total slide area amounted to 500 square meters.
5) Xiaolongtan Reservoir
A. Introduction
It was located on a tributary of the Luanhe River having a catchment area of 20 square
kilometers and a reservoir capacity of 7 million cubic meters. It was a small A size reservoir used
mainly for irrigation. The dam was a stone masonry framework gravity dam. An open spillway
with a width of 30 m was located at the right abutment. Other structures included a reinforced
concrete conduit with a diameter of 0.7 m and a power house with an installation capacity of 125
kilowatts, the latter was completed after the earthquake.
B. Foundation and its treatment
The dam foundation was at an anticlinal limb of siliceous limestone dipping in a downstream
direction with an angle of 70 degrees including only a few fracture zones. The sand and gravel
deposits with a thickness of less than 5 m was excavated to rock.
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C. Construction and performance before the earthquake
Figure 6 shows a sketch of the dam, which had a height of 39.6 m and a crest length of 217.5 m.
Its upstream and downstream slopes were 1 on 0.1 and 1 on 0.9 respectively. The structure of the
dam consisted of a number of stone masonry walls both perpendicular and parallel to the dam axis.
The upstream end of the walls formed the supports of a barrier to control seepage while the top of
the walls were the supports for arches forming stories for carrying the load of rock fill or sand,
which was filled in rooms formed by these walls and arches. The barrier consisted of a facing plate
and a stone masonry cover 0.6 m thick; the latter also acted as a model plate for concreting. The
widths of the crest and base of the dam were 2.5 and 34.6 m respectively. The reinforced concrete
facing plates had a base width of 0.7 m and a top width of 0.4 m cast with No. 140 concrete. The
center to center distance between the adjacent walls was 10 m but the span was 7.5 to 8.0 m because
the supports had a width of about 2 m. The lifts of the rooms varied from 8 to 4 m. The stone
masonry was built with stones and No. 50 cement mortar. Four contraction joints were installed at
the dam spaced 40 m apart.
This dam was constructed by manpower. The dam was stable when the depth of the reservoir
water reached up to 32.0 m before the earthquake but leaks in the dam and abutment occurred in
1973 when the reservoir water level rose to an elevation of 106.5 m; total seepage discharge
amounted to 1,000 cubic meters per day and decreased a little bit after grouting. The depth of the
reservoir water was 8.8 m during the earthquake.
D. Damage (Figure 6)
i) There were 8 transverse cracks on the dam crest: one at Station 0+002.5 m with a width of 0.3
to 1 mm and a length of 1.4 m; one at Station 0+12.5 m with a width of 0.5 to 2 mm and a length of
5 m; one at Station 0+021 m with a width of 0.5 to 2 mm and a length of 7.2 mm; one at Station
0+096.5 m with a width of 0.2 to 1 mm and a length of 10.5 m; one at Station 0+136.3 m with a
width of 0.2 to 1 mm and a length of 9.2 m; one at Station 0+143.8 m with a width of 0.2 to 1 mm
and a length of 4.1 m; one at Station 0+145 m with a width of 0.2 to 6 mm and a length of 4.0 m; one
at Station 0+180 m with a width of 1 to 4 mm and a length of 9 m; and one at Station 0+197.7 m
with a width of 1.5 to 5 mm and a length of 4.0 m. Investigations revealed that the crack at Station
0+145 m was an original construction joint the other cracks only extended to the stone masonry
cover and did not extend to the concrete facing plate.
ii) A section of the parapet wall with a length of 42 m was tilted; the cement mortar of the rest of
the parapet wall broke. Three out of 8 poles on the top of the parapet wall collapsed in an upstream
direction.
iii) A crack appeared at the junction of reinforced concrete pipe 67 m outside of the dam.
6) Gaojiadian Reservoir
A. Introduction
This reservoir was located in Qianxi County on Henghe River, a tributary of the Luanhe River.
Its catchment area and reservoir capacity was 18.7 square kilometers and 8.12 million cubic meters
respectively. This was a small A size multipurpose reservoir used for flood control, irrigation and
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power generation. The dam was a stone masonry gravity dam with a crest width of 4.0 m and a
maximum base width of 26.0 m as shown in Figure 7. An overflow spillway at the top of the dam
had a width of 35 m and a discharge capacity of 308 cm. The diameters of the two circular conduits
of the dam were 0.8 and 0.4 m with a discharge capacity of 4.5 and 1.5 cm respectively.
Each contraction joint was sealed with one plastic and two bituminous sealants. The distance
between adjacent joints was 30 m.
B. Foundation and its treatment
There was 1 fault across the dam axis between Stations 0+129 and 0+132 m near the abutment
and 3 fracture zones with a width of 4 m and a triangular cross-section near the abutment between
Stations 0+035 and 0+039 m. Treatments of these pervious parts included the concrete plugs and
grouting curtains executed by grouting holes having a depth of 1 to 1.5 times its water head.
C. Design construction and performance
This dam was completed just before the earthquake and was designed to resist an earthquake
intensity of VII. The depth of reservoir water was 14 m during the 7.8 and 7.1 magnitude
earthquakes and increased to 23.9 m at the time of the 6.8 in magnitude earthquake.
D. Damage (Figure 7)
No damage to the dam was found after the 7.8 and 7.1 magnitude earthquakes. However, 4
transverse cracks appeared on the non-overflow section and 3 contraction joints in the same section
widened after the 6.8 magnitude earthquake of November 15. The location and width of these
cracks are as follows: Station 0+011 m, 5 mm; Station 0+035 m, 3 mm; Station 0+058 m, 2 mm
(contraction joint); Station 0+095 m, 1 mm (contraction joint); Station 0+115 m, 2 mm; Station
0+135 m, 5 mm (contraction); and Station 0+155 m, 1 mm. There was no damage to the overflow
section.
Water seeped through cracks at the left abutment and the discharge amounted to 1.9 liters per
second while the reservoir water depth was 23.9 m.
7) Longwan Reservoir
A. Introduction
This small B size reservoir was located in Qianxi County on a tributary of the Henghe River
which is a tributary of the Luanhe River. Its catchment area and reservoir capacity was 2.57 square
kilometers and 0.45 million cubic meters respectively. Figure 8 shows the structure of the stone
masonry and rock fill dam. The thin vertical wall on the upstream side extended to the bedrock and
rock fill and sand fill were placed on sand and gravel river deposits. This vertical wall displaced
continuously in a downstream direction while the reservoir was impounding, and in an upstream
direction during reservoir evacuation. As a result, not only did the dam crest curve in an up and
downstream direction alternatively, but also formed a number of transverse cracks. Therefore, it was
classified to be a damaged dam before the earthquake.
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B. Foundation and its treatment
The vertical wall extended to fresh granite-gneiss bedrock which was overlain by sand and
gravel deposits with a thickness of 3 to 5 m on which the rock fill portion of the dam was placed.
C. Construction and performance before the earthquake
Transverse cracks appeared either near abutments or at the middle section of the dam when the
reservoir storage reached 0.40 million cubic meters in 1974. Meanwhile, the dam crest arched in a
downstream direction. The water depth in the reservoir was 11 m during the earthquake.
D. Damage
The maximum width of 6 transverse cracks in the masonry part of the dam increased from 5 mm
to 80 mm after the earthquake. Their length was mainly 16 m, one crack extended to the dam base.
The dam arched in a downstream direction with a maximum horizontal displacement of 30 cm and a
settlement of 30 cm. The longitudinal crack between the vertical wall and dry rubble masonry was
20 cm. Leakage increased. All damages are shown in Figure 8.
3. Damage to Sluices
(1) Introduction
Sluices in the Tangshan Prefecture were mainly built in the plain area. There were 166 sluices
whose discharge capacity exceeded 10 cm. Statistics revealed that 73% of these sluices were
damaged by the earthquake. Among the damaged sluices 48 of them had a discharge capacity
greater than 100 cm. They were founded on various foundation soils and rocks, including 4 on fresh
or weathered rock, 9 on coarse sand, gravel or hard clay, and the other 35 on saturated fine sand, soft
clay or soft silty clay. In accordance with the function of sluices, they could be classified as 7
diversion sluices, 12 guide sluices, 28 check sluices, and 1 inlet sluice. Their structures were not
unique and included 1 inflated rubber structure, 8 bridge-sluice structures, 2 floating structures, and
37 open structures (including 13 sluices that had automatic tilting gates). Sixteen sluices were made
of reinforced concrete and 32 of stone masonry. Their foundation structures were different and
included 8 pile foundations, 28 raft foundations and 12 shallow foundations.
Earthquake damage to the sluices was more serious than to other hydraulic structures. Fifty
percent of the sluices could not be properly operated. Ten sluices collapsed completely, 10 other
sluices were radically rehabilitated, and 21 sluices were easily repaired. The degree of damage was
classified to be serious, less serious, slight and no damage in accordance to the severity of damage
and the importance of the damaged place in a sluice.
1) Serious: Deformation of the sluice; unequal settlement of the base slab; tilting and cracking;
needed complete reconstruction.
2) Less serious. Slight damage to the main structure of the sluice; tilting of columns and piers of
supporting bridge; cracking of stilling basin, up and downstream apron; sandboils and bulge of
foundation soils.
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3) Slight. Tilting of guide walls; slide of bank slopes; deformation of bridge for supporting lift
machine.
4) No damage. No damage or very slight damage such as small cracks and deformation. The
sluices performed normally.
(2) Investigation of damage
Damage to the above mentioned 48 sluices are described in Table 10. In this table 18 other
small sluices that underwent typical earthquake damage are also described. The label number of the
sluices in the table corresponds to that in Figure 1, and earthquake intensities which acted on the
large and medium sluices are shown in Table 1. Tables 11 to 13 show damage to sluices in relation
to their foundation soil and structure of base slab.
Main damage to sluices was as follows:
1) Damage to base slab
A. Cracks usually appeared in the base slab near the abutment piers whose foundation had no
settlement joints.
B. Widening of settlement joints parallel to the river usually occurred in separated base slabs.
The serious ones damaged the seal and created unequal settlement, sometimes sandboils could be
seen in the opened joint. See No. 14 and 25 sluices in Table 10.
C. Liquefaction of foundation sand resulted in loss or reduction of bearing capacity. See
No. 54, and 56 sluices in Table 10. More than 10 medium to small sluices were damaged due to
liquefaction of sand. The sluices having simple and light structures such as a floating sluice, and an
inflated dam equipped with an automatic tilting gate underwent slight damage to the base slab.
2) Damage to piers and superstructure
A. Reinforced concrete piers generally underwent slight damage. However, stone masonry piers
were seriously damaged due to sliding of the abutment, liquefaction of foundation sand and
deformation of the base slab, see Photos 5 and 6.
B. Fifty percent of the bridges to support lift machines whose elevation was more than 5 to 8 m
above the ground surface were seriously damaged. Their columns generally tilted in a downstream
direction and cracked near the bottom or in an area where their cross-section changed abruptly.
Because most of the beams supporting lift machines were simply supported their displacement was
large. There were 4 sluices whose lift machines were dropped to the ground, see examples 1 and 6
and Photo 7.
C. Earthquake damage to the machine supporting bridges with a frame structure was small.
3) Damage to the base of stilling basin and apron
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A. Cracks parallel to the river resulted in loosening of stone masonry for those slightly damaged,
but seriously damaged ones resulted in breakage of stone masonry, damage to filters and occurrence
of sandboils as shown for the No. 55 sluice in Table 10.
B. Widening of settlement joints perpendicular to the river. Breaking of seals and widening of
joints occurred along a key wall of the base slab up to 60 cm, sometimes unequal settlement
appeared across the joints as shown in examples 1 and 4. The above mentioned damage occurred in
the areas of sand liquefaction.
4) Cracking and tilting of the guide wall, sliding of the bank and riprap
They usually occurred in the areas whose earthquake intensity was higher than VII. The higher
the slope height the more serious the sand liquefaction, and this type of damage.
(3) Typical examples of damage
1) Donggezhuang sluice
A. Introduction
It was located in Donggezhuang in Fengnan County and was a main regulation sluice in the
irrigation area downstream of the Douhe River.
B. Foundation
The elevation of the foundation surface was 7 to 8 m. The ground water level was usually 2 to
3 m below the ground surface and did not exceed 5 m in 1976. Data from the geotechnical
investigation was not available but it was found during construction that the soil directly beneath the
base slab was silty sand with a thickness greater than 3 to 4 m, but its overlain soil was clayey sand
deposited in the middle and low reaches of the Douhe River.
The sluice was constructed as early as 1840 consisting of 13 openings and having a width of
38.7 m. In 1919 it was reconstructed because piping occurred downstream from this stone masonry
structure. Since then it has operated for about 45 years. In 1964 exploration revealed that some
cavities with a dimension of more than 10 m existed directly beneath the base slab of openings 1 to
6. Moreover, 8 block stones in the base slab cracked so it was reconstructed once again in 1966.
C. Structure
The sluice consisted of 9 openings with a dimension of 3x3 m having a breast wall on top of the
openings and a total length of 31.8 m including the width of the piers. Its design capacity for
discharge was 180 cm. The reinforced concrete base slab, with a thickness of 0.6 m, was designed
as a beam on an elastic foundation. Its surface elevation was 40 m. The base slab and apron
consisted of three separated sections, each section shared three openings. The width of the base slab
was 7.5 m. A highway passed downstream from the sluice. Elements of the superstructure such as
sluice piers, beams and columns for supporting lift machines, and bridge decks were made of grade
150 reinforced concrete except for the bridge piers which were stone masonry structures.
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The base of the stilling basin, with a length of 12 m and a thickness of 0.6 m, was made of grade
100 reinforced concrete. A sketch of it is shown in Figure 9. The upstream blanket consisted of a 5
m long 0.4 m thick hand placed rock blanket and an underlying clay blanket with a thickness of 0.5
m and a length of 3 m longer than the rock blanket. The downstream apron was made of hand
placed rock. The total length of the sluice was 41.8 m.
Each opening was equipped with a reinforced concrete gate operated by a movable lift machine.
The settlement joints parallel or perpendicular to the river were sealed with gunny-bag and
asphalt sealants. Filters consisting of medium sand, coarse sand and gravel were placed under the
joints in the stilling basin.
Three rows of drainage holes were distributed with a center to center distance of 1.5 m. During
the earthquake the sluice gates were closed with an upstream water depth of 0.5 m and a downstream
water depth of 0 m in comparison to the design water depths of 7.00 m and 4.19 m respectively.
D. Damage
i) Abutment of the sluice settled 0.3 to 0.5 m and cracks with a width of 1 to 1.5 m on it are
shown in Photo 8. Moreover, vertical cracks with a width of 3 to 5 cm appeared on the up and
downstream guide walls whose ends settled about 0.5 m.
There was no evident damage to bridge piers but the pre-cast bridge deck was displaced
horizontally 5 to 8 cm.
Two abutment piers settled about 7 to 8 cm and slightly tilted towards the river, as a result,
clearance between the gate and opening decreased.
ii) The columns supporting the lift machines had a height of 3 m and a cross-section area of
25×60 cm, they were not connected laterally except the end columns were connected by a beam. All
the beams were simply supported on the top of the columns having a dimension of 25×30×360 cm.
These beams were connected by rails perpendicular to the river. After the earthquake both columns
and beams tilted in a downstream direction. It was found that their deflection angles were 10 to 20
degrees near the abutments and was 30 degrees near the middle openings. Horizontal cracks
appeared at the bottom 30 cm of the columns resulting in breaks in the concrete and some 0.5 to 1
cm elongation of exposed reinforcements.
iii) Cracking and deformation of the base of the stilling basin are shown in Figure 9. Contraction
joints Nos. 1 and 2 widened 3 to 5 cm, slikensides could be seen on the concrete of these joints. An
area of 0.5 square meters at the base of the stilling basin was seriously broken. A crushed piece with
a width of 60 cm at the stilling basin settled 20 to 30 cm relative to its adjacent pieces. An unequal
settlement of 30 to 50 cm across a crack appeared along the baffle threshold. Some parts of the base
heaved up to 20 cm, the values in the parenthesis in Figure 9 denote the relative settlement or heave.
The filters beneath the joints were damaged and sandboils could be seen.
iv) Cracks appeared on the downstream hand placed rock apron and sandboils could be seen in
the cracks. There was no serious damage to the upstream blanket but unequal settlement caused by
both settlement and heave amounted to 20 cm.
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Cracks on the upstream bank and slides on downstream bank could be found.
v) Thirteen houses for the sluice maintenance personnel collapsed.
The sedimentation and contraction of the river section just upstream of the sluice caused this
sluice to be unusable.
2) Daxinzhuang sluice
A. Introduction
It was located on the upstream reaches of the Xiaojimenhe River near Daxinzhuang in Fengnan
County. Wooden flat gates were operated by manpower. It sustained high flood water which
exceeded the design level but it performed normally except for the erosion of soils adjacent to the
abutment piers. However, this stone masonry structure was seriously damaged due to liquefaction of
foundation sand induced by the earthquake.
B. Foundation
Foundation soils having a surface elevation of 6.5 m belonged to river deposits of the Douhe and
Shahe Rivers. The topsoil stratum was clayey sand with a thickness of 3 to 4 m underlain by loose
silty sand white-yellow in color, the latter was liable to flow while being saturated. The depth of the
ground water level ranged from 2 to 5 m in 1976. During the construction of the sluice it was found
that quicksand occurred in the foundation excavation at a depth of about 3 m. This caused much
trouble during construction.
C. Structure
The base slab of the sluice with a thickness of 0.8 m, a width of 5.5 m and a total length of
33.4 m was a monolithic stone masonry structure cemented by grade 80 mortar. A settlement joint
sealed with gunny-bags and asphalt was installed in the middle of each opening. The settlement
joints along the up and downstream edges of the base slab were sealed with asphalt and 5 cm thick
wooden plates. Key walls with a depth of 0.4 m were also installed at the up and downstream edges
of the base slab.
Piers were stone masonry structures with a width of 0.6 m, a length of 4.5 m and a height of
2.4 m. On each pier a stone masonry wall with a width of 0.6 m, a length of 2.3 m and a height of
2.2 m was built for supporting beams and the lift machine. The beams supporting the lift machine as
well as bridge decks were pre-cast grade 200 reinforced concrete and were connected to the
reinforcement of the piers.
The upstream blanket with a thickness of 0.4 m and a length of 6.0 m was hand placed rock. The
base slab of the stilling basin, underlain by filters of coarse sand and crushed stone layers each
having a thickness of 15 cm and a length of 4.5 m, had a length of 8 m and a thickness of 0.4 m.
Three rows of drainage holes were installed; the distance between adjacent holes with a diameter of
3 cm was 1 m. The length of the downstream apron was 6.0 m.
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All gates at the sluice were dismantled occasionally before the earthquake so that the upstream
and downstream water depth was the same and equaled 0.5 m; the maximum permissible difference
between the up and downstream water levels was 2 m.
D. Damage
i) After the 7.8 magnitude earthquake the bridge decks and the beams for supporting the lift
machine dropped to the stilling basin downstream from the sluice and displaced more than 5 m in a
downstream direction. The walls of the piers broke and the superstructure completely collapsed as
shown in Figure 10.
ii) The downstream part of the base slab settled more than the upstream part, as a result, the
sluice tilted and cracks both parallel and perpendicular to the river appeared on the base slab having
a maximum width of 10 cm. Seals at the settlement joints were broken and the joints widened. Most
of the collapsed elements were covered by liquefied sand, only some remaining piers could be seen.
iii) Liquefied sand with a thickness of about 1 m was deposited on the base slab. Cracks with a
width of 5 to 15 cm and parallel to the river appeared. Hand placed riprap on banks slid. Large
deformation of ground surface and riverbed occurred. It was hard to estimate the settlement or
heave of the sluice. A house on the abutment collapsed. This sluice was completely rebuilt.
3) Daqinghe sluice
A. Introduction
It was located at the mouth of the old Luanhe River near Hongfangzi in Leting County and was
well constructed. It had performed normally for flood relief, salt water prevention and plain water
storage.
The gates of the sluice were opened before the earthquake so that the up and downstream water
depths were nearly the same and equaled about 2 m.
This sluice underwent very slight damage in comparison with those of other masonry sluices
subjected to an earthquake intensity of VII.
B. Foundation
The top level was soft clay underlain by fine sand with a thickness of up to 12 m. The fine sand
was loose and gray in color, its main composition was quartz in addition to a little amount of black
mineral. This fine sand layer was underlain successively with the following strata: medium quartz
sand loose and gray in color containing some white shells and having a thickness of up to 9 m;
grayish-yellow clayey sand with a thickness of 4 m; and gray silty sand with a thickness of 3 m. The
depth of the ground water level was 1 to 2 m with very small annual variations.
C. Structure
No foundation treatment was made for this sluice which consisted of 12 openings. Each opening
had a net width of 3 m and was equipped with a wooden flat gate with dimensions of 3.36x3.2 m. A
breast wall was on top of the openings as shown in Photo 9. The maximum difference between the

260

up and downstream water depths was 1.5 m. A highway bridge was built at the rear of the sluice.
The base slab of the sluice was made of stone and concrete having a thickness of 1 m and a
periphery key wall with a depth of 1 m. The base slab consisted of three blocks connected by
structural joints located at the middle of the No. 4 left and right 4 openings. These joints and other
settlement joints at the up and downstream edges of the base slab were sealed with type 651 plastic
sealants.
The stone masonry piers had a width of 0.8 m and a height of 3.15 m. The bridge at the rear of
the sluice was a pre-cast reinforced concrete structure whose bridge deck had a width of 4.5 m. The
height of the reinforced concrete breast wall was 1.5 m. The wall at the top of the piers that
supported beams and lift machines were also reinforced concrete structures.
The stilling basin had a length of 11 m and a thickness of 1 m, its base was stone block and
concrete with a thickness of 0.7 m underlain with filters of three layers. Drainage holes in the base
had a diameter of 3 cm and center to center distances of 1 m between adjacent holes on the same row
and 0.8 m between the adjacent rows. The downstream apron with a length of 10 m and a thickness
of 0.5 m was hand placed rock underlain by coarse sand and crushed stone with a total thickness of
30 cm. The upstream blanket was a stone concrete cover with a length of 10 m and a thickness of
0.6 m underlain by a 0.8 m thick clay layer with a length of 6 m longer than that of its cover. Both
up and downstream banks were covered by hand placed riprap.
D. Damage
Cracks appeared on the hand placed riprap on riverbanks; a part of the riprap slid. Cracks with a
width of 1 to 3 mm appeared on the bridge deck near the piers. No damage could be seen at the
superstructure above the water level.
After evacuation of storage in the spring of 1977 the following damage was found:
i) A crack parallel to the river appeared on the base slab at the middle of each lateral opening. Its
maximum width was 1 to 3 mm appearing upstream from the gate.
ii) The structural joints parallel to the river on the base slab of the No. 4 left and right 4 openings
widened 3 to 5 mm.
iii) The settlement joints between the base slab and apron generally widened 1 to 3 cm, the
maximum width was 10 cm near the middle of the river. Unequal settlement of 3 to 4 cm also
occurred across the joint resulting in breakage of the sealant. The settlement joint around the stilling
basin had a maximum width of 2 to 3 cm.
iv) Hairline cracks parallel to the river appeared on the base of the stilling basin near its side
walls and water seeped out from these cracks. More than 10 sandboils surrounded by silty sand
appeared in an area about 30 to 40 square meters near the right part of the baffle sill, while the
upstream water level was 3.3 m higher than the downstream water level.
There was no damage to 6 brick houses on the left abutment of the sluice.
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v) This sluice was not seriously damaged by the liquefaction because of reasonable design, good
construction quality and especially the flexibility provided by settlement joints. On the contrary, the
base slabs of lateral openings cracked seriously because there were no settlement joints.
4) Xiaohezi sluice
A. Introduction
It was located near Donghaizhuangzi in Leting County and consisted of 12 openings each having
a net width of 3 m. The base slab was a concrete monolithic structure having no joints. A breast
wall was on top of the openings. Fair construction quality and normal operation were recorded.
It was damaged seriously by the 7.8 magnitude earthquake. Liquefaction of the foundation soils
caused serious damage to the base slab. It had been fully reconstructed.
B. Foundation
The ground elevation was 2.0 m. Soil strata were successively: clayey silty sand, gray and loose,
with a thickness of 5 m; gray loose fine sand with a thickness of 9 m; medium quartz sand, gray and
loose having a thickness of 9 m and containing many white shells; and 4 m thick clayey sand. The
depth to the ground water level was 1 to 2 m in 1976 with very small variations.
C. Structure
The design elevations of high and low tide water levels were 3.6 and 1.2 m respectively while
the elevation of the surface of the base slab was 0 m. The designed water level difference was
1.2 m. The base slab had a length of 8 m and a thickness of 1 m. A pre-cast reinforced concrete
highway bridge with a width of 4.7 m was built at the rear of the sluice. The stone masonry piers
had a height of 2.5 m and a width of 0.8 m. The stone masonry wall for supporting the lift machine
had a height of 2.25 m, a length of 3 m, and a width of 0.4 m. A pre-cast reinforced concrete breast
wall with a height of 2 m was installed at the top of the openings and connected to the stone masonry
piers. The bridge decks and beams for supporting the lift machine were pre-cast reinforced concrete
simply supported structures.
The stilling pond had a length of 10 m and a depth of 0.8 m. Its base was a 0.7 m thick stone
masonry. Also, there was a row of baffle piers with a height of 0.5 m. The sand and crushed stone
filters consisted of three layers. Two rows of drainage holes with a diameter of 3 cm were installed.
The downstream apron with a length of 10 m was made of hand placed rock. The upstream blanket
was also hand placed rock with a length of 10 m and a thickness of 0.6 m. Plastic seals were placed
in the settlement joints at the up and downstream edges of the base slab.
D. Damage
i) Many sandboils appeared near the sluice. Four to six cracks with a width of 10 to 15 cm
parallel to the river appeared at a distance of 15 to 20 m from the upper edge of the banks. One of
these cracks on the right bank passed through a house whose crack in a brick wall had a width of 15
cm. Soon after the 7.8 magnitude earthquake liquefied sand blew out of the crack. More than 10
cracks appeared along the 3 m high guide dikes at the left and right sides of the sluice, they had an

262

average width of 25 to 30 cm and a maximum value of 25 to 30 cm. Settlement amounted to about
0.5 m. The riverbed raised about 1.0 m so that the river became shallower.
ii) Structure above water level
Sluice gates were closed during the earthquake. The up and downstream water depths after the
earthquake, during inspection were about 2 m and 2.3 m respectively. Only the gates at the lateral
openings could be lifted 0.3 to 0.5 m with difficulty.
The middle part of the sluice settled more than the lateral parts, unequal settlement amounted to
50 to 60 cm. The railing on the operation bridge above the middle three openings collapsed and the
60 mm diameter screw rods for lifting the gates buckled. The highway bridge at the rear of the
sluice underwent similar settlement and deformation and as a result the bridge decks cracked.
Two sets of large cracks appeared on the piers, one crack on every middle pier, one initiated at
the bottom of the lift machine supporting wall and extended downstream toward the bottom of the
highway bridge. The other one initiated at 1 m upstream from the supporting wall, extended
diagonally to about 1 m from the upstream edge of the base slab as shown in Figure 11. These sets
of cracks cut the piers into triangular blocks. Most of the piers of the left No. 4, 5, 6 and 7 openings
were seriously broken.
The connections between the piers and breast wall were loosened. Vertical cracks appeared on
the breast wall having a width of 1 to 3 mm and a length of 1/3 to 1/2 of the wall height.
The joints between the abutment piers and guide walls widened 3 to 10 cm; the guide walls
settled 10 to 20 cm and tilted towards the river.
iii) Structure below water level
Water between two cofferdams was evacuated in 1977 and the following damage to the lower
part of the structures was found:
There were a number of irregular cracks generally parallel to the river on the base slab. Their
maximum width was 5 mm and the unequal settlement across the cracks amounted to 1 to 2 cm. The
base slab of left openings No. 5, 6 and 7 settled about 0.5 m. Cavities with a depth of about 0.5 to 1
m were found beneath the settlement joints of the base slab of the above mentioned three openings
and extended from the upstream to the downstream edges of the base slab.
The settlement joint at the upstream edge of the base slab generally widened 3 to 5 cm, and up to
60 cm near the above mentioned three openings. Cavities with a depth of about 1 m were also found
under the joint. The settlement joints at the downstream edge of the base slab near the same
openings widened about 20 to 30 cm. An area 30 to 40 square meters on the base slab of the stilling
basin settled and was seriously broken.
The piers of the left No. 4, 5, 6 and 7 openings settled most seriously, stones could be removed
freely from the stone masonry structure.
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The upstream blanket was wavy with an elevation difference of more than 10 cm. Many cracks
with a maximum width of 1 cm parallel to the river appeared on the base of the stilling basin.
iv) The highway bridge at the rear of the sluice was open to traffic soon after the earthquake but
settled seriously after half a year and became unpassable.
5) Sandaohe sluice
A. Introduction
It was located on the Daqinghe River near Sandaohe in Leting County. It was, in fact, a culvert
with one opening height of 2 m, width of 4 m and a discharge capacity of 10 cm. A wooden gate
was installed at the entrance. This culvert was well constructed but seriously damaged.
B. Foundation
The surface foundation soil was soft black clay, which was underlain by gray fine sand of more
than 10 m in thickness. The ground elevation of the foundation was 1.5 m, about 0.5 to 1.0 m higher
than its ground water level.
C. Structure
The reinforced concrete base slab had a width of 7 m, a length of 27.6 m and a thickness of
0.6 m, consisting of three blocks connected by settlement joints parallel to the river and sealed with
plastic sealants. A periphery key wall was installed for each block. This culvert consisted of stone
masonry abutment piers and reinforced concrete lids, each lid had a length of 480 cm, a thickness of
20 cm and a width of 60 cm. An additional concrete layer was cast over the lids for seepage control.
The maximum thickness of soil placed on the culvert was 2.25 m. In addition, a reinforced concrete
frame structure was erected on the top of the culvert to support the lift machine.
The stilling basin had a length of 11.9 m, a depth of 0.5 m and a concrete base thickness of
0.6 m. The lengths of the upstream blanket and apron were 10 m, but their thickness was 0.6 and 0.5
m respectively. The upstream guide walls and the bank protection were hand placed rock (Figure
12).
D. Damage
i) A crack with a width of 10 to 15 mm parallel to the river appeared in the middle of the base
slab and covered the entire length. Two settlement joints widened 10 cm. The joints between the
lids also widened so that the soil on top of the lids dropped through the joints. Cracks with a width
of 5 to 15 cm appeared on the ground surface, which settled about 0.3 to 0.5 m as shown in
Figure 12.
ii) The guide wall displaced 7 to 15 cm horizontally towards the river and even heaved 5 to
8 cm. The joints in the walls widened 5 to 10 cm as shown in Photos 10 and 11.
6) Heiyanzi sluice
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A. Introduction
It was located on the Shahe River near the coast in Heiyanzi in Fengnan County and was a
reinforced concrete structure having a breast wall on top of openings. Its superstructure was
founded on a separated base slab on a pile foundation. There were 10 openings each having a net
width of 8.0 m. The total length of the sluice was 120 m. The reinforced concrete gates were
operated by a movable lift machine. It was a multipurpose project to guide saltwater, to store fresh
water, and to relieve floods. It was well constructed and performed satisfactorily before the
earthquake. The gates were closed just before the earthquake, retaining a river water depth of 4.6 m
at the upstream side and a saltwater depth of 3.7 m at the downstream side.
B. Foundation
The ground surface elevation was about 3.0 m. The foundation soil strata was successively 5 m
thick black sandy clay, and 5 to 7 m thick silty sand underlain by 7 m thick black sandy clay. The
depth of the ground water level ranged from 1.5 to 3.0 m in 1976.
Five cast-in-place reinforced concrete piles were distributed along the length of the base slab,
each had a diameter of 1 m and a center to center distance of 2.6 m. The lengths of the middle and
the most upstream and downstream piles were 18.5, 18.8 and 20.3 m respectively.
C. Structure
The reinforced concrete separated base slab had a length of 12.4 m and a thickness of 1.3 m
while the reinforced concrete piers had a height of 6.7 m, a length of 8.0 m and a width of 1.0 m. A
highway bridge was erected in front of the sluice.
The reinforced concrete columns for supporting the beams and lift machine had a cross-section
area of 50x50 cm containing 2 steel rods of 16 mm in diameter and 2 steel rods of 19 mm in
diameter. These columns were laterally connected by beams and rails for the lift machine however,
there was no connection between these columns along the direction parallel to the river.
The stilling basin had a length of 16 m and a depth of 1.0 m. Its base had a thickness of 0.8 m
consisting of 0.5 m thick reinforced concrete and 0.3 m thick hand placed rock. The apron consisted
of three segments of hand placed rock, their lengths and thickness was 10x0.5, 8.9x0.3 and 15.4x0.3
m respectively. Coarse sand, gravel and crushed stone filters were placed beneath the most
upstream segment of the apron and 4 rows of drainage holes with a center to center distance of 1x1
m were also installed there.
The upstream blanket consisted of 10 m in length of concrete with a thickness of 0.8 m and
another 10 m length of hand placed rock with a thickness of 0.5 m.
Banks were protected by hand placed riprap.
D. Damage
The upstream row of columns for supporting beams and the lift machine tilted in an upstream
direction but the downstream row tilted in a downstream direction. The largest tilting, with a
deflection angle of 25 degrees, occurred near the middle of the river. Horizontal cracks with a width
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of 3 to 5 cm appeared on the bottom part of the columns. The elongated reinforcing can be seen in
Figure 13.
4. Pumping Stations
(1) Introduction
The pumping stations were generally built in the plain and coastal areas of the Tangshan
Prefecture. There were 103 pumping stations whose capacity exceeded 1 cm, among those stations
45 had a capacity greater than 4 cm. Most of the stations were founded on saturated soft soils except
for the Nanhe Station which was built on sand and gravel soils in the hill area of the Yanshan
mountainous region.
Each station generally consisted of main and auxiliary pump houses, an inlet pond, an outlet
pond, an inlet lock for drainage, an outlet lock for drainage, an inlet lock for irrigation and an outlet
lock for irrigation. The structures of pump houses were nearly the same and a raft foundation was
usually adopted. Stone masonry and reinforced concrete were the main construction materials used
for the pump houses below the pump floor but bricks were used above that floor. A reinforced
concrete stirrup usually surrounded the upper part of the brick walls. There were 26 stations whose
pump house roofs were wooden trusses covered by clay tiles, and there were 19 stations whose
pump house roofs were pre-cast reinforced concrete beams having a channel section.
There were 13 stations having vertical pumps, the pump houses of these stations had a total
height of 14 to 16 m including 7 to 8 m above the ground surface. Generally, these pump houses
were equipped with a movable crane. There were 32 stations with horizontal pumps, the pump
houses of these stations had a total height of 11 to 13 m including a height of 6 to 7 m above the
ground surface. Only a few of these houses were equipped with a movable crane. Seventy percent
of the wall area was occupied by windows and door openings.
The main damage to the pump houses was partial collapse, tilting, and cracks on brick walls –
especially at the corners of the wall, also occasional cracks and settlement of the raft foundation.
The locks at the stations were mainly stone masonry structures and the damage was generally
similar to that of sluices.
The damage to pump stations, in fact, occurred at the pump houses and they are classified into
four categories.
1) Serious. The main and auxiliary pump houses tilted, partially collapsed, the important parts
of the house cracked.
2) Less serious. The important parts of the house cracked and deformed.
3) Slight. Walls cracked, construction joints widened, locks seriously cracked, locks tilted.
4) No damage. No damage to the main and auxiliary pump houses, small cracks on locks.
(2) Special features of damage
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1) Statistics
The damage to pump stations subjected to different earthquake intensities are shown in Table 1.
Out of 26 pump houses 73% of those using a wooden truss for the roof were damaged. Out of 19
pump houses with a reinforced concrete roof 100% were damaged. Out of 13 pump houses
equipped with vertical pumps 92% were damaged. Out of 32 pump houses equipped with horizontal
pumps 81% were damaged.
2) Special features of damage
A. Damage generally occurred to the brick walls above the pump floor. Damage to the lower
part of pump houses only occurred at the Tangfang, and Sunlaiozhuang Stations whose floors for
pump installation had been cracked slightly before the earthquake. There was no damage to the raft
foundation.
B. Cracks on the longitudinal walls were generally horizontal and appeared along the upper and
lower edges of windows, in serious cases collapse of a few walls resulted in roof trusses and beams
falling. However, the damage to transverse (gable) walls at pump houses were usually a set of
intersected cracks, in serious cases the corner of the wall broke. Moreover, horizontal cracks
occurred near the reinforced concrete stirrup surrounding the top of the walls, in serious cases a part
of the brick wall broke.
C. The auxiliary pump house was generally separated from the main house; they were founded
on stone masonry footings or cast-in-place piles. They tilted or even collapsed towards opposite
directions and the settlement joints between the houses usually widened.
(3) Typical examples of damage
1) Dongzhuangzi Station
A. Introduction
It was located on the Jintang Canal in the coastal plain area of Fengnan County with a distance
of 21 km from the epicenter, and was subjected to an earthquake intensity of IX. The pump station
was well constructed and was completed in 1975. Its pumping capacity was 6 cm supplied by 3
vertical pumps, each pump was equipped with a 165 kW motor. The main pump house was founded
on a reinforced concrete strip footing, it had a cast-in-place reinforced concrete slab as a floor for
pumps, the brick wall above this floor together with reinforced concrete columns supported the
reinforced concrete beams with a T-shaped cross-section and roof slabs having a channel shaped
cross-section.
B. Foundation
The ground elevation at the station was 3.0 m. The surface layer was clay and silty clay with a
thickness of about 6.5 m, which was underlain by clayey sand on which the footing of the main
pump house was founded. The depth to ground water level ranged from 2 to 4 m in 1976.
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C. Structure
The main and auxiliary pump houses were separate. The main house had a total area of 148
square meters and an overall height of 14.2 m, half of its height was built below the ground surface.
Its base had a length of 15.6 m, a width of 9.5 m and a thickness of 0.68 m. Motors and pumps were
installed on a floor having an elevation of 3.7 m, the house below this elevation was a cast-in-place
reinforced concrete structure. The front and rear walls above this elevation, having a height of 4.8 m
and 6.0 m respectively, were reinforced concrete with brick above the reinforced concrete walls. In
order to strengthen the brick walls, reinforced concrete columns having a spacing of 3.25 m, a crosssection area of 40x40 cm and connecting to the surrounding beams were built against the inside of
the brick walls. Reinforced concrete T-shaped beams and a channel shaped slab on the top of the
walls were sealed with asphalt to form the roof of the house.
The structure of the auxiliary pump house was similar to that of the main house except that it
was founded on piles. Figure 14 shows the structure and damage to the pump houses.
The inlet and outlet ponds and locks were all stone masonry structures.
D. Damage
i) The main pump house tilted towards the outlet pond and its top displaced about 20 cm. The
connection between the surrounding beam and the columns was broken as shown in Figure 14. It
was found that reinforcing bars were elongated and twisted. The damage to the front wall was less
than to the rear wall. Horizontal cracks appeared near the corner of the house. Some parts of the
brick wall became loose, see Figure 14.
ii) The floor slab of the auxiliary house collapsed completely. Its surrounding beam fell and
destroyed the nearby transformer and its accessories, as shown in Photo 12.
iii) A crack with a width of 4 to 6 cm appeared on the wall of the inlet pond and the settlement
joint of the wall widened 10 cm.
iv) The guide wall of the outlet irrigation lock cracked and settled 3 cm. The settlement joint in
a culvert passing under the dike near the drainage lock widened about 10 cm while the culvert was
settling about 17 cm.
v) Houses for maintenance personnel cracked seriously and tilted southwards. Glass in the
windows broke.
2) Yangchakoutou Station
A. Introduction
It was located in the plain near the coast in Fengrun County, having a distance of 16 km from the
epicenter and an earthquake intensity of IX. Its capacity was 6 cm which was provided by 3
horizontal pumps with a total power of 465 kW. The main and auxiliary pump houses were not
separate, having a total area of 178 square meters and a overall height of 12.7 m half of which was
built below the ground surface on reinforced concrete strip footings. Its roof consisted of wooden
trusses and cement tiles.

268

B. Foundation
The topsoil layer was 5 m of thick black clay, its surface elevation was 2.0 m and the depth of
the ground water level was 2 to 3 m.
C. Structure
Pump houses were founded on reinforced concrete strip footings. The reinforced concrete base
slab of the water collection room in the pump house had an elevation of -3.0 m and a thickness of 0.6
m; it was underlain by crushed stone having a thickness of 0.1 m, a width of 11.4 m and a length of
15.6 m. The floor for pumps was reinforced concrete but the walls above the floor were made of
bricks.
All locks and ponds were stone masonry structures.
D. Damage
i) The station was being operated during the earthquake and the operator found power failure,
the pump house swung back and forth and collapsed completely. All the pumps and facilities within
the house were destroyed. See Figure 15.
ii) Settlement joints between the pump house and pond widened. A longitudinal crack with a
maximum width of 1 cm appeared on the base slab of the pump house. The guide wall near the
outlet tilted and cracked and guide walls near the outlet collapsed completely.
iii) All of the brick houses for the maintenance personnel completely collapsed.
3) Zhengbazhuang Station
A. Introduction
It was located on an alluvial deposit area in Fengrun County having a distance of 24 km from the
epicenter and an earthquake intensity of IX. It was constructed in 1975 having a normal
construction quality and a capacity of 8 cm, the latter was provided by 4 pumps with a total power of
620 kW. The main and auxiliary pump houses were not separate, they were founded on reinforced
concrete strip footings and were covered by reinforced concrete roof slabs.
B. Foundation
The topsoil was a 3 to 4 m thick clay layer underlain by medium and fine sand. The ground
water level ranged from 3 to 4 m below the ground surface which had an elevation of about 4.0 m.
The well point was used to lower the ground water level during construction. Some sandboils
appeared on the ground surface near the station after the earthquake.
C. Structure
The reinforced concrete base slab had an elevation of -1.3 m, a width of 11.1 m, a length of
20.8 m and a thickness of 0.6 m; it was underlain by a crushed stone layer with a thickness of
0.15 m. The floor for the pump installation and part of the wall above the floor were reinforced
concrete but the rest of the walls above this floor were made of bricks. A reinforced concrete stirrup
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beam encircled the house near the top of the brick walls and reinforced concrete roof slabs were on
top of the walls. All the locks and ponds were stone masonry structures. See Figure 16.
D. Damage
i) A part of the wall at the west corner collapsed and the nearby bricks loosened.
ii) Horizontal cracks were along the upper and lower edges of windows.
iii) Cracks and breaks appeared near the connection between the surrounding beam and the
wall.
iv) A 7 to 8 m long stone masonry wall of the inlet pond collapsed.
v) Thirteen brick houses for maintenance personnel collapsed completely.
5. Rivers and dikes
(1) Introduction
There were 23 rivers and 22 canals in this Prefecture, each canal was capable of irrigating more
than 10,000 mu. Moreover, there were a number of dikes surrounding 3 reservoirs in the plain area
for storing and retarding floodwater in addition to a 120 km long dike for guiding saltwater. The
location of the main rivers and dikes are shown in Figure 1. The earthquake resulted in damage of
various degrees. Among the above mentioned rivers and dikes the Douhe River riverbed, dikes
along the Luanhe River and Huanxianghe River, irrigation canals in the Baigezhuang reclamation
area and a guide dike in Leting County were subjected to the most severe damage including slip,
crack, settlement, heaving and sandboils. Table 14 shows the damage to rivers and dikes.
(2) Damage investigation
1) Luanhe River
It had a total length of 877 km and a catchment area of 44,900 square meters. There were no
dikes along the river until it flowed into the plain area in Luanxian County. The dikes along the
right bank had a length of 45 km, a height of 3 to 5 m, a crest width of 4.0 m and a side slope of 1 on
3. Clayey sand was the main construction material used for dikes and alluvial sandy soils were the
foundation of these dikes. Fine sand usually deposited in riverbeds had a length of 2,000 to 3,000 m
and a slope gradient of 0.025%. It was found that most of the riverbed heaved after the earthquake.
Damage to the dikes was severe, including widespread settlement and cracks as well as some
slides and sandboils. The stations along the river were installed from north to south. The settlement
of a section of dike having a length of 4 to 5 m near Station 2+100 m east of the Teacher's College in
Luanxian County was 3 to 4 m more than that of the adjacent section. Another section at Station
6+500 m slid and settled 2 to 3 m. At Station 7+000 m transverse cracks with a width of 3 to 4 m
and a depth of 3 m appeared on the dike crest and the trees on it tilted. At Station 7+200 m slips
occurred on dike slopes resulting in stepped slopes. From Stations 15+000 m to 16+300 m a crack
with a width of 0.2 to 3.0 m appeared on the riverward slope of the dike, also, 16 transverse and
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diagonal cracks appeared on the dike crest. Widespread settlement of the dike amounted to 0.3 to
5.0 m. At Station 23+100 m cracks with a width of 1.5 m and a depth of 3.0 m appeared on the
landward slope and the dike crest settled 0.5 to 0.8 m. From Stations 26+600 to 30+000 m no
evident damage to the dike was found. But the dike was damaged seriously near Xujiafangzi where
cracks had a width of 2 to 3 m and a depth of 2 to 3 m. Trees tilted and cracks were widely
distributed.
2) Douhe River
Its catchment area was 1,340 square kilometers. There were no dikes along the river near the
city of Tangshan where the depth of the river channel was 5 to 6 m, its length and gradient were 8
km and 0.03 to 0.05% respectively. The banks consisted of silty clay and steep. After the
earthquake two cracked zones appeared along the riverbanks. The zone generally contained 7 to 8
cracks, each had a width of 5 to 15 cm. The width of the river contracted about 2 to 4 m and the
riverbed heaved about 1 m. Some slips carried the trees on the steep bank slopes moving towards
the river. The dikes along the river between the city of Tangshan and Donggezhuang had a length of
9 km. The left dike had a height of 2 to 3 m, but the right dike was 1 m. Its riverbed was fine sand
and its banks was clayey sand. A section of the dike near Donggezhuang settled as much as its
height, therefore, it disappeared and only some large cracks with a width of 1.5 to 2 m could be seen
on the ground surface. The widespread sandboils and tilting of trees along the dike revealed that
liquefaction occurred in the foundation of dikes. The width of the river was greater than 20 m before
the earthquake, it contracted about 5 m to 6 m so that its discharging capacity was reduced to about
70 to 80%.
The dikes along the river between Donggezhuang and the mouth of the river were generally
founded on black clay, they underwent relatively slight damage including some small longitudinal
cracks.
3) Huanxianghe River
The river channel had a depth of 7 to 8 m and a width of 100 to 400 m, but the width of the
major bed was only 70 to 80 m. The dikes had a height of 3 to 5 m, a crest width of 3 to 4 m and
side slopes of 1 on 2.00-2.50 and 1 on 3.00-4.00.
The foundation of the dikes as well as the deposits on the riverbed were fine sand and silt in the
section between Baigongtun and Woluogu where both the river and dike was damaged seriously
because of the earthquake. There were 78 large slides resulting in disappearance of the whole dike
which was 280 m long, settlement of more than 3 m at a 3,000 m long dike and settlement of more
than 1 m at a 2,475 m long dike. The maximum width of the cracks on the crest of the dike
amounted to 1.5 to 2 m and sandboils could be seen in the cracks.
The section of river between Woluogu and the city of Tianjin underwent relatively slight damage
where the surface soil was mostly black clay with a thickness of 3 to 8 underlain with fine and silty
sand. In this section only some cracks with a width of 10 cm could be found. However, the
riverbank settled about 0.5 m and cracked seriously at the section where it flowed into the Jiyuanhe
River.
4) Other rivers and dikes
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A. The left dike along the Jiyuanhe River was located in the area having an earthquake intensity
of VIII but it underwent very slight damage because the riverbed was clayey soils.
B. The riverbed of the Shuangcheng River near Yutian County consisted of clayey soils and
underwent slight damage.
C. The riverbed of the Nihe River in Fengrun County consisted of clayey soils with a thickness
of 4 to 5 m underlain with fine sand. Some cracks with a width of 5 to 10 cm appeared on the crest
of the dikes.
D. The riverbed of the Jintang Canal consisted of clayey soils. Seven to 8 cracks along the river
and contraction of the river 3 to 4 m was found.
E. The riverbed of the Xipaiyu River also consisted of clayey soils. Cracks with a width of 5 to
10 cm and contraction of the river 1 to 2 m was found.
F. A section of the Shahe River between Qianguan and Xiaoji consisted of sandy soils. The
earthquake caused typical sand liquefaction, riverbed contraction and side slope flattening,
moreover, the conduits passing under the dikes cracked and differentially settled. On the contrary,
only some cracks along the river appeared in the clayey riverbed.
G. A section of the Xiaojimanhe River had a clay bank and fine sand riverbed. The latter
heaved more than 1 m and the banks moved towards the river. As a result, 7 to 8 cracks with a
width of 5 to 10 cm appeared on the top of the bank.
H. The Liuzhan Reservoir in the plain area was surrounded by a very long dike having a length
of 11.8 km, a height of about 4.2 m and a side slopes of 1 on 3, 1 on 7 and 1 on 14. Both the
foundation and the dike were salted soils. After the earthquake the dike settled generally 0.3 to
0.4 m, even up to 0.6 m. Numerous longitudinal cracks occurred on the entire length of the dike.
I. The Baigezhuang irrigation canal with a length of 64.5 km passed through the alluvial soils
which were liable to be liquefied. The canal section between Stations 0+500 and 4+600 m had a
deep channel whose slopes slid seriously; a slide with a length of 949 m settled about 3 to 5 m on
which numerous cracks were found. Another slide with a length of 791 m almost blocked the river.
The dike between Stations 25+000 and 55+500 m settled and cracked, in the same section the river
contracted and its discharging capacity reduced to about 40 to 50%. There were 28 bridges in this
area among which 13 bridges completely collapsed, 6 bridges settled and displaced, and the other 9
bridges were still usable after the earthquake. In addition, there were 9 conduits in this area and they
were all damaged to different degrees except for one at the canal intake.
(3) Characteristics of damage
1) Damage to the dike
A. The slides usually appeared on the dike, which was built on a sand foundation and/or near
the non-composite riverbed, especially where the river bent abruptly so that the dikes were
surrounded by the river. As a result, breaches appeared in the dike and the river was blocked or
constricted.

