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CHAPTER 2:

HIGHWAY ENGINEERING

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

1. General Description
In the Tangshan area there are 9 trunk highways amounting to 936 km, 28 county roads
accounting for 1,083 km and 103 main commune roads totaling 2,085 km. The total length of
highways in this area is 4,104 km. Eleven trunk highways and county roads with a cumulative
length of 228 km suffered earthquake damage. Damage to highways was classified as severe
(capital repair required) and slight (only routine repair needed). The respective lengths of
highways damaged to various degrees of severity are listed in Table 1.
It is noted from Table 1 that earthquake damage to road subgrade and pavement in the
Tangshan area occurred mainly in the southern part, namely in Laoting County, the Bogezhuang
Reclamation Area and Luannan County where sand and water were heavily ejected and in the
high seismic intensity zone near Tangshan City. Typical earthquake damage to road subgrade
and pavement with site conditions are summarized in Table 2.
II. Types of Earthquake Damage
1. Longitudinal cracks
Longitudinal cracks on subgrades and pavement were the most common phenomenon of
earthquake damage. The width of the cracks were generally 10-30 cm and the length ranged
from dozens of meters to over one thousand meters with a depth of 1-2 m (see Photo 1).
Longitudinal cracks were usually found on the shoulders of the roads. Severely damaged
sections of the Tangshan-Guye, Hugezhuang-Bogezhuang, and Hugezhuang-Laoting highways
had many longitudinal cracks, which occurred on the shoulders and pavement with a width up to
40-50 cm (see Photo 2). Longitudinal cracks were apt to occur at the joints of old and new
subgrades.
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2. Transverse cracks
Severe transverse cracks occurred on the subgrade and pavement near the Daodi Bridge in
the intensity XI zone. They extended the entire width of the embankment and cut off the
subgrade and pavement with a width up to 50-60 cm.
3. Settlement of pavement
Settlement of the pavement and subgrade occurred on the Hugezhuang-Bogezhuang,
Hugezhuang-Laoting and Lengda highways. The subgrade near Laoting on Lengda Highway
settled 40-60 cm and trees on the roadside tilted inward over a length of 13 km.
4. Cracks, settlement and slide of subgrade at bridgehead
Damage to the embankment at the bridgehead was more serious than at ordinary subgrade
due to the high fill and the sliding of the riverbank. The subgrade at the bridgehead in the
intensity zones VIII and above suffered various degrees of damage, which usually consisted of
the embankment sliding toward the river and toward the side slopes, settlement, and longitudinal
and transverse cracks. Settlement of the embankment at the bridgehead of the Daodi Bridge
amounted to 1.0 m.
Damage was most severe on embankments at bridgeheads filled with silty soils. The 5.0 m
high embankment at the bridgehead of the Huopao Bridge in the intensity VIII zone was filled
with silty soil, and was deformed and slumped after the earthquake settling about 1.0 m. The
embankment at the bridgehead of the Tuozitou Bridge in the intensity XI zone was also filled
with silty soil with a 1:2 side slope which cracked and settled unevenly after the quake. Four to
five cracks occurred at the same section with a crack width of 5-50 cm. The difference in
elevation between the two sides of the cracks was 10-30 cm. The length of road damaged was
70 m and traffic was suspended.
5. The upheaval of the embankment at the bridgehead
Photo 3 shows the upheaval of pavement on the embankment, which was caused by the
thrust of the bridge span at the bridgehead at the Luanhe River Bridge
III. Earthquake Damage to Culverts Passing Beneath Roads
In the Tangshan area there were a total of 1,852 culverts of various types, mainly of RC box
type, with a total length of 17,126 m of which 80 of them with a cumulative length of 767.81 m
suffered various degrees of damage. According to the severity of damage to the culverts there
were 4 types of damage.
(1) Type I: The main damage of this type was the fracture and collapse of the side wall or
middle pier of the RC culverts resulting in fracture of the top slab of the culvert and fall of the
arch, see Photos 4 and 5. Eighteen culverts totaling 195.20 m in length suffered this type of
damage.
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(2) Type II: The main damage of this type was the tilting and cracking of the side wall or
middle pier, or severe cracks to the top slab of the culvert or to the arch ring. Thirteen culverts
totaling 123.70 m in length suffered this type of damage.
(3) Type III: The main damage of this type was the collapse of the flare wing wall at the inlet
and outlet of the culvert and severe damage to the water flow appurtenances with only slight
damage to the main structure. Thirty-five culverts totaling 320.19 m in length suffered this type
of damage.
(4) Type IV: The main damage of this type was slight damage to the flare wing wall.
Fourteen culverts totaling 128 m in length suffered from this type of damage.
IV. Causes of Earthquake Damage
1. Liquefaction of soil foundations and settlement of soft soil foundations
Damage to the subgrade and pavement occurred mainly in the area south of Tangshan with
heavy ejection of water and sand in the high intensity zone. The foundation soil here is
composed of saturated silty fine sand and soft clay. Liquefaction of silty fine sand took place
during the earthquake with the ejection of water and sand in a large area and side ditches were
filled flush with ejected sand at severely damaged road sections. Samples of ejected sand were
taken from the side ditches of the embankment and sieve analyses were made and gradation
curves from samples of 4 boring holes were obtained as shown in Figures 1 and 2. Liquefaction
of sandy soil or settlement of soft soil was the cause of unequal settlement of the subgrade, as
well as for longitudinal and transverse cracks and sliding of the side slopes.
2. Effect of sliding of riverbanks
Since an embankment is relatively high at the bridgehead and extends into the riverbank
forming a high and steep free face it is more apt to slide and settle unequally. Embankments at
bridgeheads filled with silty soil with low plasticity suffered the most serious damage among all
types of subgrade.
3. Inadequate compaction of subgrades and poor drainage of side ditches
No aseismic measures had been taken for subgrades on most roads in the Tangshan and
Tianjin areas. Some new roads were inadequately compacted. Water accumulated year round in
the side ditches of some sections of road. Some sections of road which were close to the river,
channel, pond and soil of the subgrade were saturated and strength and stability were greatly
lowered. All these aggravated the degree of damage.
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Table 1. Statistics of lengths of damaged trunk highways and country roads in the Tangshan
area.
Damaged Length (km)
No.