272

B. Cracks appeared where the earthquake intensity exceeded VI. Sometimes the cracks were
very wide and deep as shown in Photo 13.
C. Widespread settlement of the dike occurred.
2) Damage to the riverbed
A. The banks moved toward the river and the riverbed heaved. No evident slides occurred on
the banks of cohesive soils but a set of parallel cracks were found.
B. Heave and sandboils of a riverbed are shown in Photo 14.
C. There was contraction of the river due to heaving of the riverbed. Meanwhile, the bank
slopes flattened.
3) Damage to the adjacent structures
A. The slide of the riverbank caused displacement and tilting of the adjacent sluice and bridge
piers as well as the retaining wall as shown in Photo 15.
B. The deformation of the river caused settlement or heaving of adjacent structures.
C. The deformation of the dike caused cracks and shear failure of conduits passing under it.
4) Effect of topography and geology on damage to rivers
Topography played an important role in causing damage. Rivers in the Tangshan Prefecture
usually would bend abruptly and had a relatively steep gradient if the riverbed consisted of sandy
soil. It was found that most of the slides and cracks appeared on the dike in the above-mentioned
area. However, the damage would be slight if both the bank and the riverbed were clayey soils.
6. Damage to Pumping Wells
(1) Introduction
Most of the wells in this prefecture were constructed in the middle 1950's; they could be
classified as two kinds. In the Yanshan Hill area and in the north part of the Luanji alluvial area,
water in the upper layer was plentiful therefore a caisson type well was usually adopted. The
internal side of the well was cased with hand placed bricks or stone, sometimes by pre-cast concrete
rings. The wells had a large diameter and a depth of 15 to 30 m. In the south part of the Luanji
alluvial area, the aquifer of the lower layer was rich in water therefore a deep bored well with a
depth of 30 to 120 m was usually adopted. In the Jidong coastal area the aquifer in the upper layer
was usually salty therefore, the depth of the bored well should be 150 to 200 m or even exceed 200
m in order to obtain artesian fresh water. Those deep wells were cased with cement pipes with a
diameter of 250 mm.
Before the earthquake there were 95,644 wells in this prefecture. Most of the wells were cement
pipe wells in addition to more than 1,000 wells with cast iron casings and about 1,200 wells cased
with hand placed stones and a very limited number of wells cased with wooden pipes. The
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earthquake damaged nearly 62,595 wells corresponding to 65% of the total wells. The damage was
especially serious in Luanxian, Luannan, Leting and Fengnan Counties, the percentage of damage
reached 80 to 90%. However, it was found that the wells cased with hand placed stones in the hill
area were slightly damaged.
The cement pipe was made of No. 400 or 500 cement mortar. It was not manufactured by
centrifuge method until the beginning of the 1970's instead of pressing the cement mortar in a
mould. There were three different sizes namely, O.D.=760 mm, I.D.=660 mm; O.D.=400 mm,
I.D.=320 mm; O.D.=290 mm, I.D.=190 mm. The length of individual pipe was 0.6 to 1.0 m; they
were butt joined and the joints were sealed with a mixture of cement and asphalt.
(2) Characteristics of damage and examples
There were four kinds of damage to the wells.
A. A crater whose center nearly coincided with the center of the well
The craters had depths of 3 to 4 m and diameters of 3 to 5 m. The platform of the well settled
due to soil liquefaction. The well house and outlet pipe sank in the silty sand. The investigator
sometimes was not able to locate the center of the well.
B. Sandboils caused the well to clog and settle
Sandboils in the well caused water and sand to flow out of the well. In some places water and
sand spouted up from the well to a considerable height above the ground surface; and sandboils
continued to flow for several hours, days or even more than a month. Sand filled the wells and a few
were completely filled with sand.
C. Displacement and tilting of casing pipe and tearing of pipe joints
Tearing of pipe joints occurred at depths 2 to 8 m below the ground surface, and in extreme
cases at a depth of more than 30 m. The corresponding depth in the alluvial area and near the edge
of the alluvial area was 5 to 10 m and about 30 m respectively. In the coastal area the depth was
even greater. Those tears generally occurred in saturated sand layers or near the boundary between
the sand gravel and clay layer.
D. Alteration of water quality and quantity
Well water in the coastal area became salty so drinkable water became a problem for people in
150 villages in the coastal area. The quantity of water in some wells increased but that of other wells
decreased.
E. Undamaged wells in seriously damaged areas
As described in the following a carefully built well by a well company in Ninghe County was
still usable after the earthquake (12). A slightly damaged well in cohesive soils with a depth of 10 to
11 m had casing pipes made of wood (13). Examples 6 and 11 were only several hundred meters
apart and had similar geological conditions, the former was seriously damaged but the latter was not.
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F. Examples
1) This well was located in the north part of Yujiapo Village in Fengnan County, its depth was
150 m and the surface soil was clay. A crater was formed on the top of the well after the earthquake;
its casing was broken at a depth of 3 m below the ground surface.
2) This well was located in Huangnizhuang having a depth of more than 20 m. The platform of
the well settled gradually more than 1 m within two months. Corn growing near the well settled and
was displaced with the platform as shown in Photo 16.
3) There was large settlement around or near six wells at the eastern part of Duzai Village in
Funing County as shown in Photo 17
4) This well was located in the north part of Taipingzhuang, after the earthquake water flowed
out of the well for more than one month resulting in a large settlement of nearby ground.
5) Settlement of more than 1 m occurred near a well in the Shaziwo Village in Funing County.
Fine sand and water flowed out of the well for several days. Another well at the west part of the
village had a depth of 32 m from which sand and water also flowed out for several days after the
earthquake.
6) There were 27 wells in Siwangzhuang in Fengnan County. They were all damaged due to
tearing of casing joints at a depth of more than 8 m.
7) This well was located 1.5 km east of Laowangzhuang Village in Fengnan County. It was
constructed in 1971 and cased with iron pipes, which were torn off at a depth of 8 m. As a result, the
upper part of the casing tilted.
8) There were 200 wells located in the ancient river of Luanhe in Leting County. Topsoil was
clayey sand underlain by medium and coarse sand, gravel and inter-bedded sand and clay. The
depth of the wells ranged from 40 to 60 m. All were destroyed.
9) These four wells were constructed in 1968 at the second fertilizer factory of Leting County,
three of them were cased with cast iron pipes and each had a depth of 160 m and the casing
consisted of 40 welded pipe segments. The soil stratum and the depth from top to bottom were black
clayey sand 0-8 m, fine sand 8-13 m, sand 13-17 m, clayey sand 17-18 m, medium sand 18-22 m,
gravelly coarse sand 22-29 m, silty sand 29-39m, and fine and silty sand 39-44 m. After the
earthquake water and sand flowed out and clogged the well. The second joint of the cast iron pipe
was broken so the top of the well was displaced 50 cm horizontally. Another well with a depth of
230 m was cased with screw jointed steel pipes. Sandboils occurred in this well but it was not fully
filled by sand though 50 cm of horizontal displacement and tilting of the well made it useless.
10) These four wells were located at the First Fertilizer Factory in Leting County about 1 km
from the wells described in the preceding example so their soil stratum was nearly the same. Their
depths were 164, 167, 162, and 165 m respectively and they were all cased with cast iron pipes.
Their damage was quite similar to those of the preceding examples.
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11) Three undamaged wells were all in the urban area of Fengnan County. The first one, having
a depth of 170 m and completed in 1973, was at the Headquarters of the Haihe River Conservancy;
the second one with a depth of 120 m was at the Cement Pipe Factory; the third one was at a
storehouse of aquatic products. It is of interest to note that the distance between the third well and
the seriously damaged well described in Example 6 was only several hundred meters.
12) Another undamaged well was located in Xiaolizhuang in Fengnan County. It had a depth of
120 m and was well constructed in 1966.
13) A number of wells had been constructed in Liuzhuang in Leting County since 1956. Among
those wells 13 were cased with wooden pipes, 9 with cement pipes and their depths were 60 to 70 m.
Soil stratum and their depth from top to bottom was sandy loam 0-6 m, sandy clay 6-11 m, coarse
sand 11-26 m, fine sand 26-31 m, sand and gravel 31-36 m, clay 36-48 m, and sandy clay. The
earthquake did not damage those wells except for slight siltation in some.
7. Other Hydraulic Facilities
The facilities included a very large number of small canals and bridges. Their design was simple
and rough and they were not well constructed using some nonqualified materials, therefore their
damage was very serious.
Cracks and slides were widely distributed on banks of 8,980 small canals resulting in blockage
or contraction of those canals. It was found that 6,403 out of 8,980 canals were seriously damaged
amounting to 71%. 505 out of 848 km linings made of stone masonry and concrete were seriously
damaged because of sliding and cracking so they were unable to control seepage. 3,842 out of 6,641
bridges collapsed, tilted or were seriously displaced as shown in Photo 18, amounting to 59%.
(Translator: Chen Yujiong)
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Dawanzi, Funing County (96);
clay sloping core sand dam;
(353)

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

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

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

2; Qiuzhuang; (1960)

3; Douhe; (1956)

4; Banruoyuan;
(1972)

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

1; Yanghe; (1961)

Label Number;
Name of Dam;
(Year Completed)

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

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

24.8/.926; -----

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

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

good; less serious; (VII)

very good; serious; (IX)

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

good; serious; (VII)

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

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

sand on argillaceous limestone;
upstream blanket

upstream clay blanket

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

Table 3. Main damage to dams.

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

normal; (12.5)

leakage through
dam foundation;
(10.63)

normal; (16.57)

Before Earthquake
Performance;
(Water Depth, m)

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

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

details described in text

details described in text

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

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

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

6; Shihe; (1975)

7; Fangguanying;
(1976)

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

5; Bayi; (1958)

Label Number;
Name of Dam;
(Year Completed)

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

36/365; 1:0.10/1:0.69

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

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

good; slight;

good; not damaged; (VI)

normal; less serious; (VIII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

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

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

Foundation and its
Treatment

Main Damage

just completed; (6)

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

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

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

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

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

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

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

9; Huashihou; (1975)

10; Maojiagou;
(1976)

11; Xiaolongtan;
(1973)

12; Gaojiadian;
(1976)

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

8; Yaozhan; (1975)

Label Number;
Name of Dam;
(Year Completed)

27.5/171; 1:0.2/1:0.75

39.6/217.5; 1:0.1/1:0.9

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

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

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

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

normal; less serious; (VII)

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

bad; serious; (VII)

bad; serious; (VII)

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

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

not put into
operation; (9)

normal; (9)

slight leakage
through foundation;
(6.8)

Before Earthquake
Performance;
(Water Depth, m)

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

nearly completed;
(23.9)

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

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

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

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

Foundation and its
Treatment

details are described in
example 6

details are described in
example 5

details are described in
example 4

details are described in
example 3

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

Main Damage
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13; Dongfeng; (1975)

Label Number;
Name of Dam;
(Year Completed)

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

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

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

Table 3. Continued.

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

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

Before Earthquake
Performance;
(Water Depth, m)

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

Main Damage
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15; Mataizi; (1976)

14; Shahe; (1976)

Label Number;
Name of Dam;
(Year Completed)

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

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

15.4/175;
1:3.00/1:2.50

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

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

normal; serious; (VII)

good; serious; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

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

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

Foundation and its
Treatment

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

Main Damage

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

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

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

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

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

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

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

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

16; Guoxiang; (1958)

Label Number;
Name of Dam;
(Year Completed)

Table 3. Continued.

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

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

Foundation and its
Treatment

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

Main Damage

performed
satisfactorily for
years; (8.2)

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

Label Number;
Name of Dam;
(Year Completed)

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

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

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

Table 3. Continued.

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

Foundation and its
Treatment
normal; (6.5)

Before Earthquake
Performance;
(Water Depth, m)

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

Main Damage
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19; Yangshangou;
(1975)

Label Number;
Name of Dam;
(Year Completed)

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

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

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

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

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

Foundation and its
Treatment
normal; (7.5)

Before Earthquake
Performance;
(Water Depth, m)

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

Main Damage

284

20; Liangjiayu;
(1976)

Label Number;
Name of Dam;
(Year Completed)

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

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

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

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

Before Earthquake
Performance;
(Water Depth, m)

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

Foundation and its
Treatment

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

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

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

22; Xiaosuozhuang;
(1972)

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

21; Xiajingzi; (1969)

Label Number;
Name of Dam;
(Year Completed)

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

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

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

normal; less serious; (VII)

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

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

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

being heightened
just before
earthquake; (13)

slight leakage
through dam and its
foundation; (13)

Before Earthquake
Performance;
(Water Depth, m)

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

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

Main Damage

286

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

16/186; 1:3.00/1:2.00

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

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

24; Jieguanting;
(1959)

25; Caoxizhuang;
(1975)

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

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

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

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

23; Daheju; (1959)

Label Number;
Name of Dam;
(Year Completed)

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

good; less serious; (VII)

good; serious; (VI)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

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

normal; (17)

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

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

Main Damage

normal;(14.7)

Before Earthquake
Performance;
(Water Depth, m)

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

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

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

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

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

27; Yangshanhe;
(1975)

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

26; Liangjiatai;
(1976)

Label Number;
Name of Dam;
(Year Completed)

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

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

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

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

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

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

Before Earthquake
Performance;
(Water Depth, m)

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

normal; (12)

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

Foundation and its
Treatment

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

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

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

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

29; Beizhuanghe;
(1969)

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

28; Daizhuang;
(1975)

Label Number;
Name of Dam;
(Year Completed)

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

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

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

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

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

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

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

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

Foundation and its
Treatment

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

normal; (13)

Main Damage

normal; (12)

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

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

32; Huangjinshan;
(1959)

33; Shijiayu; (1969)

18.1/85; 1:0.1/1:0.7

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

31; Panzhuang;
(1960)

17.7/279; 1:3.00/1:2.00

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

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

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

30; Guiyizhai; (1976)

Label Number;
Name of Dam;
(Year Completed)

good; no damage; (VII)

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

good; no damage; (VIII)

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

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

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

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

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

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

Foundation and its
Treatment

normal; (8)

normal; (6.8)

no water could
remain in the
reservoir; (0)

just completed and
started
impoundment; (0)

Before Earthquake
Performance;
(Water Depth, m)

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

Main Damage
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34; Liuheishi; (1970)

Label Number;
Name of Dam;
(Year Completed)

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

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

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

Table 3. Continued.

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

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

Before Earthquake
Performance;
(Water Depth, m)

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

Main Damage
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35; Huasngjiacun;
(1970)

Label Number;
Name of Dam;
(Year Completed)

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

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

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

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

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

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

Before Earthquake
Performance;
(Water Depth, m)

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

Main Damage
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36; Geyuan; (1973)

Label Number;
Name of Dam;
(Year Completed)

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

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

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

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

Before Earthquake
Performance;
(Water Depth, m)

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

Foundation and its
Treatment

after the 7.8 magnitude
earthquake a
longitudinal crack with a
length of 80 m and a
width of 1 to 2 m
appeared 0.8 m below
the dam crest on the
downstream slope; the
dam was swinging like
an earthworm but no
waves appeared on the
reservoir surface except
near the boundary
between the water and
reservoir bank during
the 7.1 magnitude
aftershock; no damage
to conduit of 0.7 m in
diameter and open
spillway of 10 m in
width; an aqueduct 400
m in length downstream
of the dam collapsed
completely due to
structure weakness
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Daxugou, Lulong County;
(75(24)); clay sloping thick
core dam; (1.08)

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

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

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

38; Lumazhuang;
(1976)

39; Maogezhuang;
(1976)

40;Sidixia; (1969)

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

37; Daxugou; (1976)

Label Number;
Name of Dam;
(Year Completed)

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

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

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

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

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

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

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

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

normal; less serious; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

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

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

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

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

Foundation and its
Treatment

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

Main Damage

normal; (7.6)

normal; (8)

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

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

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

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

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

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

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

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

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

Foundation and its
Treatment

Main Damage

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

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

Label Number;
Name of Dam;
(Year Completed)

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

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

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

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

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

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

Before Earthquake
Performance;
(Water Depth, m)

2 main longitudinal
cracks on the dam crest
with a length of 200 m
and a width of 12 to 15
cm; other 7 to 8 minor
longitudinal cracks with
a width of 3 to 5 cm
appeared on the left 100
m of the main cracks; so
many cracks here
resulted in a fracture
zone with a width of 30
cm; a part of the
upstream slope above
the main riverbed
settled; leakage
discharge increased to 4
to 5 liters per second
and the seeping water
became dark for 3 hours;
slight leaks appeared on
the downstream slope
near the right abutment
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Geographic Location;
(Distance to Epicenter, km);
Type of Dam; (Reservoir
Capacity, Million m3)

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

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

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

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

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

Foundation and its
Treatment
performed shortly;
(7)

Before Earthquake
Performance;
(Water Depth, m)

before the dam was
heightened the side
slope of the open
spillway adjacent to the
dam had been flattened
to 1 on 0.4; a transverse
crack appeared on the
dam near this side slope;
it had a width of 1 to
2 cm, started from the
dam crest and
terminated at the dam
slopes; before the
earthquake another
transverse crack
appeared near the left
abutment when the
depth of reservoir water
increased to 10 m; this
crack widened to 4 to 5
cm after the earthquake;
dam crest settled
unevenly about 20 cm;
leakage through the 0.6
m diameter conduit
increased; seepage
discharge through the
dam foundation
increased to 20 liters per
second
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Wanbaogou, Qianan County;
19.6/206.5; 1:3.00/1:2.50
(74); homogeneous dam; (1.70)

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

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

45; Wanbaogou;
(1969)

46; Weizizhuang;
(1958)

47; Huangjiashan;
(1959)

21.5/140; 1:3.00/1:2.50

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

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

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

44; Madi; (1959)

Label Number;
Name of Dam;
(Year Completed)

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

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

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

good; slight; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

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

very fractured rock outcropped
on the riverbed; cutoff wall did
not extend to the weak
weathered rock

gneiss bedrock overlain by sand
and gravel 2 to 4 m thick; cutoff
wall extended to the weak
weathered bedrock

limestone bedrock overlain by
gravely clay 2 to 5 m thick;
cutoff wall extended to weak
weathered rock

Foundation and its
Treatment

leakage through the
reservoir area and
the dam foundation;
water could not be
stored in the
reservoir for a long
time; (0)

severe leakage
through dam
foundation as well
as through reservoir
area; no storage
could be made, the
dam could
temporarily retain
the flood water; (4)

normal; (4)

normal; (7)

Before Earthquake
Performance;
(Water Depth, m)

small longitudinal
cracks appeared on the
dam crest; no damage to
spillway except the
cracks on its guide walls

Main Damage
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Longtang, Qianxi County;
17/360;
(51); homogeneous dam; (2.65) 1:2.25-2.75 /1:2.00-2.50

Majiagou, Qianxi County;
(49); clay sloping core dam;
(1.01)

Baimiaozi, Heiwa, Qianxi
County; (69); clay sloping core
dam; (1.50)

50; Bayi; (1976)

51; Majiagou; (1976)

52; Heiwa; (1976)
17.5/175;
1:2.50/1:2.00-2.25

22/90; 1:2.75/1:2.00-3.00

16/220;
1:2.50-2.80/ 1:2.00-2.50

Lianggezhuang, Chengli
County; (87); clay sloping core
dam; (1.03)

49; Xiawa; (1976)

23/586;
1:2.30-2.50/ 1:1.80-2.00

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

Gezitang, Xugezhuang, Funing
County; (99); clay central and
sloping core dam; (2.90)

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

48; Gezitang; (1976)

Label Number;
Name of Dam;
(Year Completed)

clay for sloping core,
residual soils for
downstream shell, normal
quality; no damage; (VII)

construction materials for
the downstream shell were
residual soils and materials
from the spillway
excavation, normal quality;
very slight damage; (VII)

silty clay dam construction
material, normal quality; no
damage; (VII)

poor; slight; (VII)

normal; slight; (VI)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

just completed; (3)

normal;
reconstruction just
completed; (6)

the reservoir was
being reconstructed
due to severe leaks;
the dam had a height
of 15 m during
reconstruction; (0)

Before Earthquake
Performance;
(Water Depth, m)

gneiss bedrock overlain by
just completed; (10)
gravel 3 to 5 m thick; cutoff wall
extended to the weak weathered
rock

sandstone overlain by sand and
just completed; (8)
gravel 3 to 5 m thick; cutoff wall
extended to fresh bedrock

2 to 4 m sand deposits on the
bedrock; cutoff wall extended to
fresh rock

2 to 3 m sand deposit on bed
rock; cutoff wall extended to the
bedrock but alluvial deposits
under the auxiliary dam were
very thick

sand, gravel and clay deposits
with a maximum thickness of 23
m at the ancient main riverbed
on bedrock; cutoff wall
extended to bedrock

Foundation and its
Treatment

the lower surface of the
downstream slope near
the left abutment
became wet; a crater
with an area 2×3 m and
a depth of 2 m appeared
at the downstream
shoulder of the dam near
the right abutment; a
crack appeared at the lid
of the conduit near the
outlet

slight leak through the
dam foundation

2 longitudinal cracks on
the dam crest with a
length of 80 m and a
width of 4 cm

7 to 8 cracks appeared
on the dam crest with a
total length of 140 m
and an average width of
1 to 2 cm; their
maximum width, length
and depth were 5 cm, 35
m and 2.5 m
respectively

Main Damage
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Xinji, Changshangou, Qianxi
County; (54); clay central core
dam; (1.02)

Gezian, Liuguzhuang, Qianxi
County; (73); clay central core
dam; (1.76)

Xinji, Houyu, Qianxi County;
(59); clay sloping core dam;
(1.07)

54;Gezian; (1976)

55; Houyu; (1976)

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

53; Changshangou;
(1976)

Label Number;
Name of Dam;
(Year Completed)

15.2/168;
1:2.50/1:2.00-2.25

18/205; 1:2.00-2.50 /1:2.50

22.5/160;
1:2.50-2.75/1:2.00-2.50

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

normal; no damage; (VII)

normal; slight damage; (VII)

normal; slight damage; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

conglomerate bedrock overlain
by sand 2 to 4 m thick; cutoff
wall extended to the weak
weathered rock

gneiss bedrock overlain by sand
and gravel 5 to 8 m thick; cutoff
wall extended to the weak
weathered rock

limestone bedrock overlain by
clay containing sand layers with
a thickness of more than 5 m;
cutoff wall extended to the
bedrock near the abutments but
only extended to 5 m below the
main riverbed

Foundation and its
Treatment

just completed

just completed; (6)

just completed; (9)

Before Earthquake
Performance;
(Water Depth, m)

seepage appeared
downstream from the
dam near the left
abutment; slight leak
through the conduit
having a cross-section
area of 1.6×0.9 m

slight leak through the
side walls of the
concrete conduit under
the dam with a crosssection of 1.2×0.8 m;
leakage also appeared
through the dam
foundation; a crack on
the dam crest with a
width of 0.5 to 1 cm
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58; Yangjiayu; (1975) Yangjiayu, Qianxi County;
(81); stone masonry gravity
dam; (0.14)
16/56.5; 1:0.1/1:0.5

Caoguanying, Qianan County; 18.6/100; 1:0.1/1:0.8
(52); stone masonry framework
gravity dam; (0.11)

57; Caoguanying;
(1972)

20/60; 1:0.1/1:0.5

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

Liuyu, Qianxi County; (85);
stone masonry gravity dam;
(0.26)

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

56; Liuyu; (1975)

Label Number;
Name of Dam;
(Year Completed)
Foundation and its
Treatment

Before Earthquake
Performance;
(Water Depth, m)

concrete barrier with a
thickness of 0.5 to 1m, the
rest of the dam was stone
masonry; no damage; (VI)

vertical stone masonry wall
and a 0.1 m thick concrete
face acted as an anti-seepage
barrier, the downstream part
was rock fill; serious; (VII)

stripping to fresh bedrock

fresh rock foundation, on which
the barrier was founded

leakage through
dam; (12)

leakage through the
contact between the
abutment and
barrier; the dam
tilted towards the
downstream
direction after
impoundment; (8)

concrete barrier had a
gneiss foundation, steep slope of slight leakage
thickness 0.5 to 1 m; serious; abutments; concrete barrier
through the dam;
(VI)
extended to 1 m below rock
(14)
surface

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

several cracks appeared
on the barrier, the
maximum width of the
cracks near the abutment
was larger than 10 mm;
longitudinal crack
between the barrier and
rock fill was more than
20 cm; the reservoir was
incapable of storing
water

1 transverse crack
appeared 8 m from the
left abutment where the
slope changed abruptly,
its width was 4 mm, it
extended to
approximately 2/3 of
dam height; other 2
transverse cracks at the
central part of the dam
with a width of 1.2 mm
extended to 1/2 of the
dam height; seepage
through the left
abutment increased to 1
liter per second
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poor; less serious; (VII)

Xiaowangliuhe, Lulong
County; (77(29)); clay sloping
core dam; (0.19)

13.5/170; 1:2.50/1:2.00

stone masonry structure; no
damage; (VII)

22/55.7; 1:0.2/1:0.4

63, Xiaowangliuhe;
(1976)

stone masonry barrier with
rock fill at the downstream
part; no damage; (VII)

7/35; 1:0.1/1:0.9

poor; less serious; (VII)

Shangxinglongzhuang, Lulong
County; (91); stone masonry
arch dam; (0.18)

61; Shangxinglongzhuang; (1969)

Foundation and its
Treatment

normal; (4)

normal; (4)

slight leakage
through dam
foundation; (5)

Before Earthquake
Performance;
(Water Depth, m)

weathered bedrock overlain by
sand and gravel 3 to 4 m thick;
cutoff wall extended to
weathered rock

just completed; (7)

granite bedrock overlain by sand just completed; (9.5)
and gravel with a thickness of
more than 10 m; cutoff wall did
not extend to rock near the right
abutment

weathered part of the
conglomerate foundation was
stripped

intact gneiss foundation; barrier
founded on fresh rock

a vertical stone masonry wall conglomerate foundation;
and a downstream sand fill,
stripping to fresh rock
hand placed riprap; no
damage; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

18.5/117;
1:2.00-2.50/1:2.00

Shuiyu, Lulong County;
(89(38)); stone masonry
framework gravity dam; (0.10)

60; Shuiyu; (1974)

11/76; 1:0.1/1:1.5

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

62; Yangjiatai; (1976) Yangjiatai, Lulong County;
(77(29)); clay sloping core
dam; (0.37)

Renzikou, Qianxi County;
(62); stone masonry and sand
fill dam; (0.62)

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

59; Renzikou; (1973)

Label Number;
Name of Dam;
(Year Completed)

Table 3. Continued.

section of the dam
above the main riverbed
settled 0.3 m; 3
longitudinal cracks on
the dam crest with a
length of 50 m and a
width of 5 to 6 cm; a
transverse crack
diagonal to the dam axis
near the right abutment
whose slope changed
abruptly, the crack
terminated on the
slopes; the right side of
this transverse crack
settled 20 to 30 cm;
seepage through the
abutment was evident

Main Damage

302

Shahe, Lulong County;
(75(25)); clay sloping core
dam; (0.32)

Majiagou, Yinggezhuang,
Lulong County; (75(13)); clay
sloping core dam; (0.11)

Changjiagou, Lulong County;
(67(14)); clay sloping core
dam; (0.23)

Shanghongzhai, Qianxi
County; (75); clay sloping core
dam; (0.30)

Longwan on a tributary of
Luanhe River,Qianxi
County;(77);Stone masonry
and rockfill dam;(0.45)

65; Majiagou; (1975)

66; Changjiagou;
(1972)

67; Shanghongzhai;
(1975)

68; Longwan; (1973)

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

64; Shahe No. 2;
(1973)

Label Number;
Name of Dam;
(Year Completed)

22/118; 1:0.2/1:0.9

20/120;
1:2.50-2.75/ 1:2.00-2.50

13/89; 1:2.50-2.75/1:2.00

9.5/150; 1:2.50/1:2.00

14/181; 1:2.00-2.50/ 1:2.00

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

good quality, reinforced
concrete diaphragm (vertical
wall) with a thickness of 0.3
to 1.5 m; serious; (VI)

poor; slight damage; (VI)

good; serious; (VIII)

good; no damage; (VII)

normal; no damage; (VII)

Dam Quality; Seriousness of
Damage; (Earthquake
Intensity)

Table 3. Continued.

granite gneiss bedrock overlain
by sand and gravel 3 to 5 m
thick; reinforced concrete
diaphragm extended to fresh
rock

gneiss bedrock overlain by the
river deposits 3 to 4 m thick;
cutoff wall extended to the
weathered rock

sandy clay deposit of 2 to 4 m in
thickness on the bedrock; cutoff
wall extended to fresh rock

geiss bedrock overlain by sand
and gravel 3 to 5 m thick; cutoff
wall extended to the weak
weathered rock

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

Foundation and its
Treatment

vertical wall bent
while impounding;
(11)

operation not yet
started; (8)

normal; (7.5)

normal; (4)

normal; (6)

Before Earthquake
Performance;
(Water Depth, m)

details described in
example 7 in the text

1 longitudinal crack on
the dam crest with a
length of 80 m and a
width of 5 cm; water
was seeping out at 3
places on the
downstream berm

1 longitudinal crack on
the dam crest with a
length of 50 m and a
width of 10 cm; leakage
through the reservoir
area after the earthquake
was excessive so no
water could be retained
in the reservoir next
year; a stone masonry
house built on the right
abutment collapsed
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Table 4. Earthquake damage to the masonry dams.
Degree of Damage
Total Earthquake Number
Type of Dam Number Intensity of Dams Serious Less Serious Slight No Damage
stone masonry
gravity dam

5

VI
VII

3
2

1
1

stone masonry
framework
gravity dam

2

VII
VIII

1
1

1

stone masonry
and rock (sand)
fill dam

3

VI
VII

1
2

stone masonry
arch dam

2

VII

2

Total

12

2
1
1

1
1

12

1

2

3

1

1

1

6

Table 5. Settlement of dams due to earthquake.
Station (m)

Dam Crest Settlement (mm)

Settlement of Upstream Slope
(mm)

0+220

-2

-5

0+400

40

2

0+600

44

0

0+800

54

7

1+000

20

1

Table 6. Horizontal displacement due to earthquake.
Station (m)

Dam Crest (mm)

Upstream Slope (mm)

0+200

0

-6

0+400

46

-11

0+600

50

-16

0+800

44

-18

1+000

4

-4
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Table 7. Longitudinal cracks upstream of the parapet wall.
Station (m)

Width of Crack (mm)

Distance to Parapet Wall (m)

0+372-0+480

20

1.7-0.5

0+480-0+520

20

0.5-0.4

0+520-0+550

hair crack

0.4

0+550-0+750

3-10

0.4-0.5

0+750-0+760

5-20

0.4-0.5

0+760-0+834

30-50

0.4-0.3

0+834-0+857

5

0.3

0+857-0+942

hair crack

0.3-0.4

0+942-0+974

10

0.4

0+974-1+013

hair crack

0.4-0.5

1+013-1+039

1

0.5-0.7

Table 8. Curved cracks on the dam crest.
Station (m)

Width of Crack (mm)

Distance to Parapet Wall (m)

0+510-0+550

hair crack

3-2.1

0+550-0+600

5

2.1-1.9

0+600-0+656

10-40

1.9-1.7

0+656-0+700

hair crack

1.7-1.5

0+700-0+740

5

1.5-1.4

0+740-0+828

3-10

1.4-1.1

0+828-0+900

hair crack

1.1-2.0
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Table 9. Horizontal displacement of dams.
Horizontal Displacement of
Upstream Slope (mm)

Horizontal Displacement of
Dam Crest (mm)

Horizontal Displacement of
Downstream Slope (mm)

Before
After
Before
After
Before
After
Station (m) Earthquake Earthquake Difference Earthquake Earthquake Difference Earthquake Earthquake Difference
0+132

164

171

7

173

188

15

7

11

4

0+367

66

83

17

73

113

40

20

32

12

0+590

103

109

6

58

86

28

13

20

7

0+819

36

39

3

84

110

26

10

18

8

1+024

72

74

2

126

146

20

27

40

13

1+229

54

61

7

126

145

19

76

86

10

1+432

108

185

5

236

240

4

96

98

2

details described in damage example
No. 1

details described in damage example
No. 6

normal; (0.5); serious;
(XI)

normal; (0.9); less
serious; (IX)

fine sand; reinforced
concrete monolithic
structure

short pile in soft soil;
reinforced concrete
separated structure

3.15×3.0 m
reinforced
concrete flat gate
motor operated

8.3x4 m or 4.6 m
reinforced
concrete flat gate
mortar operated

width 12m, width of
base slab 7.5 m, a
breast wall on top of
the openings,
reinforced concrete
structure, 9 openings
with a dimension of
3×3 m
width 82.7 m, width of
base slab 12.4 m, a
breast wall on top of
the openings,
reinforced concrete
structure, 10 openings
with a dimension of
8×4 m

on Douhe River,
Donggezhuang,
Fengnan County; (12);
180; (3.0)

on Shahe River,
Heiyanzi, Fengnan
County; (45); 502; (4)

2; Donggezhuang;
regulation sluice;
(1966)

3; Heiyanzi; guide
sluice; (1975)

abutment piers tilted, the gate could
not be opened until the width of the
gate was shortened 5 to 10 cm;
diagonal cracks appeared on the Tshaped beam; fracture of stilling
basin, filters damaged, sinkholes
appeared; hand placed riprap on the
bank slopes slid; no inspection was
made on the 0.8 m thick reinforced
concrete base slab because of
submergence in water

normal; (0); serious;
(XI)

steel flat gate
with a dimension
of 10×3.5 m

width 8 m, no breast
wall on top of the
opening, reinforced
concrete structure, 5
openings with a
dimension of
10×3.5 m

sand and gravel
foundation soils, short
pile foundation;
reinforced concrete
raft foundation

Main Damage

Foundation and its
Treatment; Structure
of Base Slab

Structure and
Dimension of
Gate

on Douhe River, the
City of Tangshan; (0);
500; (3.5)

Structure and
Dimension of Sluice

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

1; Xinhua, check
sluice; (1974)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Main damage to sluices.

307

normal; (0);less serious; the abutment piers tilted towards the
(IX)
river, their top moved 15 to 20 cm
and part of these piers collapsed; the
contraction joints in the guide walls
were torn open and part of the
upstream guide wall collapsed; the
access bridge on the top of the sluice
collapsed; settlement of the sluice
resulted in bulging of the upstream
blanket and downstream apron;
break of rubber seals; cracking of the
bank slopes
fine sand foundation
soil; reinforced
concrete monolithic
base slab

10×2×4.5 m
reinforced
concrete hollow
gate which would
be closed when
the gate was
filled with water

width 48.6 m, width of
base slab 7 m,
reinforced concrete
floating structure, 1
opening with a width
of 20 m

6; Dujiakan floating on Nihe River,
sluice; (1975)
Dujiakan, Fengrun
County; (27); 145;
(4.5)

small horizontal cracks appeared on
the piers at the elevation of 0.4 m
below the top of the curved weir
which was installed at the bottom of
the opening; cracks on the No. 4 and
7 beams for supporting lift machine;
small cracks on the beams of the
access bridge

normal; (0); slight; (IX)

sandy clay foundation
soil; reinforced
concrete monolithic
structure

6×4 m reinforced
concrete flat gate
motor operated

on Huanxianghe River, width of base slab 7.5
m, a breast wall on top
Jiuzhangwo, Yutian
County; (40); 400; (4) of the openings,
reinforced concrete
structure, 8 openings
with a dimension of
6×4 m

5; Jiuzhangwo
diversion sluice;
(1966)

normal; (0);less serious; details described in Chapter 13 of
(IX)
this text

short pile in soft soil;
reinforced concrete
separated structure

steel flat gate
motor operated

Main Damage

Foundation and its
Treatment; Structure
of Base Slab

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

Structure and
Dimension of
Gate

on Jintang Canal,
Peizhuang, Fengnan
County; (38); 180;
(5.5)

width 160 m, a breast
wall on top of the
openings, reinforced
concrete structure, 8
openings with a
dimension of 8.4×5.7
m

Structure and
Dimension of Sluice

4; Peizhuang; main
sluice; (1974)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Continued.
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7; Douhe; guide
sluice; (1967)

Label Number;
Name;
(year completed)

on Douhe, north of
Jianhe, Fengnan
County; (41); 267;
(3.5)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)
width 39.4m, width of
the base slab 8.4 m, a
breast wall on top of
the openings,
reinforced concrete
frame structure, 15
openings with a
dimension of 3x3.4 m

Structure and
Dimension of Sluice
3×3.6 m
reinforced
concrete flat gate,
motor operated

Structure and
Dimension of
Gate
foundation strata from
the top to bottom were
soft clay, black clay 2
m, fine sand 2 m,
sandy clay; pile
foundation; reinforced
concrete monolithic
structure

Foundation and its
Treatment; Structure
of Base Slab

Table 10. Continued.

normal; (1); less
serious; (IX)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)
abutment piers and 9 right openings
settled as much as 14 cm; cracks
appeared on the beams at the top of
7 left openings; similar cracks on 5
left openings, the width of cracks
decreased towards the center of the
river; the columns for supporting lift
machine at 12 left openings
fractured ;the contraction joints
between the abutment piers and the
sluice widened 15 cm; sandboils and
liquefaction occurred at both the up
and downstream soils; the bottom of
the stilling basin heaved 40 cm; left
bank slips resulted in bulges of
riprap and damage to filters
(upstream water depth 2.8 m,
downstream water depth 3.87 m,
their difference in elevation about
1.8 m)

Main Damage

309

2×2 m wooden
flat gate,
manually
operated

3×3.5 m
reinforced
concrete flat gate,
manually
operated

width 37.8 m, width of
base slab 8.4 m,
reinforced concrete
structure, 1 opening
with a width of 24 m

width of base slab 7.5
m, stone masonry
structure combing
sluice and bridge,
11openings with a
dimension of 2 m
width of base slab 9.2
m, stone masonry
structure, 9 openings
with a dimension of
3×3.5 m

on Douhe River,
Huanggezhuang,
Fengnan County; (14);
180; (2)

on Longwanhe River,
Houdianzi, Luanxian
County; (29); 330; (6)

9; Huanggezhuang;
regulation sluice;
(1968)

a house at the left abutment
collapsed; small cracks appeared on
the guide walls

a diagonal crack with a width of 10
cm appeared at the base of stilling
basin, sandboils could be seen in the
crack

normal; (0);slight; (IX)

normal; (0); slight; (IX)

sandy clay; reinforced
concrete monolithic
base slab

10; Houdianzi;
regulation sluice;
(1976)

gravelly clay
foundation soil; stone
masonry separated
base slab

Main Damage
the stone masonry abutment piers
were separated from the sluice; they
tilted towards the river, their top
moved 10 to 15 cm; part of the
abutment piers collapsed; no evident
damages to the base slab; the gates
had been closed and the updownstream water levels were equal
during the earthquake, their rubber
seals tore open; guide wall
collapsed; 3 brick houses collapsed;
cracks with a width of 10 cm
appeared on the banks

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)
normal; (0); less
serious; (IX)

Foundation and its
Treatment; Structure
of Base Slab

fine sand; reinforced
12×2×4.5 m
concrete monolithic
reinforced
structure
concrete hollow
gate which would
be closed when
the gate was
filled with water

Structure and
Dimension of
Gate

on Nihe River,
Hanjiazhuang,
Fengrun County; (29);
169; (4.5)

Structure and
Dimension of Sluice

8; Hanzhuangzi;
floating sluice;
(1976)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Continued.
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2×2 m wooden
flat gate

12×7 m steel flat limestone; reinforced
concrete monolithic
gate, motor
operated; the gate base slab
laid horizontally
after being lifted
vertically

reinforced concrete
structure, 2 openings
with a dimension of
12×7 m

on Douhe River, the
City of Tangshan;
(19); 760; (7)

12; Douhe; sluice
on the spillway;
(1956)

hard cohesive soil;
stone masonry
separated base slab

Foundation and its
Treatment; Structure
of Base Slab

width of base slab 5.8
m, stone masonry
structure combining
bridge and sluice, 4
openings with a
dimension of 2 m

Structure and
Dimension of
Gate

on a tributary of
Douhe River,
Xiaozhai, Luanxian
County; (29); 290;
(2.3)

Structure and
Dimension of Sluice

11; Xiaozhai;
regulation sluice;
(1976)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Continued.

normal; (0); no damage;
(IX)

normal; (0); slight; (IX)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)
sandboils and liquefaction appeared
in soils up and downstream of the
sluice; cracks on banks, riprap
loosened; 2 cracks with a width of 1
to 2 cm parallel to the river appeared
on the base of the stilling basin and
after the bay dam

Main Damage
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width of base slab 10
m, stone masonry
structure, 12 openings
with a dimension of
2.5 m

14; Daheping;
regulation sluice;
(1958)

on Huanxianghe River,
Xixuanwudian, Yutian
County; (33); 800;
(3.2)

on Huanxianghe River, width 70 m, stone
masonry structure had
Baiguantun, Fengrun
County; (30); 250; (2) arched piers, 4
openings with a
dimension of 10×2 m

Structure and
Dimension of Sluice

13; Baiguantun;
diversion sluice;
(1976)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

2.5×5.5 m
wooden flat gate

no gate

Structure and
Dimension of
Gate
some cement mortars
were not well curved;
(0); serious; (VIII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

clayey fine sand; stone normal; (0); serious;
(VIII)
masonry separated
base slab

fine sand; stone
masonry monolithic
base slab

Foundation and its
Treatment; Structure
of Base Slab

Table 10. Continued.

tilting and breakage of piers; cracks
on the upstream blanket and
downstream apron as well as on the
base of the stilling basin; sandboils
and liquefaction appeared in the
riverbed; slides on the riverbanks;
the sluice had been reconstructed

3 out of 5 arched piers tilted towards
right and settled 10 to 20 cm among
these 3 piers the reinforced arched
pier of the right No. 1 opening
settled seriously, its arch collapsed;
the access bridge displaced and
curved horizontally, its maximum
horizontal displacement near the
middle of the river amounted to 20
cm; several cracks both horizontally
and vertically appeared on the walls
of the stilling basin; breakage of the
base of the stilling basin in which
sandboils black in color could be
seen; tilting and cracking of after the
bay dam in the stilling basin

Main Damage
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3.5×2.3 m and
4×2.3 m wooden
flat gates,
manually
operated

width 66.8 m, stone
masonry structure, 4
openings with a
dimension of 3.5 m,
another opening with a
dimension of 4 m
width 60.4 m, a breast
wall on top of the
openings, stone
masonry structure, 4
openings with a
dimension of
4×2.5 m

Mengying, Luanxian
County; (49); 100;
(0.3)

Liuzhuang, Luannan
County; (40); 114

16; Mengying;
regulation sluice;
(1959)

17; Liuzhuang;
discharge sluice;
(1957)
4.3×2.8 m
wooden flat gate,
manually
operated

2.2×2 m wooden
flat gate,
manually
operated

width of the base slab
7.5 m, stone masonry
structure combining
bridge and sluice, 14
openings with a
dimension of
2.2×2 m

Structure and
Dimension of
Gate

on Xiaojimenhe River,
Heyanzhuang,
Fengnan County; (25);
119; (2)

Structure and
Dimension of Sluice

15; Heyanzhuang;
regulation sluice;
(1974)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

medium and fine sand; normal; (0); less
wooden pile
serious; (VIII)

cracks and sandboils appeared on the
base slab; unequal settlement of the
sluice; tilting of piers; hand placed
riprap on slopes loosened; it was
abandoned

normal; (0);less serious; hand placed riprap on the bank
(VIII)
slopes and apron loosened;
horizontal cracks near the bottom of
piers for supporting bridge; unequal
settlement of the base slab; leakage
through the bottom of the gate

fine sand and sandy
gravel; stone masonry
separated base slab

the gates retaining a water depth of
less than 0.5 m were closed just
before the earthquake; left abutment
pier collapsed, the left No. 1 pier
tilted, the left No. 1 and 2 gates were
incapable of lifting; the base of No.
1 and 2 openings raised 0.7 m;
collapse of part of the bridge decks,
the rest of the decks had uneven
level with a difference of 0.5 to 0.7
m; sandboils appeared in the
riverbed resulting in 1 m heave; it
had been reconstructed

Main Damage
normal; (0.5); serious;
(VIII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

fine sand; stone
masonry monolithic
base with a thickness
of 0.7 m

Foundation and its
Treatment; Structure
of Base Slab
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on Douhe River,
Longtuo, Luanxian
County; (30); 290; (5)

width of base slab 7.3
m, stone masonry
structure combining
bridge and sluice, 8
openings with a
dimension of
2.7×3 m

fine sand; stone
masonry separated
base slab

hard cohesive soil;
2.7×3 m
stone masonry
reinforced
concrete flat gate, separated base slab
manually
operated

on Huanxianghe River, width 39.5 m, stone
4×5 m wooden
masonry structure
Baiguantun, Fengrun
flat gate, motor
County; (30); 450; (4) combining bridge and operated
sluice, 4 openings with
a dimension of 4×5 m

19; Baiguantun
regulation sluice;
(1970)

20; Longtuo;
regulation sluice;
(1975)

Foundation and its
Treatment; Structure
of Base Slab

sandy clay; reinforced
4×6.2 m
concrete monolithic
reinforced
concrete flat gate, base slab
manually
operated

Structure and
Dimension of
Gate

on Shuangchenghe
River, Yutian
County;(41); 221;
(1.5)

width of base slab 0.70
m (should be 7 m noted by the
translator), stone
masonry structure, 4
openings with a
dimension of
4×5.6 m

Structure and
Dimension of Sluice

18; Dapanlong;
regulation sluice;
(1971)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Continued.

horizontal cracks with a width of 2
to 3 cm appeared on the middle and
upper part of the No. 1, 2 and 3 piers
which slightly tilted; the gates at the
openings near the abutments could
not be operated freely

the settlement cracked 0.5-2 cm, the
right wing wall tilted 30 cm toward
the river, settled 40 cm, the upstream
wing wall tilted 10 cm, soil settled
30 cm, cracked 10 cm wide, 4 m
long.
cracks appeared on the slopes near
the abutment piers; hand placed
riprap on the left bank broke; beams
on the left end opening for
supporting the lift machine shifted
20 to 30 cm; a longitudinal crack
with a width of 5 cm and a length of
15 m appeared on the left side of the
base of stilling basin; hair cracks
appeared on the downstream face
and upper part of the piers

normal; (0.5); slight;
(VIII)

normal; (0); slight;
(VIII)

Main Damage
normal; (0); less
serious; (VIII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)
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normal; (0); no damage;
(VIII)

normal; (0); serious;
(VIII)

bedrock; reinforced
concrete monolithic
base slab
fine sand; stone
masonry monolithic
base slab

steel tainter gate

reinforced structure, 3
openings with a
dimension of
13.5×10.9 m
width 25.5 m, width of 2.9×2.0 wooden
base slab 5.5 m, stone flat gate
masonry structure, 9
openings with a
dimension of 2.8×2.0
m

on Huanxianghe River,
Quizhuang, Fengrun
County; (42); 2387;
(10.9)

Xiaojimen,
Daxingzhuang,
Fengnan County; (24);
119; (2.0)

23; Quizhuang;
spillway sluice;
(1961)

24; Daxingzhuang;
regulation sluice;
(1971)

3 cracks with a width of 10 cm
appeared on the ground near an earth
dam left of the sluice; hand placed
riprap of the dam also broke

Main Damage

described in example 2 of the text

normal; (0); no damage; no damage to the sluice; 1 crack
(VIII)
appeared on the left guide wall;
cracks and part collapse of a nearby
house

bedrock; reinforced
concrete separated
base slab with a
thickness of 1 m

9×2 m steel
tainter gate

width 33 m, a breast
wall on top of the
openings, reinforced
structure, 4 openings
with a dimension of
9×2 m

on Luanhe River,
Yanshan, Luanxian
County; (50); 100;
(0.24)

normal; (0); slight;
(VIII)

22; Yanshan; inlet
sluice; (1957)

Foundation and its
Treatment; Structure
of Base Slab

gravelly clay; stone
3×3.5 m
masonry separated
reinforced
concrete flat gate, base slab
manually
operated

Structure and
Dimension of
Gate

width of base slab 9.2
m, stone masonry
structure combining
bridge and sluice, 9
openings with a
dimension of
3×3.5 m

Structure and
Dimension of Sluice

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

21; Qinglongdianzi; on Longwanhe River,
Qinglongdianzi,
regulation sluice;
Luanxian County;
(1976)
(30); 320; (6.5)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)
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width 38 m, stone
masonry structure, 18
openings with a
dimension of
2×2.4 m
2.2×2.4 m
wooden gate

width of base slab 8 m, 2×1 m wooden
on Yingmahe River,
Qianzhuangzi, Chengli stone masonry
flat gate
County; (85); 202; (1) structure, 44 openings
with a dimension of
1.9×1 m

27; Qianzhuangzi
regulation sluice;
(1971)

on Dongshahe River,
Xiaolinshang, Chengli
County; (92); 108;
(2.4)

3×2.4 m wooden
gate

width 25 m, stone
masonry structure, 9
openings

on Dongshahe River,
Xiaolizhuang, Chengli
County; (93); 108;
(2.4)

26; Xiaolizhuang;
regulation sluice;
(1974)

28; Xiaolinshang;
regulation sluice;
(1970)

2.9×2 m wooden
gate

width 33 m, stone
masonry structure, 29
openings with a
dimension of
2.75×2 m

Structure and
Dimension of
Gate

on Yinmahe River,
Dapuhe, Chengli
County; (93); 202; (2)

Structure and
Dimension of Sluice

25; Dapuhe;
regulation sluice;
(1971)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

unequal settlement of piers up to 20
cm; space between the piers and the
base slab increased 5 to 15 cm;
breakage of 70% of the base of
stilling basin; heave of part of the
base resulting in unequal heave of 30
to 40 cm, sandboils could be seen in
the broken base; 2 cracks with a
width of 1 to 2 cm appeared on the
upstream blanket; the sluice had
been rebuilt.
1 middle pier collapsed, 1 titled,
several displaced; 1 abutment pier
together with the slope collapsed
3 longitudinal cracks on the base of
the sluice, stones near the cracks
loosened; cracks on aprons

middle piers titled and displaced; a
crack extending from the base slab
of the sluice to the base of the
stilling basin; hand placed riprap
loosened

normal; (0); serious;
(VIII)

normal; (0); less
serious; (VII)

normal; (0); less
serious; (VII)

fine sand; stone
masonry separated
base slab
clay; stone masonry
monolithic base slab

coarse to medium
sand; stone masonry
separated base slab

Main Damage
normal; (0); serious;
(VIII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

fine sand; stone
masonry separated
base slab

Foundation and its
Treatment; Structure
of Base Slab
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horizontal cracks on the columns
supporting lift machine at the two
end openings; cracks with a width of
1 mm and a length of 30 to 40 cm
appeared on the breast wall of these
two openings

normal; (0); slight;
(VII)

soft soil; reinforced
3×2.5 m
concrete monolithic
reinforced
concrete flat gate, base slab
manually
operated

32; Canshakouxi;
on Xinyihe River,
guide sluice; (1974) Liuzan, Luannan
County; (54); 153;
(0.14)

width 37 m, a breast
wall on top of the
openings, reinforced
concrete structure, 12
openings with a
dimension of
3×2.5 m

cracks on abutment piers; guide wall
settled and displaced towards river

normal; (0); slight;
(VII)

soft soil, pile
foundation; reinforced
concrete monolithic
base slab

1.7×3.7 m
reinforced
concrete flat gate,
automatic tilting

a breast wall on top of
the openings,
reinforced concrete
structure, 17 openings
with a dimension of
1.5×3.5 m

on No.1 channel to the
sea,
Gaoshangpu,Baigezhu
ang;(54);153;(--)

31; Guide sluice on
No.1 channel to the
sea; (1958)

stone masonry abutment pier broke;
stone masonry base of stilling basin
and apron loosened.

normal; (0); less
serious; (VII)

2.2×2 m flat gate
consisting of a
number of
wooden beams

width 30 m, stone
masonry structure, 22
openings

on Dongshashe River,
Gouerwan, Chengli
County; (94); 108; (2)

30; Xungou;
regulation sluice;
(1973)

fine sand; stone
masonry separated
base slab

2.9×2.5 m
wooden flat gate,
manually
operated

settlement of foundation; 2 cracks on
the base slab

Main Damage
normal; (0); less
serious; (VII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

clay; stone masonry
monolithic base slab

Foundation and its
Treatment; Structure
of Base Slab

width 30 m, stone
masonry structure, 9
openings with a
dimension of 2.7×2.5
m

Structure and
Dimension of
Gate

on Dongshahe River,
Peijiapu, Chengli
County; (93); 108;
(2.5)

Structure and
Dimension of Sluice

29; Peijiapu;
regulation sluice;
(1973)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Continued.
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on Yanghe River,
Hugezhuang, Funing
County; (99); 800;
(1.5)

on Changhe River,
Haitian Village, Leting
County; (83); 101;
(1.5)

Xiaohezi,
Donghaizhuangzi,
Leting County; (80);
110; (1.2)

33; Hugezhuang;
regulation sluice;
(1967)

34; Haitian; guide
sluice; (1973)

35; Xiaohezi; guide
sluice; (1971)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)
wooden flat gate
automatic tilting

3×3.22 m steel
flat gate,
manually
operated

3×2.5 m wooden
flat gate,
manually
operated

width 35 m, width of
base slab 8.85 m, a
breast wall on top of
the openings, stone
masonry structure, 12
openings with a
dimension of
3×3.2 m

width 38 m, width of
base slab 8 m, a breast
wall on top of the
openings, stone
masonry structure, 12
openings with a
dimension of
3×2.5 m

Structure and
Dimension of
Gate

stone masonry
structure, 33, 11, 3
openings with the
dimensions of 2×1,
2×1.5 and 1.5×2 m
respectively

Structure and
Dimension of Sluice
normal; (1.5); slight;
(VII)

normal; (0.7); serious;
(VII)

normal; (0.3); serious;
(VII)

fine sand; lean
concrete base slab

fine sand; concrete
monolithic structure

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

sand and gravel; stone
masonry monolithic
structure

Foundation and its
Treatment; Structure
of Base Slab

Table 10. Continued.

described in example 4 in the text

longitudinal crack covered the entire
length of the sluice having a
maximum width of 12 mm and an
unequal settlement of 1 to 2 cm
across the crack; right abutment pier
tilted towards the river, its top
displaced 20 cm; contraction joints
in the base slab, abutment pier and
guide wall widened up to 10 cm;
cracks appeared on most of the piers;
vertical cracks with a width up to 3
to 5 mm appeared on the breast wall
of some openings

small cracks on the base of the
stilling basin; hand placed riprap
near the abutment piers loosened

Main Damage
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horizontal cracks appeared on the
columns for supporting lift machine,
the columns titled and its top
displaced 2 to 3 cm

cracks with a width of 3 to 5 mm
appeared on the stone masonry guide
wall; hair cracks appeared on both
columns and beams for supporting
lift machine; cracks on the access
bridge

normal; (0);slight; (VII)

39; Nanlizhuang;
on Xinkaihe River,
guide sluice; (1976) Nanlizhuang, the City
of Qinhuangdao;
(129); 240; (--)

reinforced concrete
structure, size of
opening 10×3.5 m
10×3.5 m steel
flat gate, motor
operated

--; (0); slight; (VII)
medium to fine sand;
pile foundation;
reinforced concrete
monolithic base slab

4×8 m reinforced sandy clay; reinforced
concrete flat gate, concrete monolithic
base slab
motor operated

width of base slab 9.7
m, stone masonry
structure, 3 openings
with a dimension of
4×7 m

on Lanquanhe River,
Xinanzhen, Yutian
County; (58); 160;
(1.54)

38; Xinanzhen;
regulation sluice;
(1975)

longitudinal cracks with a width of 3
to 5 mm appeared on the base slab
and on the base of the stilling basin

normal; (1.5); slight;
(VII)

2×1.5 m flat gate
consisting of a
number of
wooden beams,
manually
operated

stone masonry
structure, 40 openings
with a dimension of 2
m

on Yanghe River,
Tiangezhuang, Funing
County; (94); 200;
(1.5)

37; inlet sluice on
east main channel;
(----)

sand and gravel; stone
masonry monolithic
base slab

3.2×3.36 m
wooden flat gate,
manually
operated

described in example 3 in the text

Main Damage
normal (0); slight; (VII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

fine sand; concrete
separated base slab

Foundation and its
Treatment; Structure
of Base Slab

width 39 m, width of
base slab 9 m, a breast
wall on top of the
openings, stone
masonry structure, 12
openings with a
dimension of
3×3.2 m

Structure and
Dimension of
Gate

on old Luanhe River,
Hongfangzi, Leting
County; (72); 131;
(1.5)

Structure and
Dimension of Sluice

36; Daqinghe
River; guide sluice;
(1974)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)
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44; Sunzhuang;
regulation sluice;
(1972)

on Daihe River,
Sunzhuang, Funing
County; (106); 400;
(--)

stone masonry
structure, 20 openings
with a dimension of 2
m
1.5×2 m flat gate
consisting of a
number of
wooden beams,
manually
operated

steel tainter(?)
gate, motor
operated

2.3×2.5 m
wooden flat gate,
motor operated

stone masonry
structure, 12 openings
with a dimension of 2
m

42; Xiaotanghe;
on Xiaotanghe River,
guide sluice; (1971) Mengying, the City of
Qinhuangdao; (121);
150; (2.5)

on Huanxianghe River, reinforced concrete
structure, 3 openings
Funing County; (96);
with a dimension of
2390; (7.6)
12×7.6 m

3.2×4 m wooden
flat gate,
manually
operated

reinforced concrete
structure, 4 openings
with a dimension of
3×4 m

on Yanghe River,
Liuyizhuang, Funing
County; (99); 200; (--)

41; Liuyizhuang;
diversion sluice;
(1952)

43; sluice on the
spillway of Yanghe
Reservoir; (1968)

9×3.8 m steel flat
gate, motor
operated

a breast wall on top of
the openings,
reinforced concrete
structure, 15 openings
with a dimension of
9×3.5 m

Structure and
Dimension of
Gate

on Tanghe River, the
City of Qinhuangdao;
(129); 1500; (--)

Structure and
Dimension of Sluice

40; Tanghe; guide
sluice; (1976)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)
normal; (0); slight;
(VII)

normal; (0); no damage;
(VII)

normal; (0); no damage;
(VII)

normal; (0); no damage;
(VII)

normal; (0); slight; (VI)

sandy clay; reinforced
concrete monolithic
base slab
medium to fine sand;
stone masonry
monolithic base slab
bedrock; reinforced
concrete monolithic
base slab
sand and gravel; stone
masonry monolithic
base slab

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

medium to fine sand;
pile foundation;
reinforced concrete
monolithic base slab

Foundation and its
Treatment; Structure
of Base Slab

Table 10. Continued.

cracks appeared on the abutment
piers, base slab and base of the
stilling basin; 12 cracks on the
middle piers; 15 cracks with a width
of 1 to 2 cm on stilling basin

cracks on the walls of the lift
machine house

Main Damage
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60×2 m, nylon
bag, operated by
inflation and
evacuation of
water
2.2×2.5 m flat
gate consisting of
a number of
wooden beams

inflated dam, 1
opening with a span of
60 m

stone masonry
structure, 8 openings
with a dimension of
2m

on Daihe River, near
the coast of
Qinhuangdao City;
(108); 400; (2)

on Daihe River,
Waerzhuang, Funing
County; (106); 200;
(2.5)

47; Daihe; guide
sluice; (1969)

48; Waerzhuang;
regulation sluice;
(1974)

2.9×2.2 m
wooden flat gate,
automatic tilting

stone masonry
structure, 20 openings
with a dimension of
2.7 m

on Daihe River, Daihe
Railway Station of
Qinhuangdao City;
(108); 400; (2)

6×2.75 m steel
flat gate, motor
operated

Structure and
Dimension of
Gate

a breast wall on top of
the openings,
reinforced concrete
structure, 9 openings
with a dimension of
6×2.5 m

Structure and
Dimension of Sluice

46; Daihe;
regulation sluice;
(1971)

45; Chitushan;
on Xinhe River, near
guide sluice; (1976) the coast of
Qinhuangdao City;
(113); 240; (--)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

beam supporting lift machine
displaced 3 to 5 cm; leakage through
the bottom of 4 openings

many cracks and local slides on the
hand placed riprap

cracks on the right bank; slide with 3
to 4 m long on the hand placed
riprap

normal; (0); slight; (VI)

normal; (0); slight; (VI)

normal; (0); no damage;
(VI)

sand and clay
interbeded; reinforced
concrete monolithic
base slab
sand and clay
interbeded; reinforced
concrete monolithic
base slab
sand and gravel; stone
masonry monolithic
base slab

Main Damage
--; (0); slight; (VI)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

medium sand;
reinforced concrete
base slab strengthened
by inverted arches

Foundation and its
Treatment; Structure
of Base Slab
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width 75 m, stone
Erpaigan, Wangtan
masonry culvert
State Farm, Luting
County; (82); 75; (1.3) consisting of stone
masonry piers and
reinforced concrete
lids, 10 openings with
a dimension of
3×2.3 m

51; Erpaigan; guide
sluice; (1976)
3×2.5 m wooden
flat gate,
manually
operated

2.82×2.2 m
wooden flat gate,
manually
operated

on Xincaohe River,
Yaokouzi, Beigang,
Luting County; (77);
305; (0.2)

50; Beigang; guide
sluice; (1975)

width 40 m, stone
masonry culvert, 5
openings with a
dimension of
2.5×2.0 m

north of the salt field,
south of Liujiapu,
Luting County; (63);
30.5; (1)
2.5×2.82 m
wooden flat gate,
manually
operated

Structure and
Dimension of
Gate

width 40 m, stone
masonry culvert, 5
openings with a
dimension of
2.3×2.0 m

Structure and
Dimension of Sluice

49; Yanbei; guide
sluice; (1975)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

settlement joints on the blanket,
apron as well as on the stilling basin
widened up to 4 to 6 cm; horizontal
cracks with a width of 0.5 to 1 mm
around the bottom part of the access
bridge piers; cracks on the inlet pipe
at the pump station resulting in
leakage; hair cracks on the beams of
the pump house
plastic seals between the base slab
and apron broke; vertical cracks with
a width of 2 to 4 cm appeared at the
powerhouse; the top of the
downstream guide wall displaced 8
to 12 cm towards the river
hair cracks on the base slab;
settlement joints in the guide wall
widened, the wall displaced
horizontally 10 to 20 cm; seals
between the base slab and apron as
well as between the base slab and
stilling basin broke; stone masonry
piers loosened; collapse of the
bridge columns.

normal; (0); less
serious; (VII)

under construction; (0);
less serious; (VII)

fine; reinforced
concrete monolithic
base slab

fine sand; reinforced
concrete monolithic
base slab

Main Damage
normal; (0); slight;
(VII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

sandy clay; reinforced
concrete monolithic
base slab

Foundation and its
Treatment; Structure
of Base Slab
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53; Xiaoqinglonghe
inverted siphon;
(reconstructed in
1964)

on Xiaoqinglonghe
River, Baigezhuang,
Luannan County; (45);
67; (--)

52; Chounigou;
Chounigou, Dazhinan,
guide sluice; (1976) Luting County; (82);
16; (1.3)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)
3.36×2.8 m
wooden flat gate,
man operated

Structure and
Dimension of
Gate

width 60 m, reinforced wooden flat gate
concrete culvert, 8
openings with a
dimension of 2.8×2.2
m

width 2.5 m, width of
the base slab 7.5 m,
culvert consisting of
stone masonry piers
and reinforced
concrete lids, 2
openings with a
dimension of
3×2.5 m

Structure and
Dimension of Sluice

soft clay; pile
foundation; reinforced
concrete monolithic
base slab

fine sand; reinforced
concrete monolithic
base slab

Foundation and its
Treatment; Structure
of Base Slab

Table 10. Continued.

settlement joints widened
approximately 15 cm, seals broke;
abutment piers and guide wall tilted
and displaced.

for the old sluice settlement joints in
the culvert widened 15 to 20 cm;
stone masonry abutment piers tilted
and cracked; wooden plate of the
gate broke; for the new sluice cracks
appeared in the culvert resulting in
escape of adjacent soils and
appearance of craters

needs repair; (0); less
serious; (VII)

Main Damage
nearly completed, lids
had not been installed;
pump station to be
constructed; (0); less
serious; (VII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

323

normal; (1.5); less
serious; (VIII)

fine sand; reinforced
4.3×2.5 m
concrete base slab
reinforced
concrete flat gate,
motor operated

width 40.5 m, a breast
wall on top of the
openings, stone
masonry structure, 4
openings with a
dimension of
4×2.5 m

55; Wangtu; flood
relief sluice; (1971)

on the second main
channel, Wangtu,
Luannan County; (46);
40; (0.3)

normal; (0); serious;
(VII)

Foundation and its
Treatment; Structure
of Base Slab

soft clay; stone
2.5×2.2 m
masonry monolithic
reinforced
concrete flat gate, base slab
manually
operated

Structure and
Dimension of
Gate

width of the base slab
7 m, stone masonry
structure combining
bridge and sluice, a
breast wall on top of
the opening, 9
openings for the bridge
and 18 openings for
the sluice with a
dimension of 2.5×2.2
m

Structure and
Dimension of Sluice

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

54; Dazhuangh;e
on the second flood
guide sluice; (1971) relief channel,
Dazhuanghe, Luannan
County; (60); 80; (0.2)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Continued.

30 to 40 cm heave of the base of the
stilling basin resulting in loosening
of stone masonry, breakage of filters
and sandboils; settlement joints in
the guide walls widened 5 to 10 cm;
slough of the riprap; gates of the
lateral openings were inoperable;
liquefied sand with a thickness of 1
m deposited at a nearby house which
was cracked

cracks appeared on the hand placed
riprap, base slab and base of stilling
basin; gates of lateral openings were
inoperable; leakage through the base
slab which was constructed in 1979;
6 sandboils with a height of 9 cm
appeared on the base of stilling
basin; in 1980 the bridge deck with a
length of 14.4 m above the No. 3 and
4 openings settled 0.7 m; cavities
with a depth of 1 to 1.5 m appeared
beneath the base slab; it was
completely reconstructed

Main Damage
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not put into operation;
(0); serious; (VIII)

sandy clay; stone
masonry monolithic
base slab

on Douhe River, east
of Lifuzhuang,
Fengnan County; (36);
63; (2.5)
2.8×2.5 m gates
had not been
installed,
manually
operated

width of base slab 7.5
m, stone masonry
structure combining
bridge and sluice, 7
openings with a
dimension of
2.8×2.5 m

58; Lifu; regulation
sluice; (1975)

width 33 m, a breast
wall on top of the
openings, stone
masonry structure, 5
openings with a
dimension of
4×2.5 m

normal; (0);no damage;
(VII)

on the first flood relief
56;
channel,
Ronggezhuahng;
guide sluice; (1974) Ronggezhuang,
Luannan County; (46);
75; (0.14)

soft soil; reinforced
3×2.5 m
concrete monolithic
reinforced
concrete flat gate, base slab
manually
operated

Foundation and its
Treatment; Structure
of Base Slab

width 35m, a breast
57; Canshakou;
Liuzanmashitan,
guide sluice; (1974) Luannan County; (57); wall on top of the
openings, 5 openings
54; (0.14)
with a dimension of
3×2.5 m

Structure and
Dimension of
Gate
normal; (0); serious;
(VII)

Structure and
Dimension of Sluice

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

4×2.5 reinforced sandy clay; reinforced
concrete flat gate, concrete monolithic
base slab
manually
operated

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Continued.

up and downstream guide walls
collapsed; left and right abutment
piers displaced 50 cm and 20 cm
respectively towards river; 4 pre-cast
concrete bridge decks dropped in the
river, other decks displaced seriously
and had a elevation difference of
10 cm

hair cracks parallel to the river
appeared on the base slab; settlement
joints between the base slab and
apron widened; abutment piers
settled about 20 cm; cracks with a
width of 1 to 2 cm appeared on the
junctions between No. 3 to 5 piers
and walls for the supporting lift
machine; heave and boils in stilling
basin and apron; loosening of riprap.

Main Damage
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on Xinhe River,
Caigezhuang,
Qinhuangdao City;
(114); 70; (1.8)

inflated dam, 1 span
with a width of 33 m

Structure and
Dimension of Sluice

61; Hulin; guide
sluice; (1974)

on Hulin River,
southeast of
Tongjiapu, Luting
County; (81); 48; (1.0)

width 33 m , width of
base slab 8 m, a breast
wall on top of the
openings, 7 openings
with a dimension of
2.5×3.2 m

width 33 m, width of
60; Laomigou;
Laomigou, southeast
base slab 8 m, a breast
guide sluice; (1974) of Sujiapu, Luting
County; (81); 71; (1.0) wall on top of the
openings, 9 openings
with a dimension of
2.5×3.2 m

59; Xiaobohe;
regulation sluice;
(1971)

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

horizontal cracks at the bottom part
of the piers for supporting lift
machine; abutment piers cracked and
displaced 1 to 2 cm horizontally;
cavities in the backfill adjacent to
the pier; cracks and settlement of the
concrete riprap on the upstream
banks; no cracks on the base slab.
horizontal cracks with a width of 1
to 2 mm on the abutment piers of the
access bridge.

normal; (0);slight; (VII)

normal; (0); slight;
(VII)

soft sandy clay up to
0.8 m was excavated
and refilled by
compacted sand;
reinforced concrete
monolithic base slab

Main Damage
normal ; (0); no
damage; (VI)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

medium sand and clay
interbeded; reinforced
concrete monolithic
base slab

Foundation and its
Treatment; Structure
of Base Slab

fine sand; reinforced
2.82×3.2 m
concrete monolithic
reinforced
concrete flat gate, base slab
manually
operated

2.82×3.2 m 2
reinforced
concrete flat gates
and 7 wooden
gates, manually
operated

33×1.8 m nylon
bag, operated by
inflation and
evacuation of
water

Structure and
Dimension of
Gate
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Structure and
Dimension of Sluice

east main irrigation
canal, Zhangjiafangzi,
Luting County; (59);
12.8; (2)

east main irrigation
canal, Gaozhuang,
Luting County; (62);
16.4; (5,30)

63; Zhangjiafangzi;
regulation sluice;
(1973)

64; Gaozhuang;
regulation and
diversion sluice;
(1972)

2.76×2.96 m
wooden flat gate,
manually
operated

Structure and
Dimension of
Gate
clay; stone masonry
monolithic base slab

Foundation and its
Treatment; Structure
of Base Slab

base width of
regulation sluice 5 m,
5 openings. width of
diversion sluice 30 m,
2 openings, stone
masonry structure,
opening dimension
2×2 m

fine sand; base slab
2×2.25 m
consisting of concrete
reinforced
concrete flat gate, blocks
manually
operated

fine sand; base slab
width of base slab 5 m, 2×2.25 m
consisting of concrete
stone masonry
reinforced
structure, 5 openings
concrete flat gate, blocks
manually
operated

62; Yinzhengliu;
on Xinhe River, south width 24.5 m, width of
base slab 6 m, a breast
guide sluice; (1967) of Yinjiapu, Luting
County; (58); 66; (1.2) wall on top of the
openings, stone
masonry structure, 16
openings with a
dimension of
2.5×2.8 m

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)

Table 10. Continued.

longitudinal and transverse cracks
appeared on the base slab; right
abutment pier and guide wall
collapsed, their settlement joints
widened 10 to 25 cm; horizontal
cracks on the columns for the
supporting lift machine; part of the
hand placed riprap on the upstream
bank slid
sand liquefaction appeared widely
near the sluice which was not
damaged

a crack parallel to the river with a
maximum width of 5 cm on the
middle part of base of stilling basin,
extending to the apron with a width
of 2 cm

normal; (0);slight; (VII)

normal ;(0); slight;
(VIII)

Main Damage
normal; (0); less
serious; (VII)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

327

Structure and
Dimension of Sluice

width 59 m, width of
66; Sandaohe;
on Sandaohe River,
base slab 27 m, stone
guide sluice; (1975) Daqinghe, Fengnan
County; (78); 10; (0.5) masonry culvert, 1
opening with a
dimension of 4×1.9 m

width 54 m, a breast
65; Xipaigan; guide Xipaigan, Jianhe,
sluice; (1976)
Fengnan County; (43); wall on top of the
openings, reinforced
54; (--)
concrete frame, 9
openings with a
dimension of 3×3 m

Label Number;
Name;
(year completed)

Location; (distance to
epicenter); Discharge
Capacity, cm;
(difference of water
levels, m)
Foundation and its
Treatment; Structure
of Base Slab

2.6×4.38 m
wooden flat gate,
manually
operated

fine sand; concrete
monolithic base slab

soft clay; short pile
reinforced
concrete flat gate, foundation; reinforced
concrete monolithic
motor operated
base slab

Structure and
Dimension of
Gate

Table 10. Continued.

normal; (0); serious;
(VII)

normal; (0); less
serious; (IX)

Performance and (water
level) Before the
Earthquake; Seriousness
of Damage; (earthquake
intensity)

described in example 5 in the text

cracks appeared on the base slab of 8
out of 9 openings with a width of 2
to 3 mm; 2 abutment piers tilted and
settled 5 to 8 cm; other 3 nearby
piers cracked; 22 cracks on the
breast wall with a length of 1/4 to
3/4 of the height of the wall, among
those 22 cracks the cracks in
opening No. 3, 8 and 9 passed
through the entire height of the wall;
soils behind the abutment piers
seriously cracked

Main Damage
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1

10

12

19

5

48

X

IX

VIII

VII

VI

Total

1

7

11

16

5

40

X

IX

VIII

VII

VI

Total

4

1

2

1

1

1

No
Slight Damage Serious

1

1

Less
Serious

6

1

1

2

2

Slight

1

1
4

3

1

Less
Serious

9

3

4

2

Slight

2

2

No
Damage

Sandy Clay or Medium to Fine Sand

No
Damage Serious

Sandy gravel or Hard Clay

Less
Serious

4

1

2

1

No
Slight Damage Serious

Less
Serious

6

1

1

2

2

Slight

1

1
4

3

1

Less
Serious

6

3

1

2

Slight

2

2

No
Damage

Sandy Clay or Medium to Fine Sand

No
Damage Serious

Sandy Gravel or Hard Clay

Table 12. Damage to the sluices on different foundation soils excluding piles.

Less
Serious

Rock or Weathered Rock

Number of
Sluices
Intensity
Serious

1

Number of
Sluices
Serious

XI

Intensity

Rock or Weathered Rock

Table 11. Damage to the sluices on different foundation soils.

9

4

4

1

Serious

9

4

4

1

Serious

4

3

1

Slight

No
Damage

4

1

1

2

Less
Serious

4

3

1

Slight

No
Damage

Silty Sand or Soft Clay

7

1

1

5

Less
Serious

Silty Sand or Soft Clay

329

330

Table 13. Damage to the sluices in relation to structure of the base slab on soil.
Structure of Base
Slab

Damages

Number of
Sluices

Serious

Less Serious

Slight

4

3

pile foundation

7

monolithic slab

21

6

5

8

separated slab

7

3

3

1

35

9

12

12

Total

No Damage
2
2

Table 14. Damage to rivers and dikes.
Length
Item
23 rivers

Total Length (m)
1,799.7

Number of Structures

Damaged Length
(%)

Total Number

Damaged Number
(%)

524.3 (29)

618

462 (75)

dike along rivers

903.95

510.32 (56)

22 canals

677.73

287.67 (42)

2,531

911 (36)

61.4

61.4 (100)

7

4 (57)

dikes surrounding 3
reservoirs
guide dike

120

120 (100)
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Photo 1. Fallen stone blocks (cement mortar) at Yanghe
Reservoir parapet wall.

Photo 2. Collapse of the parapet wall at Yanghe
Reservoir.

Photo 3. Unequal settlement of the parapet wall at
Yanghe Reservoir.

Photo 4. A crack on the crest of the Huashihou Dam
above the riverbed.
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Photo 5. Cracks were found on the southern abutment
pier of the Haitian sluice.

Photo 6. A diagonal crack with a slope angle of 45
degrees on a middle pier of the Haitian sluice.

Photo 7. Collapse of the superstructure of the Xinhua sluice on the Douhe River.
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Photo 8. Damage at the Donggezhuang sluice.

Photo 9. There was no damage to the superstructures of
the Daqinghe sluice.

Photo 10. A widening of the right settlement joint near
the outlet of the Sandaohe culvert.
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Photo 11. A left settlement joint near the outlet of the
Sandaohe culvert widened and the guide wall was
displaced.

Photo 12. Collapse of the auxiliary pumping house at the
Dongzhuangzi Pumping Station.
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Photo 13. The road at the base of a dike in Leting County
cracked and settled.

Photo14. Liquefiable sand caused the bed of Wulinghe River near Shijiaziqiao
to heave.
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Photo 15. Landslide of the abutment of the approach dike at Taodi Bridge on the
Douhe River.

Photo 16. Settlement of ground around the top of a well in
Huangnizhuang.
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Photo 17. A large settlement around the top of a wall.

Photo 18. The Zhangfabao Bridge collapsed across a main irrigation canal.
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Figure 1. Location of hydraulic structures and geological boundaries (the label number of reservoir
and sluice is the same as in Tables 3 and 10).

Figure 2. The Qiuzhuang earth dam and its damage.
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Figure 3. The Yanghe Dam and its damage.
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Figure 4. The Huashihou earth dam and its damage.

Figure 5. The Maojiagou Dam and its damage.
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Figure 6. The Xiaolongtan Dam and it damage (dimension in m).

Figure 7. The Gaojiadian stone masonry gravity dam and its damage.
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Figure 8. The Longwan Dam and its damage (dimension for dam in m; width of crack
numbers 1 to 7 are 4, 2, 2, 4, 3, 2, and 8 cm respectively).

Figure 9. The Donggezhuang sluice stilling basin and its damage (dimension in m; values in
parenthesis denote cm).
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Figure 10. Damage to the Daxinzhuang sluice (dimension: m).

Figure 11. Earthquake damage to the Xiaohezi sluice (dimension: m).
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Figure 12. Structure and damage to the Sandaohe culvert sluice (dimension: m).

Figure 13. Damage to the Heiyanzi sluice (dimension: m).
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Figure 14. Structure and damage to the Dongzhuangzi Pumping Station (dimension: m).

Figure 15. Damage to the Yangyikoutou Station (dimension: m).
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Figure 16. Damage to the Zhengbazhuang Station (dimension: m).
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DAMAGE TO HYDRAULIC STRUCTURES IN TIANJIN CITY
Liu Yisen*

I. General
Tianjin City is situated in the downstream region of the Haihe River about 80 km from
Tangshan. The main river channel of the Ziya River, the Daqing River, the South Canal, the
North Canal, the Yongding River, the Chaobai River, and the Ji Canal flows through the city to
the sea. Tianjin City includes 6 city districts, 7 suburb districts and 5 counties with a total area
of 11,269 km2 (Fig. 1). The relief is high in the north and low in the south. In the north lies
Yuanshan Mountain with its peak of 1,052 m (taking the level of Dagu as 0) and in the south is
the coastal plain with a ground level of 3-5 m. Depth of the Quaternary deposit varies greatly: in
the piedmont and diluvial region the depth is 10-200 m; in the coastal plain the depth is generally
700 m approximately and in the individual deepest depression region the depth reaches 3,000
more m.
(1) Characteristics of hydraulic structures in Tianjin
1. Most are large-sized water gates
In the Haihe River system the upstream is short and the flow is rapid, while the downstream
region is a plain with a lot of river branches, and floods easily occur in this region.
Industries in Tianjin are well developed needing a large amount of water. In order to store
water and separate seawater from river water large-sized water gates were built at most of the
estuaries in the boundary of Tianjin. Before the Tangshan earthquake there were a total of 56
gates with a capacity not less than 100 m3/sec.
2. More pumping stations for drainage and irrigation exist
In order to reduce the impact of flood, waterlog, drought and alkalization 280 State run
pumping stations had been built before the quake with a drainage area of 7,000,000 mu.
3. Embankments were built for storing water
During embankment construction in Tianjin the excavation depth generally did not exceed
4 m. Embankments were built at a site for storing water; part of the anti-flood rivers were above
ground. In the Haihe water system the flood and water logging levels were very high so that
heights of embankments were relatively high. The exposed part of the embankment, other river
crossing hydraulic structures, and elevated bridges were also relatively high.
(2) Outline of geological conditions
In Ji County north of Tianjin there is an outcrop of bedrock at Yuan Mountain but the ground
* Tianjin Municipal Hydraulic Bureau
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surface in the other regions is mainly Quaternary littoral facies, recently deposited by
continental-oceanic interaction. Soil layers mostly occur in the form of intercalated lens. The
soil is mainly cohesive soil with loam, sandy soil and silty fine sand. The soil has high
compressibility and most of it is in a saturated state. The first layer is composed of clay or loam
about 4 m thick and is more stable. The clay is yellowish-brown in color with more pores and
fissures and is in a plastic or stiff-plastic state. The clay is relatively pure in quality. The loam
is grayish-brown or gray in color being in a soft plastic state and impure in quality. Mucky clay
or a thin layer of sandy soil or fragments of shell are often intercalated in the loam. The loam
also contains organic substances having a bad odor. The second layer is mainly sandy soil with
loam, clay and silty fine sand layers as the secondary, about 4-5 m thick. The silty fine sand is
gray in color being in a saturated loose or moderately dense state. Loam and fragments of shell
are often intercalated in the silty fine sand. The clay is mostly gray in color being in a saturated
and soft plastic state intercalated with sandy soil clusters and thin layers, and some are
intercalated with loam, broken shells and sand particles. The silty sand contains organic
substances with a bad odor. The loam in the second layer is gray or yellowish-gray in color
being in a saturated and plastic-to-soft-plastic state. Distribution of the loam is variable. The
loam exists mostly in the form of lens intercalated frequently with sandy soil, a thin layer or
clusters of clay and broken shell. It also contains humid soil. The third layer is clay about 5-6 m
thick and pure in quality. The properties of the loam do not vary much. The fourth layer is
about 8 m thick containing loam, sandy soil, and silty fine sand at different depths. The fifth
layer is generally sandy soil.
(3) Outline of seismic design and workmanship of the hydraulic structures
Before the 1966 Xingtai earthquake ordinary hydraulic structures in Tianjin were not
designed for earthquake resistance, and some earthquake resistant measures were only adopted
for the weak connection of structures on soft and loose soil foundations. After the Xingtai
earthquake seismic design was made only for intensity VII. For Grade I and II hydraulic
structures design intensity was increased 1 grade based on engineering geological and
hydrogeological conditions, seismic risk and significance of the project. For Grade III hydraulic
structures it was not necessary to increase the design intensity. For Grade IV and V hydraulic
structures appropriate aseismic structural and engineering measures were still adopted and no
seismic design was needed. After the Haicheng earthquake in February 1975, all city-owned
large-sized gates built in the past had been checked for earthquake resistance by the Municipal
Hydraulic Bureau and corresponding strengthening measures were proposed. However, the
capital construction measures against earthquakes were adopted based on the above principles.
City-owned large-sized hydraulic structures were mostly constructed by professional
construction companies and quality of construction was moderate, but, for a few large-sized
gates and stations, which were built by the temporary construction groups consisting of unskilled
workers, the quality of construction was poor.
II. Damage to Reservoirs
(1) Statistics on damage
Before the Tangshan earthquake there were 2 large size reservoirs, 2 medium size reservoirs,
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6 small size reservoirs (Model 1) and 10 small size reservoirs (Model 2).
Damage degrees were classified into four classes (seriously damaged, moderately damaged,
slightly damaged and intact) based on convenience of repair and the hazard.
Statistics of damage to different reservoirs are shown in Table 1.
(2) Damage
Large and medium size reservoirs in Tianjin were damaged more seriously, while small size
reservoirs were damaged less. Damage patterns were mainly cracks and settlements which
occurred on the dam body and spillway and protection slope; seepage was increased; sand spouts
occurred and sliding occurred on local parts of the dam, etc.
Damage to parts of the reservoirs can be seen in Table 2.
(3) Typical cases
1. Beidagang Reservoir
1) The Beidagang project is situated in the coastal district in the south suburb of Tianjin.
Relief of the site is depressed with a ground surface level of 2.8-4.5m, averaging 3.5 m. After
the excavation of the Duliujianhe River in 1953, Beidagang at the end of the river became a
detention reservoir for storing water. Figure 2 shows the Beidagang Reservoir project and the
damaged locations.
The surrounding embankment consisted of the main dam, the wave protection terrace facing
the reservoir and the supporting terrace behind the water. The main dam and the supporting
terrace were compacted by roller. A clay blanket was laid on the water side of the surrounding
embankments. A drainage ditch 2-3 m deep and 3 m wide at the foot of the dam was added
about 14 m from the dam axis on the water side, for most of the dam length (Fig. 3).
During construction in the west section of the south surrounding embankment, soil materials
were not excavated for the dam according to design requirements and the dam had been
compacted by rolling. Dry volume weight of the dam soil was about 1.5t/m3. The wave
protection terrace and embankment had not been compacted by rolling. The clay blanket at the
upstream part of the dam sections in the south-west and south embankments were excavated and
moved away in the construction, exposing part of the sand subsoil.
2) Outline of subsoil at the dam site. The north embankment of the Beidagang Reservoir was
constructed by increasing the south embankment of the floodway of the Duliujianhe River in
1974. The original floodway passed through the south embankment, which was constructed
using superfluous earth excavated from the Duliujianhe River at the site of 18 flood diversion
gates at the Beidagang Reservoir. Earth was piled up to 2 m high and was not compacted so that
compaction of the earth was poor and the water content was large. Based on the test results of
280 undisturbed soil samples in 36 boring holes the soil of the original south embankment was
clay, yellowish-brown in color with a mucky substance therefore, the embankment was an
artificial accumulation of mixed structures. The dam foundation soil at the north surrounding
embankment was basically horizontal bedding at an elevation above -12 m. The soil could be

350

divided into approximately four layers. The first layer from elev. 3.261 m to elev. 1.46 m was of
a yellowish-brown clay with more pores, fissures and river shells; the second layer from elev.
1.46 m to elev. -6.10 m was clayey soil grayish and gray in color intercalated with silty clay; the
third layer from elev. -6.10 m to elev. -8.7 m was of gray clay intercalated with clayey soil,
broken shell and sand particles; the fourth layer from elev. -8.7 m to elev. -11.72 m was clayey
soil, dark gray or yellow in color consisting of a mucky substance. The properties of the soil in
different layers are shown in Table 3.
The north section of the west embankment was 3.8 km in length which was built using mud
excavated from the water in 1971 and then was heightened in the autumn of 1974. The south
section was 4.6 km long. It was originally a marsh land full of reeds and was completed in the
autumn of 1974. 59 soil samples taken from 7 bore holes in the north section were tested and
conclusions from the test results are as follows:
Soil of the old embankment consisted of clay, yellowish-brown or grayish-brown in color,
and clayey soil containing grass roots and mucky substances; the structure of the soil was very
complicated having pores and fissures. The foundation soil layers of the dam above elev. -12 m
were basically horizontal which could be divided from top to bottom into 4 layers.
The first layer was from elev. 2.799 to 2.286 m. It was a diluvial clay layer of a yellowishbrown color with many pores, fissures and broken river shells. The second layer was from elev.
2.286 to -6.10 m. It was an interbedded layer of clayey soil and sandy soil grayish-brown or
gray in color. In this layer, above elev. 1.799 to 0.796 m, was a marshy layer prior to the Pluvial
period intercalated with a layer of decayed reed root and peat under which was a deposit layer of
layered structure. The third layer was from elev. -5.82 to -8.7 m. It was of a gray clay
intercalated with clayey soil and broken shells. The fourth layer was from elev. -7.6 to -11.72 m.
It was a clayey soil layer dark gray in color checkered with yellowish-green and yellowish-gray
color. The properties of soil in the layer between elev. 3.786 and 1.986 m are shown in Table 4.
A new embankment was built in the south section between stake nos. 0+000 to 3+000. Soil
layers of the new embankment from top to bottom were: (1) A layer of reed root 0.3-1.1 m thick.
It was a yellowish-brown loam consisting of a lot of coarse reed roots. (2) A clay layer of a
yellowish-brown color 0.2-0.9 m thick; it was newly deposited in the east thirty years with a lot
of pores, fissures and reed roots, the water content in the local district was large, up to 40-50%.
(3) A dark brown loam layer 0.4-0.7 m thick containing more humus substances. It was the main
layer in the range of boring. In the local region the layer contained sandy loam and a few shell
fragments. It was evaluated that the loading capacity was 11 ton/m2.
The foundation soil of the dam in the south section of the new embankment north of stake
No. 3+400 (stake No. 3+000 to No. 3+400 a transition section) was mainly loam and grayishbrown or yellowish-brown in color; the properties corresponded to the fourth layer of the dam
foundation of the new embankment in the south section between stake No. 0+000 to No. 3+400.
At the southwest embankment 262 undisturbed soil samples were taken from 30 boring
holes. The foundation soil layers of the dam at the southwest embankment were relatively
complicated, mainly containing two layers. The surface layer was muck and reed root, the
maximum thickness of which was about 0.5 m south of stake No. 11+000; north of stake No.
11+000 and south of stake No. 12+000 the maximum thickness was about 0.8 m; north of stake
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No. 12+000 the mucky layer was 0.4-1.2 m thick. The lower layer was of a clayey soil and clay,
yellowish-brown and grayish-brown in color and between elev. 2 to -2 m (3-6 m below the
ground surface) there was a light silty loam, sandy soil or fine sand layer. Particle composition
of light silty loam was 14% clay particles less than 0.005 mm; 83.5% silt particles
0.005-0.05 mm in size; 2.5% sand particles 0.05-0.25 mm in size.
At the south embankment 216 undisturbed soil samples were taken from 31 bore holes for
testing. The foundation soil of the dam at the south embankment can be divided into three
layers. The ground surface layer was muck and reed root. The second layer was of a yellowishbrown silty loam above 1.2-2.5 m thick, thin at the west end and thickness of the layer increased
gradually to the east. The average natural dry volume weight of the soil was 1.45 ton/m3 and
water content was 30%. The third layer was of a gray silty loam or clay with an unpleasant
smell. The average natural dry volume weight of the soil was only 1.3 ton/m3 and the water
content was 40% with a maximum of up to 47%. In part of the district the layer contained
fragments of shell. Sandy soil and fine sand lens were seen continuously in the bore holes
behind stake No. 3+800. The lens existed generally between elev. -1 to -6 m (5-11 m below the
surface), the maximum thickness of the layer in which the lens existed was 4 m. The content of
clay particles in the third layer was only 9-12% with an average of 14.7%. Except for the shell
fragments the largest particles were extremely fine sand amounting to 30-70% with an average
of 51.4%, the others were silt particles. Based on the simplified water injection test results at the
site permeability of the soil was 50.3-201.31 m/day, the dry volume weight (only a few samples)
was above 1.5 ton/m3, relatively densified but the water content was large.
At the dam section between stake Nos. 7+500 and 10+500 at the southwest embankment and
the dam section between stake Nos. 5+000 and 6+000 at the south embankment, compressibility
of loose sandy soil, sandy loam, light silty loam and mucky clayey soil in the dam foundation
were relatively large. When the load was 1-2 kg-force/cm2 the average value of 36 samples was
0.0312 cm2/kg-force with a maximum value of 0.056 cm2/kg-force. Natural porosity of these
types of soil was 0.82 (average of 41 samples). From the rapid shear test method the average
internal friction angle was 18° (35 samples), cohesion was 0.19 kg-force/cm2. The average
internal friction angle of 12 samples was only 10°; the average cohesion of 16 samples was only
0.115 kg-force/cm2; the average saturation (39 samples) was 91.8%.
Data of soil in different surrounding embankments used in design are shown in Table 5.
3) Earthquake damage at the Beidagang Reservoir was situated about 125 km southeast of
the epicenter; the seismic intensity was VII. The reservoir was almost empty during the
earthquake. Water from the south Haihe River system entered the reservoir through the Maquan
gate. The water level in the reservoir varied. The water level at the No. 4 gate (Liugangzhuang)
at the southwest surrounding embankment was 4.48 m and at the No. 10 gate at the north
surrounding embankment was 3.46 m. The water depth before the quake was about 2 m.
Damage to the reservoir was serious.
a) Cracks on the embankment
Ground cracks occurred at 10 dam sections with a total length of about 4 km around the
reservoir. The length of the dam sections on which cracks occurred and the No. of the stakes
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indicating the beginning and ending of the section are listed in Table 6.
The first 4 dam sections at the southwest embankment and the first 2 dam sections at the
south embankment in Table 6 were crack cluster regions, with a lot of cracks long or short.
Cracks were located on the newly built main dam, on the wave protection terrace in front of the
dam and on the original old embankment behind the dam respectively. There were many types
of cracks e.g., longitudinal cracks, transverse cracks, arc-shaped cracks and inclined cracks but
most of them were longitudinal cracks several tens of meters in length generally, and relatively
wide at the top. The width of the cracks was 3-10 cm in general, but the depth varied 2-3 m
generally, with a maximum of 8 m (some dark sand spouted from cracks at elev. -2 m).
Longitudinal cracks on the side of the wave protection terrace facing the water occurred at a
lower elevation and the largest crack was up to 1 m wide. The maximum width of cracks
occurred on the dam top, slope and supporting terrace behind the dam was 20-30 cm. Transverse
cracks were few and relatively narrow.
At the above 6 dam sections where crack clusters occurred, cracks on the first two dam
sections at the southwest embankment and those on the first two dam sections at the south
embankment were most serious. For example, there were 15 cracks on the first dam section at
the southwest embankment in Table 6 (2 on top of the dam, 3 on the slope, 3 on top of the old
embankment and 7 on the wave protection terrace) with a width of 3-10 cm. The soil mass on
both sides of the crack on the dam slope was offset 7-8 cm. Of these cracks the large
longitudinal crack on top of the old embankment at stake No. 8+500 was 20-30 cm wide (Photo
1); 2 large longitudinal cracks on top of the wave protection terrace at stake No. 8+300 were
approximately 1 m apart and the width of both cracks was about 50 cm. The soil mass between
these two cracks settled 20-30 cm (Photo 2).
On top of the dam at stake No. 4+700 at the south surrounding embankment there were 3
longitudinal cracks, all tens of meters long, 3-8 cm wide, one of which approached the dam
shoulder facing the water and another two approached the shoulder behind the water 1 m apart
from each other.
On top of the wave protection terrace at stake No. 11+950 at the south embankment there
was a fracture zone tens of meters long and 4-5 m wide. The whole soil mass in this zone settled
above 10 cm.
b) Settlement
Measured elevations on top of the dam before and after the quake are shown in Table 7.
Compared with the design elevation, 9.5 m at the top of the dam, the dam had already settled
before the quake. Therefore when evaluating the variation of elevation, local consolidation and
settlement between occurrence of the quake and 1979 should be considered.
c) Sandboils
After the quake sandboils occurred on all embankments. Most of them occurred in a range of
50 m in front of the dam and at the toe of the slope; a few occurred on the wave protection
terrace and the supporting terrace. The number of sandboils at the southwest and south
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embankment were the greatest and duration of spouting was also the longest. At dam sections
where crack clusters occurred and the width of cracks was large, spouting of sand was relatively
serious. Muddy water spouted first from vents with silty fine sand of effective particle size less
than 0.1 mm then, pure water emerged, the salt content of which was 6-11%. The duration of
spouting lasted for about a week for some sandboils and particle size of spouted sand was several
millimeters to several centimeters.
d) Cracking and failure of the wave protection wall and protection slope
The mortar-laid stone wave protection wall on the side of the Chuangang Highway became a
stone wall at the intersection of the back slope of the dam and top of the supporting terrace.
After the quake the top and face of the wall were distorted like waves and a lot of cracks
occurred. The wall also inclined. Some of the stone walls, piers of buildings at the entrance of
different embankments and protection slopes cracked or fractured in bending and some were
loosened, pulled apart or slid down. The mortar-laid stone walls and protection walls where
cracks of the dam passed through ruptured. Protection slopes on which the dam settled greatly
collapsed.
e) Slope sliding
Slope of the dam at stake No. 9+350 to 9+680 at the southwest embankment and at stake No.
4+570 to 5+800 at the south embankment slid and collapsed. In the vicinity of the dam top at
stake No. 10+400 at the southwest embankment transverse cracks and arc-shaped cracks
occurred. Obvious sliding occurred at the water facing side of the dam. The dam section at
stake No. 4+700 at the south embankment was split into three blocks by longitudinal cracks.
Evidence of sliding was found along the dam foundation for the upstream and downstream dam
mass. Sliding of the wave protection terrace at stake No. 11+900 was more serious. The ground
at the dam toe was heaved up; a shallow layer of sliding was more than the deep layer.
2. Yuqiao Reservoir
1) Outline of the project
The Yuqiao Reservoir was situated in the valley of the Zhouhe River in Ji County (Fig. 4)
containing a basin area of 2,060 km2. As designed, the reservoir included five projects namely, a
homogeneous earth dam, a flood discharge outlet, a spillway, a drainage outlet and a power
plant. In 1960 only a flood discharge outlet and a homogeneous earth dam were completed. The
earth dam was 2,215 m with a maximum height of 22.75 m and the design elevation on top of the
dam was 27.5 m (Fig. 5). The flood discharge outlet was 5.9 m wide, 6 m high and 55 m long,
the maximum flood discharge capacity was 305 m3/sec. In 1966 a spillway was built
successively which was 80 m wide with a bottom elevation of 23 m and capacity of the spillway
was 780 m3/sec. Total capacity of the reservoir was 13.56x108m3 and normal water level was
18.65 m. The dam was lightly rolled and compacted manually (Fig. 6).
Dam foundation and seepage proof measures were not perfectly done. A catch-drain was not
made for the connection of the dam and the hill on the south bank. A clay blanket 200 m wide
was placed on the front of the dam, and no grouting or other seepage proof measures were
adopted, therefore anti-seepage effect was poor. Inside the dam no core wall or sloping core was
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made against seepage, so seepage head could not be lowered effectively, with the result that the
immersion line inside the dam was relatively high and a comparatively high water head still
existed on the downstream slope surface of the dam. At the dam section between stake No.
0+360 and 0+600, mucky intercalation of the old river channel at the dam foundation had not
been removed. At the dam section where earth was poured into the water the saturation of soil
was above 80%. In 1960 an inspection of workmanship was made of the dam under elevation
23 m and tests were carried out and the results are shown in Table 8.
In 1960 flood retaining occurred temporarily, and seeping occurred when the water level of
the reservoir reached 17.4 m causing occurrence of marshland and sandboils in a range of 70 m
in the downstream direction of the dam. Afterward, a seepage pond was formed at the original
riverbed under the dam. In 1961 a load reducing ditch was built additionally seepage was then
reduced.
Seismic design of the dam was carried out. The soil was considered to be heavy silty loam,
the clay particle content of which was 25.5%, specific gravity was 2.7, designed dry volume
weight 1.53-1.60 ton/m3, internal friction angle was 10-13%, cohesion was 2.0-2.6 ton/m3, and
P.I. was 12.9%. Safety factors for the dam in seismic design are listed in Table 9.
2) Subsoil at the dam site
The Yuqiao Reservoir was situated at the edge of a mountain basin from which the Yuqiao
anticline inclined eastward. On the left bank of the Zhouhe River the elevation of the surface
was 10-24 m. The lowest elevation at the bottom of the Zhouhe valley was 4.75 m. Most of the
surface was Quaternary diluvium and alluvium and the depth of the greatest overlying layer was
up to 30-40 m. A loam layer that extended continuously only existed in the first-order terrace.
Other layers existed in the form of lens. The Quaternary overlying layer could be divided into
approximately six sub-layers:
a. sand layer
It was distributed mainly in the vicinity of the main river channel i.e., at the dam section
between stake No. 0+730 and No. 0+980. The buried depth of the layer was 3-11 m, the
thickness was 1-6 m. The layer was in the form of lens. It consisted mainly of very fine sand
and fine sand, was yellow or gray in color with two grades of particle size generally, i.e.
0.25-0.5 mm and 0.1-0.25 mm. The grading was relatively uniform. The coefficient of
uniformity of sand was 2-4; in general penetration blow was 1-2. During boring, sand often
spouted out from the borehole showing that the structure of the sand was extremely loose. Based
on the pumping test results, permeability of fine sand was 5.7 m/day, that of medium sand and
coarse sand was 15.3 and 30.0 m/day respectively.
b. silty sand and silty loam
Silty sand was distributed at the dam section between stake No. 1+230 and No. 1+630, 3-6 m
deep, 1.5-2 m thick, grayish-brown in color and in a plastic flow state. Silty loam was
distributed at the dam section between stake No. 0+910 and No. 1+160, 5-9 m deep, 0.5-2.2 m
thick, grayish-brown in color.
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c. sand-gravel layer
This layer was distributed at the bottom of the river valley and on the right side of the main
river channel, i.e. around stake No. 0+800 and No. 1+100, 6-23 m deep, about 10 m thick in
average with a maximum thickness of 17 m. Gravel content of the layer was 40-60% and sand
particles were medium to coarse sized approximately 1 mm. From upstream to downstream,
sand particles became finer and the content of gravel was smaller. Permeability of this layer was
11.8 m/day.
d. clay intercalated with sand and cobble, and clay intercalated with gravel
This layer was distributed at the dam section south of stake No. 0+700 with a buried depth of
0-11 m and a thickness of 1-6.5 m and north of stake No. 1+100 with a buried depth of 3-33 m
and a relatively large thickness the maximum of which was up to 17 m. Particle size of the soil
was relatively uniform of which 17.4% was 40-80 mm, 15.8% was 20-40 mm, 20% was 520 mm, 18.8% was 2-5 mm, 19.5% was 0.5-2 mm, and 8.5% was below 0.5 mm. The
penetration blow number was 30-50 and the soil was in a densified state.
e. clayey soil
This layer existed near the surface of the first-order and second-order terrace north of stake
No. 0+800 with a thickness of 1-6 m and brownish-yellow or brown in color. The layer
consisted mainly of silt and clay particles with P.1. 10.6-14.3, natural porosity 0.446-0.698,
compressibility 0.017-0.03 cm2/kg-force, internal friction angle 12-21, cohesion 0.498 kgforce/cm2.
f. clay
There were two clay layers. The first layer was distributed in the depression of the residual
hill on the south side of the main river channel, i.e. at the dam sections between stake No. 0+000
and 0+250 and stake No. 0+500 and 0+800. The layer was brownish-red in color with a buried
depth of 0-6 m, thickness of 0.7-3 m, porosity of 0.67-0.80, compressibility of 0.019-0.034
cm2/kg-force, internal friction angle of 24.5-25.5°, cohesion of 0.51-0.58 kg-force/cm2. The
second layer lay at the dam section between stake No. 1+300 and 1+680 with a buried depth of
12-19 m, thickness of 0.8-5.0 m, P.1. of 13.7-21.6, internal friction angle of 17-20.5°, cohesion
of 0.32-0.68 kg-force/cm2, compressibility of 0.012-0.032cm2/kg-force, porosity of 0.648-0.783.
The clay was brownish-yellow in color with a densified appearance and in a plastic state.
The underlying bedrock of the dam foundation was Mt. Wumi limestone of the Ji County
Series, Sinian Period, inter-bedded with siliceous limestone and marl, inclining in the upstream
direction. The strike of Fenghuang Hill strata on the right bank was NW 40-60°, with a dip 1823° inclining to the northeast. The strike of Cuiping Hill strata on the left bank was NE30-40°,
with a dip 18-20° inclining southeast. A fissure of siliceous limestone was developed, minimum
thickness of the layer was less than 1 m and the maximum might be more than 15 m. Unit water
absorption less than 0.05 lit/min made up 8% of the layer; 0.05-0.10 lit/min made up 5%; 0.1-1
lit/min made up 26%; 1-10 lit/min made up 48%; greater than 10 lit/min made up 13%. Marl
was light gray in color the thickness of which was less than 1 m and the greatest thickness might
reach more than ten meters. It might be easily weathered as cohesive soil of light gray color.
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Weathered depth of bedrock on the surface was 3-5 m. The core was rather fractured with an
average core recovery of 23-30%. Karst generally existed above elev. -39 m. The longest karst
cave was up to 8 m; under elev. -39 m karst was not often found.
3) Earthquake damage to the reservoir
The Yuqiao Reservoir was situated about 85 km northwest of the epicenter. During the
quake the water level of the reservoir was 16.57 m, the maximum water depth was 11.82 m.
a. ground cracks
The zone where cracks mostly occurred was at the dam section between stake No. 0+750 and
No. 0+930. On the downstream slope of the dam at stake No. 0+900 two groups of cracks
parallel to the dam axis occurred near the bottom of the slope. In one group there were 3 cracks
with spacing 2-3 m, with a length of 80 m, 30 m, 4 m and a width 15 mm, 2 mm and 2 mm
respectively. There were 5 cracks in the other group with spacing 2-3 m, with a length of 40 m,
60 m, 9 m 7 m, 8 m, and a width of 3 mm, 3 mm, 2 mm, 2 mm, 3 mm respectively. After
relatively strong aftershocks no obvious change was found for these two groups of cracks.
Visible ground cracks, 19 in total, existed in a range of 160 m in width away from the bottom
of the downstream slope. The length of cracks was generally 3-7 m or 20-29 m for longer
cracks; the width of cracks was less than 10 cm while the longest crack was 35 cm wide which
was located 105 m away from the bottom of the downstream slope at stake No. 0+838. Cracks
were parallel to the original river channel and flood land in general. For one of the longer cracks
with a width of 10-15 cm on the ground, the width was found to be 3 cm when excavated 2.6 m
deep.
A crack 2-3 cm wide was seen on the brick wall of a duty room near the flood-discharge
gate. Some minor cracks were also found on the stone wave protection wall on top of the dam.
b. sandboils
Of the above-mentioned 19 cracks, away from the bottom of the downstream slope, sand and
water spouted out from 18 cracks. The spouted sand was silty fine sand, black or yellow in color
with a particle size of 0.1-0.25 mm. Sand spouted seriously from 3 cracks located 105 m away
from the bottom of the downstream slope at stake No. 0+838, 36 m at stake No. 0+810 and 56 m
at stake No. 0+900 respectively (Photo 3). Yellowish-white bubbles emerged on about half of
the water surface of the seepage pond (150 m long and the greatest width 100 m) at the
downstream dam section on the main river channel (Photo 4). The bottom of the seepage pond
was originally part of the Zhouhe River channel, the elevation of which was 5-6 m.
c. seepage
The amount of seepage increased after the quake. Taking the No. 2 measuring point behind
the dam at stake No. 1+020 as an example, seepage was 50 lit/sec when the reservoir water level
was 16.48 m as measured on July 26, 1976. At 6:10 a.m. on the morning of July 28, seepage was
105 lit/sec and the reservoir water level was 16.58 m. After August 6, 1976 seepage recovered
to normal conditions.
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The earthquake caused an increase of seepage pressure in the dam foundation. The water
level of different pressure measuring boreholes at the dam sections on the main river channel
increased noticeably from July 26, 1976 and greatly increased on July 28, 1976. Increased
seepage head was about 0.5m. From August 8, 1976 onward, seepage pressure gradually
decreased. It was also shown in the pressure measuring borehole in the vicinity of the
longitudinal axis of the flood-discharge gate that seepage pressure increased after the quake.
Comparing the water level in the No. 2 and No. 3 boreholes vs. the past water level of the
reservoir it was found that increased pressure was about 1 m.
d. settlement and deformation
On July 10, 1976 and August 10, 1976, elevations of 35 benchmarks at 9 cross-sections of
the dam were measured. Of these, 5 benchmarks raised 1-4 mm: the No. 11 benchmark uplifted
4 mm; the No. 10 and No. 32 benchmarks 3 mm; the No. 9 and No. 20 benchmarks 1 mm; 26
bench marks settled 1-6 mm generally; larger settlements were 7 mm (No. 13 benchmark), 9 mm
(No. 5 benchmark), 11 mm (No. 15 benchmark) and the maximum 19 mm (No. 16 benchmark).
No variation was found for 4 benchmarks (Nos. 8 18, 19 and 27).
Twelve benchmarks at four corners of the water inlet tower of the flood discharge gate and
on both side walls of the water outlet of the discharge gate were measured. Deformation of these
structures was very small, no greater than 2 mm.
Five measuring points away from the bottom of the downstream slope of the dam section
between stake No. 0+800 and No. 1+600 were measured, with the result that only the No. 2
measuring point on top of the weir at stake No. 1+020 raised 18 mm and the remaining points
lowered: 100 mm at No. 3 point; 60 mm at No. 4 point; 66 mm at No. 5 point on top of the weir
at stake No. 0+800; and 15 mm at the No. 1 point on top of the weir at stake No. 1+600.
In the vicinity of the discharge ditch at the dam toe at stake No. 0+904, boulders of the
protection slope shifted 2-3 mm.
III. Damage to Water Gates
(1) Damage statistics
There were 56 gates with a capacity of no less than 100 sec-m3 in Tianjin. Statistics of
damage to these gates are listed in Table 10.
(2) Damage patterns
Damage survey results for the main gates are summarized in Table 11.
(3) Typical cases
1. New flood prevention gate across Ji Canal
1) Outline of the project
The gate was situated in Beitang in Tanggu District at the mouth of the Ji Canal (Fig. 1). It
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was used to prevent flooding, to store pure water, and to discharge water during floods.
The design water level of the gate was 2.5 m and 14 openings were installed in which 8
openings in the gate chamber were deep ones, and two openings on both sides of the chamber
were a step-wise type. Adjacent to the side opening there was also a fishway and a fixed
concrete gate. The clear width of all openings was 8 m. The gate had two steel plates as its
closures, one on the top and the other on the bottom and a machine was used to open or close the
gate. The fishway was situated between the side opening and the bank wall structure; and the
operating house was situated in the middle of the bank wall. The bank wall and the fishway
were built on the same R.C. bottom plate 5-8 m wide and 0.8 m thick within a length where the
operating house and the gate chamber were located. The fishway was 2 m wide with a bottom
elevation of -1.0 m. Figure 7 shows the general plan of the new flood prevention gate across Ji
Canal. The gate chamber was 17 m long, and the gate pier was 1.3 m wide. In the upstream
direction there was a highway bridge, while in the downstream direction there was a working
bridge with a single lane. In the middle of the gate chamber there was an elevated bridge. The
elevation of the different parts of the gate is shown in Figure 8. A R.C. core pile foundation and
separated bottom plates were adopted. At the bottom of each gate pier two rows of core piles
spacing 85 cm were installed. On the bottom of the No. 4 and 12 gate piers 6 piles were driven
in each row; No. 3 and 13 gate piers 4 piles for each row; No. 2 and No. 14 gate piers 5 and 4
piles for each row respectively; No. 1 and No. 15 gate pier 6 and 5 piles for each row
respectively. Elevation at the bottom of the piles was -19.3 to 22.3 m. The gate was subjected to
water pressure in two directions therefore, a blanket in the upstream direction and a still basin in
the downstream direction were installed; both were connected to the pier and bottom plate with
anchoring bars in order to resist floating force subjected by the bottom plate supplementary. At
the seepage outlets high quality anti-seepage layers were installed in both the upstream and
downstream directions. A concrete seepage prevention blanket was constructed at both the
upstream and downstream slopes near the wing wall. The upstream blanket was 15 m long and
the downstream apron was 16 m long. Plastic cut-off zones were installed between the pier and
the separated bottom plate and also between the gate chamber and the blanket or apron (Fig. 8).
Strength, permeability, freezing and thawing grades of concrete at different parts of the gate
are listed in Table 12.
2) Outline of the subsoil at the site of the gate
Five boreholes were drilled at the site of the gate (Fig. 9), which was situated in a recently
deposited shallow sea zone. The soil was divided into three layers according to lithological
features. The first layer was silty clay grayish-black in color with intercalation layers of clay and
light loam. In the clay there were mica and humus substances. The layer was of a horizontal
stratification and the water content was greater than the liquidity limit for a flow state. Elevation
of this layer was 3.5-5.0m. The second layer was clayey soil containing mica, humus
substances, shell and iron “ginger nuts” on the bottom. This layer was divided into three sublayers: 1) at elevation -5.0 to -13.5 m the sub-layer was a rather soft gray clayey soil and at the
top clay and clayey soil intercalations of horizontal stratification often existed. In the middle of
the sub-layer the soil was uniform and on the bottom a mixture of a lot of oyster shell fragments
and clayey soil about 1 m thick existed. Water content of the sub-layer was greater than or
approached the liquidity limit. The soil was in a flow-plastic or soft-plastic state with a poor
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consolidation. 2) At elevation -13.5 to -22.5 m the sub-layer was clayey soil, light gray in color.
The soil was rather uniform frequently inserted with lens. Water content of the sub-layer was
less than the liquidity limit. The upper layer of the soil was in a soft-plastic state and the lower
layer in a hard-plastic state. 3) At elevation -22.5 to -25.5 m the sub-layer was heavy clayey soil
grayish-yellow in color, the water content of which was relatively low and in a hard-plastic state.
In the vicinity of elevation -22.5 m there was an interbedding of sandy soil 0.5 m thick and
grayish-yellow in color. The sand was not uniform in feature containing artesian water. The
third layer was yellowish-brown sandy soil at an elevation of -25.5 to -30.5 m containing
artesian water. The main properties of the layers are shown in Table 13.
The pile foundation base was located on the hard-plastic clayey soil layer, light gray in color.
The base elevation of the bottom plate at the central opening of the gate was -5.4 m on a softer
clayey soil layer gray in color. The side openings, fishway and gate warehouse were all located
on a light black silty clay layer.
3) Damage to the gate
a. Damage to the bottom plate and water inlet and outlet
After the quake divers were sent to survey the bottom of the gate. The first survey was
carried out October 6-9, 1976 during the flood period, discovering damage to the 8th opening
from the left was relatively serious and the settlement joint between the gate chamber and the
still basin opened 3 cm with a depth of 10 cm. The bottom of the opening cracked on both sides.
A crack 5 cm wide occurred on the right side of the 14th opening from the left (i.e. the right side
opening), extending along the threshold to the left for 50 cm and then dividing into 3 branches:
one near the upstream side was 5 cm wide; the middle one was 3 cm wide; the other one near the
downstream side was 1 cm wide. The cracks then extended in the downstream direction 2.1 m
away from the right ditch entering into the muck. Cracks also occurred on the threshold of the
first opening (the left side opening) and at the connection of the bottom plate and protection
slope where seepage occurred.
Damage to settlement joints at different gate openings is listed in Table 14.
Seepage and bubbles that emerged on the right bank were more serious than those on the left
bank (Photo 8).
In April 1977, the water level of the gate was lowered and the threshold of both side
openings and paving were exposed above the water surface. After the flood tide, muddy water
emerged in many places at the joint slope and bottom plate of the terrace in a range of 3-25 m
from the gate in the upstream direction on the right bank, with a total discharge equivalent to the
pumping amount of a 4 in. pump. The greatest amount of emerged water was at the intersection
of the R.C. bottom plate of the terrace and the rubble slope. A crack that occurred at the
intersection was 50 cm long by 20 cm wide and its measured depth was 1.2 m. In low tide a hole
50-60 cm in diameter and more than 2 m deep could be found at the intersection of the R.C.
bottom plate and rubble slope on the right bank in the downstream direction. Above the hole a
depressed deep ditch occurred on the side of the terrace of the slope.
Similar to the right bank, water slightly emerged at the corresponding location on the left
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bank. Outside of the fishway in an upstream direction one small water emerging hole was found.
One water emerging hole about 30 cm in diameter was found at the outlet of the fishway in a
downstream direction.
In May 1978, the water level of the gate was lowered to -1.5 to -2.0 m. During high tide
seepage at the slope on the right bank increased. The height of water which spouted from the
joint between the upstream blanket and the anti-seepage section was as high as 30-40 cm with an
amount of seepage about 200 lit/sec.
On June 3, 1978 just before the flood the deposited mud at the gate was rather thick and
divers were sent to survey the seepage at the downstream fishway on the right bank, finding that
water flowed out from the settlement joint behind the bank wall. On that day the flood level
downstream was +0.5 m; and the upstream water level was -0.7 m. Red pigment was cast into
one of the seepage holes at the mouth of the downstream fishway on the right bank. After a
period of 3 minutes, red water from the upstream water emerging hole was seen, including a
depth from the surface of the water to the hole. The linear seepage path was about 40 m with a
mean seepage velocity greater than 0.22 m/sec. When the flood level was 1.5 m higher than the
upstream water, seepage of the upstream blanket was about 100 lit/sec. Then the rubble paving
at an elevation of -0.5 m on the right bank was excavated deeply for an area of 2 m2, finding that
the anti-seepage materials under the permeable concrete plate near the concrete slope had flowed
away; the concrete plate being suspended with the largest cavity of 50 cm in diameter.
After the anti-seepage materials were refilled, seepage water became clear. However, during
the flood season of 1978 the anti-seepage layer was demolished leaving only wire cases with
rubble. In April 1979 waves and bubbles emerged from the downstream fishway on the left bank
and one large seepage hole was found. The amount of seepage was evaluated to be greater than
100 lit/sec.
Water levels in the pressure measuring boreholes both in an upstream and downstream
direction under part of the bottom plates basically kept equal, obviously showing that the
seepage went through the bottom plates. In order to understand seepage under the bottom plate,
water injection tests were performed on boreholes after the quake. The test procedure was as
follows: water was filled up to the top of the borehole till relatively small absorption. Then,
water was filled again with a bottle keeping the water level the same as the borehole opening.
The time required to pour out one bottle of water was calculated by a stopwatch. For boreholes
with large absorption, water was filled by a water supply pipe. Test results are listed in Table
15.
Absorption of boreholes under the piers was mostly greater than 84 lit/min, showing that
some of these boreholes were connected under the bottom plate.
When grouting was carried out on the right side of the gate and fishway it was found that a
seepage path had been formed under the settlement joint, fishway, bottom plate of the bank wall,
bottom plate of the downstream wing wall and the concrete protection slope. Mud spouting was
also found on the downstream side of the bottom plate at the right side of the gate where many
seepage holes occurred.
b. Damage to the gate pier compared to the displacements before the quake. Vertical
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displacements (settlements) of different gate piers in an upstream and downstream direction are
shown in Table 16 and Table 17 respectively. The No. of the gate pier begins with 1 from the
left bank successively.
From these tables settlements of the piers near the right bank were all greater than those near
the left bank. Those in the downstream direction were more obvious. During the aftershocks, all
piers had a tendency to increase gradually in elevation. Due to raising of the gate chamber and
collapse of the embankment, the river channel in both the upstream and downstream directions
became narrow and choked up influencing the flow passing the gate and the storing capacity of
the channel. Before the quake, when the upstream water level at the gate was 2.5-2.7 m, wheat
was able to be cultivated in the flood land section of Ninghe County; after the quake when the
water level became 2.1 m the land was flooded.
Based on the construction reference line formed by red painted benchmarks on different gate
piers and the straight line connected by the above gate closures in a downstream direction,
relative horizontal displacements between side piers on the left and right bank and different gate
piers were measured with a + sign representing the downstream direction; and a − sign for the
upstream direction. Measurement results are listed in Table 18.
From Table 18 it is seen that piers at the central gate openings all displaced 8.5-12.7 cm
horizontally toward the upstream direction relative to the side piers on the left and right banks,
with an average of 10.87 cm.
Variation of vertical displacements and relative horizontal displacements of gate piers caused
deformation of gate closures affecting the opening of closures and splitting the sealed joint, thus
the resulting seepage was serious and seawater poured in polluting the water upstream. It was
the flood season when the quake occurred. It rained day after day and the inland region was
seriously flooded. The upper gate closures could not close or open due to displacements. Lower
gate closures at 8 out of 10 openings were able to be lifted with difficulty during a discharge of
800 m3 /sec. The right end of the gate closure at the third opening could not be lowered to the
bottom leaving a space of 4 cm. Divers could not stand steady at this location. In a downstream
direction from the 3rd gate pier from the left, water spouts and bubbles emerged at many places
during the fall of the tide. Seepage existed for gate closures at 9 openings including that of the
fishway. Of these openings, seepage of closures at 4 openings was particularly serious. The
amount of seepage at the fishway was also great. Total seepage at the gates was about
0.4 m3/sec.
After the quake an inspection of the piers above the water level was carried out. It was found
that oblique cracks with an inclination of approximately 45° and length of 20-60 cm long
occurred mostly at the connection of the pier and cap beam of the highway bridge in the
upstream direction.
c. Damage to the R.C. columns supporting the elevated bridge. There were 6.5 m high with
a cross-section of 40-50 cm. During the quake 8 rows of H-section columns and 13 rows of Isection columns all fractured horizontally at the bottom, about 1 m above the top of the pier.
The 8th I-section column from the left inclined noticeably. Cracks on this column were the
greatest with a width of 2 mm. The crack on the fixed end of a tie beam supported by H-section
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columns between the No. 8 and No. 9 pier was also the greatest, 3 mm in width. The width of
other cracks on the beam were about 2 mm. A pair of I-section columns on top of piers near the
left bank tilted 18 cm and 12 cm respectively in a north-east and south-east direction.
All T-section beams of the elevated bridge above the upper gate closures were displaced.
Those at the No. 1-No. 7 openings displaced towards the downstream direction and then fell
down. Those at the No. 1-No. 6 openings all dropped on the working bridge. The left end of the
T-section beam at the No. 7 opening fell down while the right end was suspended due to the
support of a rail of the mobile gate opening machine (Photo 9). T-section beams at other
openings displaced generally toward the downstream direction and left bank. The maximum
displacement was 0.5 m toward the downstream direction and 11 cm toward the left bank
respectively. Out of 3 mobile gate opening machines one was thrown down on the working
bridge and damaged.
The elevated bridge above the lower gate closures drifted completely and part of the
banisters fractured and overturned with their concrete supports. Concrete at the end of the bridge
slab cracked. Concrete of the bridge at the No. 6 opening, facing in a downstream direction,
cracked by pounding. Part of the elevated bridge to the right of the No. 3 gate pier moved
toward the right bank enabling the gate closure to open. The expansion joint of the No. 2 gate
pier was pulled apart along the elevated bridge, the width of the joint increased to 15 cm in the
downstream direction and 27 cm in the upstream direction.
Measured longitudinal displacements (perpendicular to the flow) of the slab of the elevated
bridge above the lower gate closure to the east are shown in Table 19.
Visual measured transverse displacements of T-beams at the elevated bridge and of pier caps
are shown in Table 20.
d. Damage to highway bridge and working bridge
Main damage patterns were up-warping and bending of part of the bridge deck, some
banisters fractured, bridge slabs and beams displaced. Ground settled at both ends of the
highway bridge.
The working bridge collapsed due to falling T-beams of the elevated bridge. A total of 9
beams were damaged; 6 were out of use and 3 might be able to be used after repairs. Part of the
bridge slabs dislocated in a downstream direction, part of the banisters were damaged and
ground at the end of the bridge settled (Photo 10).
c. Damage to operating house, gate reservoir, bank wall and wing wall
Settlement of operating houses at both ends of the gate were all greater than 13-14 cm and
differential settlement also occurred causing the houses to tilt.
The platform on the 2nd floor of the left operating house tilted 18 cm to the east and 31 cm to
the north. Settlement of the southwest corner was 24.5 cm greater than the northeast corner.
The right operating house departed from the elevated bridge and moved 46 cm to the west
(Photo 11). Cracks of different extents and settlement occurred on the canopy over the entrance,
on columns, on banisters and on the ground surface of the operating house.
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The joint between the bank pier and water prevention wall in the upstream and downstream
direction was pulled apart. The sealant was split resulting in serious seepage occurring. In the
upstream direction the width of cracks on the left bank was 18 cm; the downstream direction was
13.4 cm which caused seepage at the gate reservoir. Depression occurred at the connection of
the upstream bank wall of the right bank forming a pit 3 m deep with water in it.
There were three sections of the downstream wing wall. Settlement joints between the
adjacent sections were pulled apart and the sealant split. Three sections of the wing wall were
dislocated. Cracks, dislocation, and tilting occurred in many places of the wing wall of the
fishway. Cracks on the left bank of the fishway were more serious than those on the right bank.
A section of wall, more than 10 m in length, in the upstream fishway on the left bank fell into the
water after fracturing and overturning (Photo 12).
f. Damage to protection slope
Fifteen longitudinal and transverse cracks occurred on the protection slope of both banks in a
downstream direction. Relatively large cracks occurred at the connection of the concrete slope
and mortar-laid rubble slope on both banks, with the greatest width of 6.3 cm. Serious
settlement also occurred. The average depth of settlement reached 1 m. There was 100 m2
downstream of rubble slope and approach slope for the operating house, which needed to be
rebuilt or repaired to great extents.
g. There was damage to houses of the Gate Administration Office, enclosure walls, roads,
water tower, well and hydrology automatic recording house, etc. In the region of the Gate
Administration Office ground cracks were distributed in a checker shape most of which had a
north-south strike; a few had an east-west strike. The total building area of the Gate
Administration Office was 2,600m2 of which only the isolated houses, such as the janitor house,
store, small oil depot, transformer house, and toilets were basically intact. The other buildings
such as the office building, dormitories, warehouses and repairing workshop, about 1,100m2 in
the total building area, and most of the enclosing walls were cracked, deformed or partly
collapsed.
The water tower tilted 6 cm to the south-east. X-cracks occurred on the west side surface of
the brick cylinder of the tower.
A pumping well 317 m deep was out of use and the water pipes were damaged.
Two steel towers supporting the cable for recording hydrology data in the upstream direction
were displaced toward the center of the river. The distance between the towers was reduced to
about 10 m. The suspension cable fell into the river. A main cable tower on the side stream
inclined toward the center of the river. A small bridge connecting the hydrology recording house
and the left bank in the upstream direction (total length, 66 m; the first span of the bridge was 20
m and more) collapsed and fell into the river with the recording house. Cracks on the remaining
abutment of the bridge reached 35 cm in width.
After the quake serious seepage occurred due to the fact that gate closures were unable to
open or close completely. In the upstream and downstream direction of the gate piping occurred
in many places allowing seawater to flow in so that the river water became salted rapidly.
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2. Old flood prevention gate across the Ji Canal
1) Outline of the project
The old flood prevention gate across the Ji Canal built in 1967 was 3.9 km to the north of the
new floodgate at the entrance of the new Yongdinghe River (see Fig. 1). The flood discharge
water level was 2.73 m and 2.50 m at the upper gate and lower gate respectively. There were a
total of 9 openings in the gate and the clear width of each opening was 8 cm. The bottom plate
of #200 reinforced concrete was divided into three plates, one for each of the three openings.
The width of 2 side plates was 29.5 m while that of the central plate was 29 m; the plates were
separated by a joint. The bottom plate of the gate chamber was 18 m long and 1.8 m thick. Gate
piers were made of #150 concrete, 17 m in length. The middle pier was 1.5 m thick, the
adjoining piers were 2.0 m thick and the side piers were 1.0-1.5 m thick. Side piers were
separated from the bank and in the space between the side pier and bank a water sealed
settlement joint was installed. A highway bridge and working bridge were built upon the piers
and they were formed by a #250 R.C. frame and pre-cast #250 R.C. slabs. Elevations of
different locations of the gate chamber were: top of the bottom plate -6.0 m; top of piers and
deck of the working bridge 4.7 m; deck of the highway bridge 5.5 m; and deck of the elevated
bridge 12.6 m. The cross-section of the H-section columns and tie beams of the elevated bridge
was 40x40 cm; the center-to-center distance between the two columns was 3.2 m and the clear
height of the columns was 4.8 m. There was a concrete support for each column 1.4 m high, 1.6
m long (in the flow direction) and 0.6 m wide in size. The center line of the tie beam was 2.6 m
from the bottom of the column. The beam was 0.6 m wide, 0.7 m high and 4.56 m long with an
elevation on top of the beam of 11.6 m. The deck of the elevated bridge was 6 m wide formed
by 3 T-beams. The bridge had two lanes in opposite directions. The deck of the highway bridge
was 4.5 m wide including two sidewalks and a banister each 1.0 m wide formed by 5 rectangular
slabs. The deck of the working bridge was 2.5 m wide formed by 3 rectangular slabs. Gate
closures were made of a R.C. beam and a wire-mesh reinforced concrete slab. There were two
closures at each opening, one on top the other on the bottom. The total height of the gate
closures was 10.7 m operated manually or electrically by a 50 ton mobile opening machine.
Both the upstream R.C. blanket and the downstream R.C. stilling basin were connected to the
bottom plate by steel bars to prevent sliding. The total length of the underground seepage path
was 49.35 m, this was 7.4 times the greatest difference between the upstream and downstream
water head. The R.C. bottom plate of the gravitational walls at two sides of the gate was 18 m
long and 6 m wide under which two rows of R.C. shaft pile were driven with 8 piles in each row.
The pile was 29.8 m long, 75 cm in diameter. The elevation on top of the pile was -1.5 m and 31.3 m on the bottom. Between the elevation of -1.5 m and -7.8 m was filled land, not
considered in the determination of buried depth of the pile.
2) Outline of foundation soil at the gate site
A row of boreholes was drilled in both the center line of flow and at a distance 50 m away
from both sides of the gate respectively. There were 3 bore holes in each row with spacing of
25 m and 30 m thus, a total of 9 holes were driven. The foundation soil of the gate was mostly
an interbeded mixture of cohesive soil and sandy soil. The soil could be divided into 7 layers:
The first layer was a clay layer from an elevation of 3.42 m to 1.0 m. The content of clay
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particles decreased from top to bottom and then the soil became silty loam. In the vicinity of the
elevation 1.0 m there was a weak loam layer of extremely low strength.
The second layer was a mixed layer from an elevation of 1.0 m to -10.6 m. The soil was
mostly a mixture of loam and sandy loam sometimes intercalated with lumps of clay or clay and
was not constant in strength. However, under the gate chamber there were two layers, mainly
composed of sandy loam of high shear strength. Especially below the elevation of -7.5 m there
existed a sandy loam layer about 1.5 m thick, able to be a bearing stratum for buildings.
Fragments of shell generally existed concentrated from an elevation of -5.0 m to -6.05 m and
from an elevation of -8.5 m to -12.0 m. Fragments of shell combined well with the soil.
The third layer was from an elevation of -10.6 m to -12.8 m. It was a loam layer with much
sand, the color of which became light from dark with depth and particles of which became coarse
from fine with depth.
The fourth layer was a sandy loam layer from an elevation of -12.8 m to -14.7 m.
The fifth layer was relatively pure fine sand from an elevation of -14.7 m to -17.4 m with
uneven particles more densified. The unit of volume weight and strength of the soil was large.
The sixth layer was a loam layer from an elevation of -17.4 m to -21.5 m intercalated with a
lot of ginger nuts. Part of the layer was similar to cohesive soil.
The seventh layer was a sandy loam layer, brownish-yellow in color from an elevation of
-21.5 m to the very bottom of the borehole.
Average values of two quick shear test results from samples taken from an elevation of
-8.5 m to -15.0 m were used in the stability analysis of the gate chamber i.e., 14.5° for internal
friction angle and 0.12 kg-force/cm2 for cohesion; and average values of samples taken from an
elevation of -7.0 m to -11.0 m were used in the stability analysis of gate piers, bank walls and
wing walls i.e., 11° for internal friction angle, 0.12 kg-force /cm2 for cohesion. Average values
of samples taken from an elevation of 3.0 m to -6.0 m were used for filled land i.e., 18° for
internal friction angle, 0.11 kg-force/cm2 for cohesion.
3) Earthquake damage
The water level at the gate was 2.81 m during the quake. Direction of flow was from southeast (left bank) to north-west (right bank).
The elevated bridge completely collapsed (Photo 13) and bridge columns fractured at the
bottom. Gate closures of five openings were demolished in which those in the No. 4 and No. 5
openings fell in the river and seawater flowed in. Affected by the aftershock, the gate closure of
the No. 3 opening fell into the water on February 23, 1977. Up to September 1977 sealants of
the gate closures at the No. 1 and No. 8 openings all failed resulting in a large amount of seepage
of salt water occurring. The accumulated amount of seawater which flowed into the gate was
500x105 m3. The working bridge was seriously damaged with part of the gate opening machines
demolished. The lightning rod supported by an elevated steel frame overturned and fell to the
ground after the frame fractured at the bottom. The operating house cracked and deformed.
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3. Ningchegu flood prevention gate
1) Outline of the project
The Ningchegu flood prevention gate was located southwest of Ningchegu Village in Tanggu
District and at the mouth of the new Chaobaihe River (Fig. 1). The upper and lower design
water level of the gate was 4.34 m and 4.17 m respectively. Design discharge was 2,100 m3/sec
and measured discharge was 3000 m3/sec. There were 20 openings in the gate in which 4 were
side openings and 2 were installed with fixed concrete gate closures, which no water passed
through. The clear width of each opening was 8 m. Thickness of the gate pier, made of #150#200 concrete, was 1.1 m (#200 concrete was used between the elevation of -2.0 m to 5.0 m).
The total width of the gate was 199.1 m. The gate chamber was of a separated type. The bottom
plate which was 16 m long, 6.8 m wide and 0.8 m thick was made of reinforced concrete,
150 kg/cm2 in strength. Six R.C. shaft piles (150 kg/cm2 in concrete strength) were installed
under the pier. The piles were 85 cm in diameter, 21-23 m (central opening) and 21-28 m (side
opening) in length. The total length of the seepage path was 47 m of 9.8 times the possible
greatest water head (4.8). In the upstream direction a R.C. highway bridge (concrete strength;
250 kg/cm2) was built with a total width of 4.8 m, a clear width of 4.24 m, a length of 200.2 m,
and a loading Q-10 grade. In the downstream direction an elevated R.C. bridge was installed
[concrete strength 250 kg/cm2 and 150 kg/cm2 (for I-column)] with a total width of 6 m. On the
bridge there were 20 fixed, manually and electrically operated machines used for opening or
closing the gate closure and one 32-ton mobile gate opening machine. The rotating gate closure
was made of a steel plate. The operation house was built on the abutment and electric
installations were placed on the second floor. An anti-seepage plate for sliding resistance was
installed in both the upstream and downstream directions. The upstream plate was 15 m long
and 0.5 m thick while the downstream plate was 16 m long and 0.6 m thick. The elevation of
different locations was: top of the bottom plate in the central opening was -4.0 m; those in the
side openings was -2.964 m, -0.191 m and 2.581 m (opening with fixed concrete gate closure)
respectively; top of the gate closure was 5.0 m; the highway bridge deck was 7.1 m; and the
elevated bridge deck was 10.03 m. During construction three measurements were made for the
bottom plate and the pier and it was found that settlement of the bottom plate was -15 mm; raise
of the pier was 10-20 mm generally. Variation was uniform. Settlement of the bank walls and
operation house was relatively large (100 mm) due to poor fill which caused cracks to occur
locally on the anti-seepage plate above an elevation of 3.5 m.
2) Outline of foundation soil at site of the gate
Only data of two boreholes at the site were obtained. Distribution of foundation soil was
approximately as follows:
Elevation
3.5 to 1.5 m
1.5 to -9.5 m

-9.5 to -11.5 m

Type of Soil
Yellowish-brown clay
Gray silty loam and clay, not densified, dry unit weight 1.3
ton/m3, low shear strength, cohesion 0.11 kg-force/cm2,
permeability 10-7 cm/sec
Loam or sandy loam, containing more seashell fragments
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-11.5 to -13.5 m Gray fine sand, permeability 10-4 cm/sec, in the vicinity of
elev. -13.5 a layer of clay existed
-13.5 to -19.5 m Yellowish-brown silty loam or light yellow silty loam,
uniform and densified
-19.5 to -23.5 m Fine sand layer, permeability 10-4 cm/sec
Below -23.5 m

Yellow clay

(From elev. -11.5 m downward the soil was Tertiary continental facies deposit)
3) Earthquake damage
The water level of the gate was 2.94 m when the quake occurred. Damage to the gate was
serious.
After the quake most of the gate piers were displaced 1-2 cm to the east and 2-10 cm to the
south. Displacements at the No. 10 and No. 11 openings were larger.
At locations the gates displaced laterally. Highway bridge T-beams displaced. Concrete on
the No. 2 pier in the downstream direction, the No. 6 pier in the upstream direction and on top of
the No. 11 pier was fractured due to pounding and crushing. On top of the No. 4 pier adjacent Tbeams of the highway bridge displaced and concrete at the joint of the T-beams cracked and fell
due to pounding. The elevated bridge T-beams on top of Nos. 2, 4, 6, and 11 were crushed at the
joints and pieces of the concrete fell out.
Longitudinal cracks occurred on many parts of the gates and relatively large dislocations also
occurred. A crack about 2 m long occurred on the pier at the bridge end. Cracks often occurred
on piers 1 m or 2 m from the bottom. The backfill behind the bridge abutment settled forming a
deep pit. The approach at both ends of the highway bridge deformed relatively seriously and
repairs were necessary. All T-beams of the elevated bridge drifted to the south (in a downstream
direction). T-beams of the highway bridge on top of the No. 3 pier displaced 10 cm to the south;
that on top of the No. 11 pier displaced more than 10 cm to the south. The width of the concrete
slab seal of the No. 0 opening increased. The top of the gate closure of the No. 12 opening
separated 1-2 cm from the pier on the left. The gate closure of the No. 16 opening deformed
around four sides making it difficult to close. When the gate closure was lifted the steel cable
broke.
Circumferential cracks occurred on all I-columns of the elevated bridge at a distance of
50 cm from the bottom. The largest crack appeared on the I-column of the No. 1 pier. Grids at
the central opening (1.8x0.96 m in size with a frame made of 40x40 mm steel angles and 12x16
steel bars as grids) distorted and 29 of them fell into the river. Banisters at the connection
between the east end of the elevated bridge and abutment were pulled apart. Banister supports
inclined. The elevated bridge moved on the abutment of the left bank about 13 cm downstream.
The abutment on the right bank settled 34 cm. The second floor balcony of the operating
house was lowered noticeably. A ground crack west of the abutment was up to 80 cm in width.
On the left abutment a 2-story operating house was built with a floor area of 126 m2. The whole
house settled about 40 cm and tilted to the east. The east wall on the second floor collapsed

368

while the west and north walls cracked seriously dividing the wall into many parts. Cracks also
occurred on the brick wall of the first floor.
The wing wall on both banks generally cracked vertically, dividing the wall into several
sections. Cracks on the wall were 6-12 cm wide.
The protection slope in the upstream and downstream direction (part of the slope above the
normal water level was made of wire net reinforced concrete 60 cm thick, the part below was
mortar-laid rubble) fractured perpendicular to the flow direction and seepage occurred locally.
In the vicinity of both ends of the gate there was a piece of slope 16 m wide and 34 m long
which suffered crushing causing a rubble slope surface about 13 m wide and 150 m long and a
concrete slope surface about 16 m wide and 34 m long to upheave and crack. A 4 cm wide crack
appeared at the connection of these slopes. The amount of materials required to repair slopes
after the quake was 800 m3 of rubble, and 400 m3 of wire mesh reinforced concrete.
The 2-span cable bridge connecting the bank and the automatic water-level recording house
had an increase in deflection after the quake. Deflection of the span near the bank was the
greatest, about 40 cm due to the longer span. The recording house inclined toward the river.
The supports of the first and second span and bridge deck of the first span fractured in many
places and displaced and inclined toward the center of the river.
Three leveling benchmarks at the Gate Administration Office displaced and settled with the
greatest settlement about 50 cm. A new brick-wood warehouse completed in 1975 settled
differentially. The roof and walls all collapsed to the south. Water spouts occurred in the indoor
ground surface of the brick-wood structure. Thirteen houses had been out of use and required
rebuilding. Chimneys on the roof fractured and overturned. An enclosed wall south of the court
collapsed. An 8-in pipe in the pumping well, 280 m deep, was seriously distorted and fractured
at a depth of 45 m when pulled out for inspection. The pumping well was out of use. In the
neighborhood of the well, three brick houses 60 m2 in area, cracked and tilted to the south-east.
Cables and a winch used for recording were slightly damaged.
IV. Damage to Pumping Stations
(1) Statistics on damage
There were 280 State-owned pumping stations in Tianjin and the capacity of 197 of them
was more than 4 m3/sec. There were 986 sets of pumps with a total pumping capacity of 1,800.9
m3/sec. Statistics on damage to the above pumping stations are shown in Table 21.
(2) Earthquake damage
Degrees of damage to the pumping stations were different due to variation of their structural
type, workmanship, hydrological conditions, topography, and soil conditions.
At the damaged buildings fractured beams or purlins were seldom found. Foundations were
mostly intact with only a few that were slightly damaged. In general, inlet and outlet water tanks
were not seriously damaged and were easily repaired. The main and auxiliary buildings of the
pumping stations were seriously damaged. Damage to walls at the sill and above the sill was
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more serious. Table 22 gives the damage survey results for collapsed stations and seriously
damaged stations.
(3) Typical cases of damage
1. Yanghua pumping station
The Yanghua pumping station was situated next to the right embankment of the flood
diversion way in Ninghe County about 34 km west of the epicenter. The seismic intensity was
IX. At the station there were two 900 mm vertical axial flow pumps with a design discharge of
4 m3/sec. The station’s foundation was a R.C. bored pile foundation and two piles were driven
under each row of cap beams. The diameter of the pile was approximately 1 m. R.C. cap beams
were placed in the trough on top of the pile. Above the floor slab of the generator house in the
lower part of the wall of the main plant building was a mortar-laid rubble wall 1 m high and
above the rubble wall was a brick wall. Roof slabs were pre-cast channel slabs on which a layer
of coal slag mortar 15 cm thick and a layer of cement mortar 1 cm thick was placed.
The station had just been completed before the quake occurred and a trial operation was
being performed. It was reported that walls of the main and auxiliary plant buildings were
divided into several pieces due to vertical vibration of the quake and then they collapsed due to
the subsequent horizontal vibration in a north and south direction. The plant building collapsed
completely to the west. Except for one set of transformers which was basically intact, all
electrical and mechanical equipment was demolished. The gate well at the outlet and the end of
the right embankment near the flood diversion way settled 10 cm. A mortar laid gate pier
cracked vertically. The wing wall at the inlet gate fractured into several sections.
2. Jiangwakou pumping station
The Jiangwakou pumping station was situated on the right bank of the Ji Canal in Ninghe
County about 43 km west of the epicenter. Seismic intensity at this site was IX. At the station
there were 5 sets of 900 mm-vertical axial flow pumps with a design discharge of 10 m3/sec.
The station was completed in 1975 and put into operation. The auxiliary plant building was
arranged above the front water inlet of the main plant building. Both plant buildings had brick
walls and corrugated roof slabs.
The main plant building was seriously damaged during the quake and part of the building
collapsed. X-shaped cracks occurred on one end of the gable wall and the wall between the
spandrel beam on the same level with the crane beam, and on the piers of the upper row of
windows. The wall drifted about 3 cm outward. Another end of the gable wall separated into
several sections by three through cracks. The front and back walls of both plant buildings were
seriously damaged. Horizontal cracks on brick columns beside the windows occurred at the
same level as the top of the spandrel beam. The auxiliary plant building inclined outward.
V. Damage to River Channels and Embankments
(1) Outline of existing river channels and embankments
There were 19 important flood passing and flood diversion rivers of the first grade, with a
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total length of 1,095.1 km. The total length of embankments of both banks was 1,956 km. The
cross-section of river channels was mostly a composite type. Generally, the longitudinal slope of
river channels was rather smooth. The maximum and minimum height of embankments was
17.5 m and 4.0 m respectively and the height of embankments was mostly 5-8 m. The smallest
width and greatest width of embankments was 1.0 m and 10 m respectively, and the width was
mostly 6-8 m. The interval between embankments was 40 m minimum. Embankments were
mostly built with mud excavated from riverbeds or taken from the flood land behind the
embankment; no rolling and compaction were carried out by rolling machines, etc. The water
content of soil in the embankment was relatively high and compaction was relatively low. Only
a few were built with bricks, rubble or concrete and the length of these embankments was also
not great.
(2) Earthquake damage
After the quake sand liquefaction, sandboils, river channel deformation or narrowing,
upheaval of riverbeds, reduction of discharge capacity, etc. commonly occurred at the abovementioned 19 rivers significantly affecting the function of flood control and water supply. Of
the 19 rivers 48 sections of embankment of the Ji Canal, the Zhouhe River, the Juhe River, the
New Huanxianghe River, the New Chaobaihe River, the Qinglongwanjianhe River, the North
Canal, the Yongdinghe River, the New Yongdinghe River, the Machangjianhe River, the New
Ziyahe River and the Haihe River were damaged to different extents. The total length of
damaged embankment sections was about 203 km, about 10% of the total length of
embankments. A lot of longitudinal and transverse cracks occurred on top of the embankments,
slopes and beaches in the front and behind embankments. However, there were only a few
oblique cracks. The width of cracks was generally 20-30 cm with a maximum of up to 1.7 m and
the length of cracks was several tens of meters. Sections of embankment settled 30-50 cm
generally; the most serious settlement was about 3 m. In the local region elliptical filter-shaped
depressed pits were found on the top and on the slope of embankments. Some depressed pits
were rectangular in shape and the largest pit was 14 m long, 7 m wide and 5 m deep. Sliding of
slopes, overturning and dislocation of anti-wave walls, and cracking of protection slopes
occurred in many places.
Sections of embankment which were most seriously damaged and needed quick repair after
the quake were located in Shuangshu Commune (Dadaozhangzhuang), Wuqing County, Ninghe
County and Hangu District on the Ji Canal and the New Huanxiang River, and the New Ziyahe
River, totaling 88.4 km in length. Soil required to repair and strengthen dam sections amounted
to 12,760,000 m3.
1. Wuqing County section on North Canal
This section was 61.8 km long and the embankment was 8.0-14.5 m high and 4-6 m wide on
top. The right embankment section (about 4 km long) east of Dadaozhangzhuang, Shuangshu
Commune was seriously damaged and settlement of the section was generally 0.5 m. Many
longitudinal cracks occurred on top, on the shoulder, and on the exterior and interior slope of this
embankment section with a maximum width of 1 m approximately. A section of several tens of
meters in length was split by many closely spaced cracks both small and large forming a large
section of broken soil masses, and losing its water resistance ability. An inclined crack 1.5 m or
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more deep and 50-100 cm wide, irregular in orientation, occurred on top of the embankment
section east of the village.
Damage to the left embankment section was less than the right embankment. Collapse of the
top of the embankment and cracks on the slope of the embankment also occurred.
In the North Canal section in Shuangshu Commune, Wuqing County, the river channel
became narrower and upheaval of the riverbed was up to 1m. The original design discharge
capacity of the river was 225 m3/sec however, the capacity after the quake became 70 m3/sec,
facing a risk of being breached.
2. Ninghe County section and Hangu section on Ji Canal
a) The Ninghe County section began from Jiangwakou and ended in Dongsheng. The length
of the left embankment and the right embankment was 57.2 km and 63.5 km respectively, with a
width of 6-8 m on top. Distance between these two embankments was 200-300 m. A total of
103 locations in this section (total length of 53.8 km) were damaged in which 29 locations
settled and 64 locations fractured. For example, on the left embankment of the Ninghe County
section where a culvert passed through the Nanmaizhu gate, the foundation soil settled
indifferently causing the culvert to dislocate at the rigid joint. The soil of the embankment on
top of the culvert slid away and a large pit 14 m long, 7 m wide and 5 m deep was formed due to
slumping. Another example, in the Xiguan section in Lutai Town the bottom land, about 10 m
from the exterior and interior slope, settled and cracked with cracks 75-100 cm in width.
b) The Hangu section began from Dongsheng and ended at the new flood prevention gate.
The length of the left and right embankments was 26 km; height 4.8-6.0 m; and width on top of
the embankment 6 m. Distance between these two embankments was 300 m. A total of 20
locations on both embankments settled seriously. The elevation at the top of the embankment
was originally 6 m, while after the quake the elevation of many sections was lowered to 2.72.8 m. Large settlements occurred on the interior and exterior slopes and at the foot of the
slopes. The amount of settlement varied from 0.5 m to 1.5 m accompanied by a few pits, the
length, width and depth of which were all 2-3 m. Some longitudinal cracks extended
continuously along the embankment for several kilometers. The surface soil contained a lot of
sand and silt particles in some sections having a total length of nearly 100 m. After the quake
cracks, which occurred on these sections, were numerous. For example, at Liuzhuang gate in the
Hangu section the top of the right embankment collapsed leaving two large pits, one was 3.8 m
long, 1.7 m wide and 2.2 m deep and the other was 3.5 m long, 1.1 m wide and 2.2 m deep; in
the east section in Wangzhuang Village several cracks passed on top of the embankment
breaking the section into a lot of pieces. The largest crack was 60 cm wide. A large longitudinal
crack, about 1 m wide, occurred at the foot of the interior slope in which water flowed just like a
stream. At another section a large crack occurred on the embankment shoulder along the
embankment and the top of the section settled 30-50 cm (Photo 17). In the east section in Lizigu
Village a large settled area along the direction of the embankment occurred on the exterior slope
forming a stream. Besides, collapse of the embankment top and exterior slope along the river
occurred at the new and old embankment in the vicinity of the new flood prevention gate; some
sections, nearly 100 m in length, were broken into several pieces (Photo 18).
Other examples, at the Damaxiaogu Village section there was a large settlement area about
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50 cm deep, cracks occurred on the foot of the exterior and interior slope. The largest crack on
the interior slope was 1.7 m wide; in the Ximeng Village section a large crack with a maximum
width of 1.1 m and a maximum depth of 80 cm occurred on top of the embankment along the
river. A large area of exterior slope settled with the greatest settlement of 1.5 m. The earth slope
in front of the mortar-laid rubble anti-wave wall in the Yingcheng section slid, settled and
cracked with a crack opening of 1.15 m in width and one section of the anti-wave wall was
thrown into the river about 18 m from the wall after overturning (Photo 19).
Damage to the wave protection facing generally occurred. For example, in front and behind
the facing at the Lutai embankment section there existed protection slopes and foundations about
1.2 m high. After the quake an opening above 1 m wide occurred in the facing and the
protection slope foundation collapsed; the facing behind the Lutai Paper Manufacturing Plant,
about 2 m high, was made of brick. After the quake irregular fine cracks were found along brick
joints and expansion joints dividing the facing into many blocks. On the facing behind the Lutai
Rice Processing Plant collapses and cracks occurred in many places. The rubble slope under the
cracks slid to the river for 10-30 m (Photo 20).
c) Embankment along the new Huanxianghe River
The left and right embankments along the new Huanxianghe River were 31.5 km and
30.0 km long respectively. The top of the embankments was 8 m and distance between these
two embankments was 200-300 m. A total of 16 locations at these embankments with a total
length of 16 km were damaged, in which 6 locations settled, 5 locations fractured and slope
sliding occurred at 5 locations. A few embankment sections settled more than 1m. The river
channel became narrow where slope sliding occurred and the riverbed heaved up 20 cm.
Based on the survey for the longitudinal and transverse cross-section of the new
Huanxianghe River performed by the Hydraulics Bureau, Ninghe County, in January 1979, 8
cross-sections were selected for comparison of river channel elevation and embankment top
elevation after the quake with the original design elevations. Comparison results are shown in
Table 23. From the table, upheaval of the riverbed in Yanghuazhuang and those villages east of
Yanghuazhuang was 20-70 cm, and lowering of the riverbed in villages west of Yanghuazhuang
was 5-55 cm. The elevation at the top of the embankment east of Yuexiuzhuang increased
generally 4-35 cm and decreased 1.2-1.5 m generally in the west. It was evident that variation of
the above-mentioned elevations was controlled by the uplifting and lowering of land in the
region where the river was situated, except for the deformation of the embankments themselves.
There were 6 sections that settled, slope sliding occurred at 5 sections on both embankments
and the riverbed heaved up 20 cm; the new Huanxianghe River in Ninghe County had not been
able to divert flood waters according to the original design water level.
d) Embankment along the new Ziyahe River
The left embankment of the new Ziyahe River passed through Jinghai County, Tianjin City
and both left and right embankments passed through the south suburb district of Tianjin City.
The Jinghai section of the left embankment was 3 km long with a height of 12.6-9.73 m and was
2,200-2,400 m away from the right embankment at the boundary of Hebei Province. Lengths of
both embankments in the south suburb district were 26.5 km and 28 km respectively, with a
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height of 5.9-8.26 m. Distance between these embankments was 2,700-3,600 m and the width of
the top of the embankments was about 10 m. Scour was serious before the quake. During the
quake damage to the south suburb sections on the right embankment with a total length of 4.6
km was relatively serious and settlement of the sections was generally 20-50 cm. More cracks
occurred on the top and slope of the embankment. The width of cracks was 10-20 cm with a
maximum of 30 cm, and the depth of cracks was not less than 50 cm.
IV. Damage to Pumping Wells
(1) Structure and type of pumping wells
Pumping wells in villages of Tianjin City were divided into three kinds. 1) Shallow wells;
the depth of these wells was less than 50 m and discharge of water was required to satisfy the
amount of pumping for 3-in centrifugal pumps (those not satisfied were not counted in the
statistical analysis). 2) Moderately deep wells; the depth of these wells was 50-150 m. 3) Deep
wells; the depth of these wells exceeded 150 m.
Before the quake there were 32,255 pumping wells in villages in which 5,964 were deep
wells, 13,830 were moderately deep wells and 12,461 were shallow wells. For deep wells, steel
pipes were used in 1,475 wells; cast iron pipes were used in 78 wells; asbestos pipes were used
in 210 wells, cement pipes were used in 3,380 wells; plastic pipes were used in 19 wells and
pipes made of other materials were used in 802 wells.
(2) Statistics on damage
During the two strong earthquakes (the Tangshan earthquake of M=7.8 and the Ninghe
earthquake of M=6.9) in the suburb areas of Tanggu District, Hangu District, Dagang District
and in five affiliated counties there were 8,966 pumping wells that were damaged in the quakes
which amounted to 28% of the total. Of these, 1,758 were deep wells (29% of total deep wells),
2,904 were moderately deep wells (21% of total moderately deep wells) and 4,303 were shallow
wells (35% of total shallow wells). Wells in Ninghe County and Hangu District were most
seriously damaged. Before the quake, in Ninghe County, there were 2,575 pumping wells of
which 1,012 were damaged (40% of the total); in Hangu District there were 449 pumping wells
of which 354 were damaged (78% of the total). The total loss for damaged wells in Tianjin City
was nearly RMB 40 million yuan, and about 50 million yuan for the damaged pumps, electric
facilities, buildings and professional equipment, etc. Damage to pumping wells caused lack of
drainage to about 800,000 m2 of farmland. Besides, damage to drinking wells in 274 farming
brigades made drinking difficult for people and livestock.
Based on the survey in 12 districts and counties, out of 8,966 damaged wells 14% of pipes
were damaged; dislocation occurred in about 30% of damaged wells; sand spouting occurred in
12% of damaged wells; sand blockage occurred in 60% of damaged wells; water salting occurred
in 3% of damaged wells; reduction of water occurred in 2% of damaged wells and other damage
patterns occurred in 6% of damaged wells. Of 1,758 damaged deep wells, the damage ratio
depended on pipes used in the well. The damage ratio of wells with steel pipes was
approximately 5%; those with asbestos pipes was about 23%; those with plastic pipes was about
32%; and those with cement pipes was about 37%. Of the pumping wells in Ninghe County that
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were damaged, 31% was due to broken pipes; 65% was due to sand damming and spouting; and
4% was due to other causes. The damage ratio of deep wells with steel pipes was 11%; those
with asbestos pipes was 55%; and those with cement pipes was 72%. In Hangu District, out of
354 damaged pumping wells 6% was due to broken pipes; 93% was due to sand damming or
spouting and 1% was due to other causes. The damage ratio of deep wells with steel pipes was
only 10% and those with asbestos pipes and cement pipes were both 100%.
The damage survey in 12 districts, counties and 2 seriously damaged regions show that the
damage ratio of wells with steel pipes was far less than those with cement pipes and asbestos
pipes. Most of the damage to pumping wells was due to sand damming or spouting. During the
repair process it was found that steel pipes were seldom broken; damage to the well was mainly
due to bending of pipes at depth or tilting of pipes causing the pump not to operate. Individual
wells were out of use due to sand damming, sand spouting, water becoming salty, reduction of
water flow, etc. Meanwhile, most of the pumping wells in villages were moderately deep wells
and shallow wells, even the deep wells were mostly wells with cement pipes, poor in earthquake
resistance and easily broken or dislocated in the connection causing sand spouting, water to
become salty, etc. The location of damage to wells was mostly 20 m from the surface, such as
wells with cement pipes in Gaojiatuo, Mutouwo, and Lianzhuang in Ninghe County. In Hangu
District a steel pipe in a well 400 m deep in Yangjiao, Yangjiabo Commune was bent at a depth
of 10-20 m.
Furthermore, the quality of water in a few pumping wells became better and the amount of
flow increased after the quake.
(Translator: Lu Rongjian)
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Table 1. Statistics of damage to reservoirs.
No. of Damaged Reservoirs
Size of
Reservoirs

No. of
Reservoirs

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Intact

large size

2

1

1

0

0

medium
size

2

0

1

1

0

small size
(Model 1)

6

0

0

2

4

small size
(Model 2)

7

0

0

3

4

small size
(Model 3)

3

0

0

3

0

20

1

2

9

8

Total

1955

1960

1973

1970

1971

1958

1971

1975

1970

1973

Yuqiao

Beitang

Huanggang

Liujisu

Sanba

Guanshan

Chuanfangyu

Tianjiayu

Liuzhuangzi

Year of
Completion

Beidagang

Name of
Reservoir

earth-rock
mixed dam

earth-rock
mixed dam

ditto

ditto

ditto

ditto

ditto

ditto

ditto

homogeneous earth
dam

Type of
Dam

23

20

18

7.5

13.9

15

2.4~3.5

3.3~3.7

22.75

5~6.7

Height of
Dam
(m)

110

100

161

260

330

370

12,800

11,400

2,215

53,347

180

270

870

897

1,000

1,610

13,200

13,800

1300,000

500,000

Total
Length of Capacity
3 3
Dam (m) (¡Á10 m )

1:3

1:3

1:3

1:3

1:1.5
(rock slope)
1:7
(earth slope)

1:8

1:3.5-1:3
1:4.5-1:5
1:5-1:6

1:3

Upstream

1:1

1:2

1:2.5

87

102

80

95

84

98

74

1:2.5

1:2.5

70

VI

VI

VII

VII

VII

VII

VII

VII

VII

85

1:3.-1:2.5
1:2.5-1:4
1:4-1:6
1:2.5

VII

Intensity

125

Epicentral
Distance
(km)

1:4

Downstream

Slope Ratio of Dam

Table 2. Damage to reservoirs.

9.36

4.4

4.9

3.5

2

2

11.82

2

Water
Depth
Before
Quake
(m)

ditto

ditto

slightly
damaged

ditto

ditto

ditto

slightly
damaged

moderately
damaged

moderately
damaged

seriously
damaged

Damage
Degree

rock

rock

rock

ditto

sand riverbed

rock

ditto

cohesive soil

sand, gravel and
cohesive soil

cohesive soil

Foundation Soil

West end of the dam settled; 2 cracks
5-15 cm wide occurred on the dam
axis; spillway cracked.

A crack 97 m long occurred on the
protection slope.

A crack, 50m long and 10-15 cm
wide, occurred on the dam, slope
cracked.

Spillway cracked, a settlement, about
30 m at the entrance of the spillway
occurred for 50 cm.

A crack 200 m long occurred on the
protection slope.

The dam settled 30 cm, 2 longitudinal
cracks 60m long and 10-20 cm wide
occurred.

A few dam sections deformed and
cracked, 3 sets of gates were
damaged.

A length 5,400 m on the embankment
deformed and cracked. A length 2,600
m on the slope cracked. Five gates
with bridge and culverts were all
damaged.

See example 2

See example 1

Description of Damage
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1959

1973

Xijingyu

Year of
Completion

Dongwubai

Name of
Reservoir

mortar-laid
rock dam

homogeneous earth
dam

Type of
Dam

40

325

7

12

Length of
Dam (m)

Height of
Dam
(m)

108

170

Total
Capacity
(m3)
Upstream

Downstream

Slope Ratio of Dam

82

68

Epicentral
Distance
(km)

VI

VII

Intensity

Table 2. Continued.
Water
Depth
Before
Quake
(m)

ditto

ditto

Damage
Degree
Foundation Soil

rock

earth riverbed

Description of Damage

West end of the dam cracked.

Discharge opening cracked.

377

378

Table 3. Test results of the soil at the north surrounding embankment.
Soil Layer and its
Elevation (m)

1st layer
3.261 to 1.46

2nd layer
1.46 to -6.10

3rd layer
-6.10 to -8.70

4th layer
-8.70 to -11.72

Water
Content (%)

Wet
Volume
Weight
(T/m3)

Friction
Porosity Plasticity Angle
Ratio
Index
(degree)

Cohesion
(kg-force/cm2)

Compressibility
Coefficient
(cm2/kg-force)

maximum
39.3

1.99

1.26

23.4

23

0.28

0.114

minimum
30.2

1.80

0.71

15.4

16

0.08

0.033

average 35.7

1.85

0.91

17.5

20

0.15

0.064

no. of
samples 7

15

19

13

8

10

10

maximum
46.9

2.04

1.19

18.8

34

0.23

0.078

minimum
22.8

1.63

0.85

6.6

13

0.07

0.026

average 36.3

1.82

1.07

12.8

22.2

0.15

0.055

no. of
samples 8

14

10

12

9

6

11

maximum
46.9

1.87

1.17

20.6

27

0.23

0.079

minimum
25.1

1.77

0.69

16.2

14

0.13

0.029

average 35.8

1.83

0.97

18.0

20

0.17

0.048

no. of
samples 8

7

6

6

4

4

7

maximum
39.4

2.04

0.93

19.5

28

0.23

0.040

minimum
22.4

1.89

0.63

10.4

21

0.15

0.030

average 29.1

1.94

0.81

13.4

25.6

0.17

0.034

no. of
samples 9

9

6

9

5

4

5
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Table 4. Test results of soil at the west surrounding embankment.
(Units are the same as in Table 3)
Elevation of
Soil Layer
(m)

Natural
Volume
Weight

Porosity

Liquidity
Index

Plasticity
Index

Compressibility
Coefficient

maximum
40.2

1.94

1.18

1.11

26.0

0.09

3.788

minimum
27.3

1.80

0.79

0.56

6.9

0.014

1.986

average 31.9

1.86

0.94

0.77

17.8

0.049

no. of
samples 14

14

14

14

14

13

Water
Content
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Table 5. Design data of soil at different surrounding embankments.
Internal Friction Angle (°)
Name of
Surrounding
Embankment
north
embankment
west
embankment

Below
Immersion
Line

Cohesion
(ton/m2)

old dam body

8

1.5

dam foundation

8

1.3

0.76
0.42

Location

new dam body

13

11

1.8

new and old dam
body

18

16

1.5

15

0.6

10

1.8

10

1.1

7

1.5

11

1.8

13

0.7

13

1.5

dam foundation
new dam body

southwest
embankment

Above
Immersion
Line

12

Permeability
(m/day)

dam foundation
old dam body
wave protection
terrace
dam foundation

south
embankment

old dam body
wave protection
terrace
new dam body

13

dam foundation
east
embankment

wave protection
terrace
new dam body

15

Remarks: 1. When, in the extreme case, an earthquake of intensity VIII is considered, internal
friction angle in the table should be decreased.
2. Design immersion line adopted should be the calculated line adding 1.5 m of
capillary height.

Total: 3,860

(13+140 - 13+240)
100

1,000

1,360

2,000

40

(11+930 - 11+970)

(11+400 - 11+750)
350

west embankment

(5+100 - 5+800)
700

(10+350 - 10+580)
230

Total

1,300

(4+570 - 4+830)
260

south embankment

(9+350 - 9+680)
330

Dam Sections (beginning and ending stake No.) and Their Length

north embankment

(8+150- 8+500)
350

southwest
embankment

Name of
Surrounding
Embankment

Table 6. Length of dam sections on which cracks occurred and No. of stake indicating beginning and
ending of the section at different surrounding embankments (unit: m).
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west
embankment

north section

south section

southwest embankment

south embankment

Name of Surrounding
Embankment

9.36

9.158
9.115

2+500
3+500

9.226

9.270

4+000
9.356

9.105

3+000

9.168

9.217

0+000
1+700

9.163

10+500

9.283

9.104

9.411

9+900

8.928
9.093

9.138

9.070

At Bottom of Stake

8+900

9.241

9.050

11+000
3+600

8.957

10+000
9.106

8.894

9+000

9.231

9.063

8+000

12+773

9.001

7+000

On Top of Stake

Dam top Elevation in 1979(m)

8.982

Dam top Elevation
(Aug.-Sept. 1975)

6+000

Dam top
Elevation
(May 1975)
9.177

Dam Top Elevation
(May-June 1974)
(m)

5+000

Stake No. of
Profile

Table 7. Measured elevations on top of the dam before and after the quake.
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east embankment

north embankment

Name of Surrounding
Embankment

9.647

9.464

8.946
9.255
9.210

10+700
14+700
15+170

9.308

8.745

9+700

0+800

8.809

8+700

8.962

6+700
8.904

8.987

5+700
7+700

8.883

8.851

3+700

8.819

At Bottom of Stake

4+700

8.863

On Top of Stake

Dam top Elevation in 1979(m)

2+700

1+700

Stake No. of
Profile

Dam Top Elevation
Dam top
Dam top Elevation
(May-June 1974) (m) Elevation (May (Aug.-Sept. 1975)
1975)

Table 7. Continued.
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Table 8. Test results of dam soil.
Construction Method of the Dam Section
Heavily Rolled and
Compacted

Lightly Rolled and
Compacted

Built by Pouring Earth
into Water

1.67

1.57

1.42-1.51

Upstream

1:3.5-1:3.0

1:4.5-1:5.0

1:5.0-1:6.0

Downstream

1:3.0 - 1:2.5

1:4

1:4. 0- 1:6.0

18 - 20

20 - 25

20 - 28

0+280 - 0+760

0+760 - 0+875

0+875 - 1+550

1+820 - 1+935

1+550 - 1+820

Item
Dry volume wt. (ton/m3)
Slope Ratio

Water Content (%)
Stake No. of Dam Section

Table 9. Safety factors in the seismic design.
Upstream Slope
Design
Condition

Water Level

flood water
level in 100
years, 25.8 m

normal
operation

normal
operation +
occurrence of
earthquake

ditto

Local
Dam

Design Section
main river
built by
pouring earth channel
into water
terrace

Downstream Slope

Whole
Dam

Local
Dam

Whole
Dam

1.8

1.58

1.81

1.89

rolled and
compacted
section

old river
channel

built by
pouring
water into
water

main river
channel

1.44

1.4

terrace

1.51

1.68

1.13

1.2

rolled and
compacted
section

old river
channel

1.22

1.24

1.11

1.63

1.42

Table 10. Statistics of damage to gates.
Statistics on Damage (no. of gates)

Capacity of
Gates
(sec –m3)

No. of
Gates

100~2360

5

100~3200

47

100~1200

4

Total

56

Collapsed

Seriously
Damaged

Moderately
Damaged

Slightly
Damaged

Intact
5

2
2

8

9

28

1

1

2

9

10

35

uplifting R.C.
plate closure

rotating steel
plate closure

1972

1966

1968

1969

1932

1932

Ningchegu Flood
Prevention Gate

Jinzhonghe
Flood Prevention
Gate

Worker-Farmer
Soldier Flood
Prevention Gate

Qujiadian North
Gate

Qujiadian South
Gate

Qujiadian
Regulating Gate

uplifting R.C.
plate closure

uplifting steel
plate closure

11

rotating steel
plate closure

11

1967

Old Flood
Prevention Gate

upper and
lower
uplifting steel
closures

1974

Type

New Flood
Prevention Gate

Name of Gate

Year of
Completion

6x6.1

6x6.3

11x10

22x10

6x6

middle opening
16x8 side
opening 4x8

9x8

middle opening
8x8 side
opening 6x8

Height x Width
(m)

Gate Closure

400

380

1020

3200

400

2100

1100

1200

Design
Capacity
of Blows
(m3/sec)
pile foundation
with separated
bottom plates

clay

clay

silty clay with
sand layers

clayey soil
intercalated with
thin layers of
sandy soil

clay inter-calated
with a few sandy
loam lens

pile group
foundation with
monolithic
bottom plate

raft foundation
with monolithic
bottom plate

pile foundation
with separated
bottom plates

raft found with
monolithic
step-wise
bottom plate

pile foundation
with separated
bottom plates

loam, sandy loam raft foundation
with monolithic
bottom plate

clayey soil, silty
clay

Foundation Soil

Structural Type
of Foundation

103.2

103

103

109

74

slightly
damaged

slightly
damaged

slightly
damaged

slightly
damaged

seriously
damaged

moderately
damaged

seriously
damaged

65

70

seriously
damaged

Damage
Degree

69

Epicentral
Distance
(km)

Table 11. Damage pattern of gates.

Cracks occurred at the end of the tie beam of the
truss on the elevated bridge.

Cracks 0.5-2.0 mm wide spacing 10-20 cm
occurred on the breast wall. Cracks occurred at
the end of the tie beam of the truss on the elevated
bridge.

Cracks occurred at the bottom part of columns on
the elevated bridge.

Cracks occurred at the bottom part of columns and
on the tie beam, on the truss of the elevated bridge
cracks also occurred on the upstream and
downstream slope. The slope upheaved.

Piers of the gate partly cracked, cracks occurred at
the end of the tie beam on the truss of the elevated
bridge end at the bottom of columns. Part of the
concrete fell down with reinforcement exposed
(Photo 5). Both ends of the gate settled. Brick
wall of the building at the gate cracked. Lower
gate for passing ships tilted. Cracks occurred at
the corner of portal frame.

See typical case 3

See typical case 2

See typical case 1

Damage Patterns
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uplifting R.C.
plate closure

arc-shaped
R.C. closure

1973

1969

1971

Xinzhuang Gate

Zhaogezhuang
Gate

Danangong Gate

uplifting
wood closure

rotating steel
plate closure
with wire net

1971

Wangsanzhuang
Gate

uplifting
wood plate
closure

1970

Type

Dazhangzhuang
Water Supply
Gate

Name of Gate

Year of
Completion

10x3.1

5x4

6x3

12x3.8

9x3

Height x Width
(m)

Gate Closure

256

171

250

268

200

Design
Capacity
of Blows
(m3/sec)

sand

soil

loam

Foundation Soil
raft foundation
with monolithic
bottom plate

Structural Type
of Foundation

Table 11. Continued.

108

81

94

95

90

Epicentral
Distance
(km)

slightly
damaged

slightly
damaged

moderately
damaged

moderately
damaged

slightly
damaged

Damage
Degree
Damage Patterns

Seven buildings of the Gate Administration Office
collapsed.

Piers of the gate offset 3 cm. Still basin cracked 35 cm. Slopes on both banks fell down.

Front basin and still basin settled and cracked.
The culvert passing through the embankment
separated with the inlet gate chamber and the still
basin parallel for 10 cm. The expansion joint
expanded 15-20 cm. Breast wall on top of the
upstream gate closure cracked with a width of 5-7
cm. Upstream and downstream slope ruptured
with a lot of longitudinal and transverse cracks, the
greatest width of which was 10-20 cm. Protection
slope partly collapsed (Photo 7).

Oblique cracks occurred on the pier in the
upstream direction. Horizontal shear cracks
occurred at a distance of 70-90 cm from the
bottom of all columns on the elevated bridge.

Cracks occurred on the stone wing wall.
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Table 12. Strength, permeability, freezing and thawing grade of concrete at
different locations of the gate.
Strength Permeability Freezing and
Grade
Grade
Thawing Grade

Location
working bridge, highway
bridge, elevated bridge,
bent

300

gate pier

200

S4

D100

bank wall

200

S4

D100

bottom plate, blanket, still
basin

150

S6

protection slope, core pile

150

S6

fishway

200

Remarks
made of pre-cast
products
S6 grade concrete was
adopted for piers under
elev. -2.5 m
for scour resistance

D100
D100

Table 13. Main properties of different soil layers.

No. of Layer
1st layer

2nd
layer

3rd layer

Name of
Layer
silty
clay

a

light
clayey
soil

b

clayey
soil

c

heavy
clayey
soil
sandy
soil

Value
average
upper and
lower limit
average
upper and
lower limit
average
upper and
lower limit
average
upper and
lower limit

Water
Content
%

Dry
Volume
Weight
(ton/m3)

48.5

1.17

26.1-60.3

1.05-1.42

Porosity

Internal
Friction
Angle
(degree)

Cohesion
(ton-force/m2)

1.36

16.6

0.09

0.92-1.69

11-20

0.02-0.21

32

1.45

0.87

25.3

0.13

21.3-53.6

1.33-1.68

0.59-1.02

19-32

0.03-0.28

28

1.53

0.77

26.1

0.16

19.3-42.8

1.24-1.71

0.56-1.11

22.8

1.65

0.65

18.9-26.6

1.55-1.76

0.53-0.76

15-34

no undisturbed soil samples were taken

0.08-0.28

Permeability
(m/day)
32.66-0.005

Remarks
stable ground
water level:
2.5 m; stable

83.31-0.17

0.112-0.004

artesian water
level: 1.5 m
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Table 14. Damage to settlement joints at different gate openings.
Width of
Crack
(cm)

Depth of
Crack
(cm)

under No. 1 gate
opening

8

40

above No. 2 gate
opening

10

15

under No. 3 gate
opening

8

40

under No. 8 gate
opening

3

above No. 13 gate
opening
above No. 14 gate
opening

Location

Length of
Crack
(cm)

Remarks
Length of the crack was not known due to
existence of muck between No. 1 and No. 2
openings.

70

Bottom plate was 6 cm higher than the pier.

10

300

Bottom plate of gate chamber was 1 cm
higher than the still basin.

5

30

20

Bottom plate was 4 cm higher than the pier.

10

40

At the intersection of the right pier 2 m in the
upstream direction and the fishway 2 m
away, there was a bottom plate about 14 m2.
A lot of cracks occurred on the plate and
width of cracks were 1-2 cm.

41.9

>84

4

1.985

5
No. 6 pier

6

1.925

22.5

>84

Blanket Downstream Upstream
Side

No. 4 pier

3

8

41.9

Still
basin

No. 10 pier

9

10

12

No. 12 pier

11
No. 14 pier

13

14

>84

>84

>84

3.93

1.84

>84

>84

Blanket Downstream Upstream Still Blanket Downstream Upstream
Side
Side
Basin
Side
Side

No. 8 pier

7

8.0
7.9
7.9
7.1

Sept. 22, 1976

April 1, 1979

April 10, 1979

Nov. 7, 1979

5.5

6.2

6.8

7.4

2

4

8.9

9.6

9.6
8.9

9.3

9.5

10.3 10.5

3

8.7

9.0

9.1

9.8

5

8.3

8.5

8.8

9.9

6

8.5

8.9

9.1

9.9

7

8.2

8.3

8.8

10.1

8

8.3

8.6

9.0

9.9

9

No. of Gate Pier
11

12

8.3

8.6

8.9

9.0

9.7

9.6

10.2

11.0

10.5

10.2 10.5 11.3

10

14

15

10.6 11.8 13.7

11.3 12.3 14.5

11.3 12.1 14.2

10.7 12.4 13.1

13

10.3 8.8
10.4 8.8
9.5

April 1, 1979

July 10, 1979

Nov. 7, 1979

7.2

10.5 9.5

Dec. 22, 1976

2

10.6 9.4

1

Sept. 22,1976

Date of
Measurement

7.1

7.8

7.9

9.0

9.2

3

7.2

7.7

7.6

9.3

9.7

4

6.3

7.4

7.0

8.0

9.0

5

6.8

7.2

7.2

8.6

9.1

6

7.3

7.9

7.5

9.1

9.8

7

9

10

8.1

8.3

8.4

9.8

7.7

8.0

7.8

9.4

7.8

8.2

8.3

9.7

10.0 10.1 9.9

8

No. of Gate Pier
12

13

14

15

8.1

9.0

9.1

9.3

8.8

9.5

9.6

8.4

9.2

9.6

9.1 11.1

9.1 11.6

10.0 12.0

10.5 10.1 11.0 12.1

10.5 11.0 11.0 10.1 11.3

11

Table 17. Vertical displacements of different gate priers in upstream direction after the quake.

1

Date of
Measurement

Table 16. Vertical displacements of different gate piers in downstream direction after the quake (in cm).

Absorption (lit/min.)

2

Downstream Upstream Still
Side
Side
basin

No. 2 pier

Location No. of Gate
Pier

Measuring Location

1

No. of Pressure
Measuring Bore

Table 15. Results of water injection tests.

40.425

Exterior
Protection
Slope

Fishway

15

389

-107

-14

0

right

-91

0

left

straight line connected
by gate closures-mend
the reference line

3

4

-90

-88

+60 -111 -119

2

0

1

construction reference line

Reference Line

-115

-110

-113

5

-925

101

-121

6

-85

-92

-115

7

-102

-104

-118

8

-127

-113

-126

9

No. of Gate Pier

-103

-112

-114

10

-102

-119

-111

11

-127

-106

-111

12

-119

-111

-110

13
-43

-40

14

0

0

0

15

Table 18. Relative horizontal displacements of different gate piers and side piers on the left and right banks (in mm).
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Table 19. Longitudinal displacements of the deck at the elevated bridge (in cm).
No. of Pier
Direction

1

2

downstream

11

upstream

30

3

4

5

6

7

0.2
7

0.2

1.1

8

9

0.1

0.1

0.1

1

10
0.2

11
1.5

12
0.4

13

14

15

1.5

0.1

25

5

0.6

25

Table 20. Total transverse displacements of T-beam and pier cap (in cm).
No. of Pier

1

Displacement 120
in Downstream
Direction

2

3

4

5

6

7

8

9

10

11

12

13

14

15

60

50

30

30

25

20

18

10

9

10

20

30

35

40
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Table 21. Statistics of damage to pumping stations.
No. of Damaged Stations

Capacity
of
Pumping
Station
(m3/sec)

No. of
Pumping
Stations

4-16

11

4-32

126

4-30

50

4-10
Total

Collapsed

Seriously
Damaged

Moderately Slightly
Damaged Damaged

Intact

2

9

8

15

39

64

6

7

6

13

18

10

2

1

4

3

0

197

8

16

25

57

91

1973

1972

1971

1964

1962

Quzhuang

Yingcheng
discharge station

Luxinhe

Xuezhuangzi

Ganbali

1976

1976

1976

Yanghua

Dongyituo

1950

Dongzhuangzi

Limuo

1964

Kuanjiang
(No.1 station)

Name of Pumping
Year of
Station
Completion

1040

1560

365

310

620

660

495

330

551.6

1560

12

18

4.8

4

8

8

6

4

10

19.8

Total
Generator Pumping
Capacity Capacity
(kW)
(m3/sec)

PV-16

PV-16

36WZ-82
24WZ-72

36WZ-82

ditto

ditto

36ZLB-85

36WZ-82

PV-16

Type of
Pump

combined type

ditto

ditto

ditto

separated type

Type of Plant

ditto

ditto

ditto

shaft pile
foundation

raft foundation

Type of
Foundation

65

142

85

60

34

31

34.5

34

44

51

Epicentral
Distance
(km)
Intensity

Table 22. Damage to pumping stations.

collapse

collapse

collapse

collapse

collapse

collapse

collapse

collapse

Damage Degree

Description of Damage

Cracks occurred on the gable wall of main plant
building. Oblique cracks occurred on walls of
auxiliary plant building. ceiling collapsed
causing the relay demolished. Walls of water
outlet tank cracked

Cracks occurred on the wall above the crane
beam in the main plant building. The building
displaced. Foundation of the wall settled and
walls cracked at the auxiliary plant building.
Seepage occurred from the water outlet tank to
pump house. One crack 4.5 m long occurred in
the pump house. Wing walls cracked and
inclined.

Part of the plant building collapsed. Water inlet
tank gate was damaged causing seawater to flow
in. Side wall fractured seriously. Ground on the
inlet side settled about 1 m.

Shaft piles tilted. Main plant building cracked
and inclined. Transformers were demolished, oil
leakage occurred. Deck plate of the working
bridge distorted and cracked at the entrance.
Protection slope of the wing wall cracked. Inlet
and outlet gate were damaged. Water inlet end of
the trough collapsed (Photo 14,15)

Main plant building totally collapsed.

Main plant building totally collapsed.

Main plant building totally collapsed.

See typical case 1.

Main plant building totally collapsed.

Plant building totally collapsed.
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1967

1973

1975

1975

1971

1960

1972

1975

1959

Bamencheng

Zhangtouwo

Donglaokou

Jiangwakou

Linzhuang

Yangfu

Gaozhuang

Yinchao

Zhongxinqiao
(No.1 station)

Name of Pumping
Year of
Station
Completion

850

1240

465

624.4

330.3

825

1650

1980

990

10

8.4

6

8

4

10

20

24

8.4

Total
Generator Pumping
Capacity Capacity
(kW)
(m3/sec)

36WZ-82

28ZLB-70

36WZ-82

36WZ-82

36WZ-82

36ZLB-85

36ZLB-85

36ZLB-85

Fengchan 20

Type of
Pump

separated type

Type of Plant

brick arch
foundation

Type of
Foundation

86

70

50

45

42

43

71

46

50

Epicentral
Distance
(km)

Table 22. Continued.

VII

VIII

IX

Intensity

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

Damage Degree

Description of Damage

A horizontal crack occurred on the brick wall of
the main plant building 1.4 m above the surface.
Pump axis distorted and cracks occurred on the
corresponding wall. Opposite inclined cracks
occurred on the brick support under the girder.
Water tank, 9 m high, overturned.

South gable wall of plant building settled and
collapsed for large area. Inlet and outlet tank
was damaged.

Plant building cracked, nearly collapsed.

Plant building cracked, nearly collapsed.

Plant building was seriously cracked. Front gate
closure inclined, unable to be lifted.

See typical case 2

All walls in plant building drifted outward,
inclined and broke. East-south corner of the
building collapsed. Roof slabs inclined nearly
falling down

North and south wall in the main plant building
cracked. Gable wall in the southeast corner
displaced outward about 30 cm with cracks 10
cm wide. Part of the gable wall collapsed.
Auxiliary plant building inclined. Connecting
wire of mutual inductors broken.

South wall of plant building drifted outward.
Transverse cracks occurred at the sill, etc.
Vertical cracks appeared at the connection of the
water outlet tank and plant building with a width
of 5 cm. Cracks 10 cm wide occurred on the
bottom plate of the water outlet tank, working
bridge at one opening collapsed. Cracks
occurred on the ground surface and foundation of
transformer station.
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1970

1966

1959

1972

1975

Honglou

Chadian
Discharge Station

Dongdagu

Yueyahe

Hanchengzhuang

Name of Pumping
Year of
Station
Completion

420

465

1555

595

465

5.6

6

19

8

6

Total
Generator Pumping
Capacity Capacity
(kW)
(m3/sec)

36WZ-82
24WZ-72

36WZ-82

36WZ-82
PV-16

36WZ-82

36WZ-82

Type of
Pump
Type of Plant

shaft pile
foundation

shaft pile
foundation

Type of
Foundation

82

82

83

57

80

Epicentral
Distance
(km)

Table 22. Continued.

VII

VIII

VII

VIII

VII

Intensity

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

Damage Degree

Description of Damage

Cracks occurred on walls of plant building.
Bricks in walls were loosened. Corner of the
building overhung. Pre-cast roof slabs fell down.

Cracks occurred on the floor slab of the main
plant building. Settlement joint was split apart
10 cm. Auxiliary plant building settled 10 cm.
Two cracks were found at the water inlet tank.
Pier at Muliu gate inclined and the gate closure
was only able to be lifted 1 m. North, south and
east walls at the outlet of the water cracked. Still
basin wall cracked. Discharge pipes
disconnected.

Cracks occurred on walls at plant building at the
old station. Wing wall at the discharge opening
collapsed. Gate closures of two openings could
not be closed. Transformers at the new station
moved 20 cm. A support frame next to the
transformer fell down. Four sections of lightning
rods broke.

Piles inclined. The plant building dislocated and
cracked. Cracks and seepage occurred at the
outlet and inlet tank. Supports of sewage grid
upheaved. Wing wall of the gate fractured with
cracks 5-15 cm wide. Lead screw inclined
obviously.

Cracks occurred on the plant building. Part of
the pumps and generators were damaged, out of
operation.
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Table 23. Comparison of elevation at the top of the embankment and at the riverbed of the new
Huanxianghe River before and after the quake.
Elevation at
Riverbed
(m)

No. of
Stake

Location

Design
Value

Measured
After
Quake

Elevation at
Top of Embankment
(m)

Design
Value

Measured
After
Quake
(right)

Measured
After
Quake
(left)

0+000

Xihuaigu

-1.00

-0.35

8.05

7.17

8.17

3+000

Xijiduo

-1.30

-0.60

7.90

8.25

8.05

8+000

Yuexiuzhuang

-1.76

-1.40

7.75

7.79

7.80

14+000 Yanhuazhuang

-2.65

-2.45

7.50

7.16

7.12

25+500 Hannong No. 8
Farming Brigade

-3.45

-3.50

7.10

5.80

5.91

26+257 Tianjin-Tanggu
Canal

-3.50

-3.90

7.09

5.50

5.50

26+500 Dongcuizhuang

-3.55

-4.10

7.05

5.50

5.58

31+500 Yanzhuang

-3.87

-3.95

6.94

5.51
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Photo 1. A longitudinal crack on top of an old
embankment on the south-west embankment at stake No.
8+500 was 20-30 cm wide.

Photo 2. Two longitudinal cracks on top of the wave protection terrace on the
south-west embankment at stake No. 8+300.
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Photo 3. Sand spouted from a crack located 56 m
away from bottom of the downstream slope at stake
No. 0+900.

Photo 4. Yellowish white bubbles emerged from the seepage pond behind the
dam.
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Photo 5. Cracks occurred at the bottom of the columns of the
elevated bridge on No. 3 pier with concrete spalling off and
reinforcement bent and exposed. Jinzhonghe flood prevention gate.

Photo 6. Cracks at the end of a tie beam on an elevated bridge at the
Qujiadian regulating gate.

400

Photo 7. An expansion joint of the mortar-laid stone slope
cover on the south bank in a downstream direction
expanded 9 cm and offset 5 cm perpendicularly at the
Xinzhuang gate.

Photo 8. Seepage occurred at the right bank of the gate and bubbles
emerged from the water.

401

Photo 9. Beams of the elevated bridge above the upper
gate closures on the No. 1-No. 7 opening collapsed. One
set of mobile gate opening machines overturned.

Photo 10. The ground at the west end of the highway bridge settled.
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Photo 11. The operating house in the east displaced to the east and
settled; the bridge deck displaced to the south.

Photo 12. There was damage to the upstream fish channel.

403

Photo 13. The elevated bridge collapsed over the flood prevention gate
across the Ji Canal.

Photo 14. Cracks were found at the main plant of the Yingcheng
Pumping Station. The plant inclined about 6° toward the outlet water
tank and the end of the water inlet trough collapsed.
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Photo 15. The R.C. deck of the pedestrian bridge at the entrance of
the Yingcheng Pumping Station was distorted and crushed. Cracks
occurred on the banks of the channel.

Photo 16. The wing wall of the gate at the Chadian Pumping Station
fractured with cracks 5-15 cm wide. The lift screws were bent.

405

Photo 17. A crack occurred on the shoulder of the east
embankment in Wangzhuang Village. The top of the
embankment settled.

Photo 18. The embankment near the new flood prevention gate across
Ji Canal collapsed and broke.

406

Photo 19. A section of the rubble wave protection wall on the Yingcheng
embankment was thrown toward the river. It landed about 18 m from the
wall after overturning.

Photo 20. There was damage to the rubble protection slope
behind the Lutai Rice Processing Plant.
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Figure 1. The water system and damage to hydraulic structures in Tianjin.
Gates: 1. new flood gate on Ji Canal; 2. old flood gate on Ji Canal; 3. Ningchegu
flood gate; 4. flood gate on Jinzhonghe River; 5. Wangsanzhuang
gate; 6. Xinzhuang gate
Pumping Station: 1. Kuanjiang Station (No. 1); Dongzhuangzi Station; 3. Yanghua
Station; 4. Limao Station; 5. Dongyituo Station; 6. Quzhuang Station; 7.
Yingcheng Discharge Station; 8. Luxinhe Station; 9. Xuezhuangzi Station; 10.
Ganbali Station; 11. Bamencheng Station; 12. Zhangtouwo Station; 13.
Donglaogou Station; 14. Jiangwakou Station; 15. Linzhuang Station; 16. Yangfu
Station; 17. Gaozhuang Station; 18. Yinchao Station; 19. Center Bridge No. 1
Station; 20. Honglou Station; 21. Chadian Discharge Station; 22. Dongdagu
Station; 23. Yueyahe River Station; 24. Hanshengzhuang Station
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Figure 2. Beidagang Reservoir and locations of damage.
Entrance gates of the surrounding embankment: 1. Majuan gate; 2. Dagang Ranch gate; 3. Gate of the pumping
station at Liugangzhuang; 4. Transfer gate at Liugangzhuang; 5. Dasuzhuang siphon; 6. Yongzhile
siphon; 7. Shajingzi siphon; 8. Dagang oil field siphon; 9. Siphon at fish seed ranch; 10. Ship passage
gate; 11. PLA river siphon

Figure 3. Schematics of the profile of Beida Harbor Reservoir Embankment (unit: m).
1. Seepage intercepting ditch; 2. Old embankment; 3. Newly constructed main dam; 4. Newly constructed
breakwater; 5. Water level 7.0; 6. Newly constructed breakwater; 7. Water level 7.0.
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Figure 4. Measuring and damage locations at Yuqiao Reservoir.

Figure 5. Cross-section of the dam at stake No. 1+555 at Yuqiao Reservoir (size: m).
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Figure 6. Profile of the foundation soil of the dam at Yuqiao Reservoir.

Figure 7. General plan of the new flood prevention gate across Ji Canal (unit: m).
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Figure 8. Profile of new flood prevention gate across Ji Canal (unit: m).

Figure 9. Location of borehole at the new flood prevention gate on Ji Canal(unit: m).
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EARTHQUAKE DAMAGE TO HYDRAULIC STRUCTURES
IN BEIJING CITY
Zhu Chendong*

I. General
Beijing City was relatively far (150 km±) from the epicenter. The intensity VII area was
mainly south-east of Tong and Pinggu Counties, with an area about 1% of the total area of
Beijing City. In this region no large-scale nor medium-scale hydraulic structures existed,
however, some hydraulic structures used for agricultural purposes existed. Of these structures
only Yangwa gate on the North Canal was slightly damaged. The intensity VI area was about
71% of the total area of the city. All large and medium-scale hydraulic structures of the city
were concentrated in this region including 3 large-scale reservoirs, 14 medium-scale reservoirs
and more than 100 water gates all having damage to different extents. The intensity V area was
28% of the total area of the city, covering Miyun, Huairou, Yanqing and Fangshan counties.
There were only a few small-scale reservoirs, dams and channels, etc. in this area and no damage
to these structures was found.
II. Damage to Reservoirs
There were 3 large-scale reservoirs, 14 medium-scale reservoirs and 60 smaller reservoirs in
Beijing City. The types of dams consisted of earth dams with slope protection facing, earth
dams with core walls, homogeneous dams, rubble gravity dams, concrete gravity dams, concrete
arch dams, rock filled dams and dams with asphalt inclined walls. Of these types of dams 14
were earth dams with slope protection, 14 in total.
During the quake no damage to reservoirs was found except slope sliding over a large area
occurred in the upstream direction of the main dam at Miyun Reservoir, the greatest earth dam in
the North China District (see “Damage to Miyun Reservoir” in this chapter).
III. Damage to Water Gates and Small-Sized Hydraulic Structures.
(1) Water gates
There were a total of 7 barrage gates across the Wenyuhe River and North Canal in Beijing
City (Fig. 1). Only one of which was damaged seriously in the quake, i.e. Luding gate across the
Wenyuhe River (Photo 1), which was situated about 1 km north of Sishang Village in Shunyi
County. Luding gate was composed of 12 steel gate closures 2.5 m high and 6 m wide, which
could be rotated automatically with the water level. The gate had no opening equipment and a
total width of 84 m (including two side openings). The discharge capacity of the gate was
975 m3⁄sec with a water storage capacity of 90,000 m3.
* Beijing Municipal Hydraulics Bureau
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The gate was completed at the end of 1971 and was put into operation during the flood
season of 1972. It was found that after operation, 1/3 of the area of the wire cage of the gate
collapsed in a downstream direction and two large pits up to 40-50 m long and about 3 m deep
were formed. Repair work had been carried out after the flood season. It was again found
during the flood season of 1974 that water emerged in several places on the rubble slope
protection at the gate in a downstream direction. After one month sand spouted in some of the
above-mentioned places. It was also found during inspection that cracks occurred on the contact
surface of the wing wall of both banks and protection slope in the upstream direction, and cracks
on the wing wall of the left bank were particularly serious. It was considered at that time that the
original design of the seepage prevention section was relatively short, only 16 m long,
corresponding to 6.4 times of the water head approximately. The cross-section of the gate is
shown in Fig. 2. No drainage facilities were installed on the downstream slope and structural
arrangement of the gate was not yet appropriate, so that overflow of the gate was relatively large.
In addition, workmanship of the sand-gravel layer and the mortar-laid rubble slope was poor,
causing piping to occur on the protection slope. During the repair work in 1974 additional
supports were installed behind the wing walls in the downstream direction and the rubble
protection slopes of both banks were rebuilt, but no drainage holes were made in the additional
anti-seepage layer; in the wall at the end of the original still basin concrete piers were added at
an interval of 0.5 m. It was considered to drive a vertical sheet pile for seepage prevention along
the bank in the upstream direction, penetrating the lower impermeable soil layer, but this had not
been done. However, sheet piles were driven into Xinbao gate and Jinzhan gate.
Luding gate was situated on a site of smooth topography which was 24.0-25.1 m above sea
level. Strata at the site were of recent deposit. In 1974 two boreholes were driven on the center
line of the gate with a depth 9-10 m. Strata at the site were classified into two layers. The first
layer was composed of fine, medium and coarse sand about 4 m thick. Sand in the upper layer, 3
m thick, was relatively fine and that in the lower layer was relatively coarse, uniform in size and
in a slightly dense state. In 1977 tests were performed on the sand. Standard penetration blows
of this sand layer was 4-11, which increased with the depth. The sand contained mica and
fragments of shell. The second layer was sandy clay with a degree of saturation 90-97%, water
content 21.9-33.6%, natural volume weight 1.85-2.03 g/cm3, void ratio 0.64-0.96, P.I. 4-16.5,
permeability coefficient 10-7-10-8 cm/sec, and a compressibility factor of 0.01-0.04 cm2/kg-force.
On the geological profile map of the exploration report there were also two remarks: 1) based
on the fact that on the base level of the proposed gate, 24 m, was just a layer of fine and medium
sand in a loose to slightly dense state therefore, this layer was not suitable to be a natural
foundation; 2) drainage should be noted in construction.
Because it was proposed that the gate not be built on the above layer properties of sand in the
layer were not given in the report. A similar sand layer existed under Jinzhan gate about 15 km
downstream from this gate. With observation by the naked eye, the sand at Jinzhan gate was
coarser than that at Luding gate, the particle composition of which is shown in Table 1.
Based on the analysis of the related geological department, the sand layers at Luding gate
were liable to be liquefied during an intensity VII earthquake. The lower sandy clay layer was
relatively thick but the bearing capacity was low.
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The quake occurred during the flood season. Except for Luding gate, which was closed to
store water at the time, all gates were opened for flood and there was no water in front of the
gates. The overflow depth on top of Luding gate was approximately 10 mm, the upstream level
was 26.68 m, the downstream level was 24.24 m, and the water head difference was 2.44 m. No
abnormalities were found at the gate when the M7.8 Tangshan earthquake happened. About 2
hours after the quake a large sound was heard and the gate opening was found collapsed and the
bridge slabs had fallen into the river (Photo 2).
Gate piers in the 3rd to 8th openings from the right bank inclined and settled. The settlement
in the 5th opening was the largest, up to 1.6 m; the bridge slab in the 3rd opening fractured and
fell into the river. Gate closures in the 3rd to 7th openings were loosened with those in the 3rd to
6th openings falling into the river. It was found during the inspection that the downstream
stilling basin and the apron slabs were fractured, settled and displaced, two slabs even imposed
upon each other (Photo 3). The downstream piers of the above openings also settled under the
water surface. A large amount of foundation soil flowed away, although the gate openings near
both banks were relatively intact. The upstream and downstream concrete or rubble protection
slopes were not damaged or cracked. The whole gate was seriously damaged and out of use.
In the neighborhood of Luding Village the seismic intensity was VII and the area was an
abnormal area in the region of intensity VI. In this area, besides the seriously damaged Luding
gate, a large number of ground cracks and sandboils occurred on the beach embankments and
cultivated lands in the vicinity of the gate in both an upstream or downstream direction. Houses
and barracks of farmers and troops also collapsed.
Furthermore, a brick wall of the building built next to the bridge of Beiguan gate and
Yangwa gate cracked and one of the cracks on the brick wall in the building of Yangwa gate
propagated along the window opening at a 45° angle. Cracks on the brick wall were deep, the
brick joints were found offset (Photo 4) and the wall was completely ruined. Many small cracks
occurred at the connection of gate piers and columns of the working bridge at Yangwa gate, with
widths all less than 1 mm; no effect was found on the routine operation of the gate. Two singlestory houses of the Gate Administration Office collapsed. Other gates were intact.
(2) Small-sized hydraulic structures
There were five hydraulic structures on the North Canal that suffered earthquake damage, of
these, three were drainage culvert gates through the left embankment of the North Canal i.e.,
Genglou reserved gate, Xihe Road reserved gate and Xiaolin reserved gate. The other two gates
were situated on the right bank of the North Canal i.e., Yangwa inlet gate and Yangwa outlet
gate (Fig. 3). These gates were all located in the boundaries of Langfu Commune and Xiji
Commune, about 20 km from the southeast town of Tong County. They were distributed along a
river section about 8 km long. Foundation soil along the bank was silty fine sand therefore,
damage to these gates was similar.
1. Genglou reserved gate
It was a 3-opening square culvert, 3×3 m in cross-section with a monolithic R.C. bottom
slab 80 cm thick. There was no water in front of the gate before the quake, however, the gate
chamber settled 8 cm after the quake (compared with the side pier) and sandboils occurred in the
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downstream expansion joint and still basin. Wing walls of the outlet or inlet displaced in an
upstream direction and downstream direction for 10 cm (Fig. 4). The sealant joint made of
galvanized sheet iron between the wing wall and the straight wall was pulled apart up to 6 cm
(Photo 5). Pre-cast concrete slabs on the downstream protection slope were damaged. The
upper concrete slab was pushed under the lower concrete slab for a depth of more than 70 cm. It
was reported that the foundation soil at the gate was a loose silty fine sand layer about 5 m thick,
and no treatment was made for the foundation in construction.
2. Xihe Road reserved gate
It was a 2-opening rectangular culvert with a cross-section 2×2.5 m. During the quake the
culvert body cracked and the gate closure could not be lowered and closed. The upstream
drainage ditch of the gate was completely covered with spouted sand and the gate settled. The
expansion joint at the connection of the upstream wing wall and straight wall was pulled apart.
Wing walls of both banks in the downstream direction displaced 12 cm and 7 cm toward the gate
center. Rubble protection slopes of both banks in the downstream direction cracked and heaved
and were seriously damaged.
3. Xiaolin reserved gate
It was a 4-opening square culvert with a cross-section of 3×3 m. The monolithic R.C.
bottom plate of the gate was 80 cm thick. After the quake the gate chamber settled 10 cm (there
was no water in front of the gate at that time and no sandboils occurred). The chamber separated
from wing walls, and the downstream wing walls moved toward the center of the river 5 cm and
3 cm respectively. From the appearance of the whole structure, the gate did not suffer much
damage but the galvanized sealant sheet was split.
4. Yangwa inlet gate
It was a single opening rectangular culvert with a cross-section of 0.8×1.5 m. After the
quake the wing wall separated from the straight wall leaving a crack up to 30 cm in width (Photo
6). Eight longitudinal cracks occurred on the concrete protection slope and the greatest crack
was 10 cm wide. Soil under the concrete slab on the slope slid in the direction of the riverbed
leaving a space under the bottom plate. The construction joint of the gate closure cracked and
the concrete beam under the hand-operated gate opening machine was bent and deformed.
Cracks were found on top of the beam. At the outlet of the gate the straight wall inclined
outward with a crack about 5 cm wide.
Except for the water gates across the North Canal, several small-sized culvert gates in the
city were also damaged.
5. Linqing gate
It was located across the Yueyahe River in Liqiao Commune in Shunyi County. This was the
site of the old river channel of the Chaobaihe River. The gate was built on a black fine sand
layer with 12 openings each 2×1.8 m in size; the discharge capacity of the gate was 40 m3/sec.
The gate structure was mortar-laid rubble masonry with a bottom plate 50-80 cm thick. Two
rows of wooden piles were driven under each gate pier. Each pile was 12-20 cm in diameter,
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about 1 m in driven depth and spacing of rows was 50 cm. After the quake a ground crack about
20 cm wide occurred on the beach of the left bank in the upstream direction. The left pier and
straight wall cracked and the pier settled approximately 4 cm. A lot of cracks occurred on the
rubble slope on both sides. Several cracks, large and small, occurred on the cultivated land next
to the left bank along the direction of the river. Exterior brick walls of a certain plant building
on the right bank, about 50 m from the gate, cracked seriously.
6. Wazi gate
It was located across the Xiaozhonghe River in Liqiao Commune in Shunyi County. The
gate was built on a white medium sand foundation and was a simple gate with 18 openings and a
concrete bottom plate. The gate closure was made of steel sections and a pedestrian concrete
bridge was built over the closure. The left side pier was located on the main river channel.
From underwater inspection it was found that 4-5 small cracks occurred on the bottom plane
along the direction of the river. Furthermore, slope sliding occurred on the left bank and the
downstream rubble slope cracked causing cracking of the U-shaped side pier on the left bank.
Besides, Shenjiafen gate in Chaoyang District, the small gate at Xihe Road of Xiji Commune
in Tong County, Caoliegezhuang gate and the west gate in Wangzhuang Village of Langfu
Commune in Tong County were damaged to different extents.
IV. Damage to Pumping Wells and Pumping Stations
(1) Pumping wells
Before the quake there were more than 38,000 pumping wells in Beijing City mainly
concentrated in the plain area. During the quake more than 1,000 pumping wells were seriously
damaged amounting to approximately 3% of the total. The damaged wells were mainly in Tong
County and secondarily in Shunyi, Daxing, and Pinggu, etc.
Damaged wells in Tong County distributed mainly in the communes of Xiji, Langfu,
Mizidian and Matou. Out of 15 pumping wells in the Hehezhan Farming Brigade of Xiji
Commune 11 wells were blocked by spouted sand. The pumping well at the Xiji Wood
Manufacturing Plant settled 0.5-0.8 m with the pump foundation and the depressed pit was 2 m
in diameter. It was reported by the workers that sand which spouted from the ground was as
high as 1 m with a duration of more than 1 hour. Out of 37 pumping wells in the Caozhuang
Farming Brigade of Mizidian Commune 17 wells were blocked and only 2 wells 102 m deep
remained undamaged. The pipe of a well in Mazhuang Village protruded more than 1 m above
the ground surface. Out of 7 pumping wells in the Qiancheyi Farming Brigade 5 wells with
cement pipes were damaged to different extents and only 2 wells with cast iron pipes were intact.
According to statistics made by the hydraulic department of Shunyi County, pipes in 56 wells
tilted and 238 wells were blocked by spouted sand after the quake in the county. Out of 11
pumping wells in the Nanzhai Farming Brigade of Menlou Commune in Pinggu County pipes in
5 wells were cracked and pumps in 2 wells raised from the original surface (one of which raised
15 cm, the other 6 cm), sand spouting occurred in 2 wells and 2 wells were intact.
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(2) Pumping stations
Before the quake there were 5,700 pumping stations in the city in which 11 stations were
slightly damaged (5 were located in Chaoyang District), a station building and water tank of 4
stations were cracked, and one building collapsed. Pump foundations were cracked at one
station in Fengtai District and at two in Daxing County. Out of 3 stations in Shunyi County
pipes at 2 stations were cracked and the protection slope at 1 station was damaged.
V. Damage to Embankments
Damage to river embankments in Beijing City occurred mainly to those on the Wenyuhe
River and North Canal. The embankment of the Chaobaihe River was also slightly damaged and
individual sections of the embankment settled and collapsed.
(1) Embankment of the Wenyuhe River
Damage to the embankment of the Wenyuhe River occurred mainly at the section in the
vicinity of Luding Village where the embankments in the upstream and downstream direction
near the collapsed Luding gate were damaged (Fig. 5). With reference to the stones on the
embankment, longitudinal cracks were found on the top and on both slopes within a distance of
200 m between 24.9-25.1 km. On the left embankment cracks in a 100 m section were more
serious. Width of the cracks were 10-30 cm generally with a maximum width of 40 cm. The
depth of the cracks which could be measured was 1.5-2.0 m and the largest crack extended 50 m.
Cracks parallel to the embankment were also found on the beach and cultivated land outside the
embankment. In this section 27.7-31.6 km of the right embankment cracks occurred; those in
two sections 27.7-28.6 km and 31.4-31.6 km were serious. On top of the embankment, 5.5 m in
width, there were 2-4 longitudinal cracks, generally parallel. On both slopes either in the
upstream or in downstream direction a lot of cracks also occurred with a width of 10-30 cm, the
maximum width was up to 80 cm, the maximum depth was 2.5 m (Fig. 7). A lot of cracks
occurred on the beach from which water and sand spouted. Cracks outside of the embankment
occurring in vicinity of mileage stone 28.0 km were most serious with longitudinal and
transverse cracks crossing each other. At the embankment where cracks occurred seriously there
was settlement of the top of the embankment of 5-20 cm with a maximum depression up to 6070 cm located on the right embankment in section 31.2-31.5 km.
At the above damaged embankment sections the foundation sand soil was seriously liquefied
during the earthquake. During construction of the embankment in 1971 the foundation soil was
not densely compacted and rolled and the fill layers with frozen lumps were thicker than usual.
(2) Embankment of the North Canal
The river channel of the North Canal within the boundaries of Beijing City was
approximately 45.7 km long and the total length of the embankment was 68.6 km in which the
left embankment was 35.3 km long, while the right embankment was 33.3 km. After the quake
serious cracks and slope sliding occurred on 14 sections of the left embankment starting from
Genglou Village through Chenhang, Hehezhan, Luwan, Xiaolin to Qiaoshang Villages with a
total length of 3 km. The longest damaged section was 862 m.
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There were many longitudinal cracks on top, on the slope and foot of the embankment the
maximum width of which was 40 cm and more, the depth about 3 m and length tens of meters
(Photo 7).
Ground cracks on the cultivated land and beach crossed each other. Slope sliding and sand
spouting occurred at several places on two sides of the embankment. A few sand boils were also
found on top of the embankment. The area where sand boils occurred on the beach was
relatively large, some sandboils were up to 25 m2 in area.
The strike of this river channel section was basically E-W in direction. On the north bank
zones of silty fine sand and many sandboils occurred. It was a seriously damaged zone. On the
south bank there were mostly sandy clay layers therefore, damage was slight. Based on borehole
data north of the river there was a surface layer of silty fine sand 1.5-2.2 m thick, standard
penetration blows were 2-9, average particle size 0.11-0.21 mm, effective particle size 0.0650.125 mm, and uniformity coefficient 2.5-3.1. Under the surface layer there was an impermeable
sandy clay layer 0.5-1.0 m thick, standard penetration blows of which were 5-15 in a moderate to
slightly densified state, average particle size 0.1-0.20 mm, effective particle size 0.06-0.10 mm,
and uniformity coefficient 1.7-2.7. The underground water level was about 3 m under the
surface.
(Translator: Lu Rongjian)
Table 1. Particle content of foundation soil at Jinzhan gate (%).
No. of
Borehole

Depth
(m)

1

3

1

7

1
3

Particle Size (mm)
>2

2-0.5

0.5-0.25

0.25-0.1

< 0.1

26.8

38.6

25.4

9.2

35.9

30.4

16.6

11.4

9

4.6

11.2

73.0

11.2

3.8

8.4

26.4

50.4

14.8

5.7
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Photo 1. A general view of Luding gate after the quake.

Photo 2. Bridge slabs of Luding gate fell into the river.

Photo 3. Downstream stilling basin. Apron slabs of
Luding gate fractured and dislocated.
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Photo 4. A brick wall of a building at Yangwa gate
cracked.

Photo 5. Sealing joint of the wing wall was pulled apart
at the Genglou gate.

Photo 6. The straight wall of the Yangwa inlet gate
separated from the wing wall.

Photo 7. There was damage to the embankment of the
North Canal.
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Figure 1. Barrage gates across Wenyuhe and North canals.
1. Caonian gate; 2. Luding gate; 3. Xinbao gate; 4. Jinzhan gate; 5. Beiguan gate; 6. Yulin gate; 7. Yangwa
gate

Figure 2. A cross-section of Luding gate (unit: m).

422

Figure 3. Small sized gates on North Canal.
1. Genglou gate; 2. Xihe Road gate; 3. Xiaolin gate; 4. Yangwa inlet gate; 5. Yangwa outlet gate; 6. Yangwa barrage
gate

Figure 4. Direction of displacement at three culvert gates.
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Figure 5. Location of damaged embankment on the
Wenyuhe River near Luding gate.

Figure 6. A profile of the damaged left embankment on Wenyuhe River at section 24.9-25.1 km.

Figure 7. A profile of the damaged right embankment on Wenyuhe River at section 27.7-28.6 km.
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Figure 8. Damaged sections on the left embankment of
the North Canal.
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DAMAGE TO HYDRAULIC STRUCTURES IN LANGFANG PREFECTURE
Hydraulic Bureau of Langfang Prefecture, Hebei Province

I. General
The seismic waves of the Tangshan earthquake spread to Langfang Prefecture in Hebei
Province so hydraulic structures in the Prefecture suffered damage.
The east part of the Prefecture was an intensity VII area which mainly consisted of Xianghe
County, most parts of Sanhe County and Dachang County and the east part of Anci County and
Baxian County. In the east part there were 15 drainage stations with a capacity above 4 m3/sec,
8 large and medium-size gates, 6 main river embankments namely the Xunhe River, the river
connecting the Xunhe River and the Chaobai River, the Qinglongwan River, the North Canal and
the Yongding River, a total length of 195.2 km. Locations of the above stations are shown in
Fig. 1.
II. Damage to Water Gates
In the intensity VII area of the Prefecture there were 8 water gates with a capacity above
100 m3/sec. Damage to these gates was slight (see Table 1). Two cases are described in the
following:
1. Luzhuang gate
This gate with 6 openings located on the Baoqiuhe River north of Dachang County was built
in 1956. Subsoil of the gate was clay having been compacted over time. The foundation was
made of rubble concrete as was the lower part of the gate pier.
After the quake the working bridge collapsed and the traffic bridge settled 1-3 cm. Cracks
occurred on bridge columns and on the downstream slope with a width of 1-3 cm. No damage
was found on the structure. The gate could be operated normally after a great extent of repairs.
2. Tumenlou flood discharge gate
This gate located on the upstream mouth of the Qinglongwanjianhe River south-west of
Xianghe County was built in 1973. There were 10 openings in the gate and the total width of the
gate was 109 m and total length was 143.4 m. The gate closure was a rotating steel plate closure.
The gate was an R.C. structure with separate bottom slabs and a shaft-column foundation. The
gate was situated in an area of only intensity VII but damage to its upstream and downstream
embankment was serious. For example, at the Houjiawan embankment 1,000 m away from the
gate in a downstream direction, 3 longitudinal cracks occurred on top of the embankment; there
were 6 longitudinal cracks on both the interior and exterior slopes with a width of 1-15 cm, a
maximum offset of 30 cm, and sandboils occurred in many places at the interior foot of the
embankment. No obvious change of the gate was found after the quake.
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III. Damage to Drainage Stations
Damage to 15 main drainage stations with a drainage capacity above 4 m3/sec is shown in
Table 2. Typical cases are as follows:
The Daluema Drainage Station built in 1970 was located on the right bank of the Xunhe
River south-east of Sanhe County with a total motor capacity of 410 kW, and a pumping
capacity of 4 m3/sec providing draining for an area of 18 km2. The subsoil was mainly sand.
Geological conditions at the station were not known. Damage to the station was serious (Fig. 2).
(1) The plant building shifted 80 cm to the left and settled 20 cm at the same time. Many
cracks occurred on walls and the maximum width of oblique cracks at both end spans reached 67 cm.
(2) Many cracks occurred on the inlet basin of which 5 cracks were 1 cm wide. The bottom
of the basin fractured and sand spouted from the fracture.
(3) The pressure basin shifted to the left and separated from the culvert for 80 cm. Three
vertical cracks occurred at the bottom of the concrete wall with a width of 1-5 cm. Many cracks
existed on the bottom slab.
(4) Settlement of 35 cm occurred where the pressure basin separated from the culvert passing
through the embankment. The downstream slope separated 30 cm from the basin.
(5) The upstream retaining wall pulled apart from the rubble protection slope up to 10 cm
and settled 10 cm at the same time. The retaining wall was fractured in the middle.
(6) Six cracks 3-10 cm wide occurred on the discharge slope and a relative offset occurred
there. The first terrace fractured with a crack above 10 cm wide. The lower part of the slope
settled with a relative offset of 6 cm.
(7) The front basin, pressure basin and expansion joint of the plant building were all pulled
apart. The seal was destroyed.
IV. Damage to River Embankments
River embankments within the boundary of the Prefecture suffered damage to various
degrees during the quake. In the area of intensity VII there were embankments with a total
length of 195.2 km, in which 16.8 km collapsed and 25.5 km were seriously damaged.
Damage patterns of the embankments are shown in Table 3.
(Translator: Lu Rongjian)

1963

1965

Muchang gate

Wucun gate

1975

1973

Tumenlou flood
discharge gate

Yongfeng gate

1975

Dongzhuangwu
gate

1965-1972

1956

Luzhuang gate

Niumutun gate

1975

Menggezhuang
gate

Name of Gate

Year of
Completion

Longhe River

Chaobaihe River

Chaobaihe River

North Canal

Qinglongwanjiahe
River

Longhe River

Baoqiuhe River

Xunhe River

Name of River

steel plate lifting gate
closure with wire net

steel plate gate closure;
box culvert

steel lifting gate closure

wood plate gate closure

rotating steel gate
closure

steel plate gate closure
with wire net

steel plate gate closure

R.C. gate closure,
imposed steel beam

Type

14/3

14/3

42/4

9/2.5

10/10

14/4

6/2.5

12/3

No. of
Opening/Width
(m)

Gate Closure

198

219

1847

225

1330

203

117

300

Design
Discharge
m3/sec

sandy soil

sandy loam

sandy loam

sandy loam

sandy clay

sand and clayey
loam

treated by clayey
loam and lime

sandy soil

Foundation Soil

Table 1. Damage to main water gates.

R.C. foundation

R.C. foundation

R.C. foundation

R.C. foundation

shaft foundation

beam-slab type

mortar-laid
rubble
foundation

monolithic
foundation

Type of
Foundation

intact

intact

intact

intact

intact

slightly
damaged

seriously
damaged

slightly
damaged

Damage
Degree

No obvious change

No obvious change

No obvious change

Cracks on retaining
wall 1-2 cm wide.

See case 2

Upstream protection
slope cracked, a
portion of which
settled.

See case 1

Rubble piers on both
banks cracked.

Damage Description
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Daluema
Station

Minzhuangzi
Station

Baijiawan
Station

Zhangjiazhuang Station

Xiaoyoufatu
Station

2

3

4

5

Station

1

No.

19631971

1962

1973

1974

1970

Year of
Completion

North
Canal

Chaobaihe
River

Chaobaihe
River

Xunhe
River

Xunhe
River

River
System

510

1,200

440

390

410

Total
Capacity
of Motor
(kW)

5.4

16.0

4.2

4

4

Discharge
Capacity
(m3/sec)

20”-Feng
Chan
model
pump and
500 axial
flow
pump

1000 mm
axial flow
pump

20" pump

model 700
axial flow
vertical
pump

20”

Type of
Pump

8

8

8

3

8

No. of
Motor
Set

brick
building

brick
building

brick
building

brick
building

brick
building

Type of
Plant
Building

sand
soil

sand
soil

sand
soil

sand
soil

sand
soil

Subsoil

mortar-laid
rubble
foundation

brick and
R.C.
combined
foundation
with
bottom
plate

mortar-laid
rubble and
R.C.
combined
foundation

mortar-laid
rubble and
R.C.
combined
foundation

mortar- laid
monolithic
rubble
foundation

Type of
Foundation

moderately
damaged

seriously
damaged

moderately
damaged

slightly
damaged

seriously
damaged

Damage
Degree

Damage Description

The old plant building cracked and
inclined while the new plant building
only cracked. Cracks on the outlet basin
slope were less than 1 cm wide.

A wall in the pressure basin settled and
tilted. At the connection of brick walls
vertical cracks 2-5 cm wide passed
through the whole wall. Several cracks
occurred on the bottom plate and the
foundation was damaged. Many
longitudinal and transverse cracks, about
1 cm wide, occurred on the plant building
and pump house. The front basin cracked,
the displacement of which was 1-3 cm.

Small cracks occurred on the right side of
the bottom plate of the pressure basin and
side walls. Cracks occurred on the
retaining wall at the end of the right water
channel. Cracks also occurred on slopes
at the inlet and outlet. Width of all cracks
was less than 1 cm.

Settlement joint between the water tank
and pressure basin was slightly pulled
apart. Cracks occurred on walls of the
plant building.

See typical case

Table 2. Damage to drainage stations in Langfang Prefecture (intensity VII area).
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Xihetou
Station

Shangwangdian
Station

Tianjiazhuang
Station

Old Xiaomiao Station

7

8

9

Station

6

No.

1960

1970

1975

1973

Year of
Completion

Zhongtinghe
River

Chaobaihe
River

Chaobaihe
River

river
connected
the Xunhe
River and
the Chaohe
River

River
System

660

550

1,085

760

Total
Capacity
of Motor
(kW)

8.0

6.0

10.5

8.0

Discharge
Capacity
(m3/sec)

vertical
axial flow
pump

vertical
axial flow
pump

vertical
axial flow
pump

24”-Feng
Chan
model
pump

Type of
Pump

4

10

7

8

No. of
Motor
Set

brick
building

brick
building

brick
building

brick
building

Type of
Plant
Building

Table 2. Continued.

sandy
loam

sandy
soil

sandy
soil

sandy
soil

Subsoil

brick
foundation
with R.C.
bottom
plate

mortar-laid
rubble
foundation,
combination type

shaft pile
foundation
and steel
truss
structure

mortar-laid
rubble
foundation
of
separated
type

Type of
Foundation

moderately
damaged

moderately
damaged

moderately
damaged

moderately
damaged

Damage
Degree

Connection between the plant building
and breast wall separated. The motor
house settled. 12 cracks occurred on the
pump house and walls in the basement. A
through crack occurred on the bottom
plate of the inverted siphon gate.
Horizontal cracks 1-3 cm wide existed on
the retaining wall, which was divided into
several parts by a vertical crack. The
retaining wall inclined outward.

Horizontal cracks occurred at the top and
on the bottom of the window openings in
the main plant building. Cracks occurred
at the connection of the plant building
and transformer house and the buildings
inclined. Cracks occurred on the
transformer house, culvert, and outlet of
the culvert and slope.

The foundation at the connection of the
main plant building and transformer
house and assembly workshop cracked
and settled. Cracks occurred on the main
plant building, transformer house and
protection slope. The seal enlarged.

The plant building and transformer house
cracked and inclined. Foundation of the
transformer house settled 1-3 cm. Cracks
occurred on the wall at the outlet of the
culvert and the wall settled. Bottom plate
and side wall of pressure basin settled
differentially about 1 cm. The seal
widened.

Damage Description
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Station

New
Xiaomiao
Station

Yangfengang Station

Zhongying
Station

Dabaozhuang
Station

Wangpuying
Station

No.

10

11

12

13

14

1973

1971

1962

1965

1965

Year of
Completion

Xunhe
River

Baoqiuhe
River

Qinglongwanhe
River

Zhongtinghe
River

Zhongtinghe
River

River
System

955

955

500

800

815

Total
Capacity
of Motor
(kW)

8.4

10.4

6

6.3

6.3

Discharge
Capacity
(m3/sec)

model 20
and type
Feng
Chan
pumps

DVA/ 50

type 850
Russian
pump

20”-Feng
Chan
pump

20”-Feng
Chan
pump

Type of
Pump

16

13

4

10

10

No. of
Motor
Set

stone
building

stone
building

stone
building

stone
building

brick
building

Type of
Plant
Building

Table 2. Continued.

muck

clayey
soil

sandy
soil

sandy
loam

sandy
loam

Subsoil

combined
type rubble
foundation

combined
type rubble
foundation

combined
type rubble
foundation

separated
type rubble
foundation

separated
type rubble
foundation

Type of
Foundation

slightly
damaged

moderately
damaged

seriously
damaged

moderately
damaged

slightly
damaged

Damage
Degree

Two horizontal cracks occurred above all
window openings of the workshop. Three
brick buttresses shifted 3 cm inward.

Two horizontal cracks occurred above all
window openings of the workshop. The
back wall fractured. Six horizontal cracks
less than 1 cm wide occurred on the water
outlet basin.

The plant building cracked at many
places and also titled. The protection
slope in front of the station was crushed
and settled. Many cracks about 1 cm wide
occurred on the pressure basin. Seals
were all damaged.

A horizontal through crack occurred
above the windowsill on the wall of the
workshops. The wall settled to the
southwest with relatively large vertical
cracks. Large or small cracks occurred on
the pressure basin, vertical cracks
occurred on the water prevention wall
and above the water pipe.

A through crack occurred 20 cm above
the alkaline prevention layer on the wall
of the workshop separating the wall
horizontally. Vertical cracks occurred
under the water pipe. Checkered cracks
of different sizes occurred on the back
retaining wall.

Damage Description
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Bank

right
bank

left
bank

left and
right
bank

Chaobaihe
River

Yongdinghe
River

the river
connected
Xunhe River
and
Chaobaihe
River

Gezhongmafang
Station

15

Name of
River

Station

No.

Tianzhuang
Village

from
Daluema
Village to
Xiaoluo
Village

River
System

1972

1972

Year of
Completion

Baoqiuhe
River

East of
Sunzhuangzi

Location

1963

Year of
Completion
20”-Feng
Chan type
pump

Type of
Pump
6

No. of
Motor
Set
brick
building

Type of
Plant
Building
muck

Subsoil
separated
rubble
foundation

830

2,500

2,850

sandy soil

sandy soil

sandy soil

Embankment
Soil

sandy soil

sandy soil

clay

Foundation
Soil

6

8

6

Width
on
Top
(m)

1:4

1:3

1:4

Interior

1:3

1:3

1:3

Exterior

Slope Ratio

VII

VII

VII

Damage Description

seriously
damaged

seriously
damaged

slightly
damaged

The embankment on both banks
was 11.3 km long in total. There
were 3-7 longitudinal cracks 110 cm wide with a maximum of 60
cm. Differential settlement
occurred up to 15-40 cm.

Length of the section, 1,500 m. One
transverse through crack 2-15 cm
wide extended from interior boot to
exterior foot of the embankment
and 5 longitudinal cracks >1 cm in
width were also found.

Length of the section, 2,000 m.
Two longitudinal cracks occurred
intermittently on top of the section
with 6 transverse cracks 1-3 cm
wide.

Description of Damage

The workshop, pressure basin and
settlement joint of the water basin were
slightly split. Cracks were found on
walls.

Damage
Degree

slightly
damaged

Damage
Degree

Intensity

Type of
Foundation

Table 3. The main damaged embankment sections.

4.0

Discharge
Capacity
(m3/sec)

Design
Discharge
(m3/sec)

480

Total
Capacity
of Motor
(kW)

Table 2. Continued.
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left
bank

left
bank

right
bank

left
bank

left
bank

right
bank

North Canal

the river
connected
Xunhe River
and
Chaobaihe
Rver

The river
connected
Xunhe river
and
Chaobaihe
River

Chaobaihe
River

Chaobaihe
River

Bank

North Canal

Name of
River

Yijing Village

Rongge
Zhuang
Village

east of
Hanzhuang
Village

east of
Hanzhuang
Village

Tumenlou

west of
Qiantumenlou

Location

1972

1972

1972

1972

Year of
Completion

2,850

2,850

830

830

1,330

1,330

Design
Discharge
(m3/sec)

sandy soil

sandy soil

sandy soil

sandy soil

sandy soil

sandy soil

Embankment
Soil

sandy soil

sandy soil

sandy soil

sandy soil

sandy soil

sandy soil

Foundation
Soil

8

8

6

6

5

5

Width
on
Top
(m)

Table 3. Continued.

1:4

1:4

1:4

1:4

1:3

1:3

Interior

1:3

1:3

1:3

1:3

1:3

1:3

Exterior

Slope Ratio

VII

VII

VII

VII

VII

VII

Intensity

moderately
damaged

seriously
damaged

slightly
damaged

slightly
damaged

slightly
damaged

seriously
damaged

Damage
Degree

2,000 m in length. Two
intermittent longitudinal cracks
1 cm wide on top of the
embankment.

200 m in length. Two
longitudinal cracks on top. Six
longitudinal cracks 1 cm wide
on exterior and interior slope.

250 m in length. One
intermittent longitudinal crack 13 cm wide occurred on top of the
embankment.

2,000 m in length. Two
intermittent longitudinal cracks
1-2 cm wide occurred on top of
the embankment.

15,000 m in length. A lot of
longitudinal cracks 2-4 cm wide
occurred on top or on the slope
of the embankment.

300 m in length. Three
longitudinal cracks occurred
intermittently on top. Ten
longitudinal cracks 2-15 cm
wide occurred on the interior
and exterior slope. Sandboils
were found in many places at the
foot of the interior and exterior
side.

Description of Damage
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Bank

right
bank

left
bank

left
bank

left
bank

left
bank

left
bank

Name of
River

Chaobaihe
River

Qinglongwanjianhe
River

Chaobaihe
River

Chaobaihe
River

Qinglongwanjianhe
River

Qinglongwanjianhe
River

HuoLiuzhao
Village

Houjiawan
Village

Yijing
Village

Baijiawan
Village

Sanbaihu
Village

Xiaoqingz
Huangwu

Location

1973

1973

1972

1972

1973

1972

Year of
Completion

1,300

1,330

2,850

2,850

1,330

2,850

Design
Discharge
(m3/sec)

sandy soil

sandy soil

sandy soil

sandy soil

sandy soil

sandy soil

Embankment
Soil

sandy soil

clay

clay

clay

clay

sandy soil

Foundation
Soil

8

8

8

8

8

8

Width
on
Top
(m)

Table 3. Continued.

1:4

1:4

1:4

1:4

1:4

1:4

Interior

1:3

1:3

1:3

1:3

1:3

1:3

Exterior

Slope Ratio

VII

VII

VII

VII

VII

VII

Intensity

seriously
damaged

seriously
damaged

moderately
damaged

moderately
damaged

moderately
damaged

moderately
damaged

Damage
Degree

1,700 m in length. 5 intermittent
longitudinal cracks on top and
10 longitudinal cracks 1-10 cm
wide on interior and exterior
slope. Cracks offset vertically
with a maximum of 20 cm. A lot
of sandboils occurred at the foot
of the interior and exterior slope.

500 m in length. 3 intermittent
longitudinal cracks on top and 6
longitudinal cracks on interior
and exterior slope with a width
of 1-15 cm. Cracks offset
vertically with a maximum of 30
cm. A lot of sandboils occurred
at the foot of the interior slope.

800 m in length. 12 transverse
cracks and 5 intermittent
longitudinal cracks 3-7 cm wide
on top. A lot of sandboils
occurred at the foot of the
interior and exterior slope.

1,250 m in length. Three
intermittent longitudinal cracks
1-5 cm wide on top of the
embankment.

4,000 m in length. One
longitudinal crack 1 cm wide on
top of the embankment.

2,000 m in length. Four
intermittent longitudinal cracks
1-2 cm wide on top of the
embankment.

Description of Damage
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left
bank

right
bank

Xunhe River

Bank

Qinglongwanjianhe
River

Name of
River

Xinji Village

Zhongying
Village

Location
1973

Year of
Completion

250

1,330

Design
Discharge
(m3/sec)

loam

sandy soil

Embankment
Soil

loam

sandy soil

Foundation
Soil

5

8

Width
on
Top
(m)

1:3

1:4

Interior

1:2

1:3

Exterior

Slope Ratio

Table 4. The main damaged embankment sections.

VII

VII

Intensity

moderately
damaged

seriously
damaged

Damage
Degree

500 m in length. One
longitudinal crack 3-4 cm wide
occurred.

500 m in length. 9 transversal
cracks and 3 intermittent
longitudinal cracks, 1-20 cm
wide occurred. Cracks offset
vertically with a maximum of 50
cm. A lot of sandboils occurred
at the foot of the interior and
exterior slope.
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Figure 1. Location of damage hydraulic structures in Langfang Prefecture.
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Figure 2. Damage to Daluema Drainage Station (unit: m).
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DAMAGE TO HYDRAULIC STRUCTURES IN LUTAI RANCH
Li Fengxiang*

I. General
Lutai Ranch of Hebei Province was situated in the boundary of Ninghe County, Tianjin City,
between the Chaobaihe River and Ji Canal. It was 60 km away from Tangshan in the northeast,
70 km away from Tianjin in the southwest and 25 km from Bohai Sea in the southeast. The
ranch was 24 km long east-west and 5.5 km wide in average north-south. The relief was low in
the southeast and high in the northwest. The sea level was 2.9-4.1 m (with reference to Dagu,
same as in the following) and about 3.5 m in general. The topography was smooth with a slope
ratio of 1:8,000-1:20,000.
The ranch was located in a lagoon-depressed area on the coastal plain, which was the deposit
zone of the Haihe-Ji Canal water system. The area belonged to the North China continental
terrace tectonically, located at the north edge of the subsided Bohai depressed region with a
deposit approximately 1,000 m above the base rock. The tectonic was rather complicated and
folds, large or small, faults, depressions, upheavals and new or old tectonics existed or were
imposed continuously. The area was also rich in underground water. The upper water layer was
a phreatic aquifer with water of salty taste, a buried depth of 1.0-1.5 m, and mineralization of 530 g/lit. Below the depth of 90 m there was a deep layer of pure water for drinking and drainage.
There was also a confined water layer with a level 8-17 m from the surface.
There were two drainage areas at the Ranch, the east drainage area and west drainage area.
The east drainage area included the general headquarters of the Ranch, the No. 1-4 branch of the
Ranch, and Yuejin Commune with a land area of 98,000 mu. The west drainage area included
the No. 5 branch of the Ranch and Dongfanghong Commune with a land area of 101,000 mu.
The drainage water source and discharge outlet for the east drainage area was the Ji Canal, for
the west drainage area the Chaobaihe River and the Zengkouhe River respectively. Hydraulic
structures included 6 first grade pumping stations, 134.1 km of main water supply ditch, 165.4
km of main water discharge ditch, 513 water supply ditches, 513 discharge ditches, 40 km of
coffer dam, 203 water gates, bridges and culverts, 1,047 buildings and 175 pumping wells
(Fig. 1).
After the quake the ground settled up to 58.5 cm in the east part. Several sandboils occurred
in a 3,500 mu area and mineralization of the spouted water was up to 15 g/lit.

* Lutai Ranch, Hebei Province.
Note: Zhang Shuqin, Zhao Yuzi and Ning Jingxun of Lutai Ranch also participated in the
survey of damage.
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II. Damage to Pumping Stations
(1) Outline of pumping stations
The six pumping stations at Lutai Ranch suffered damage to different extents. The general
pumping station, the No. 2 pumping station, No. 3 pumping station and No. 5 pumping station
were seriously damaged, the No. 4 pumping station was moderately damaged while the No. 6
pumping station was not noticeably damaged.
Damage occurred mainly to the superstructure of the station buildings and auxiliary
buildings, such as the transformer house. Superstructures of the station buildings were mostly
brick-concrete structures the damage patterns of which was cracking of brick walls, including
tilting and collapse. Infrastructures and foundations were mostly concrete and R.C. structures
and damage to these structures was slight. Damage patterns of these structures was the
occurrence of longitudinal cracks on the bottom slab and vertical cracks at the connection to
walls. Transformer houses were rather large and damage to these buildings was serious; the
transformer house at the general pumping station and No. 2 station collapsed.
Damage patterns of pressure basins at the pumping stations were mainly settlement and the
occurrence of longitudinal cracks (along the flow direction) and transverse cracks. Wing walls
at the inlets settled, tilted or cracked.
After the quake a survey of pumping stations with a pumping capacity above 4 m3/sec was
carried out. The results of the survey are shown in Table 1.
(2) Typical case – No. 5 pumping station
1. Outline of the station
The No. 5 pumping station was designed and constructed by the Ranch itself and fully
completed at the end of 1975. It was a pumping station for the main purpose of flood discharge
and also for the use of drainage, undertaking a drainage area of 22,600 mu. Five 900 mm
horizontal axial flow pumps were installed, each with a 155 kW motor. Operation of the station
before the quake was perfect. The general plan of the station is shown in Fig. 2.
The main station building was a wet chamber type workshop. The clear width of each pump
room was 3.0 m and the panel wall was 0.5 m thick. The clear span of the building was 7.4 m
and the height was 8 m. A R.C. crane beam was installed. Above the highest flood level was a
brick wall with #25 cement mortar and the thickness of the wall was 37 cm.
The floor supporting the motors, pumps and roof slabs were made of reinforced concrete 200
kg/cm2 in strength.
The bottom plate, 11.5×23.6 m in size, was made of reinforced concrete 150 kg/cm2 in
strength under which was a cast-in-situ R.C. pile foundation with 14 φ60 cm of R.C. piles, each
15 m long. Based on the boring data and inspection of the construction trough at the site, the
subsoil of the station was silty loam and loam intercalated with several layers of silty sand (24 cm thick) 3 km south of the station.
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The transformer house was a large brick-concrete building 9.0×0.5 m in area on the side of
the main station building.
At the two sides of the pressure basin there were two L-shaped R.C. retaining walls. The
bottom was a R.C. slab 40 cm thick connected to the water protection wall at the outlet by means
of a plastic sealant.
Concrete used in the main building was 150 kg/cm2 in strength and workmanship of the
masonry was rather good, it satisfied the requirements in the design. However, workmanship of
the filled land for the foundation of the transformer house was poor and the filled land was not
fully compacted.
2. Earthquake damage
The station was located at the margin of an intensity VIII and intensity IX area. After the
quake the ground settled 37 cm and damage to the station was rather serious.
1) Main station building
Below an elevation of 5.0 m there were concrete and R.C. structures and damage to these
structures was slight. A vertical crack occurred on the water protection wall south of the #1
pump and north of the #3 pump (the central one) respectively (Fig. 3). Therefore, leakage was
serious during operation. Cracks also occurred on the west protection wall under small window
openings, the maximum width of which was 2 mm (Fig. 4)
Damage to the south gable wall and connection of the south gable wall and west wall was
serious (Figs. 4 and 5). A horizontal crack occurred on the south gable wall under the spandrel
beam separating bricks of the wall from the beam, about 5 cm in space. An oblique crack
appeared from the upper corner of the south door to the corner of the wall.
2) Transformer house
The house was connected to the main building by foundation beams. No piles were installed
under the foundation. Filled land of the foundation was loosely compacted therefore differential
settlement, inclination of floor slabs and cracks had already occurred before the quake. After the
quake settlement and damage to the house became more serious. Side walls and gable walls
cracked in many places and also inclined outward (Figs. 4-6). Due to the restraint provided by
the monolithic R.C. roof, the building did not collapse however, it was out of use.
3) Pressure basin
Differential settlement occurred. No obvious damage to L-shaped R.C. retaining walls on
both sides was found. Two longitudinal cracks and oblique cracks occurred on the R.C. bottom
slab of the basin (150 kg/cm2 in strength) with a maximum width of 7 cm (Fig. 7).
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III. Gates and Culverts
(1) General
The relatively large-scale gates and culverts at Lutai Ranch were inlet and discharge gates
and culverts in different drainage areas, the structural types could be classified mainly into two
types; 1) open type of concrete or R.C. inlet and discharge gates; or 2) box culverts under
embankment (R.C. or rubble-concrete composite structures). Of these gates and culverts 31.30%
were seriously or rather seriously damaged; 37.5% were slightly damaged; and in 31.2% no
obvious damage was found in the remaining gates and culverts. Main damage patterns of inlet
gates was the occurrence of horizontal cracks on gate piers and walls; longitudinal cracks on the
bottom slab and oblique cracks on breast walls; inlet or outlet wing walls displaced and inclined
inward or outward. Main damage patterns of box culverts was settlement of the culvert;
occurrence of horizontal cracks or fractures; tilting of beams or columns of the gate; occurrence
of horizontal or vertical cracks on retaining walls.
Most of the regulating gates and diversion gates at the Ranch were exposed concrete and
R.C. structures. In the east drainage area the damage ratio of these gates reached 80%; in the
west drainage area the damage ratio was about 30% smaller than in the east area. Horizontal
circular cracks mainly occurred on the base of the columns of the gate closure, and the columns
failed in shear or dislocated; cracks also occurred at the connection of the beam and column at
the gate closure; bank walls or protection slopes at the inlet or outlet inclined and cracked, or
sliding and collapse occurred. No obvious damage to the gate chamber was seen.
Only a few of the small sized gates and culverts were damaged or remained intact.
Damage to the main gates and culverts can be found in Table 2.
(2) Typical case – general pumping gate
1. Outline of the gate
The general pumping gate located on the right bank of the Ji Canal was completed in 1957.
It was an exposed type inlet gate with 9 openings and the clear width of each opening was 2 m.
The total width of the gate chamber was 22.8 m. Part of the chamber was a concrete and R.C.
structure. The bottom slab was 40 cm thick made of #140 concrete under which was a plain
concrete layer 60 cm thick and 110 kg/cm2 in strength. The central pier, 60 cm thick, was made
of plain concrete 110 kg/cm2 in strength. Side piers, bank walls, breast walls and beam and
column of the gate closure were all reinforced concrete 140 kg/cm2 in strength. The concrete
apron in front of the gate was 4.5 m long with a crib containing rocks 9.5 m long. The concrete
apron behind the gate was 9.5 m long and 110 kg/cm2 in strength. The subsoil was undisturbed
silty loam and light clay.
Workmanship of the gate was rather good. The concrete surface of the gate was plain and
smooth and no honeycombs were found. Before the quake no damage to the gate was observed,
except that the front blanket was eroded due to scouring.
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2. Earthquake damage
Damage to the gate was serious. Horizontal circular cracks occurred on all eight piers mostly
at the construction joint or under the breast wall (Figs. 8 and 9).
Oblique cracks or horizontal cracks occurred on the R.C. side wall, breast wall and column
of the gate closure (Fig. 9). Longitudinal cracks occurred on the bottom slab. The retaining wall
at the inlet and outlet inclined and displaced. The top of the retaining wall displaced 10 cm and
the bottom of the wall 5 cm.
IV. Damage to Pumping Wells
(1) Geological conditions
Based on a lot of data on pumping wells, there were many layers of strata that existed in this
region. Distribution of layers was extensive in area and deposits were complicated. The subsoil
was mostly an interbedding of sandy clay and clayey soil or silty sand and fine sand. The
lithological character changed horizontally very much. The geological profile between the Ji
Canal and the Chaobaihe River is shown in Fig. 10.
(2) Distribution of pumping wells and their structure
Distribution of pumping wells: the Lutai drainage area was one of the old drainage areas
used for the purpose of cultivating rice with high standard equipment for discharge and drainage.
Before the quake there were 175 pumping wells in the whole drainage area (including wells for
agriculture, drinking, raising livestock and industrial use) in which 105 were in the east drainage
area mostly concentrated in the vicinity of the water supply ditches and discharge ditches (Fig.
11).
Structure of pumping wells: in the drainage area the depth of pumping wells was 160-280 m
generally. Except for cast iron pipes in a few wells for human and livestock drinking, pipes in
most of the pumping wells for agricultural drainage were cement pipes. Diameter of the pipes
was generally 360 mm in the upper part and approximately 240 mm in the lower part. The
thickness of standard filtering materials was 7-10 cm and particle size of the material was
generally greater than 2 mm. Occasionally coarse sand or construction debris were used for
filtering material. An impact drill or a rotating drill was used for drilling wells. The ordinary
technical process for drilling of a well was used i.e., drilling, washing, placing pipes and filtering
material, pumping water. The normal annual amount of output water for wells in the region was
relatively large. The average amount of output water in a single well was up to 55 ton/hr.
(3) Earthquake damage
After the quake 50 wells out of 175 were damaged amounting to 28.6% of the total. There
were 28 damaged wells in the intensity IX area (34.5% of the total), 21 damaged wells in the
intensity VIII area (31.0% of the total) and wells in the intensity VII area were basically intact
(only one well was damaged amounting to 0.4% of the total).
Damage patterns of pumping wells are shown in Table 3 and Photo 1.
(Translator: Lu Rongjian)

first built in
1938,
rebuilt in
1950

1970

No. 3
pumping
station

Year of
Completion

general
pumping
station

Name of
Station

310

1,040

Total
Power
of
Motor
(kW)

4

10.6

Capacity
of
Pumping

2-900 mm
horizontal
axial flow
pumps

5
horizontal
mixed flow
pump, and
1,200 mm
axial flow
pump

Type of
Pump

rubble
infrastructure, brickconcrete
superstructure with
wooden
roof truss

brickconcrete
structure
with
wooden
roof truss

Type of
Station
Building

silty loam

silty loam
with wood
piles
foundation

Foundation
Soil

30 cm
concrete
protection
layer above
the rubble
plate

R.C. plate,
40 cm thick,
rubble layer
20 cm thick

Type of
Bottom Plate

normal

still in
normal,
pressure
wall and
apron
leaking

Operation
State

57

45

VII

IX

Epicentral
Distance
(km)
Intensity
Damage
Degree

rather
seriously
damaged

seriously
damaged

Table 1. Damage to the main pumping stations at Lutai Ranch.

Oblique cracks occurred on the upper
part of the main building; gable wall
separated from the side walls and
inclined; vertical cracks 2.5 cm wide
occurred on the water protection wall at
the inlet; inclined cracks 4.5 cm wide
occurred on the water protection wall at
the outlet; horizontal and vertical cracks
occurred on the rubble wing wall and
the wall dislocated; checkered cracks
occurred on the pressure basin;
horizontal cracks occurred on the gable
wall in transformer house; office and
dormitory buildings collapsed.

Settlement was 58.5 cm. Horizontal
cracks occurred on the upper wall of the
main station building. The building
dislocated and tilted. 5 vertical cracks
occurred on the front wall (at the inlet),
the maximum width of which reached
2.5 cm; vertical cracks 2-3 cm wide
occurred on the water prevention wall at
the outlet; transformer house collapsed;
3 longitudinal cracks with a maximum
width of 7 cm and several transverse
and inclined cracks with a maximum
width of 7 cm occurred on the pressure
basin; longitudinal cracks occurred on
the bottom of the front water tank; the
dormitory collapsed.
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775

310

1975

1966

No. 5
pumping
station

No. 6
pumping
station

1,560

1962

Year of
Completion

No. 4
pumping
station

Name of
Station

Total
Power
of
Motor
(kW)

4

10

20

Capacity
of
Pumping

2-900 mm
horizontal
axial flow
pumps

5-900 mm
horizontal
axial flow
pumps

6-1200 mm
verticalaxial flow
pumps

Type of
Pump

R.C. bottom
slab 80 cm
thick; level
of the plate
-1.4 m.
mortar laid
rubble
bottom plate,
35 mm; level
of the plate
-1.5 m

silty loam

wooden
roof truss
and reed
matting
reinforced
mud wall

R.C. bottom
plate, shaft
foundation

Type of
Bottom Plate

silty loam;
foundation
with R.C.
columns
(φ60 cm)

silty loam

Foundation
Soil

brickconcrete
structure
with R.C.
roof

brickconcrete
structure
with
wooden
roof truss

Type of
Station
Building

48

63

normal

63

VII

VIII

VII

Epicentral
Distance
(km)
Intensity

normal

normal

Operation
State
Damage
Degree

basically
intact

rather
seriously
damaged

moderately
damaged

Table 1. Damage to the main pumping stations at Lutai Ranch.

No obvious damage to the station.

See typical case.

Horizontal and oblique cracks occurred
on the upper brick wall of the main
building; 2 oblique cracks occurred
above each window opening over the
crane beam; both and back walls
displaced 4 cm to the west; horizontal
and vertical cracks occurred
alternatively on walls in transformer
house; R.C. roof slab separated from the
wall.

Main Damage Patterns

443

water supply
gate, general
pumping
station

high discharge
gate, general
pumping
station

discharge
connected
gate, general
pumping
station

diversion gate,
general
pumping
station

discharge gate,
general
pumping
station (9
opening gate)

1

2

3

4

5

No.

Name of Gate
or Culvert

first built in
1938; rebuilt
in 1957

first built in
1938; rebuilt
in 1951

8

7

3

3

1957

1957

9

No. of
Openings

1957

Year of
Completion

1×4.5; 7×2;
total width
24.5

2×7; total
width 19.6

1.9×3; total
width 6.9

2×3; total
width 7.2

2×9; total
width 22.8

CrossSection (m)

20

14

10

10

20

Flow
Capacity
(m3/sec)

silty
loam
with
wooden
pile
foundation

light
clay
with
wooden
pile
foundation

silty
loam

light
clay

silty
loam

Subsoil

exposed brickconcrete structure;
bottom slab of the
bridge made of
plain concrete;
brick central piers

exposed brickconcrete structure;
plain concrete
bottom slab; brick
central piers

Same as in No. 1

exposed plain
concrete structure
110 kg/cm2 in
strength, R.C. gate
columns

exposed R.C.
structure; bottom
slab, breast wall,
wing wall all
140 kg/cm2 in
strength; central
piers of plain
concrete
110 kg/cm2 in
strength

Structure

normal

rather
normal

normal

48

46

45

45

45

normal

normal

Epicentral
Distance
(km)

Operation
State

VIII

IX

IX

IX

IX

Intensity

Table 2. Damage to the main gates and culverts at Lutai Ranch.

rather
seriously
damaged

rather
seriously
damaged

slightly
damaged

seriously
damaged

seriously
damaged

Damage
Degree

Vertical cracks, maximum width 4
cm on front and back breast wall;
top of brick arch cracked.

Vertical cracks on the front and
back breast wall; longitudinal
crack on the bottom plate; gate
column tilted; gate closure
difficult to lift or lower.

No obvious damage except
settlement

Two longitudinal cracks on the
bottom plate, maximum crack
width 3 cm; circular cracks on the
gate columns which dislocated
and settled.

See typical case.
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high discharge
gate, No. 5
pumping
station

water supply
gate, No. 5
pumping
station

water inlet
culvert, No. 3
pumping
station

regulating
gate, No. 3
pumping
station

high discharge
gate, No. 3
pumping
station

water inlet
culvert, No. 4
pumping
station

high discharge
culvert, No. 4
pumping
station

discharge gate,
No. 4 pumping
station

6

7

8

9

10

11

12

13

No.

Name of Gate
or Culvert

1963

4

4

4

1971

1971

1

2

2

2

4

No. of
Openings

1962

1962

1962

1975

1975

Year of
Completion

2×4; total
width 9.8

2×2 box
culvert
with 4
openings

2×2 box
culvert
with 4
openings

2

2×2; total
width 4.6

2×2; total
width 4.25

2.2×2; total
width 5.0

2×4; total
width 9.5

CrossSection (m)

20

20

20

4

4

4

6

13.2

Flow
Capacity
(m3/sec)

light
clay

silty
loam

silty
loam

silty
loam

silty
loam

silty
loam

light
clay

light
clay

Subsoil

exposed concrete
and R.C. structures

box culvert, R.C.
bottom plate and
top plate, central
and side rubble
piers

box culvert, R.C.
bottom plate and
top plate, central
and side rubble
piers

exposed plain
concrete and R.C.
structures

exposed plain
concrete and R.C.
structures

R.C. box culvert

exposed R.C.
structure

exposed R.C.
structure

Structure

normal

normal

normal

normal

normal

normal

normal

normal

Operation
State

Table 2. Continued.

63

63

63

57

57

57

48

48

Epicentral
Distance
(km)

VII

VII

VII

VIII

VIII

VIII

VIII

VIII

Intensity

no obvious
damage

slightly
damaged

slightly
damaged

rather
seriously
damaged

basically
intact

slightly
damaged

basically
intact

slightly
damaged

Damage
Degree

No obvious damage.

Two circular cracks on the
culvert; gate closure columns
tilted.

Differential settlement became
more serious; gate closure
columns tilted.

Oblique cracks on the gate wall
5 cm wide; beams and columns of
the gate closure cracked (along
the reinforcement); steel bars in
the beams and columns exposed.

Cracks on the beam of the gate
closure.

Beam of the gate closure cracked;
R.C. wing wall inclined.

Cracks occurred at the connection
of the column and beam of the
gate closure.

Circular cracks on the R.C.
columns at the gate closure
platform (cracks also occurred on
the platform).
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water inlet
culvert, No. 6
pumping
station

high discharge
culvert, No. 6
pumping
station

self-flow
discharge
culvert, No. 6
pumping
station

14

15

16

No.

Name of Gate
or Culvert

1971

1971

1971

Year of
Completion

3

3

1

No. of
Openings
4

6

8

φ120
concrete
pipe
φ150
concrete
pipe

Flow
Capacity
(m3/sec)

1.8×2.5
box culvert

CrossSection (m)

silty
loam

light
clay

silty
loam

Subsoil

pre-cast R.C. pipe,
rubble foundation

pre-cast R.C. pipe,
rubble foundation

box culvert, R.C.
bottom plate and
top plate, central
and side rubble
piers

Structure

normal

normal

normal

Operation
State

Table 2. Continued.

63

63

63

Epicentral
Distance
(km)

VII

VII

VII

Intensity

no obvious
damage

no obvious
damage

slightly
damaged

Damage
Degree

Differential settlement became
more serious; gate closure
columns tilted.

Differential settlement became
more serious; gate closure
columns tilted.

Differential settlement became
more serious; gate closure
columns tilted.
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Table 3. Survey of the damage to the pumping wells at Lutai Ranch.
No. of Wells

No. of Wells

After Quake

Damage Pattern
Water
Became
Salty

Cracking or
Collapse of
Pipe

Pipe
Blocked

No Water
in Pipe

cement
pipe

2

2

2

7

cement
pipe

2

5

9

13

cement
pipe

6

5

2

21

14

7

cement
pipe

3

3

1

No. 5 ranch
branch

5

5

0

cement
pipe

Dongfanghong
Commune

56

49

7

cement
pipe

4

Yuejin
Commune

11

3

8

cement
pipe

5

Lutai Ranch
(H.Q.)

10

8

2

cement
pipe

1

1

175

125

50

cement
pipe

23

10

Before
Quake

Still in
Use

Out of
Use

Type of
Pipe

No. 1 ranch
branch

20

14

6

No. 2 ranch
branch

30

23

No. 3 ranch
branch

22

No. 4 ranch
branch

Location

Total

2

1
2

1

12

5
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Photo 1. Damage to a pumping well (Zhang Liantai and Zhang Xian).
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Figure 1. Location of hydraulic structures at Lutai Ranch.

Figure 2. General plan of the No. 5 Pumping Station.
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Figure 3. Distribution of cracks on the wall of the pressure basin at the No. 5 Pumping Station.

Figure 4. Cracks on the west wall (crack width in mm).
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Figure 5. Cracks on the south wall (crack width in mm).

Figure 6. Cracks on the north wall (crack width in mm).
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Figure 7. Damage to the pressure basin at the No. 5 Pumping Station.

Figure 8. Distribution of cracks on the central and side piers at the general pumping station (unit: m).
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Figure 9. Distribution of cracks on central piers, side piers and breast wall (unit: m; crack width: mm).

Figure 10. Hydrogeological profile of Lutai Ranch (elevation in m).

Figure 11. Distribution of pumping wells at Lutai Ranch.
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DAMAGE TO HYDRAULIC STRUCTURES AT HANGU RANCH
Liu Zhenmin*

I. General
Hangu Ranch was situated 40 km away from Tangshan City in the southwest direction. Its
east and northeast boundaries were connected with Fengnan County, the northwest and west
boundaries connected with Ninghe County, Tianjin City, and the south boundary was next to
Hangu District in Tianjin City.
The Ji Canal, which was navigable joined the Tianjin-Tangshan Canal in the vicinity of
Yuanzhuangzi and the Huanxianghe River west of the Ranch passing the west boundary from the
northwest. The southeast boundary of the Ranch was 7 km away from the Bohai Sea. Site soil
of the Ranch belonged to Quaternary river facies geologically (littoral facies deposit area). The
relief of the whole Ranch was depressed and smooth. However, the northwest part was higher
(elevation of 2.30-2.50 m with reference to the Huanghai Sea level) and the southeast part was
lower (elevation of 1.00-1.50m). Variation of surface slope was 1/15,000 to 1/20,000.
The whole range was divided into four independent drainage and discharge systems and
production areas. The drainage water used was divided into above ground and underground
water. The main source of above ground water was from the Ji Canal and a floodway of the
Huanxianghe River. In the normal annual season, above ground water used for drainage was
plentiful. Underground water mainly came from pumping wells, compensating for the
insufficient water during the drought period.
During the Tangshan earthquake the eastern part of the Ranch was in the intensity VIII area
and the western part was in the intensity IX area.
After the quake topography and morphology of the Ranch were changed in form. Sandboils
and ground cracks occurred in many places. Sandboils occurred most seriously at the No. 1
Branch of the Ranch, in rice cultivated land (about 400 mu in area) east of Peizhuang, at the Red
Star Commune and in the vicinity of Zhangxuzhuang. Figure 1 shows the distribution of
sandboils and ground cracks. The height of sandboils with a maximum amount of spouted sand
reached 0.80-1.0 m, the diameter up to 30 m and the amount of spouted sand was about 300 m3.
Sandboils made farmland, roads, river channels and houses suffer damage. For example, a
section of the Baijihe River in Duogu Village, the main discharge river, a section of the new
discharge river south of Zhangxu Village, the main discharge canal of the No. 1 Branch of the
Ranch, and canals in cultivated land at the No. 2 Farming Brigade were seriously blocked by
spouted sand causing reduced discharge. Most of the canal embankment settled, such as the
main drainage canal in Zaodian and that east of the Peizhuang Pumping Station; canals were
silted and out of normal operation (Photo 1).
* State Hangu Ranch, Hebei Province
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Sand spouting also caused a reduction in the harvest of agricultural crops and fruits or no
harvest at all. The reduction was approximately 30% at the least and up to 100% at the most and
60%-80% generally.
The sand spouting area at the No. 1 Fruit Brigade where sandboils occurred seriously was
57 mu with 3,311 sandboils; the cultivated rice land at the No. 3 Farming Brigade of the No. 1
Branch of the Ranch was 540 mu with 3,200 sandboils.
II. Damage to Pumping Stations
Before the quake there were 10 electric operated pumping stations at the Ranch (Fig. 2) with
a total motor capacity of 4,650 kW and a pumping capacity of 52.80 m3/sec. For a single station
the maximum motor capacity was 950 kW and pumping capacity was 10 m3/sec; the minimum
motor capacity was 240 kW and pumping capacity was 2.40 m3/sec. For most of the pumping
stations the generator capacity was 310-460 kW and pumping capacity was 4-6 m3/sec.
Details of damage to pumping stations are shown in Table 1. The following are typical
cases.
1. Zhakou Pumping Station
The Zhakou Pumping Station was built in 1971, located on the outside left embankment of
the Ji Canal where the canal joined the floodway of the Huanxianhe River. Total motor capacity
of the station was 950 kW and 5 horizontal axial flow pumps, model 36 WZ-75, were installed
with a pumping capacity of 10 m3/sec. There were two stories in the pump house; motors were
installed in the upper story and pumps in the lower story. The main structure of the pump house
was divided into an R.C. structure and stone masonry structure. The foundation slab was made
of stone masonry and concrete; central piers and the lateral partition wall were laid with stone
block and mortar; side piers were a gravity type of stone masonry; the floor slab and surrounding
waterproof walls were made of #150 and #200 reinforced concrete respectively. At the pump
house above the waterproof walls was brick masonry with a wood truss roof. The water
collection basin was laid with stones and the bottom layer was placed with a cover of #100
concrete. The inner surface of the water prevention wall was finished with a layer of cement
mortar.
During the quake damage to the station was serious. The main building of the station above
the R.C. waterproof wall collapsed completely; the R.C. waterproof walls in the water collection
basin and pressure water basin were fractured in the middle; the foundation bottom slab was also
fractured in the middle along the flow direction. The pump house settled at both ends but heaved
up in the middle, the floor slab curved with a height difference of 7-9 cm. In the water collection
basin the stone masonry on the left bank broke while the stone cover of the slope on the right
bank collapsed completely (Photo 2). The waterproof wall of the pressure water basin cracked
seriously. Compared with measurements before the quake, the pump house settled 100 cm and
the water collection basin settled 60 cm.

456

2. Diversion Station of the No. 1 Branch at the Ranch
The station, located on the left bank of the Ji Canal where the canal joined the main
discharge canal of the No. 1 Branch of the Ranch, was built in 1974. The motor capacity of the
station was 310 kW and 2 model 36 WZ-85 pumps with a pumping capacity of 4 m3/sec were
installed.
The structural characteristic of the main station building was that the station was combined
with the gate as a whole. Direction of the pumping station and drainage and discharge direction
were all lateral. The side pier was substituted with a water gate, the side walls of which were
constructed as side walls of the pressure water basin in order to satisfy the demand of drainage
and discharge. The structures were reinforced concrete the design strength of which was 150
kg/cm2 and 200 kg/cm2 respectively.
The station building inclined toward the right bank of the main discharge ditch and the
pressure water basin inclined toward the left bank after the quake. The connection between the
station building and the pressure water basin cracked seriously with large upper cracks (up to 22
cm) and narrow lower cracks. Gates on both sides of the pressure water basin were inoperable
due to inclination (Photo 2).
3. Peizhuang Pumping Station
The pumping station located on the right bank of the Tianjin-Tangshan Canal east of
Peizhuang Village 1 km away was built in 1962. The motor capacity of the station was 950 kW
and 5 model 36 WZ-75 pumps were installed with a pumping capacity of 10 m3/sec. The station
building was a pumping station installed with horizontal axial flow pumps. Foundation bottom
slabs, floor slabs and surrounding waterproof walls were made of 150-200 grade R.C. concrete;
the central piers, side piers and longitudinal walls were of stone masonry; above the waterproof
wall was a brick-wood structure. The station was originally a pumping station for drainage only
and rebuilt as a key station for both drainage and discharge. The span of the superstructure of
the station was 8 m and the length was 19.80 m. The design elevation of the foundation slab was
-1.30 m. The control water level for drainage and discharge was +3.80 m.
After the quake no fracture was found on the main structure of the station. The structure
settled 70 cm compared to the elevation before the quake. Differential settlement also occurred;
the structure inclined toward a corner of the pressure water basin with a height difference of
15 cm. The bottom slab of the basin heaved up and the two side walls settled. Cracks on the
bottom plate were up to 10 cm in width (Photo 4).
Characteristics of damage to pumping stations at Hangu Ranch were as follows:
(1) Damage to deep pumping stations was more serious than to shallow pumping stations.
The Zaodian Diversion Station, Zhakou Pumping Station and Diversion Station of the No. 1
Branch of the Ranch all were deep pumping stations installed with horizontal axial flow pumps.
Building height of the stations was relatively high, generally 13-15 m. Height of filled land and
lateral soil pressure were greater than that of shallow pumping stations. Damage to this type of
pumping station was more serious. Peizhuang Station and the No. 8 Farming Brigade Station
were shallow pumping stations and damage to these two stations was relatively slight.
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(2) Damage to pumping stations located in the area where many sandboils occurred less than
that in other areas. Dabo Station, Huangsugu Station, Peizhuang Station and the No. 12 Farming
Brigade Station were all located in areas where sandboils occurred seriously and ground
settlement in these areas was also greater than in other areas. Therefore, pumping stations in
such areas settled seriously, however, damage to the main structure of the station building was
not serious. The pumping station building of the No. 1 Branch of the Ranch was not located in
the sandboil area and its structure was the same as the above 4 stations but damage to the station
building was serious and the upper part of the building collapsed.
(3) Damage to stations with smaller motor capacity was slight. Peizhuang Pumping Station
and the No. 8 Farming Brigade Pumping Station were built along the river. The structure of
these stations was the same and materials used were also basically similar. However, damage to
the former was more serious than the latter, due to difference in motor capacity and structural
size of these stations.
(4) Damage to stations with better integrity of structure was slight. The Zaodian Diversion
Station and the No. 1 Branch Diversion Station were basically similar in size and the model of
pumps and number of motors used were also similar. However, the main structure of the No. 1
Branch Station was built with reinforced concrete. Therefore, structural integrity was better and
only slight damage occurred.
The pumping station of the No. 1 Branch of the Ranch and the Dabo Pumping Station were
similar in the number of pumps installed and building materials used, but the latter was built at
one time while the former was built separately in two stages therefore the integrity of the former
was worse than the latter with the result that damage to the former was more serious.
III. Damage to Water Gates
There were 21 water gates at the Ranch which were classified as inlet gates, diversion gates,
discharge gates and control gates with a water supply capacity of 1-20 m3/sec.
Table 2 shows details of the gates and damage statistics.
1. Inlet gate of Yanzhuang Pumping Station
The gate was built in 1968. The gate chamber passed through the left embankment of the Ji
Canal and had 2 openings each 1.5 m (width)×3 m (height). It was a culvert type gate with a
wooden gate closure and a lead screw opening machine. Filled land above the culvert was 5 m
high and the chamber was 8 m in length. The structure of the culvert was mainly stone masonry;
the middle pier was of #80 regular stone masonry and the side piers were of gravity stone slab
masonry; and the foundation was an expanded stone masonry foundation. The cover plate of the
culvert was a #200 pre-cast R.C. slab. The section connecting the inlet and outlet of the gate was
stone masonry.
After the quake the main structure of the gate chamber collapsed completely and most of the
section connecting the inlet and outlet was destroyed.
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2. Inlet gate of the No. 8 Farming Brigade Pumping Station
The gate built in 1942 was affiliated with the key project of the pumping station of the No. 8
Farming Brigade. The gate chamber passed through the right embankment of the floodway of
the Huanxianghe River. It is a culvert type water gate with 3 openings each 1.5×1.5 m in size.
A wooden gate closure was installed with a lead screw opening machine. The retaining wall
above the opening was 5.50 m in height and thickness of the filled land was 5.50 m. The length
of the gate chamber was 10 m and the design minimum flow capacity was 2.4 m3/sec.
The central pier and side piers were stone masonry laid with #80 cement mortar. The
foundation was an expanded stone masonry structure the surface cover of which was the same as
used for the gate opening which was #100 concrete, cast in-situ. Above the top of the chamber a
cover of #200 R.C. concrete 25 cm thick was placed. The upstream and downstream retaining
walls and the section connecting the inlet and outlet were all stone masonry.
The gate chamber settled 110 cm after the quake; uneven settlement also occurred.
Settlement of the gate chamber was greater than that of the inlet and outlet with a height
difference of 15 cm. The chamber ruptured laterally. Cracks on the foundation were 15 cm wide
and those on the R.C. concrete top were 25 cm wide. All φ16 reinforcements were fractured.
Cracks on the central and side piers passed through the foundation and up to the top of the
chamber. The chamber had been removed and rebuilt.
3. Meihe aqueduct of the Peizhuang Pumping Station
The aqueduct built in 1962 was situated at the intersection of the main water supply ditch of
Peizhuang Station and the Meihe River. Total length of the aqueduct was 18 m, inner width 8 m,
and height of the aqueduct wall was 2.5 m. The design water supply capacity was 10 m3/sec.
The whole aqueduct was made of reinforced concrete with a design strength of 150 kg/cm2.
The aqueduct was supported by stone masonry piers with 6 openings. The foundation of the
piers was a stone masonry (four steps), under which was a monolithic concrete plate. The
upstream and downstream connecting sections were made of stone plate masonry.
The foundation settled differentially after the quake. The bottom slab of the aqueduct heaved
up 20 cm in the center along the flow direction. Two sides of the aqueduct wall were also bent
as the bottom plate ruptured in several places.
4. Control gate of the Zaodian main ditch
The gate built in 1958 had five openings each 2 m wide with a design water supply capacity
of 10 m3/sec. It was an exposed type gate with a traffic bridge. The bridge deck was built with
cast-in-situ reinforced concrete supported by stone masonry piers under which was a monolithic
concrete plate. The gate closure was made of wood with a lead screw opening machine.
The gate was basically intact after the quake.
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IV. Damage to Culverts
There were 13 culverts at the Ranch for drainage and discharge purposes in which the water
supply capacity was greater than 4 m3/sec. Culverts were classified according to their structural
type as pipe type culverts, stone masonry culverts and R.C. box culverts.
Damage to culverts was slight compared to pumping stations and water gates. Damage to
relatively large culverts with top plates and R.C. box culverts was not obvious, while small pipe
type culverts less than 1 m in diameter with a greater length and thick overlying filled land had
offset of joints and breaking or falling of sealing material at the joint that occurred after the
quake. Typical cases are as follows.
1. Railway culvert at Peizhuang Pumping Station
The culvert was a R.C. box culvert completed in 1962 passing under the BeijingShanhaiguan Railway Bridge. The culvert opening was 3.0 (width)×1.80 (height) m in size, 18
m in length and the design concrete strength was 150 kg/cm2; the design water supply capacity
was 10 m3/sec. The culvert was basically intact after the quake.
2. Railway discharge culvert at Xinpaihe No.6 Farming Brigade
It was made of R.C. pipes with an inner diameter of 1.80 m. Each pipe was 2 m in length
and the total length of the culvert was 20 m. The culvert consisted of 4 openings. Completed in
1971 it was constructed by the pipe jacking method. It passed through under the roadbed of the
Beijing-Shanhaiguan Railway. The normal design discharge capacity was 10 m3/sec. The joints
of the R.C. pipes were sealed with epoxy resin. After the quake only the bottom plate at the
upstream and downstream connection was upheaved relative to the culvert. No great change was
found in the culvert.
3. Culvert passing through the Zaodian main ditch to the Xinpaihe River
The culvert was built in 1971. It was a two opening (each opening 2×2 m in size) square
culvert with a top plate with a design discharge capacity of 4-8 m3/sec. The culvert was 45 m
long with a foundation with a cast-in-situ concrete cover. The central and side piers were stone
masonry and the top plate was a pre-cast R.C. slab 200 kg/cm2 in strength with a protection
cover also added. The culvert was basically intact after the quake.
4. Culvert passing through Jin-Yu Highway to the Baijihe River
The culvert completed prior to the quake in 1976 was a three opening (each opening
2.5×2.7 m in size) culvert with a total length of 13 m and filled land above the culvert was 2.5 m
thick. The structure and building materials used was similar to case 3. The design maximum
water supply capacity was 20 m3/sec. The culvert was located in a depressed area and settled
largely with the ground after the quake but the main structure remained intact.
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V. Damage to Pumping Wells
There were 376 pumping wells at the Ranch before the quake and among 331 of them the
inner diameter of the well pipe was greater than 20 cm. Most of the pumping wells were shallow
wells and medium deep-wells.
1. Hydrogeology at the site of pumping wells
Hangu Ranch was situated in an area belonging to Quaternary river facies (littoral facies
deposit area). Below the ground surface 20 m was loam or mucky loam; between 20-30 m was a
layer of sand with draining water; and below 50 m sand layers occurred. Within a depth of 200
m there were three groups of sand and in each group the total thickness of sand layers was 15-20
m with a maximum thickness up to 25 m. The sand layers consisted of fine sand, moderate sand
and coarse sand. When a well was dug the amount of water to be pumped out by a 6" deep-well
pump could reach 60-80 ton/hr and variation of the dynamic and static water level was 6-12 m.
With development and use of ground water the depth to water varied greatly. Before 1966 the
ground water level was 3-6 m; in May 1973 the level lowered to 8-30 m below the surface; and
in May 1976 the level again lowered to 29-50 m below the surface. Electric deep-well pumps
were used at all wells. Generally, the saline water layer was 35-70 m below the surface, 30 m in
the north area, 40-50 m in the vicinity of the Ranch and 60-70 m in the southeast area.
2. Structure of pumping wells
Pumping wells were classified as shallow wells and medium deep-wells. Depth of shallow
wells was less than 130 m and that of medium deep-wells was 130-200 m.
Based on the type of pipes, pumping wells could be classified as cement pipe wells, cast iron
pipe wells, and combination pipe wells. For cement pipe wells an 8" pipe was used for less than
80 m in depth and a 12" pipe was used when the depth was greater than 80 m. Pipe diameters
used in cast iron pipe wells and combination pipe wells were similar to cement pipe wells.
Cement pipes were divided into impermeable pipes and permeable pipes, the design strength
of the concrete was 250-300 kg/cm2. There were two kinds of impermeable pipes. One type had
an inner diameter of 30 cm, a wall thickness of 5 cm, a length of 150 cm. The size of the other
type had an inner diameter of 20 cm, a wall thickness of 5 cm and a length of 100 cm.
Pipe joint: cast iron pipes were joined with screws. Cement pipes were first sealed with
asphalt and the joint was wrapped with gunnysack for 2-3 rounds then pressed with 4 thin pieces
of bamboo 5-6 cm in width and less than 80 cm in length around the joint. Finally, the bamboo
pieces were fastened by two wires, one at the upper end and the other at the lower end of the
jointing. Outside the pipe joint there was sand fill.
3. Damage patterns
Statistics of damage to pumping wells is listed in Table 3 and distribution of damaged wells
is shown in Fig. 3. The damage was classified as: 1) Intact. The appearance of the well pipe was
not changed; water level in the pipe was normal; no occurrence of sand spouting; operated
normally. 2) Slightly damaged. Water level in the pipe was relatively normal; the deep-well
pump could be operated; some could be reused after repairs or after taking some technical
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measures; sand spouting occurred outside of the pipe; no water could be pumped out; the deepwell pump could be removed completely and reused. 3) Rather seriously damaged. Sand
spouting occurred both inside and outside of the well; the water level in the pipe was not normal;
the pipe ruptured; the deep-well pump could be removed and still be reused. 4) Seriously
damaged. Sand spouting occurred both inside and outside of the well; the well was blocked by
spouted sand; the pipe was dislocated, fractured or seriously broken; the deep-well pump could
not be operated, hardly removed or could not be removed; some pipes of the deep-well pump
that were removed were bent 60º.
After the quake the water level in some wells rapidly increased, thus indicating increased
sand compaction at depth. For example, the ground water level of one pumping well used for
agricultural purposes at the No. 7 Farming Brigade of the No. 2 Branch of the Ranch was 39.80
m below the surface before the quake and after the quake the level changed to 19 m below the
surface increasing 20.8 m. At one abandoned drinking well with small pipes at the No. 12
Farming Brigade of the No. 3 Branch of the Ranch, water flowed from the well for
approximately 2 months. In the beginning the amount of flow was up to 20 ton/day and water
that flowed out was suitable for drinking.
The temperature of the water in some pumping wells varied in the range of 13-18°C. Salt
content of the water generally increased about 15% with a maximum of 38%.
The pedestal of one pumping well used for agricultural purposes at the No. 2 Farming
Brigade of the No. 1 Branch of the Ranch projected above ground 15 cm.
4. Damage characteristics
1. Almost all pumping wells east of the Ranch Headquarters were damaged and a few
remained intact in the west as well as at the No. 1 Branch of the Ranch. Based on in-situ
inspection and removed deep-well pumps, the location of seriously damaged wells was mostly
20-30 m under the surface just within the upper water bearing sand layer.
2. Damage to pumping wells in areas where buildings were seriously damaged was slight,
such as wells at the No. 1 Branch of the Ranch and No. 8 Farming Brigade of the No. 2 Branch;
while damage to those in areas where buildings were slightly damaged was serious such as wells
east of the Ranch Headquarters
(Translator: Lu Rongjian)

Zhakou

Zaodian
(diversion
station)

No. 1 Branch
of the Ranch

No. 1 Branch
of the Ranch
(diversion
station)

Huangsugu

No. 12
Farming
Brigade

Dabo

Peizhuang

No. 8
Farming
Brigade

Yuanzhuang

1

2

3

4

5

6

7

8

9

10

No.

Name of
Station

1968

1964

1962

1974

1970

1964

1974

1967

1968

1971

Year of
Completion

330

240

950

260

465

465

310

310

370

950

Total
Motor
Capacity
(kW)

2.4

2.4

10

4

6

6

4

4

4

10

Pumping
Capacity

8

3

5

2

3

3

2

2

2

5

Nos.

20
Fengchan
50

24WZ-72

36WZ-85

36WZ-85

36WZ-76

36WZ-75

36WZ-85

36WZ-75

36WZ-75

36WZ-76

Model

Water Pump

clayey soil

clayey soil

clayey soil

clayey soil

clayey soil

clayey soil

mucky
clayey soil

mucky
clayey soil

mucky
clayey soil

Foundation
Soil

separated mucky
foundation clayey soil

dry type

dry type

dry type

dry type

dry type

dry type

dry type

dry type

dry type

Type of
Pumping
House

concrete
pump
foundation

monolithic
concrete
foundation

monolithic
concrete
foundation

monolithic
concrete
foundation

monolithic
concrete
foundation

monolithic
concrete
foundation

monolithic
concrete
foundation

monolithic
concrete
foundation

monolithic
mixed
foundation

monolithic
mixed
foundation

Type of
Foundation

45

IX

VIII

VIII

42

41

VIII

VIII

VIII

VIII

VIII

IX

IX

Intensity

40

40

37

52

52

46

44

Epicentral
Distance
(km)

rather
slight

rather
slight

rather
slight

rather
seriously
damaged

rather
seriously
damaged

rather
seriously
damaged

rather
seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

Damage
Degree

Table 1. Details of pumping stations and statistics of damage to the stations.

Cracks occurred on the pump foundation;
no significant change for the other
structural parts.

No significant change in the main
structure of the pumping house.

See typical case 3.

Settlement rather small but the structure
increased relatively; design functions not
satisfied.

The pumping house settled seriously,
damage to the main structure was slight;
the whole station was abandoned.

Pumping house settled seriously.
Although repaired, the design functions
were not perfect.

See typical case 2.

Part of the pumping house above the floor
collapsed; the floor slab inclined
longitudinally; central part of slab
deflected; pressure basin deformed.

Upper part of the wing wall at the inlet of
the pumping house collapsed, lower part
inclined outward; floor slab of the
pumping house bent; side pier of the
lower part of the pumping house inclined
inward.

See typical case 1.

Description of Damage
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2

3

exposed
type

exposed
type with
a passenger bridge

exposed
type with
a stone
aqueduct

exposed
type
bridge
gate

exposed
type

main discharge gate
of No. 1 Branch at
the Ranch with four
openings

main discharge gate
of No. 1 Branch at
the Ranch

Peizhuang main
discharge gate

inlet gate of No. 5
Farming Brigade

the last main gate in
the south branch of
Huangsugu Station

4

1

4

3

exposed
bridge
type gate

control gate at the
east main ditch of
Jintang Canal

3

6

culvert

inlet gate of No. 8
Farming Brigade
Pumping Station

2

Meihe aqueduct

culvert

Type

inlet gate of
Yanzhuang
Pumping Station

Name

No. of
Openings

Type and Size

2

1.5

2.0

6.0

1.5

2

8

1.5

1.5

Width
(m)

6.0

1.5

10.0

6.0

6.0

10.0

10.0

2.4

2.4

Design Flow
Capacity
(m3/sec)

loam

loam

loam

loam

loam

loam

loam

loam

mucky
loam

Foundation
Soil

stone masonry
foundation

stone masonry
foundation

expanded type
stone masonry
foundation with
surface cover

pile foundation

expanded stone
masonry
foundation

expanded stone
masonry
foundation with
surface cover

stone pier,
concrete bottom
plate

expanded stone
masonry
foundation with
a concrete cover

expanded stone
masonry
foundation

Structural Type
of Foundation

40

36

33

52

52

36

38

41

45

VIII

VIII

VIII

VIII

VIII

VIII

VIII

VIII

IX

Epicentral
Distance
(km)
Intensity

rather seriously
damaged

rather seriously
damaged

rather seriously
damaged

rather seriously
damaged

rather seriously
damaged

rather seriously
damaged

seriously
damaged

seriously
damaged

seriously
damaged

Damage
Degree

Table 2. Details of water gates and damage statistics.

Wing wall collapsed.

Control and side piers cracked.

Differential settlement occurred; stone aqueduct
ruptured.

Gate trough and part of side walls cracked.

Side piers cracked.

Concrete surface cover fractured; cast-in-situ
concrete bridge slab ruptured in the middle
transversally with cracks 0.5-1.0 cm wide.

See typical case 3.

See typical case 2.

See typical case 1.

Damage Description
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2

3

exposed
type
bridge
gate

exposed
type
bridge
gate

exposed
type
bridge
gate

exposed
type

exposed
type

exposed
type

exposed
type
bridge
gate

exposed
type
bridge
gate

exposed
type
bridge
gate

exposed
type
bridge
gate

Tianlan control gate
of Zaodian main
ditch

Discharge gate of
Peizhuang Station

diversion gate of
east main ditch,
Peizhuang Station

diversion gate of
west main ditch,
Peizhuang Station

inlet gate of Dabo
Station

gate for discharge
of river water to the
sea

south main gate of
Huangsugu Station

north main gate of
Huangsugu Station

control gate of
Zaodian main ditch

inlet gate of No. 1
Branch of the
Ranch
3

5

2

2

3

5

4

4

Type

Name

No. of
Openings

Type and Size

1.5

2

2

2

2

2

2

2

2

2

Width
(m)

5.0

10.0

4.0

6.0

4.0

4.0

6.0

10.0

10.0

8.0

Design Flow
Capacity
(m3/sec)

loam

loam

loam

loam

loam

loam

loam

loam

Loam

loam

Foundation
Soil

pile foundation

monolithic
concrete
foundation

stone masonry
foundation

stone masonry
foundation

stone masonry
foundation

stone masonry
foundation

stone masonry
foundation

stone masonry
foundation

stone masonry
foundation

stone masonry
foundation

Structural Type
of Foundation

51

40

36

36

42

40

38

38

38

39

VIII

VIII

VIII

VIII

VIII

VIII

VIII

VIII

VII

VIII

Epicentral
Distance
(km)
Intensity

Table 2. Continued.

intact

intact

rather slightly
damaged

rather slightly
damaged

rather slightly
damaged

rather slightly
damaged

rather slightly
damaged

rather slightly
damaged

rather slightly
damaged

rather seriously
damaged

Damage
Degree

Settled with variation of topography; operated
with overload.

Settled with variation of topography; operated
with overload.

Upheaved with variation of typography; function
of the gate reduced.

Upheaved with variation of typography; function
of the gate reduced.

Cracks occurred on local part of side wall.

Part of bottom plate was damaged.

Cracks occurred on individual bottom plate.

Control and side piers cracked.

Damage Description
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2

2

2

Type

exposed
type
bridge
gate

Name

diversion gate of
No. 1 Branch of the
Ranch

north control gate in exposed
the main ditch of
type
No. 1 Branch of the
Ranch

south control gate in exposed
the main ditch of
type
No. 1 Branch of the
Ranch

No. of
Openings

Type and Size

1

1

1.5

Width
(m)

2.0

2.0

3.0

Design Flow
Capacity
(m3/sec)

loam

loam

loam

Foundation
Soil

pile foundation

pile foundation

pile foundation

Structural Type
of Foundation

51

49

50

VIII

VIII

VIII

Epicentral
Distance
(km)
Intensity

Table 2. Continued.

intact

intact

intact

Damage
Degree
Damage Description

465

13

49

65

No. 4 Branch

Red Flag
Commune

Red Star
Commune

331

57

Total

63

No. 3 Branch

282

56

38

12

52

58

39

9

11

1

5

5

4

10

1

No. 2 Branch

55

60

No. 1 Branch of
the Ranch

2

1

11

14

Agriculture and
Forestry
Department

3
5

2

5

5

For
Drinking

For
Industrial
Use

Industry and
Communication
Department

For
Agricultural
Use

Range Quarter

Organization

Total
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Table 3. Statistics on damage to pumping wells.
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Photo 1. Canals in cultivated land were buried by spouted sand at the No. 2
Farming Brigade, No. 1 Branch of the Ranch.

Photo 2. The protection slope on the right bank of the water basin at the Zhakou Pumping
Station collapsed.
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Photo 3. The pressure water basin at the diversion station of the No. 1 Branch of the
Ranch inclined after the quake. The lead screw of the gate closure was not in line
vertically. Distance between the lower edge of the gate and the water level varied.

Photo 4. A portion of the Peizhuang Pumping Station.
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Figure 1. Distribution of sandboils and ground cracks at Hangu Ranch.
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Figure 2. Distribution of damaged hydraulic structures at Hangu Ranch.
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Figure 3. Distribution of damaged wells at Hangu Ranch.
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DAMAGE TO THE DOUHE RESERVOIR
Yang Xizhang*

The Douhe Reservoir was located 15 km away from Tangshan City in the northeast direction,
close to the causative fault. It was completed in 1956 and expanded in 1970 with a controlled
watershed area of 530 km2 and a total storage capacity of 340 million m3. It was a homogeneous
earth dam the maximum height of which was 22 m. Bedrock under the reservoir was limestone
of the Ordovician Period and marl with joints and fissures well developed. Faults in the NEE
direction were well developed and width of the fracture zone reached 1-3 m; there the gate
closure was lower in height. In the limestone of the Ordovician Period on the left bank there
were two gate closures (7×12 m) installed at the entrance of the spillway. The opening machine
of the water supply tunnel, with a diameter of 3.6 m, passed perpendicularly through 5 faults.
The rock along the tunnel was seriously weathered and fractured. During construction steel
plates were used as poling boards for support.
The plan of the Douhe Reservoir key project is shown in Fig. 1.
The site of the Douhe Reservoir was 19 km from the epicenter but closer to the causative
fault; and the seismic intensity at the site was IX. During the quake the maximum water depth
was 12.5 m; the amount of storage was 35,000 m3. The design intensity of the project was VIII.
After the quake the earth dam was seriously damaged but had not yet collapsed. Those
structures built on bedrock such as the spillway, water supply tunnel, gate closure and its
opening machine were not damaged and were running normally. Cracks occurred on the brick
wall of the opening machine house near the spillway but no cracks or deformations were found
in the concrete and stone masonry structures.
After the quake an investigation, survey, boring and tests on damage to the reservoir were
carried out at once. Organizations that participated in the investigation successively were:
Design Institute of Exploration, Administration Office of the Haihe River, Hebei Province;
Planning Office of the Yangzi River Basin; Douhe Reservoir Administration Office; Qinghua
University; Hydro-Power and Water Conservancy College, Hebei Province; Construction Office
in Aid of Douhe Reservoir, Shijiazhuang Prefecture; Hydro-Power and Water Conservancy
Academy, Ministry of Hydraulics; and Institute of Engineering Mechanics, Chinese Academy of
Sciences.
I. General
(1) Geology of the dam foundation
The Douhe Reservoir was situated at the south edge of the complicated Yanshan tectonic
zone with a WE orientation and west of the Yeli anticline. The vicinity of the reservoir was
controlled by the WE tectonics and NE tectonics. Topography, morphology and geology in the
* Design Institute of Exploration, Hebei Province
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area varied very much. The dam was built on the Douhe terrace with potentially active faults
and complicated geological conditions.
In the preliminary design stage of the reservoir exploration was carried out on the left bank at
the dam site. There were two boring holes 19 m apart. The left boring hole was on the surface
of the bedrock while the right boring hole was on the surface of the loose Quaternary stratum 87
m thick under which was bedrock. At the river channel of the left bank there was a tectonic line.
Based on geological information, the Houtun fault passed in the vicinity of the dam on the left
bank along the direction of the river. Geological tectonics at the dam site are shown in Fig. 2.
The following is some information on the Quaternary overlying strata (Fig. 3).
1. Alluvial flat
The ground at the intersection between the left dam abutment and Fenghuang Hill was marl
and the strike of the strata intersected with the dam axis at an angle of 60°. The strata inclined in
the downstream direction with a dip 20-30°. The left alluvial portion of the river channel was an
interbedding of medium loam, heavy loam and light loam and the right was an interbedding of
medium loam, light loam and fine sand. Within 3-4 m of the channel surface was medium sand
and coarse sand, the grading of which was relatively good, containing broken limestone
intercalated with the soil layer. Part of the soil contained very soft organic heavy loam dark
grayish in color with a slight bad odor. Under the layer of medium and coarse sand were clay,
medium silty loam and loessial loam. In addition, there were medium sand and fine sand layers.
The arrangement of soil layers was complicated and no regularity could be followed. The
medium and fine sand layers were water bearing and were connected to the ground water in a
rock area on the left bank and first platform on the right bank. Except for the muck layer most of
the soil layers under ground water level were saturated and saturation degrees were all above
95%. Properties of these layers were liquidity limit 27.1-31.6%, plastic limit 16.4-19.6%,
liquidity index all less than 1.0, internal friction angle 14.3-25.0°, cohesion 0.15-0.518 kgforce/cm2, compression index 0.007-0.034 cm2/kg-force when compression was 2-3 kgforce/cm2 belonging to medium or low compressibility soil, permeability coefficient of soil
layers 2.87×10-4 to 2.15×10-7 cm/sec, that of sand layers 2.32×10-3 cm/sec, number of standard
penetration blows all above 30. The properties of the layers in the river channel section, except
for the muck layers, were better. The buried depth of muck layers was shallow and at the top
and bottom there were permeable sand layers so that consolidated drainage conditions of the
layers was good. In the right alluvial flat there were light loam and fine sand layers. Because
the alluvial plain inclined toward the river channel, these layers were easily liquefied possibly
accelerating failure of the foundation.
2. First platform
The first platform connected with the alluvial plain intimately at an elevation of 26-27 m
generally, or 6-7 m higher than the river channel. Topography was plain and smooth. On the
right bank the platform was up to 1,000 m wide approximately and connected to the second
platform by a smooth slope; on the left bank the platform was lost to sight in the vicinity of the
dam axis.
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In the axis 1+340-1+675 section the area of mucky soil was large and thick, the properties of
which were the worst. During construction in 1956 this section was called the muck section. On
the exploration line 75 m from the dam axis in the downstream direction the corresponding
length of the platform was only 170 m located in the range between axis 1+400-1+610. Based
on the exploration data in 1955 the distribution of mucky soil in the platform is shown in Table
1.
The soil in the muck area varied very much in mechanical properties. The standard
penetration blow of the individual soil layer was N<1, liquidity index >1.0, cohesion force <0.05
kg-force/cm2, internal friction angle <5°, and compression index >0.15 cm2/kg-force when the
compression was 1-2 kg-force/cm2. Water content of the soil layer was extremely high so it was
a soft layer with high compressibility and in a flowing state. The earth dam had been
constructed for twenty years and more; the muck under the dam foundation had been solidified
to some extent. In 1957 and 1964 muck samples had been taken from boreholes on top of the
dam for testing. The test results are listed in Table 2.
The mechanical properties of soil layers in the first platform are shown in Table 3.
3. Second platform
The second platform was a plain with elevation of 32-34 m. Most parts of the platform were
cut by gullies. On the surface was a layer of medium and heavy loam 2-3 m thick; under the
loam layer was an interbedding of medium sand, fine sand and sandy loam 4-7 m thick
intercalated also with clay and thin lens of loam. Further below was a layer of loess loam 2-7 m
thick, then a very thick layer of medium sand and fine sand and in part of the section there were
loam and lens of sandy loam. Mechanical properties of soil layers in the second platform are
shown in Table 3.
4. Standard penetration tests for sand layers
Before the construction of the Douhe earth dam in 1955 standard penetration tests had been
carried out for 14 profiles of the main dam and auxiliary dam. In the tests a drop hammer was
operated manually. Based on the test results, variation curves of penetration blows with depth
were drawn (Fig. 4). In Fig. 4 no correction for the boring rod length was done for blows. From
these curves standard penetration blows of the sand layer beneath the water level (within 10 m
under the surface of the main dam section) were about 5-20; as for the auxiliary dam the standard
penetration blows of the sand layer at the same location were 20-70.
5. Hydro-geology of the dam foundation
Ground water at the dam site could be divided into phreatic water and artesian water.
1) Phreatic water
Phreatic water was distributed in the second platform and in the fine sand layer. During the
quake the water level in the reservoir was 31.64 m. Ground water was 4-5 m from the surface,
and it flowed to the first platform along the dam axis.
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2) Artesian water
Artesian water was distributed in the first platform. The source of ground water in the first
platform was supplied by the phreatic water in the second platform in addition to the reservoir
water. The flow direction of ground water was also parallel to the dam axis approximately.
6. Characteristics of the dam foundation
Based on the above descriptions there were the following characteristics of the dam
foundation.
1) Traditional active fault. The Houtun fault might pass through the left bank abutment of
the main dam. Engineering geological conditions of the dam foundation were complicated.
2) Distribution of soil layers in the first platform was complicated. The many lens and
mucky layers were distributed in a wide range. A light loam layer or sandy loam layer existed
near the surface in some dam sections. A medium and heavy loam layer and light loam layer
existed at the surface of the second platform; distribution of these layers was rather uniform and
unique.
3) Ground water in the first platform was artesian water with a higher water level. Medium
sand, fine sand, sandy loam, loam and clay in the dam foundation were in a saturated state for a
long period. Ground water in the second platform was phreatic water with a lower water level.
4) The minimum standard penetration blow-number of medium and fine sand layers 4-10 m
from the surface in the first platform was only 5, while the maximum blow number was 23 with
an average of 14 blows. In the second platform the minimum blow number was 20, the
maximum 68, with an average of 44 blows. Compactness of medium and fine sand layers was
low in the first platform and higher in the second platform.
5) Shear strength of soil layers was lower in the first platform and higher in the second
platform. Shear strength of soil layers in the first platform varied greatly, while that in the second
platform was rather uniform.
6) At the alluvial flat section of the river channel medium and coarse sand layers existed in
the surface layer; at the alluvial plain on the right bank there were medium and fine sand lens
and a light loam layer exposed on the surface. The standard penetration blow-count of sand
layers was low. The height difference between the first platform and the lowest location of the
river channel was 4-6 m. The alluvial plain had a rather steep slope, inclining toward the river
channel, with a slope of about 12%. Due to the existence of a light loam layer and sand layer
liable to be liquefied under the slope, it was possible to accelerate the instability of foundation of
the left abutment of the main dam.
Because the mechanical properties of sand and soil layers and water table in the foundation
of the main dam and auxiliary dam were different, liquefaction characteristics of the main dam
and auxiliary dam foundations differed noticeably.
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(2) Design and construction of the earth dam
The Douhe Dam was a homogeneous earth dam with a total length of 6,115 m. The main
dam, 1,700 m long, was located on the river channel and first platform. The auxiliary dam,
4,415 m long, was located on the second platform. The elevation on the top of the original dam
was 39 m. The upstream slope of the main dam was 1:3 and 1:5 and the downstream slope was
1:2.5 and 1:4.5. Because there was a relatively thick muck layer in the dam foundation, the
downstream slope at the dam section between stake Nos. 1+340 and 1+680 was rather low with
slope ratios of 1:2.5 and 1:6.0. At the auxiliary dam the upstream slope ratio was 1:3 and the
downstream slope ratio was 1:2.5. When the dam was enlarged in 1970 the height of the main
dam and auxiliary dam was increased 2 m so that elevation on top of the dam was 41.0 m. The
main dam was heightened by adding earth over the top and no change was made to the upstream
slope. The wave protection wall which was built on the original dam top was used as a retaining
wall. The ratio of the downstream slope was 1:1.5 and connected with the original slope. The
auxiliary dam was heightened by changing the ratio of the downstream slope and the wave
protection wall was built on the heightened dam. The design profile of the main dam and
auxiliary dam is shown respectively in Fig. 5.
The dam was built during the period of March to July 1956. Soil materials used for building
the dam were light loam and medium loam, but mainly medium loam. Sand particle content of
the loam was 50-60%, P.I. 7-14, optimal water content 11-13%, and the natural water content
generally approached the optimal content. Grading of the soil materials was good with
appropriate water content therefore, the soil was easily compacted, the design dry volume weight
was 1.8 ton/m3.
During construction of the dam in 1956 34,582 soil samples had been taken from the dam.
The dry unit weight of 99.3% of the samples was greater than the design volume weight of 1.8
ton/m3 and the average dry volume weight was 1.88 ton/m3.
At the heightened part of the dam (2 m high), the dry volume weight of about 50% of the
samples was less than 1.7 ton/m3. Workmanship of the heightened part was poor. At the main
dam section the slope facing the water was of a cohesive soil material while that downstream
was made of debris obtained during construction of the spillway.
At the main dam there were longitudinal and transverse buried pipelines for discharging the
seepage water. The seepage water in the dam passed through the drain trench at the dam toe and
flowed into the river in the downstream direction. Since the surface soil layer was rather thick
the drain trench was not installed on the sand layer. At the dam toe in the downstream direction
rubble drain facilities had been installed on the slope surface.
At the platform section a natural soil layer was utilized as an anti-seepage apron in the
upstream direction, while at the river channel section an artificial apron 1.0-1.5 m thick and
104 m long as well as a catch-drain was made.
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II. Earthquake Damage
During the quake a large amount of cracks, settlement, displacement, and slope sliding
occurred at the earth dam. An anti-wave wall collapsed, a drain trench deformed and many
sandboils occurred on the dam toe in both upstream and downstream directions. The dam
distorted to the left or to the right, it upheaved or settled and was seriously damaged. In order to
make clear the damage to the dam a comprehensive investigation was carried out at once after
the main shock.
1) Surveying and drafting of the overall longitudinal and transverse cracks at the dam and
their locations, and location of sandboils was done. Surveying profiles of the dam (at each 50 m)
and comparing with the profiles after construction of the dam and settlement data during past
years in order to obtain settlement, displacement and deformation of the dam due to the quake.
A 3-grade leveling was carried out for 7 typical profiles, such as at the 0+167 axis.
2) Fifty-two exploration pits perpendicular or parallel to the dam axis were excavated,
distribution and shape of main cracks and the filling materials in the crack were examined. In
the repair of the dam the location and depth of the cracks were measured continuously
throughout the repair excavations. For some deeper cracks an examination was made
continuously down to the dam base. During the excavation some buried cracks were also found
within the dam. Cracks shown by a solid line in the following figures were observed by
personnel conducting the investigation; cracks shown by a dotted line were predicted cracks.
3) Fifty-two boring holes were manually drilled with a total depth of 751.2 m and 400 soil
samples were taken for tests of the properties of dam soil and foundation soil. Of these, 14
boreholes were used for the investigation of sandboils. Several standard penetration tests were
carried out for the foundation sand layers.
Damage patterns of the dam are described as follows:
(1) Cracks on the earth dam
Cracks on the dam can be classified approximately as transverse cracks perpendicular to the
dam axis, longitudinal cracks parallel to the dam axis, arc-shaped cracks, buried cracks and
concentrated fissures. Arc-shaped cracks and buried cracks were also longitudinal cracks, while
concentrated fissures were formed under the action of strong earthquakes, small but intimately
closed fissures.
1. Transverse cracks
Transverse cracks, upstream-downstream, perpendicular to the dam axis amounted to more
than a hundred of which 95 cracks were located above the main river channel in the main dam
section on the first platform (Fig. 6d). As observed from the top of the dam the width of cracks
ranged from 0.1 to 1.0 cm generally, the width of a few cracks was 1-3 cm and >3 cm
individually. Except for a few transverse cracks, such as the No. 3, 84, 85, and 87 cracks passing
through the top of the dam and extending to the upstream slope, no trace of cracks were found on
the slope. Cracks on the wave protection wall were mostly in the vicinity of transverse cracks.
Of the 95 cracks on the main dam section the No. 3 transverse crack on the left dam abutment
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was the greatest. A lot of cracks were situated on the upstream side of the dam axis but cracks
dissipated in the vicinity of the dam axis. A rubble wave-protection wall was pulled apart 0.12
m where a crack passed through (Photo 1). Under the crack there was a toothed anti-seepage
concrete wall connected with bedrock. Having been excavated and carefully inspected, the
concrete wall was intact and no cracks were found.
After inspection it was found that although transverse cracks on the main dam were many
they were not deep. Common characteristics of these cracks are as follows:
1) No obvious offset occurred between the two sides of the crack. For individual cracks,
such as the No. 84-84 cracks, offset occurred on both sides with an offset distance of only 0.51.0 cm.
2) Distribution of transverse cracks was rather dense near the dam abutment on the left bank
and at the transition section between the first and second platform but became rare at the
locations where large amounts of dam settlement occurred (Table 4, Fig. 6).
2. Longitudinal cracks
Longitudinal cracks parallel to the dam axis were one of the main damage patterns of the
earth dam. Details of the longitudinal cracks are listed in Table 5.
Longitudinal cracks on the main dam differed from those on the auxiliary dam as follows:
1) Longitudinal cracks on the main dam
On both the upstream and downstream sides of the main dam section (0+100 to 1+700) there
was a group of continuous longitudinal cracks. Cracks on the upstream slope were located at an
elevation of 34-35.5 m and those on the downstream slope were at 33-35 m symmetrically
distributed on two sides of the dam top, approximately. The distance between two groups of
cracks was about 20-30 m and each group consisted of 2-5 relatively large cracks. The total
width of the groups was 2-9 m. The largest crack occurred on the protection slope with a
slumping width of 2.2 m. Samples taken from the borehole (down to the sand layer under the
dam foundation) of this crack were half undisturbed and half filled with sand and broken stones
and soil masses, showing that this crack had penetrated the sand layers. At the 0+190 dam
section cracks on the upstream slope were also down to the dam foundation. For example, on the
upstream slope at the 0+193 profile, when excavation was carried on to an elevation of 25.57 m
(elevation of foundation was 27.0 m approximately) the crack width was still 10 cm and the
crack was filled with sand and broken stones. Cracks were on the downstream slope at section
0+600, the cracks were also very deep. For example, when the crack on the downstream slope at
section 0+660 was excavated down to an elevation of 29.0 m (elevation of the dam foundation
was about 27.0 m) the width of the crack remained 3 cm and the crack was filled with fine sand.
Longitudinal cracks at the main dam section are shown in Photos 2-5 and Fig. 7.
Characteristics of longitudinal cracks on the main dam section were as follows:
(a) Cracks occurred continuously and almost symmetrically on the upstream and downstream
slopes.
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(b) With the variation of foundation conditions the shape of cracks obviously differed. At
the river channel section (0+130-0+210) cracks were closely concentrated; cracks on the
downstream slope were arc-like in shape with the center facing the downstream direction.
Cracks on the upstream slope were also arc-shaped with the center facing the upstream direction.
In the mucky section of the dam (1+340-1+680) longitudinal cracks under the elevation of
33.0 m were closely grouped fissures and soil layers within the dam body were loosened and
cracked.
(c) Longitudinal cracks were wide on the surface and narrow under the surface. As observed
from the slope surface the maximum width of cracks (including the slumping part) reached
2.2 m; that of an individual crack such as the crack on the downstream slope (0+167) was still up
to 2.0 m after removal of the sand layer on the slope. After excavation of the slope it was
observed that this kind of crack became rapidly narrow with decrease in elevation.
Longitudinal cracks were vertical approximately. The soil layers of some cracks near the top
of the dam offset obviously on two sides. Soil layers near the dam toe shifted relatively upward
with an offset of 5-20 cm (Photo 5). Due to large settlement that occurred near the dam top, soil
in the slope exhibited to be anti-step-wise in form. Soil on both sides of some cracks inclined to
the dam axis apparently.
(d) Relatively large and wide longitudinal cracks were usually filled with fine sand, broken
stone and loose soil mass from the original slope. Some cracks were filled with rubble from the
slope, some of which were greater than the crack width (Photo 4). In addition, some cracks such
as the No. 18 crack on the upstream slope at axis 0+750 were very narrow only 1-20 mm in
width, but both vertical sides were plain and smooth and there were traces of rubbing on both
sides.
(e) Longitudinal cracks on the downstream slope were rather deep, but those on the upstream
slope were narrow and vanished with depth rapidly.
2) Longitudinal cracks on the auxiliary dam
From axis 1+800 to axis 2+400 longitudinal cracks occurred on the downstream dam
shoulder and slope at a higher elevation (39.0-40.0 m). From axis 2+400 to axis 4+500
longitudinal cracks occurred on the dam top intermittently most of which were single cracks. At
an individual dam section there were 2-3 cracks (Photos 6-8).
After the excavation it was revealed that depth of these cracks was not great. No cracks were
found when excavation was made down to an elevation of 39.0 m.
Longitudinal cracks on the dam top or shoulder were closely related to slope sliding. For
example, from axis 2+400 to axis 2+600 sliding occurred intermittently on the upstream slope
and at the same time longitudinal cracks occurred on the dam top. A similar phenomenon also
occurred in the vicinity of axis 3+200.
3. Arc-shaped cracks
Arc-shaped cracks were induced by slope sliding. On the downstream slope of the main dam
at the section between axis 0+130 and axis 0+200 on the downstream slope of the auxiliary dam,
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at the section between axis 1+960 and axis 1+990, at the section between axis 2+120 and axis
2+150, and on the upstream slope of the auxiliary dam at the section between axis 2+400 and
axis 2+600 arc-shaped cracks occurred accompanied with slope sliding (Photo 9). Arc-shaped
cracks also occurred on the dam top, shoulder and slope. At profile 0+140, except for the
occurrence of arc-shaped cracks, the buried horizontal drainage pipeline (pottery pipe) of the
dam was pulled apart with an offset of 0.13 m.
4. Buried cracks
During excavation of the earth dam for repairs, it was found that buried cracks also existed in
the dam. These cracks were filled with fine sand or soft mud and were longitudinal cracks.
1) Buried cracks filled with fine sand
At a distance 1.16 m from dam axis 0+928 in the downstream direction a buried crack was
found at an elevation of 32.5 m with a width of 0.5 mm. Excavation was made along the crack
finding that the crack extended downward. At an elevation of 30.28 m the width of the crack
was 10 mm. The crack was filled with dense fine sand yellow in color. After inspection the
crack was located between axis 0+920 and axis 0+930 in plane (Fig. 8).
No cracks were found on top of the dam above an elevation of 32.5 m. The filled sand was
different from the fine sand at the protection slope, which was white in color and the particle size
of which was coarser. However, the filled sand was very similar to that at the dam foundation.
In addition, at profile 0+950 a buried crack was found under the top of the dam during
excavation at a distance of 1.2 m away from the dam axis in the upstream direction. The crack
was narrow at the top and wide at the bottom. At an elevation of 33.0 m the width of the crack
was 0.1 m. Whether the crack was the same as the above-mentioned one was not known.
2) Buried crack filled with soft mud
When an upstream dam section between axis 0+104 and axis 0+144 was excavated a gourdlike shaped buried crack filled with soft mud was found at a distance of 6.0-7.7 m from the dam
axis (Fig. 9). The width of the crack was 50-300 mm at an elevation of 29.5-33.5, at a depth
range of 4 m.
5. Closely concentrated fissures
On both sides of certain main longitudinal cracks and the No. 3 transverse crack, a lot of
closely concentrated and discontinuous fissures were found parallel to the main crack. The
distance between these fissures was generally 1 to 10 cm and more. The maximum width of
fissures was 0.5-1.0 mm (Photo 10). The surface of the fissures was plain and smooth with a
slight rubbing trace. The direction of fissures was almost vertical. These fissures were only
found several meters under the dam surface. They were spaced closer when near the
longitudinal crack and farther apart when near the dam top and toe. Their existence was rather
obvious in a dense dam section but not obvious in a soft dam section (in dark soil) and especially
obvious in the section between stake No. 1+300 and No. 1+700.
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(2) Settlement, deformation and horizontal displacement of the earth dam
Two permanent leveling benchmarks were used as reference in the elevation survey of the
Douhe earth dam. One benchmark was located between the entrance of the spillway at the
reservoir and the water supply opening. Both benchmarks were located on the semi-weathered
limestone bedrock. Elevations of both benchmarks basically did not change before and after the
quake. Elevations of the earth dam after the quake were measured using the elevation before the
quake as reference.
1. Settlement of the dam top and slope
Before and after the quake the elevation of settlement stakes, consolidation pipes on top of
the dam and elevation of the top of the dam were measured and the results were compared.
Table 6 shows settlements of the dam after the quake.
From Table 6 the characteristics of the dam settlements are as follows:
(i) Settlements at the main dam (on the first platform and river channel section) were
relatively large. Settlements on the dam top of 10 profiles exceeded 1.0 m and the maximum
settlement was up to 1.64 m. Settlements at the auxiliary dam were smaller the maximum of
which was only 0.15 m.
(ii) The difference in settlement between sections near the main dam was large, the
maximum of which reached 1.14 m (between stake No. 0+160 and No. 0+250). However, that
near the auxiliary dam was smaller the maximum of which was only 0.11 m (between stake No.
2+100 and No. 2+200).
(iii) Differences of settlement in the same profile of the main dam were also very large. For
example, settlement on top of the dam in profile 0+167 was 1.64 m while that in the upstream
horse way was only 0.119 m.
2. Deformation of the dam
After the quake a relatively accurate survey was carried out for seven profiles: 0+167,
0+185, 0+200, 0+690, 0+950, 1+300 and 1+500 and the results were compared with those made
before the quake (Fig. 7). From comparison of the profiles in Fig. 7 it was found that the part
near the dam top settled. The soil mass in the middle and lower part of the slope upheaved.
From the exploration trenches two profiles were drawn, one of which was profile 0+220 (Fig.
10). In Fig. 10 five nearly horizontal soil layers black in color were deformed by bending with
two ends upheaving. Lateral bulking also occurred in the lower part of the dam.
Forty-five boreholes had been drilled in the main dam after the quake, finding that the
average dry unit weight of dam soil was 1.86 ton/m3, approaching 1.88 ton/m3 measured during
construction. No compaction of dam soil induced by the quake was obviously found. Therefore,
actual measurement data for consolidation pipes in the dam can be used to calculate settlement of
the dam body due to lateral bulking and then predict the settlement of the dam foundation. The
calculation results are listed in Table 7.
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3. Ground deformation in the vicinity of the dam site
After the quake ground deformation near the main dam site in the downstream direction was
measured. The measurement results are shown in Table 8.
The measuring points, No. 2213 and No. 2217 were located at the river channel and drain
trench located on the alluvial flat in the downstream direction. During the quake the above drain
trench, either in an upstream direction or in a downstream direction suffered dislocation and
compression of the ground. The trench narrowed at the bottom which was lifted with the result
that ground on both sides of the trench settled locally. Measuring point Nos. 2213 and 2217
were located at the local section of settlement therefore, settlement was relatively large. The
difference in elevation of the remaining four measuring points before and after the quake was not
great showing that ground elevation in the vicinity of the dam site did not vary much.
4. Settlement of sand layer under the dam foundation
Settlement of the dam foundation includes settlement of the surface soil layer of the dam
foundation and settlement of the sand layer. Due to an unreliable record of the dam base
elevation after clearing the foundation, it is difficult to evaluate the elevation of the top of the
surface soil layer after the quake based on the boring data. Therefore, settlement of the surface
layer of the dam foundation is not clear. Some settlement data of the sand layer of the dam
foundation was obtained after the quake as shown in Table 9.
Settlements in the table were evaluated from the bore data including those measured before
the quake. Because total pre-earthquake settlement of the dam foundation, including settlement
of the surface soil layer, was not great (e.g. that at stake No. 0+500 was 0.42 m; stake No. 1+300
was 0.31 m) therefore settlements of the sand layer in the table were mostly induced by the
quake.
5. Deformation of drain trenches
All sections of the drain trench suffered damage to different extents. At locations where
settlement of the dam top was great the drain trench was compressed and the bottom upheaved
greatly. Near stake No. 0+167 sliding of the downstream slope was observed and the bottom of
the trench upheaved by 1.3-2.0 m compared with that before the quake as shown in Fig. 6.
6. Horizontal displacement of the top of the main dam
After the quake displacement of the top of the main dam section had occurred in both the
upstream and downstream directions. Due to damage to the displacement benchmark on the dam
during the heightening of the dam in 1970, displacement of the dam top was difficult to measure
accurately. Based on the fact that the dam top in the section between profiles 0+000 and
2+272.29 was in a straight line originally, the straight line that connected the centers of these
two profiles was used as the dam axis before the quake. Using this straight line as a reference
relative displacements of different sections were measured. During the excavation for inspection
this center line used for calculation was checked once more.
During construction of the dam in 1956 a concrete cut-off wall was built at the connection of
the left pier and bedrock. The design centerline on top of the wall was the same as the dam axis
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on the dam top at an elevation of 39 m (dam axis at an elevation of 41.0 m was 0.4 m from the
dam axis at an elevation of 39.0 m). During repairs after the quake the fill land of the cut-off
wall left of the dam was excavated exposing the wall. Having been measured it was verified that
this center line was basically parallel to the dam axis before the quake (i.e. the axis at an
elevation of 41.0 m) only 0.1 m apart showing that the error in using this center line as the dam
axis before the quake was not great and it was uniformly in error. In calculating displacements
of the dam top in Table 10 this center line was still used as reference and no correction was
made.
Based on measurement the maximum horizontal displacement was 66 cm toward the
downstream direction at profile 0+700. As for the relationship between displacement and
settlement of the dam, the greater the settlement (such as at profiles 0+167, 0+680, 0+700,
1+300) the larger the displacement. Displacement of the dam top was also greater at the dam
sections where slope sliding occurred (such as in the vicinity of profiles 0+167 and 1+900, see
Table 10 and Fig. 6).
(3) Settlement and collapse of wave protection wall and inclination of dam top
1) Severe settlement, deformation and cracking of the wave protection wall at the main dam
occurred. Maximum settlement occurred at profile 0+167 and settlement of the wall reached
1.317 m. Except for local collapse of individual dam sections near the auxiliary dam, no
collapse occurred at other sections.
During further construction in 1970 workmanship of the heightened part of the main dam
was poor so the lateral bulking deformation was relatively large however, the wave protection
wall was built on the original dam (Fig. 5) thus settlement of the wall was smaller
correspondingly. Therefore, relative vertical displacement which occurred on the wave
protection wall and crest of the dam after the quake could be clearly observed on the wall
surface.
2) At the auxiliary dam the wave protection wall was seriously damaged and collapsed
intermittently with a total length of 835 m. Some wall sections that had not yet collapsed were
cracked and loosened. The direction of some of the collapsed walls was toward the reservoir and
some in the opposite direction. Collapse of the wall occurred at the location where upstream
slope sliding occurred; the wall fell toward the reservoir at the location where the downstream
slope sliding happened. Concrete slabs on top of the wave protection wall at profile 2+390 were
also in good order on the wall or on the slope after falling down in the quake (Photo 11). The
falling place was about 1.0 m apart from the wall. The top of the concrete slabs were also facing
upward.
3) With settlement and displacement the crest of the dam became an inclined plane toward
the downstream direction. Settlement of the crest and wave protection wall are listed in
Table 11.
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(4) Slope sliding
Slope sliding at the main dam occurred in the neighborhood of profile 0+167, and no obvious
slope sliding at other dam sections was observed. A lot of slope sliding occurred at the auxiliary
dam relatively.
1. Slope sliding at the main dam
Slope sliding at the main dam occurred at the downstream slope between profiles 0+120 and
0+190. Sliding was induced by soil liquefaction. Because that range of slope sliding was great,
slides were more complicated (Fig. 11).
1) Sliding pattern
At the dam section between profiles 0+120 and 0+190 there were groups of cracks on the
slope. A series of cracks parallel to the dam axis occurred on the upstream slope. The highest
ones were located at an elevation of approximately 36.0 m and the lowest at approximately 28 m
(under reservoir water level during the quake). Three arc-shaped cracks occurred on the
downstream slope (Fig. 11). The first row of cracks, the longest ones, propagated along the
subgrade of the highway up to the dam with a length of about 100 m. In the beginning the width
of cracks was 2.2 m, the widest ones at the main dam. From the soil sample taken from the
borehole drilled beneath the crack (No. 2 borehole in Fig. 12), it was seen that the crack had
penetrated the foundation soil layer to the sand layer.
At stake No. 0+140, at an elevation of about 26.0 m, it was found from excavation that near
the third row of arc-shaped cracks in the downstream direction a terracotta pipe was pulled apart
by 10 cm and offset vertically by 12 cm. Soil on both sides of the crack was broken by tension.
At profile 0+167 settlement of the crest was up to 1.64 m, the greatest on the whole dam.
Between stake No. 0+14 and No. 0+180, settlements were all greater than 1.3 m.
After the quake, except for undulation in a vertical direction that occurred on the main dam,
undulation also occurred in the horizontal direction. At profile 0+167 displacement of the crest
in the downstream direction was up to 0.51 m. In the range between profiles 0+120 and 0+200
the dam curved in the downstream direction.
After the quake the width of the cross-section of the drain trench at the dam toe was reduced
by more than 1 m. The bottom of the trench was raised by 1.3-2.0 m. From the deformed trench
it was observed that the trench was compressed between the dam body and the soil mass on the
downstream side. Furthermore, in the vicinity of stake No. 0+120 the drain at the dam toe was
obviously raised by compression.
At dam profile 0+167 a large-scale sand spouting occurred on both sides of the drain trench
at the dam toe, especially on the downstream side (Fig. 11 and Photos 12 and 13). The amount
of spouted sand was estimated to be more than one million cubic meters. The spouted sand
flowed to the old river channel 100 m away and the thickness of the accumulated sand was about
0.6-0.8 m.
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2) Sliding of surface layer and range of sliding
After the quake 11 boreholes were drilled in the dam at profile 0+167 (Fig. 11). A table of
boreholes is shown in Table 12. Based on the boring data geological profiles of the downstream
slope at profile 0+167 perpendicular and parallel to the dam axis, were drawn (Figs. 12 and 13).
Based on the a boring data the sliding layers and extent of sliding were well understood.
Of the 11 boreholes the No. 2, No. 3, auxiliary No. 2 and auxiliary No. 3 holes contracted
seriously in a range of elevation 21.0-25.0 m and a sleeve needed to be installed to protect the
hole wall so that drilling could continue. In this section some of the soil was in a plastic flow
state and structure of the soil was obviously disturbed; some was in a liquid state and no perfect
soil samples could be taken out. Based on the damaged structure of soil samples from the No. 2,
No. 3, auxiliary No. 2 and auxiliary No. 3 holes, maps (Figs. 12 and 13) were drawn showing the
area in which soil structure was damaged inclined cross-line area in the figure. During the quake
soil layers in this area were disturbed and the dam slid along the area in a downstream direction.
Except for the holes mentioned above the soil in other holes was better. Although soil in
some of the holes was in a soft plastic state the structure of the soil was uniform and no obvious
disturbance was observed.
From boreholes perpendicular to the dam axis the natural water content of the soil in the
No. 1 hole was 14.2-21.7%, less than the saturated moisture content and soil samples taken from
this hole were homogeneous and not disturbed. Samples of the No. 4 hole in an elevation range
of 22.4-23.8 m were only slightly disturbed. Compared with data obtained from the No. 1-4
holes it was found that slope sliding perpendicular to the direction of the dam axis occurred in a
range approximately between the highway up to the dam and the neighborhood of the
downstream drain trench. From boreholes parallel to the dam axis, soil samples taken from the
auxiliary No. 1 hole and auxiliary No. 4 hole were homogeneous and undisturbed but in a softplastic and flow-plastic state. Therefore, it was considered that slope sliding parallel to the dam
axis occurred approximately in a range between profiles 0+120 and 0+190 and serious sliding
occurred in a range between profiles 0+140 and 0+180.
Based on the above data and observations the vertical part of the main sliding layer coincided
with the No. 1 crack.
2. Slope sliding at the auxiliary dam
A lot of slope sliding occurred at the auxiliary dam. The downstream slope between stake
Nos. 1+920 and 2+220 slid intermittently. Serious sliding occurred in the vicinity of profile
1+950 and at the section between stake Nos. 2+100 and 2+150. At these locations there were 23 arc-shaped cracks; the downstream dam toe upheaved and moved 1-2 m downstream.
At the section between stake Nos. 2+400 and 2+600 cracks occurred on the crest, the
upstream slope upheaved and discontinuous slope sliding occurred. Similar patterns also
occurred in the vicinity of profile 3+200.
Near the auxiliary dam the underground water level was about 8 m below the surface. No
sandboils occurred during the quake. When extending of the dam in 1970, the workmanship of
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the new part was poor; the new part was not well connected with the old part. In repairing the
dam after the quake it was found that a lot of fine sand on the old slope had not been clearly
removed. At the auxiliary dam where serious slope sliding occurred no disturbance of the
foundation soil layer was found after excavation.
(5) Sandboils
1. Sandboils and particle analysis of spouting materials
After the M=7.8 quake sandboils occurred in a relatively large area near the dam toe and
downstream of the Douhe main dam; the duration of spouting was 1-2 days. After the M=6.9
aftershock sandboils occurred at several excavation pits of the foundation in section 0+167 of the
main dam. Sandboils also occurred on the downstream slope at profile 0+960 and once again at
locations where sandboils occurred during the main M=7.8 shock. No sandboils were found at
the auxiliary dam.
On the toe of the main dam there were more than 60 sandboils within a distance of 50 m.
Sand spouting also occurred at many places on the upstream slope at an elevation of 26-27 m
generally. The elevation of an individual sandboil on the downstream slope was about 30 m.
Sandboils were located mostly on the alluvial plain and on the first platform. Those located in
the section between stake No. 0+100 and No. 0+400 amounted to 80% of the total, those
between stake No. 0+400 and No. 1+000 amounted to 11%, and those between stake No. 1+000
and No. 1+700 amounted to 9%.
The sandboils appeared singly or in a group. Sand spouted at a higher elevation on the slope
might be spouted from the crack. The vent of sandboils was not in the shape of an elephant pit
but sometimes a small pond was left. Particles of sand at the bottom of the pond were extremely
fine, some were thin silt particles blocking the vent of the sandboil.
Particle analysis was performed on the spouted materials. The spouted materials included
light silty loam, sandy loam, fine sand and medium sand with an average particle size of 0.040.3 mm, a maximum particle size of 0.4 mm, and a uniformity coefficient of 2-5 generally.
Characteristic values of spouted material particles are shown in Table 13 in which d50 represents
average particle size and d60/d10 represents uniformity coefficient.
2. Influence of effective overburden pressure on sand liquefaction
In order to further understand the effect of overburden layer thickness and water table on
sand liquefaction, exploration tests were carried out in an area where sandboils occurred
concentrically and in an area where no sandboils occurred. Effective overburden pressure was
calculated using the following equation.

b

g

σ v = ds − dw γ 2 + dw γ 1
where

σv
ds
dw

γ1

–
–
–
–

effective overburden pressure;
distance from the ground surface to the top of the first sand layer;
distance from the ground surface to the water table;
natural volume weight of soil above the water table;
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γ2

– buoyant volume weight of soil under the water table.

Since the area of the preliminary field survey was small, the distance between boreholes in
the sandboil area and area with no sandboils was relatively short and it was considered that this
would affect the critical overburden layer thickness and overburden pressure. Later, 7 boreholes
were also drilled east of Yuzhuang Village where the nearest distance between boreholes in the
sandboil area and no sandboil area was 112 m. An area without sandboils existed between
sandboil areas, with width of 500 m. From test results of samples taken in this area the critical
overburden layer thickness and effective overburden pressure were calculated and the calculated
results approached closely to those in the preliminary survey.
The test results are listed in Table 14. From Table 14 it was found that the overburden layer
thickness in the sandboil area was generally less than 8 m, the effective overburden pressure σν
was 0.44-0.88 kg-force/cm2, the σν value in the area without sandboils was generally greater
than 1.0 kg-force/cm2.
III. Cause for Non-liquefaction of Sand Protection Layer in Upstream Slope
The sand protection layer on the upstream slope of the Douhe earth dam was 1.0 m thick. It
was a mixed sand layer with medium sand in the main proportion. After the strong intensity IX
earthquake, except for some cracks, the layer showed no evidence of liquefaction during
inspection. Here is some information about the sand protection layer.
(1) Type of sand in the layer
The sand frost-protection layer on the upstream slope was a mixed sand layer with medium
sand as the main proportion and fine sand. Particle analysis curves are shown in Fig. 14.
(2) Characteristics of mixed sand
Characteristics of mixed sand in the sand protection layer are listed in Table 15 and the mud
content of mixed sand in Table 16.
(Translator: Lu Rongjian)
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Table 1. Distribution of mucky soil in the first platform.
Location Along
the Dam Axis

Location Perpendicular
to the Dam Axis

Buried Depth
(m)

Thickness
(m)

1-6

1-2

0+080-0+200

on 0+220 axis, 50 m from the dam
axis in both upstream and
downstream directions

0+450-0+540

not existed 50 m away from the dam
axis in both upstream and
downstream directions

8

1

0+720-0+860

also existed 50 m away from the
dam axis in both upstream and
downstream directions

6

3.5

0+940-1+210

also existed 100 m away from the
dam axis in the upstream direction;
not existed 50 m away from the dam
axis in the down-stream direction

3.5

3.5-4.5

+340-1+675

also existed 100 m away from the
dam axis in both upstream and
downstream directions, but in the
downstream direction on the
exploration line 75 m from the dam
axis the width of the muck area was
only 170 m.

1-2

4.0-4.5

Remarks

during construction in
1956 this section was
called muck section

Table 2. Mechanical properties of the muck under the dam foundation.
Water Content (%)
Before
Construction

After
Construction

Dry Volume Weight (g/cm3)
Before
Construction

After
Construction

Internal Friction Angle
(degree)
Before
Construction

After
Construction

Elevation
(m)

Sept.
1955

June
1957

May
1964

Sept.
1955

June
1957

May
1964

Sept.
1955

June
1957

May
1964

24.9-25.4

35.2

31.0

26.3

1.346

1.39

1.52

8.0

6.3

16.1

23.8-24.4

44.6

32.1

29.5

1.210

1.41

1.46

3.0

8.5

8.5

22.0-23.4

38.0

35.5

30.0

1.297

1.38

1.43

5.8

Cohesion (kg-force/cm2)
Before
Construction

After
Construction

Compression Coefficient
(cm2/kg.-force)
Before
Construction

After
Construction

Elevation
(m)

Sept.
1955

June
1957

May
1964

Sept.
1955

June
1957

24.9-25.4

0.33

0.51

0.28

0.038

0.022 0.025

23.8-24.4

0.14

0.45

0.36

0.095

0.027 0.029

22.0-23.4

0.18

0.59

0.062

0.036

May
1964

5.0

Second
Platform

First
Platform

Location

below
shallow
sand
layer

above
shallow
sand
layer

1.52
1.50

23.3
28.3
28.0

heavy, light
sandy loam

medium
loam

loess
medium,
heavy silty
loam

1.73
1.62

1.55

15.1
15.3

heavy loam

1.66

light loam

14.1

1.13

52.5

heavy, light
sandy loam

1.32

37.4

1.60

(6)2

1.43

1.45

(6)1

30.9

(3)

1.47

1.25

24.7

30.4

(2)

(5)

43.8

(1)

1.46

1.53

32.3

29.5

clay and silty clay

1.60

1.65

1.61

1.63

Dry Vol.
Weight
(g/cm3)

(4)

26.6

heavy silty loam

muck

22.8
23.8

medium silty loam

24.1

light silty loam

light loam

23.0

heavy and light sandy
loam

Name of Soil Layer

Water
Content
(%)

0.795

0.713

0.620

0.732

0.536

0.605

1.420

0.997

0.675

0.886

0.835

0.845

1.139

0.865

0.778

0.724

0.613

0.653

0.645

Porosity

27.8

30.8

23.8

25.4

20.2

21.1

64.2

44.8

36.1

32.1

32.1

38.7

35.8

32.2

24.3

2.60

2.41

Flow
Limit (%)

Physical Properties

17.9

19.0

18.7

14.1

13.5

15.0

34.1

25.0

19.0

18.1

19.6

21.8

21.1

19.6

16.2

17.8

17.7

Plastic
Limit
(%)

9.9

11.6

5.1

11.3

6.7

6.1

30.2

19.3

17.1

14.0

12.5

16.9

14.7

12.6

8.1

8.2

6.4

PI

1.02

0.80

0.90

0.11

0.24

0.61

0.64

0.81

0.88

0.46

0.37

0.33

0.82

0.77

0.83

LI

25

46

63

49

71

68

29

19

21

8

12

53

13

18

22

50

30

77

>0.05
(%)

55

37

31

28

16

23

47

39

58

63

72

27

50

57

61

38

57

17

0.05-0.005
(%)

20

17

7

23

13

9

24

42

21

29

16

20

37

25

17

12

13

6

<0.005
(%)

16

40

64

34

9.6

13

15

25

14

Uniformity
Coefficient
(d60/d10)

Particle Size and Characteristic Value

Table 3. Mechanical properties of cohesive soil layers in the first and second platforms.

23.6

21.0

27.7

19.6

19.5

29.3

6.8

9.9

11.5

3.5

26.3

2.5

8.1

11.9

16.7

22.1

21.8

26.0

Internal
Friction
Angle
(degree)

0.27

0.25

0.30

0.24

0.29

0.17

0.20

0.22

0.34

0.19

0.12

0.15

0.34

0.32

0.35

0.19

0.19

0.23

Cohesion
(kg-force /cm2)

Shear Strength
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Table 4. Density of distribution of transverse cracks.

Left Dam
Abutment

Transition Section
Between the 1st and
2nd Platform

Location Where
Maximum Settlement of
the Dam Occurred

No. of Stake

0+000-0+100

1+700-1+800

0+650-0+750

Density
(No./100 m)

17

10

2

Location

Table 5. Main longitudinal cracks on the main dam section.

Stake No.

Location of
Occurrence

No. of
Crack

Distance
From the
Dam Axis

Elevation
(m)

Width of
Crack
(mm)

Filling Materials in
the Crack

33.26
upstream
slope
0+140

downstream
slope

0+167

upstream
slope
downstream
slope

upstream
slope
0+350
downstream
slope

1

13.2

32.3

220-150

sand, broken stone

31.8-31.1

140-30

broken soil mass

30.7

10

no filling materials

2

6.5

30.7-30.0

40-20

soft mud

3

9.0

32.8-30.0

40-2

1

14.72
15.0

31.0
28

350-320
10-5

2

17.1

28.0

90

soft mud

1

11.0

30.35

90

sand

4

8.9

32.0-31.5

10-1

sand

9

15.2

30.5

1

17.5

32.0-26.8

2,000-280

2

13.6

32.27-29.7

300-140

6

12.75

31.25-30.70
30.2
29.8

35-17
20
1

7

15.75

32.80-31.3
30.3-29.7

150-15
5-1

fine sand
no filling material

1
2

12.0
15.0

29.4
31.4-29.8
28.6-27.9

8
55-10
2

soft mud
fine sand soil
no filling material

3

16.8

32.0-29.5

40-0

sand, broken stone

rubble, sand
sand, broken stone
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Table 5. Continued.

Stake No.

0+750

Location of
Occurrence

upstream
slope

downstream
slope
upstream
slope
0+900

downstream
slope

No. of
Crack

Distance
From the
Dam Axis

Elevation
(m)

Width of
Crack
(mm)

1

7.05

34.9-33.9

4-1

3

9.0

34.4-3.3

300-200

3-8

9.4

34.3-33.3

1-20

no filling materials

9

10.9

33.9-31.2

250-5

loose soil

10-11

11.2-11.5

33.6-32.9

3

12

12.0

33.6-32.5

200-80

loose soil

13-16

12.5-14.1

33.5-32.1

5-150

no filling materials
or loose soil

17

15.1

32.9-31.7

100-50

loose soil

18

18.0

32.5-30.0

20-1

1-7

9.0-17.0

34.6-32.6

500-100

1-3

11.8-13.7

32.81-32.25

2

5

14.1

32.81-32.25

50

6
7

15.4
17.0

32.81-32.25
32.81-31.85

80
110-30

2-4

12.2-15.4

30.3-28.8

10-1

33.0

about 20

buried crack within dam
top

upstream
slope

no filling materials
loose soil, sand

no filling materials

no filling materials

filling broken soil
mass in the crack

1-3

7.5-9.3

34.1-32.5

1-3

4

10.1-10.2

33.1-32.0

200-50

5-7

10.5-13.4

32.9-31.5

1-3

8

11.81-11.7

32.4-31.4

630-400

10-11

12.5-15.5

32.3-31.0

350-120

31.14

170

broken stone, sand

30.8-29.3

100

broken stone, sand

28.99

30

soil and a few sand

1+300

downstream
slope

Filling Materials in
the Crack

2

11.2

loose soil
broken stone, loose
soil, sand
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Table 6. Settlements of the earth dam.
Location
river
channel
section

main dam
first
platform

auxiliary
dam

second
platform

upstream horse way of main
dam at elev. 32.0 m
downstream horse way of
main dam at elev. 33.0 m

Stake No.
0+000
0+100
0+167
0+200
0+300
0+400
0+500
0+600
0+682
0+700
0+800
0+900
1+000
1+100
1+200
1+300
1+400
1+500
1+600
1+700
0+000
2+200
2+500
3+000
4+400
0+100
0+500
0+900
0+500
0+900

Settlement
(m)
0.26
0.79
(1.64)
1.22
1.00
0.91
1.05
1.23
(1.60)
(1.53)
0.97
1.17
1.04
0.84
0.91
1.36
0.89
0.72
0.83
0.58
(0.04)
(0.15)
(0.12)
(0.13)
(0.10)
0.119
0.06
0.14
0.13
0.18

Remarks
1. Settlements (without bracket) were
measured by use of settlement stakes.

2. Value in bracket is difference
between elevations on top of the dam
before and after the quake.

3. Settlement of upstream and
downstream horse way of the main
dam was measured by use of the
consolidation pipe.

4. No settlement stake data was
available. Elevation on top of the dam
before the quake was taken from the
drawing after completion of the dam
in 1971; elevation on top of the dam
after the quake was taken from the
survey data for the center line of the
top of the dam.
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Table 7. Lateral bulking of the dam body and settlement of the dam foundation
Settlement Induced by the Quake
(mm)
Total
Settlement of
Dam top

Stake
No.

Settlement
Induced by
Lateral Bulking

Settlement
of Dam
Foundation

Percentage of
Lateral Bulking of
Dam in Total
Settlement of Dam

Percentage of Settlement
of Dam Foundation in
Total Settlement of Dam

0+100

790

358

432

45.3

54.7

0+500

1050

323

727

30.7

69.3

1+300

1360

343

1017

25.2

74.5

Table 8. Variation of ground surface elevation at Douhe dam site in downstream direction.
Elevation of Measuring Point
(m)

Location of Measuring Point
Distance
from Drain
Trench (m)

Before the
Quake

After the
Quake

Difference
of
Elevation
(m)

150

85

27.180

26.783

-0.397

0+150

90

30

27.120

26.817

-0.303

2304

1+000

180

115

28.380

28.391

+0.011

FM

1+800

100

35

33.901

33.928

+0.027

Ref. 8

1+850

100

35

34.811

34.887

+0.076

2309

2+000

200

135

35.64

34.652

-0.012

No. of
Measuring
Point

No. of
Corresponding
Stake

2213

0+050

2217

Distance
from Dam
Axis (m)

Table 9. Settlement of sand layer of dam foundation.
Stake No.
Elevation on Top
of Sand Layer
(m)

0+350

0+482

0+700

0+884

1+300

1+500

Before Construction
of the Dam in 1955

22.2

19.6

17.8

21.0

17.9

19.6

After the Quake in
1976

21.1

18.8

17.0

19.5

16.7

18.9

1.1

0.8

0.8

1.5

1.2

0.7

Settlement of Sand Layer of Dam
Foundation
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Table 10. Comparison of displacement of dam top and settlement.
Displacement of Dam Top (m)

Stake No.

Elevation of
Dam
Foundation
Surface (m)

Height of
Dam (m)

0+100

19.20

21.80

0+167

Displacement of Top
of Wave Prevention
Wall

Displacement of
Downstream
Dam

Settlement
of Dam Top

23

34

0.79

42

51

(1.64)

0+200

26.25

14.75

-5

-1

1.22

0+300

26.20

14.80

-15

-9

1.00

0+400

25.65

15.35

-4

7

0.91

0+500

25.40

15.60

9

10

1.05

0+600

25.80

15.20

28

29

1.23

57

58

(1.60)

0+680
0+700

25.60

15.40

64

66

(1.53)

0+800

25.90

15.10

-16

-6

0.97

0+900

25.60

15.40

-11

-4

1.17

1+000

25.60

15.40

-3

-4

1.04

1+100

25.80

15.20

-34

-24

0.84

1+200

26.30

14.70

-10

-5

0.91

30

34

(1.12)

1+250
1+300

26.30

14.70

37

47

1.36

1+400

26.10

14.90

-14

-21

0.89

1+500

26.10

14.90

3

5

0.72

1+600

26.30

14.70

10

8

0.83

1+700

28.40

12.60

11

25

0.58

1+800

32.00

9.00

-18

-1

(0.11)

-19

38

(0.07)

37

(0.02)

1+850
1+900

33.30

7.70

-7

2+000

34.60

6.40

11

(0.04)

Note: “+” represents displacement in the upstream direction; “–” represents displacement in the
downstream direction.
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Table 11. Measured values of settlement of the dam crest and wave protection wall.

Stake No.

Elevation of Wall
Elevation of Wall Top Measured in
Top Measured in September 1976
(m)
May 1976 (m)

Measured Value in September 1976
Settlement of
Wall Top (m)

Settlement of Crest
Relative to the Wall
(m)

Settlement of Abutment
Relative to the Wall (m)

0+100

42.424

41.700

0.724

0.069

0.239

0+167

(42.587)

(41.570)

1.017

0.031

0.141

0+300

42.910

41.310

1.081

0.017

0.087

0+500

42.377

41.270

1.107

0.000

0.080

0+700

42.382

(41.200)

1.182

0.010

0.050

0+900

42.383

41.140

1.243

0.050

0.250

1+100

42.412

41.570

0.842

0.000

0.150

1+300

42.443

41.130

1.313

0.010

0.210

1+500

42.403

41.690

0.713

0.008

0.258

1+700

42.418

41.930

0.488

0.052

0.192

1+900

42.441

42.360

0.081

0.150

0.290

Note: Values in bracket are obtained by interpolation.
Table 12(a). Table of borehole (0+167–1) (elevation at the top of the hole: 39.36 m).

Elevation
(m)
30

Classification
of Soil (based
on particle
content)

Water
Content
(%)

Saturation
Moisture
Content (%)

P. I.
(%)

Sand
Particle

Silt
Particle

Clay
Particle

14.9

1.81

18.2

9.7

57

25

18

soil in dam
body

28

26

Particle Content (%)

Dry
Volume
Weight
(g/cm3)

medium loam

1.80
14.2

1.82

18.0

10.9

60

22

18

24

20.5

1.61

25.1

7.2

43

40

17

22

21.7

1.70

21.8

5.0

45

41

14

18.8

1.78

19.2

4.1

58

29

13

20.7

1.68

22.5

5.8

60

27

13

20.9

1.65

23.6

3.4

62

26

12

light loam
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Table 12(b). Table of borehole (0+167–2) (elevation at the top of the hole: 32.96 m).

Elevation
(m)

30

Classification
of Soil (based
on particle
content)

soil in dam
body

28

26

24

light silty
loam

22
sand

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

Dry
Volume
Weight
(g/cm3)

Internal
Friction
Angle
(degree)

18.4

2.06

1.79

19.7

2.03

1.70

19.8

2.05

1.71

20.0

2.00

1.67

13.9

2.03

1.78

30.0

0.25

17.1

2.10

1.79

15.4

0.37

15.1

2.10

1.83

16.0

2.09

1.80

22.7

2.02

1.64

27.0

20.9

2.06

1.70

34.0

23.1

2.02

1.65

26.5

18.5

2.06

1.74

40.7

Cohesion
Force
(kg-force/cm2)

Remarks
1. Soil samples
intercalated with fine
sand and gravel.
2. The hole was drilled
in the crack.

0.05

3. All samples were
disturbed, no
undisturbed samples
were taken out.
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Table 12(c). Table of borehole (0+167–3) (elevation at the top of the hole: 29.26 m).

Elevation
(m)

Classification
of Soil (based
on particle
content)
soil in dam
body

20

Dry
Volume
Weight
(g/cm3)

16.1

2.09

1.80

13.3

2.11

1.86

15.5

2

1.76

13.6

2.17

1.91

17.9

2.00

1.70

15.5

2.07

25.0

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

0.24

31.8

0.46

1.81

9.5

0.28

1.97

1.58

27.0

0.14

26.6

2.04

1.61

29.6

0.18

26.0

2.02

1.60

sandy loam

20.8

2.01

1.72

33.0

0.28

light silty
loam

21.1

2.03

1.68

34.5

0.11

19.0

2.07

1.74

34.5

0.11

24.0

2.02

1.63

light silty
loam

24

22

Wet
Volume
Weight
(g/cm3)

28.0

28

26

Water
Content
(%)

sand

N=8

muck

N= 14

sand

N = 18.3/1, 5/1, 10/1

heavy silty
loam

N=9

sand

N = 50/17

Remarks

Soil samples were
disturbed.
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Table 12(d). Table of borehole (0+167–4) (elevation at the top of the hole: 27.15 m).

26

Classification
of Soil (based
on particle
content)
soil in dam
body
light silty
loam
sandy loam

24

light silty
loam

Elevation
(m)

Water
Content
(%)
15.2
17.3
25.4
25.2
18.2
20.7
25.0
24.5
20.6

Wet
Volume
Weight
(g/cm3)
2.09
2.02
1.87
1.92
2.08
2.07
2.02
2.05
2.04

28.5
31.4
27.5
21.1

1.96
1.99
1.99
2.06

20.5
23.3
25.1
23.3

2.08
2.04
1.98
2.00

1.89

2.02

Dry
Volume
Weight
(g/cm3)

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

25.5
10.0
31.0
31.0
19.5
6.0
36.0

0.10
0.10
0.18
0.14
0.20
0.24
0.03

3.1

0.26

4.8
9.0

0.29
0.30

30.1
29.9
27.0

0.15
0.10
0.19

Remarks

sand
22

20

18

muck
sand
heavy silty
loam
muck

sand

1.62
N=9
51
1.70
3.70

Soil samples
disturbed slightly.

0.08

Table 12(e). Table of borehole (0+167–aux. No. 1)
(elevation at the top of the hole: 27.83 m).
Classification
of Soil (based
on particle
content)

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

1.66

7.5

0.12

In soft plastic and
flow plastic state.

1.98

1.57

9.0

0.39

25.6

1.98

1.58

15.0

0.21

23.3

2.03

1.65

25.5

0.22

Structure of the
soil sample was
uniform; in plastic
state.

19.7

2.05

1.71

34.5

0.14

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

soil in dam
body

12.6

2.19

26

light silty
loam

22.2

2.02

24

heavy silty
loam
(brownish
yellow in
color)

26.3

sand

Elevation
(m)

22
20
18

loam

Dry
Volume
Weight
(g/cm3)

Remarks

19.5

N = 28
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Table 12(f). Table of borehole (0+167–aux. No. 2)
(elevation at the top of the hole: 28.34 m)

Elevation
(m)

26

24

Classification
of Soil
(based on
particle
content)

soil in dam
body

loam

22

20

sand (yellow)

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

Dry
Volume
Weight
(g/cm3)

Internal
Friction
Angle
(degree)

17.0

2.09

1.70

16.1

2.09

1.80

12.8

0.27

25.9

1.90

1.51

18.0

0.15

23.5

2.97

1.60

27.0

0.17

Soil structure in
mud state
destroyed.

24.5

1.98

1.59

12.0

0.08

Soil structure in
mud state
destroyed.

25.8

1.9

1.58

18.6

0.10

Soft-plastic state.

26.3

1.96

1.55

28.0

0.17

19.4

2.04

1.71

38.5

0.08

18.5

0.32

Cohesion
Force
(kg-force/cm2)

21.0

N = 20
18

loam
sand (white)

24.5

1.99

1.60
N = 41

Remarks
Upper soil in
hard and plastic
state, the lower
became
gradually in soft
and plastic state,
samples uniform,
and in flowplastic state.
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Table 12(g). Table of borehole (0+167- aux. No.3)
(elevation at the top of hole:28.13 m).

Elevation
(m)

Classification
of Soil (based
on particle
content)
soil in dam
body

26

24

22

loam

20
muck

18
loam

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

Dry
Volume
Weight
(g/cm3)

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

13.1

2.12

1.87

30.0

0.25

25.8

1.91

1.52

30.0

0.05

28.4

1.95

1.52

28.0

0.15

24.0

2.03

1.64

25.0

0.24

24.5

2.02

1.63

27.5

0.14

26.4

2.01

1.59

32.5

0.13

27.0

1.98

1.56

24.0

0.23

29.9

1.95

1.50

Structure of soil
samples in flow
and plastic state
was destroyed.

29.3

2.00

1.55

31.0

0.10

Structure of soil
samples with a
bad odor was
better.

16.1

2.09

1.80

17.0

0.38

Structure of soil
samples was
uniform.

N = 24

Remarks
Soil samples in
plastic state.

Soil samples in
soft plastic.
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Table 12(h). Table of borehole (0+167–aux. No. 4)
(elevation at the top of the hole: 27.89 m).

Elevation
(m)

Classification
of Soil (based
on particle
content)
soil in dam
body

28

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

Dry
Volume
Weight
(g/cm3)

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

13.4

2.12

1.87

17.0

0.88

14.7

2.13

1.86

32.5

0.43

14.7

2.13

1.86

32.5

0.43

26.2

1.98

1.57

31.5

0.20

Remarks
In hard plastic
state.

26

loam

24

sand

22

muck

20.2

2.04

1.70

41.5

0.07

20

sand (gray in
color)

18.3

2.04

1.72

35.0

0.16

Fine sand,
Dr=0.73.

19.0

2.07

1.74

34.0

0.28

Fine sand.

18
loam

Structure of
soil samples
was uniform
and samples
were in soft
plastic state.
Relative
density of fine
sand, Dr=0.73.

N = 26
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Table 12(i). Table of borehole (0+167–aux. No. 5)
(elevation at the top of the hole: 33.54 m).

Elevation
(m)

Classification
of Soil (based
on particle
content)

30

28
soil in dam
body
26

24

22

20

loam

sand (light
yellow in
color)

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

Dry
Volume
Weight
(g/cm3)

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

12.8

2.11

1.87

18.0

0.1

12.3

2.11

1.88

30.5

0.37

13.1

2.16

1.91

12.6

2.13

1.89

27.0

0.78

13.8

2.16

1.57

13.7

2.11

1.86

31.0

0.39

14.9

2.11

1.84

20.9

2.04

1.64

18.0

0.31

23.7

2.05

1.66

32.0

0.19

27.3

1.58

1.55

27.0

0.08

20.4

2.03

1.68

Remarks

Structure of
soil samples
was uniform
and samples
were in soft
plastic state.
Fine sand.
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Table 12(j). Table of borehole (0+167–aux. No. 6)
(elevation at the top of the hole: 27.82 m).

Elevation
(m)

Classification
of Soil (based
on particle
content)

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

Dry
Volume
Weight
(g/cm3)

loam

14.7

2.03

1.77

light silty loam

24.0

1.43

27.0

1.52

24.9

1.61

24.7

1.59

26.8

1.51

27.9

1.51

28

26

medium heavy
silty loam

24
22

20

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

loam (brown
in color)

27.6

1.99

1.56

11.2

0.38

sand (yellow
in color)

31.0

2.04

1.48

9.0

0.36

33.9

1.90

1.42

9.5

0.26

muck (dark
gray in color)

23.9

1.99

1.61

22.5

0.23

17.5

2.09

1.78

26.5

0.46

Remarks
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Table 12(k). Table of borehole (0+167–aux. No. 7)
(elevation at the top of the hole: 26.61 m).

Elevation
(m)

26

24

Water
Content
(%)

Wet
Volume
Weight
(g/cm3)

Dry
Volume
Weight
(g/cm3)

Internal
Friction
Angle
(degree)

Cohesion
Force
(kg-force/cm2)

sandy loam
(yellow in
color)

21.4

1.86

1.55

29.5

0.06

loam (yellow
in color)

28.2

1.92

1.49

28.2

0.13

24.0

2.04

1.65

37.0

0.11

19.2

2.06

1.73

23.0

2.03

1.65

18.3

2.09

1.77

40.0

0.05

20.0

2.04

1.70

Classification
of Soil (based
on particle
content)

fine sand
(white in
color)

22

muck (gray
and bad in
odor)

20

sand (light
yellow in
color)

18

muck

Remarks
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Table 13. Location of spouting material and particle characteristic values of spouting material.
Spouting Material
Classification
Based on
Particle
Analysis

Location

No.

Stake
No.

Distance
to Dam
Axis (m)

upstream
slope

1

0+170

28

31.5

light silty loam

2

0+174

25

31.45

3

0+178

35

4

0+191

22

5

0+272

6

0+300

36

29.80

7

0+158

34.5

29.51

8

0+174

33.0

29.62

heavy silty
sand loam

0.048

4.55

9

0+175

42.5

28.23

light silty
sand loam

0.040

9.60

10

0+292

45.0

26.98

fine sand

0.230

2.79

11

0+321

42.5

28.56

medium sand

0.250

2.61

12

0+343

19.5

about 32.0

heavy silty
sand loam

0.045

5.20

13

0+730

40.0

28.8

yellow fine sand

14

0+958

37.5

29.2

yellow fine sand

15

0+137

54.0

27.0

fine sand

16

0+143

50.0

26.96

17

0+1740+178

54.0

27.0

18

0+178

52.0

27.41

19

0+266

55.0

26.66

downstream
slope

Elevation at
Top of
Sandboil (m)

Field
Classification

d50

d60/d10

Remarks

very fine
sand

0.130

2.39

Diameter of sand
dune, 2.5 m.

light silty loam

heavy loam

0.047

5.60

Major diameter
of sand dune,
2.1 m.

29.70

light silty loam

light sandy
loam

0.055

3.94

Major diameter
of sand dune,
2.0 m.

31.94

light silty loam
fine sand

Diameter of sand
dune, 0.4 m.
medium sand

0.265

2.45

Diameter of sand
dune, 0.9 m.

fine sand

0.160

2.00

Diameter of sand
dune, 1.2 m.
Spouting from
crack.

sandy loam

very fine sand

With a small
depressed pit.

very fine
sand

0.140

2.39

Ten and more
sandboils.
Spouting from
crack.

very fine sand,
yellow in color

medium sand

0.250

2.60
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Table 13. Continued.
Spouting Material

Location

No.

Stake
No.

Distance
to Dam
Axis (m)

20

0+344

51.5

26.98

sandy loam

21

0+640

51.5

26.86

yellow fine sand

22

0+797

51.0

26.90

gray fine sand

23

0+1000

51.0

24

about 26.5

Field
Classification

Classification
Based on
Particle
Analysis

d50

d60/d10

fine sand

0.180

2.21

fine sand

0.250

5.20

yellow fine sand
0.260

3.33

fine sand

0.200

2.63

26

fine sand

0.170

1.81

27

medium sand

0.300

3.00

fine sand

0.170

2.39

29

fine sand

0.170

2.65

30

fine sand

0.200

2.67

28

East of
Yuzhuang
Village

1.3-2.3 km from dam axis

Remarks

With a depressed
pit, 0.7 m in
diameter.

With a relative
large pit.
medium sand

25

East of
Yuzhuang
Village

Elevation at
Top of
Sandboil (m)

0+318
No. 1
sandboil

0+344
No. 2
sandboil

0+344

0+503

0+503

No. 6
sandboil (in
the fishery in
the reservoir)

12

13

14

15

16

0+220.3

7

11

0+145.5

6

0+300

0+188

5

10

0+160

4

0+220.4

0+181.5

3

0+290

0+167

2

9

0+167

1

8

Stake No.

No.

20.5

82

75

75

22.64

22.6

25.71

25.50

25.44

25.44

25.50

25.77

25.50

25.50

24.21

25.50

25.54

25.13

25.5

25.5

Water
Table
(m)

25.71

1.72

1.76

1.70

1.74

1.72

1.68

1.71

1.71

Dry Unit
Weight
of Sand
(ton/m3)

16.8

19.6

19.0

19.8

83

75

21.3

19.5

17.4

17.9

24.6

17.2

20.3

19.8

18.3

24.7

Elevation at
Top of Sand
Layer (m)

50.4

53.6

97.4

36.0

68.0

68.6

41

46

68

68

Distance to
Dam Axis
(m)

Location of Borehole

22.6-25.09

16.8-26.67

19.6-26.67

19.0-26.67

20.5-26.47

19.8-26.44

21.3-26.58

19.5-26.87

17.4-26.61

19.9-29.4

24.6-26.61

17.2-27.82

20.3-29.34

19.8-27.83

19.3-27.3

24.7-27.3

Elevation (m)

2.49

9.87

7.07

7.67

6.00

6.64

5.28

7.37

9.21

9.50

2.00

10.62

8.04

8.03

8.0

2.60

Thickness
(m)

2.00

2.00

2.00

1.97

2.00

2.00

2.00

2.00

1.95

1.95

2.00

1.95

1.97

2.04

2.00

2.00

Wet Unit
Weight
(ton/m3)

Overlying Soil Layer Above Sand Layer

0.56*

1.02

0.74*

0.88*

0.68*

0.73*

0.612*

1.83*

1.03

1.85

0.45

1.12

1.10

1.04

1.08

0.44*

Effective
Overburden
Pressure on Sand
Layer
(kg-force/cm2)

Sandboil occurred.

In the section between stake
No. 0+480 and 0+500, 85100 m from the dam axis in
downstream direction, 2
sandboils occurred with gray
fine sand which spouted out.

In the section between stake
No. 0+250 and No. 0+350, 40105 m from the dam axis in
downstream direction 23
sandboils occurred. Elevation
of sandboils was 26.4127.14 m. Spouting materials
included fine sand, medium
sand and sandy loam.

No sandboil occurred.

No sandboil occurred.

In the section between stake
No. 0+140 and No. 0+165, 6595 m from the dam axis in
downstream direction, 14 large
or small sandboils occurred.
Elevation of sandboils was
26.27-26.96 m. Spouting
materials included very fine
sand, fine sand and light sandy
loam.

Occurrence of and Spouting

Table 14. Effective overburden pressure and occurrence of sandboils on foundation sand layers.
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19.6
19.6

26

27

1.78

1.70

23.30

23.30

23.40

23.40

23.40

23.60

24.00

23.01

25.33

23.19

23.26

Water
Table
(m)

Note: “∗” denotes borehole data in the sandboil area.

14.2

25

15.0

12.8

No. 4
sandboil

21

19.0

24

No. 7
sandboil

20

19.5

17.4

No. 5
sandboil

19

20.2

20.2

17.4

No. 5
sandboil

18

1.76

Elevation at
Top of Sand
Layer (m)

23

No. 3
sandboil (in
the
warehouse
behind the
dam)

17

Dry Unit
Weight
of Sand
(ton/m3)

22

Stake No.

No.

Distance to
Dam Axis
(m)

Location of Borehole

19.6-24.9

19.6-24.9

14.2-25.6

12.8-24.8

17.4-24.4

17.4-24.8

15.0-26.0

19.0-26.01

19.5-27.03

20.2-26.19

20.2-26.26

Elevation (m)

5.30

5.30

11.40

12.00

7.00

7.40

11.00

7.00

7.50

6.00

6.00

Thickness
(m)

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

Wet Unit
Weight
(ton/m3)

Overlying Soil Layer Above Sand Layer

Table 14. Continued.

0.69

0.69*

1.36

1.34

0.80*

0.86*

1.30

1.00

0.93

0.84*

0.87*

Effective
Overburden
Pressure on Sand
Layer
(kg-force/cm2)

Sandboil occurred.

Sandboil occurred.

No sandboil occurred.

No sandboil occurred.

Sandboil occurred.

Sandboil occurred.

No sandboil occurred.

No sandboil occurred.

No sandboil occurred.

Sandboil occurred.

Sandboil occurred.

Occurrence of and Spouting

508

509

Table 15. Characteristic values of mixed sand.
Characteristic Value

Porosity

Name of Sand
Quarry

Limit of
Particle
Size, d60
(mm)

Average
Particle
Size, d50
(mm)

Effective
Particle
Size, d10
(mm)

d60/d10

Density

Yougezhuang

0.42

0.38

0.17

2.47

Magezhuang

0.40

0.37

0.18

2.22

Maximum

Minimum

2.66

0.741-0.852

0.531-0.612

2.65

0.75

0.60

Natural Dry
Unit Weight
(ton/m3)
1.58-1.16

Table 16. Mud content of mixed sand.
Mud Content (%)
In General

Maximum

Percent of Mixed Sand with Maximum
Content of Mud in the Total

Yougezhuang

1-4

10

1.3

Magezhuang

2-5

10

1.4

Name of Sand Quarry

1.55
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Photo 1. The No. 3 transverse crack (axis 0+22.4) and
cracks on the wave protection wall.

Photo 2. Longitudinal cracks on the upstream
slope between stations 0+500-0+550.

Photo 3. Longitudinal cracks on the downstream slope
between profiles 0+800-1+000.

Photo 4. A longitudinal crack on the downstream slope
at profile 0+155. The width of the crack was 40 cm at
elevation 28.0 m. The crack was filled with large rubble
and fine sand.

Photo 5. A longitudinal crack on the upstream slope of
the exploration trench at profile 0+980 at the main dam.
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Photo 6. Settlement at the top of the dam.

Photo 7. Damage to the downstream shoulder of the
auxiliary dam in profile 2+000.

Photo 8. Longitudinal cracks occurred on top of the
auxiliary dam in profile 2+380.

Photo 9. An arc-shaped crack occurred on the
downstream slope in the vicinity of profile 0+167.
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Photo 10. Closely concentrated checkered shaped
fissures on the separation wall in the vicinity of the
upstream slope in profile 0+145.

Photo 11. The wave protection wall of the auxiliary dam
in profile 2+390 collapsed toward the reservoir.

Photo 12. Piping occurred at the downstream dam toe in
profile 0+100.

Photo 13. Piping occurred on the upstream slope in
profile 0+174.
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Figure 1. Arrangement of the key project of the Douhe Reservoir.
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Figure 2. Geology and seismic intensity near Douhe Dam.
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Figure 3. Geological profile of the dam foundation at Douhe Reservoir.

Figure 4. Penetration blow count NS depth curves
(legend for this figure is the same as in Fig. 3).
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Figure 5. Design profiles of the Douhe earth dam (in m).

Figure 6. Horizontal displacement and settlement of the dam crest, increase of drain trench baseline and distribution
of transverse cracks of the Douhe earth dam.
(a) Horizontal displacement; (b) settlement; (c) increase of drain trench baseline; (d) distribution of transverse
cracks
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Figure 7. Comparison of profiles of the Douhe earth dam before and after the Tangshan
earthquake (legend for this figure is the same as in Fig. 3).

Figure 8. Location of a buried crack on the main dam
(a) Location of buried crack; (b) elevation of buried crack; (c) width of buried
crack, in mm.
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Figure 9. Location of a buried crack filled with soft mud at the main dam.

Figure 10. Profile of the dam showing deformation of soil layers.
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Figure 11. Plan showing damage to the Douhe main dam between axis 0+000 and 0+250.

Figure 12. Geological plan in I-I section of the downstream slope at dam section 0+167.
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Figure 13. Geological profile in II-II section of the downstream slope at dam section 0+167

Figure 14. Particle analysis curves for soil in the dam body and sand in the protection layer.
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DAMAGE TO THE BAIHE MAIN DAM AT THE MIYUN RESERVOIR
Wang Qingyou*

The Miyun Reservoir is situated on the Chaobaihe River north of Miyun County town northeast of Beijing and about 150 km N52°W of Tangshan. It is a large-scale reservoir used mainly
for water supply and drainage. It was basically completed in 1960 and put into operation to store
water. It experienced a high water level of 153 m for 18 years and operated normally.
The M=7.8 Tangshan earthquake extended to the Miyun Reservoir causing liquefaction of
sand-gravel materials in the upstream protection layer of the Baihe main dam.
I. Geological Conditions at the Dam Site
Strata on both banks of the dam included gneiss of the prior Sinian Period, quartzite of the
Sinian period, igneous rock of the Mesozoic era and a sand-gravel layer of the Quaternary
period. Strike of quartzite at the dam site was N45-50°W, inclination NE, with a dip angle of
60-90°. The whole quartzite stratum was inverted with the old gneiss above the stratum and the
new quartzite below. There were two groups of tectonic line: one group was in a direction along
the stratum surface forming dislocation and fracture in compression; the other one was
perpendicular to the stratum surface with a strike N40-50°E, inclination NW and a dip angle of
55-70° forming a block structure.
The structure of faults in this area was rather developed. There were ten and more main
faults including consequent faults, dip faults and compressional fracture zones (Fig. 1).
The site of the Baihe main dam was a box-shaped river valley without a terrace (Fig. 2a).
Both rock banks of the valley were very steep. Slope of the right bank was 70-80°, that of the
left bank was up to 85-90°. Elevation of the river channel was 94-98 m; the alluvial plain was
smooth; elevation of the mountain ridge on both banks was 250-260 m; width of the bottom of
the river valley was 900-1,000 m and length of this river valley section was approximately 700
m. Upstream was a low hill area. Within the range of the dam the rock slope of the bank was
well jointed with fissures. There were many gullies: on the left bank two relatively large gullies
existed and on the right bank three relatively large gullies existed.
The overlying layer in the river channel was generally 30 m in depth with a maximum of
44 m. Except for the slope wash in the vicinity of the foot of the slope on both banks, at the
other locations there was an alluvial sand layer and sand-gravel layer. Particles in the upper
layer were relatively fine and those in the lower layer were rather coarse, therefore the boundary
of the layer was not apparent (Fig. 3). Underground water in the dam area included phreatic
water in the Quaternary alluvial deposit and fissure water in the bedrock. The Quaternary
alluvial deposit was thick and great in permeability with an average permeability coefficient of
500-800 m/day.
* Hydraulics Department, Qinghua University
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II. Outline of the Dam
Basic intensity of ground shaking in the Miyun Reservoir area was VII based on the
determination of the State Construction Committee and the State Seismology Bureau. The Baihe
main dam was designed for intensity VIII and checked for intensity VIII+.
Main structures at the Miyun Reservoir consisted of the Baihe main dam, Chaohe main dam
and five auxiliary dams. Maximum height of the Baihe main dam, Chaohe main dam and the
different auxiliary dams was 66.4 m, 56 m and 15.7-39.0 m respectively. The total length of the
crest of main dams and auxiliary dams was 5,083.6 m. Except for the Zhoumazhuang auxiliary
dam, which was composed of a core-wall dam and homogeneous dam, the other main dams and
auxiliary dams were all rolled and compacted earth dams with an inclined wall.
There were 2 spillways, 6 tunnels and 3 culverts under the dam, and there were 2 power
stations in the area namely, the Baihe Power Station and the Chaohe Power Station.
Elevation of the crest of the Baihe main dam was 160 m, length of the crest was 960.2 m,
width was 8 m, and maximum width of the dam base was 370 m. The design normal water level
of the dam was 157.5 m; maximum water level was 159.5 m.
The Baihe main dam was an earth dam with an inclined loam wall. Upstream and
downstream slope ratios are shown in Fig. 2b. The anti-seepage inclined wall thickness was
designed based on the allowable permeability gradient of 5.15, and maximum thickness of the
wall was 12.3 m and the minimum thickness was 1.5 m. Elevation on top of the wall was
158.8 m and at the lowest bottom was 95 m. The upstream slope ratio of the wall above an
elevation of 149.5 m was 1:2.25; under the elevation was 1:2.815, and the downstream slope
ratio was 1:2.25. On the downstream side of the inclined wall was a 0.5 m thick sand-gravel
layer which was formed by sieving out 50 mm of gravel from the material under the wall. The
maximum particle size of the material in the layer was 50 mm and particle content in size greater
than 5 mm was not greater than 30%.
Due to the steep cliff on both banks and development of rock fissures comprehensive
seepage prevention measures were used at the junction of the inclined wall and the riverbank, for
example; local increase of thickness of the inclined wall, installing a coating on the slope,
grouting of the cement curtain, pointing the joint with cement-sand mortar and laying a cement
protection surface, etc.
A concrete anti-seepage wall was used mainly in the permeable overlying layer of the dam
foundation, with a cement-clay grouting curtain, loam toothed trough, and a horizontal blanket as
auxiliary measures. The seepage line of the dam foundation was a total of 953 m long (seepage
line in the river channel section was located 196.5 m from the dam axis in an upstream
direction). In the neighborhood of both banks was an anti-seepage toothed trough 178.14 m in
total length and 15 m at the greatest depth. In the middle, but near the west (from dam axis
0+291 to 0+531) was a cement-clay grouted curtain 240 m long for an anti-seepage area of
9,600 m2. The grouted curtain, 10.6 m thick, was formed by three rows of grouted lines, spacing
3.5 m, with opening spacing of 4 m. The permeability coefficient of the overlying layer was
reduced to 1/1,000 in average. Between dam axis No. 0+148 and No. 0+298.17 as well as No.
0+524 and No. 0+942.86 were two concrete anti-seepage walls with a total length of 569.03 m.
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The wall was 0.8 m thick and 33.0 m in depth with an anti-seepage area of 15,878 m2. In order
to improve the connection of the concrete anti-seepage wall and the loam blanket, the wall was
embedded into the blanket 6 m so that the seepage gradient would be 5. At the same time an
asphalt layer was placed on the interface between the concrete anti-seepage wall and the blanket
and an asphalt layer 3 cm thick was put on top of the wall in order to prevent cracks from
occurring on the blanket in deformation.
At the dam site downstream from the Baihe main dam an inclined drainage layer was
installed. It had a width on top of 6 m, a slope ratio of 1:8, and a depth of 3-5 m, in order to
make the layer penetrate the surface soil layer and silty fine sand layer of the dam foundation.
Three anti-seepage layers were constructed among the drainage layer, dam body and dam
foundation.
The alluvium in the river channel was composed mainly of sand and gravel having a higher
permeability. After construction of the concrete anti-seepage wall the ground water level of the
river channel behind the dam was reduced from the original depth of 3-6 m to 15-20 m. A longterm observation showed the ground water level was stable.
An asphalt concrete pavement was installed on top of the dam. On the upstream side there
was a wave protection wall laid with granite blocks. The wall was 1 m higher than the dam top
and the bottom of the wall was buried into the loam inclined wall by 1.4 m.
The upstream slope of the dam above an elevation of 124 m had a double stone masonry
protection layer 0.5 m thick under which was a cobble layer 0.25 m thick. In order to prevent
scour of the joints of the masonry protection layer were filled with small aggregate concrete
above an elevation of 130 m. Drainage holes were made in the masonry for the convenience of
drainage. Under the elevation of 124 m a single protection cobble layer (without mortar) was
laid for the slope. The sand-gravel protection layer on the inclined wall was 1.5 m thick on the
crest, 3.0 m thick at half height of the dam and 5.0 m thick at the dam toe. Stone masonry
without mortar 0.2-0.3 m thick was used as a protection layer for the downstream slope. Under
the masonry there was a 0.1 m thick cobble layer.
A lot of soil samples were taken inside the dam during construction and laboratory tests were
performed on their properties. Grading curves of 174 samples are shown in Fig. 4 and their
properties are listed in Table 1. The properties of 58 samples taken from the blanket are listed in
Table 2.
III. Earthquake Damage
During the Tangshan earthquake of M=7.8 liquefaction, sliding, and collapse of the sandgravel protection layer of the Baihe main dam occurred under the water surface in the upstream
direction. At that time the reservoir water level was 138.4 m. Because the dam was of great
significance a lot of surveys and investigation on slope sliding had been carried out by means of
a diving survey, acoustic sounding, underwater TV and underwater geomorphic apparatus after
the quake. Measurements were performed once again after the reservoir had been emptied. It
was revealed that liquefaction of the sand-gravel material in the underwater protection layer
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extended almost the whole length of the dam. However, the loam inclined walls were basically
intact, only a small area of which was slightly damaged.
The range of slope sliding was from dam axis No. 0+050 to No. 0+950 m, with a total length
of 900 m. The top of the sliding was located in the range of 2-3 m above or below the existing
water level (138.4 m). Essentially, it was an underwater sliding. The total area of sliding
reached 60,000 m2 in which the area less than 1 m thick, on the loam inclined wall (including the
completely exposed part of the inclined wall surface), slid up to 17,000 m2. The quantity of
sliding was about 150,000 m3. The range of sliding is shown in Figs. 5 and 6 and Photos 1 and
2.
The accumulated sliding mass in the quake differed from the ordinary sliding mass by the
following three outstanding characteristics.
(i) Obvious gravitational sieving occurred on the sand-gravel protection layer consisting of
particles of different sizes during sliding. Remaining on the upper part of the slope were mostly
rubble of the protection slope layer and large cobbles; on the middle part were mostly small
cobbles; and on the lower part were mostly medium and fine sand.
(ii) Sand-gravel materials of the sliding mass moved a long distance. Most of the
accumulated sliding mass ranged from the lower part of the slope to a distance of 100 m and
more away from the dam toe. Part of the fine sand scattered 200-300 m from the dam toe.
(iii) Shapes of the sliding surface were basically similar but varied much along the dam axis.
Based on damage to the slope, sliding sections could be classified as follows:
a. Serious sliding section
This section ranged from axis No. 0+200 to No. 0+425 with a total length of 225 m which
amounted to 25% of the total sliding length. The greatest exposed length of the inclined wall
along the surface was up to 10-15 m, the damaged depth was within 1 m. Typical cross-section
of this section is shown in Fig. 7a.
b. Ordinary sliding section
This section ranged from axis No. 0+100 to No. 0+200 and from axis No. 0+425 to
No. 0+700 with a total length of 375 m which amounted to approximately 42% of the total
sliding length. Only the surface of the inclined wall was slightly damaged, residue of sandgravel materials was relatively thick. Typical cross-section of this section is shown in Fig. 7b.
c. Slight sliding section
This section ranged from axis No. 0+050 to No. 0+100 and from axis No. 0+700 to
No. 0+950 with a total length of 300 m which amounted to approximately 30% of the total
sliding length. The depth of sliding was shallow therefore it was a surface sliding. Typical
cross-section of this section is shown in Fig. 7c.
Generally speaking, sliding in the west section of the dam was more serious than that in the
east section. Because sliding occurred in the early morning, only a PLA soldier on duty at the
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site (on the west abutment of the dam) observed the event. When he felt a strong vibration
occurring he switched on the lamps on the dam and found that the slope had slid down.
IV. Post-Quake Measurement
In order to clearly understand the damage to the Baihe main dam, analyses were made of the
causes of damage and to determine the required repair measures. Detailed measurements were
carried out on the shape of slope sliding, settlement and displacement of the dam and variation of
the immersion line. The main measurement results are as follows:
Settlement and displacement measurements were carried out for the Baihe main dam after the
quake. Compared with measurements before the quake, settlement and displacement of the dam
body between section 0+300 and 0+500 were far greater than other sections. Maximum
settlement was 59 mm and maximum displacement was 28 mm. All occurred in profile 0+400 in
accordance with the location where serious sliding occurred.
In order to determine whether the anti-seepage system of the dam operated normally,
measurements were carried out day and night through 40 pressure measuring holes in the dam
body and on both banks. No obvious seepage was found in the dam.
A strong motion observation station was installed by the Institute of Engineering Mechanics
(IEM), Chinese Academy of Sciences on the downstream slope in the east section of the main
dam at profile 0+720, and 5 measuring points were placed at an elevation of 159 m, 140 m,
120 m and 100 m respectively. Satisfactory records were obtained in the M=7.8 Tangshan
earthquake (see Chapter 4).
V. Analysis of Characteristics of Sand-Gravel Materials in the Upstream Slope Protection
Layer of the Baihe Main Dam
During construction of the dam (April 1974) and after the quake (August 1976) samples had
been taken from different parts of the dam for tests. Test results showed that grading of sandgravel materials in the protection layer of the main dam was lacking 1-5 mm particles. Actually,
the material was a mixture of uniform gravel and medium fine sand. The average content of
coarse aggregates was 61.3% more than forming a skeleton (Fig. 8).
Based on dry unit weight and the gravel content and density of the coarse aggregates, the dry
unit weight of fine aggregates was reduced. Based on 12 samples of coarse aggregate content
less than 60%, the dry unit weight of fine aggregates varied in the range of 1.42-1.72 ton/m3 with
an average of 1.64 ton/m3, and an average of small values of 1.56 ton/m3. Based on the results of
5 samples, relative compactness of the material was 0.42-0.795 with an average of 0.595 thus,
the material was of medium compactness. From the above data it is shown that the material in
the protection layer was extremely susceptible to liquefaction.
In the quake, except for the Baihe main dam, no damage to other main dams, auxiliary dams
and buildings occurred. Height and shape of the Chaohe main dam and characteristics of sandgravel in the protection layer were all similar to those of the Baihe main dam.
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The overlying layer of the Baihe main dam in the range of axis No. 0+300 and No. 0+500
was up to 40-44 m thick while that of the Chaohe main dam was only 7-14 m. Under the Baihe
main dam there was an arc-shaped F8 fault basically parallel to the dam axis and there were also
F17, F18, F19 and F20 faults crossing each other. Tectonics at the dam site was more
complicated than at the Chaohe main dam and bedrock was more fractured than at the Chaohe
dam. The west section of the Baihe main dam where sliding seriously occurred was just in the
area where the F8 fault interacted with other faults and the overlying layer was greatest in depth.
Orientation of both dam axes were different: that of the Chaohe main dam was N10° and that of
the Baihe main dam was N61° with a difference of 51°.
(Translator: Lu Rongjian)
Table 1. Characteristics of sand-gravel material at the Baihe main dam.
Weighted
Mean
Specific
Gravity

Angle of
Repose
(above
water)
(degree)

Gravel
Content
(<5 mm)
(%)

Dry Unit
Weight
(ton/m3)

Compaction
(%)

Relative
Density
0.80

Effective
Particle
Size (mm)

Uniformity
Coefficient

Mud
Content
(<0.1 mm)
(%)

ordinary
value

0.14

166

5.5

2.65

35

61.7

2.15

103

in range

0.084-0.4

5.0-907

1.0-13.7

2.61- 2.68

34-38

24.5-83.5

1.87-2.40

92.4-124.7

Value

blanket

inclined
wall

Location

2.68-2.73

2.70

ordinary
value

in range

2.69-2.7

2.71

ordinary
value

in range

Density

Value

9.8-21.5

16

10.8-20.7

16

Water
Content
(%)

1.63-1.79

1.72

1.63-1.83

1.73

Dry Unit
Weight
(ton/m3)

45-88

70

47-96

81

Saturation
(%)

9.8-16.0

12

9.4-16.5

13.5

P.I.

14-29

21

14-29

23

Clay
Content
(%)

0.505-0.656

0.545

0.415-0.676

0.56

Porosity
-7

1.1×10

-8

-8

-7

9.7×10

6×10

-7
1.63×10
-8
9.8×10

4.4×10

Permeability
Coefficient
(cm/sec)

Table 2. Measured properties of soil materials in the
inclined wall and blanket of the Baihe main dam.

0.006-0.024

0.015

0.008-0.038

0.015

Compression
Coefficient
(cm2/kg-force)

0.11-0.55

0.2

0.15-0.64

0.35

kg-force/cm2

20-26.3

23

20.5-26.5

24

Internal
Friction
Angle
(degree)

Shear Strength

99.3

99.7

Qualified
Compaction
(%)
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Photo 1. Slope sliding at the Baihe main dam (Photo taken the morning of July
28, 1976 after the quake; water level of the reservoir was 138.4 m)

Photo 2. Slope sliding at the Baihe main dam (Photo taken on
Nov. 28, 1976; water level of the reservoir was 122.0 m).
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Figure 1. Faults in the river channel at the Baihe main dam.

Figure 2a. Plan of the Baihe main dam.
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Figure 2b. Typical profile of the Baihe main dam.

Figure 3. Profile of overlying layers in the foundation of the Baihe main dam.
1. Sand-gravel layer, 2. Sand-gravel-cobble layer; 3. Thin sand; 4. Sandy clay
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Figure 4. Grading curves for the sand-gravel material at the Baihe main dam.

Figure 5. Schematic diagram showing the range of sliding.
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Figure 6. Sliding contour at the Baihe main dam.

Figure 7a. Serious sliding cross-section (0+300) of the upstream protection layer
measured sliding line after the reservoir was empty
- - + underwater measured sliding line after the quake

Figure 7b. Ordinary sliding cross-section (0+600) of the upstream slope protection layer (legend is the same
as in Fig. 7(a)).
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Figure 7c. Slight sliding cross-section (0+750) of the upstream slope protection layer (legend is the same as in Fig.
7(a)).

Figure 8. Exploration pit profile showing the appearance of sand-gravel
materials in the protection layer (in cm).
Note: The blanks in the figure are sand and gravel.