Name of Route

Total
Length (km)

Severe
Damage

Slight
Damage

Total

90

2

3

5

162

23

27

50

1

Beijing-Shenyang

2

Tianjing-Qinhuangdao

3

Pingquan-Daqinghe

97

3

12

15

4

Tangshan-Xinglong

76

2

26

28

5

TangshanBogezhuang

32

18

4

22

6

Tangshan- Baodi

71

2

28

30

7

Tangshan-Jianhe

46

11

12

23

8

ChangningBogezhuang

62

2

8

10

9

Fengrun-Hancheng

24

2

8

10

10

Laoting-Wangtan

18

5

10

15

11

Tangshan-Laoting

33

15

5

20

35.2%

4.21%

7.08%

11.29%

Percentage of total length

XI

X

IX

Head of Daudi Bridge
(Douhe River)

Touzitou Arch
Bridge, TangshanLuanxian Road

Earthquake
Intensity

Bridgehead of
Shengli Bridge,
Tangshan City
(Douhe River)

Location

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

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

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

Damage

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

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

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

Site Conditions and Damage
to Ground Surface

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

XI

X

VIII

VIII

Road section at
Shengli Bridge,
Tangshan City

Fanzhuang-Daodi
Bridge road section,
TangshanBogezhuang
Highway

Menggezhuang road
section,
TangshanBogezhuang
Highway

The road section,
south of
Wangyangzhuang
Village, TangshanBogezhuang
Highway

Earthquake
Intensity

Huopao Bridge,
Luannan County,
LuanxianBogezhuang Road

Location

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

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

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

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

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

Damage

Table 2. Continued.

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

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

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

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

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

Site Conditions and Damage
to Ground Surface
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VII

IX

VIII

Beiwei Highway

Ninghe-HanguBeitang, about 2 km
to Ninghe

Hangu-Beitang
Highway

(Translator: Mingtian Hu)

VII

Earthquake
Intensity

Laoting-HugeZhuang road section

Location

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

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

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

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

Damage

Table 2. Continued

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

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

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

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

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

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

Photo 4. Collapse of the Dongjiapu arch culvert.

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

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

I. General Description
Roads totaling 2,140 km with high grade and semi-high grade pavements were in Tianjin
City (including the city limit, suburbs and counties under the city's jurisdiction); of which 76 km
suffered earthquake damage (3.5%). The total length of suburb and county roads was 1,500 km
of which 74 km were damaged accounting for 4.9% of the total length (in which 25 km were
seriously damaged and 49 km were moderately damaged representing 1.7% and 3.2% of the total
length respectively). The total length of city roads was 640 km of which only 2 km were
damaged amounting to 0.30% of the total length. Most of the road damage occurred in suburbs
and counties and the damage was serious for roads in Ninghe County, which is adjacent to
Tangshan City and Fengnan County, as well as in the Hangu area and the area near the coast at
the southern suburb. The severity of road damage in Wuqing County came next. Damage to
roads within the city limit occurred mainly in the Heping and Hexi Districts. The distribution of
damaged roads in Tianjin City with lengths of damage is shown in Figure 1.
Although not many roads in Tianjin City were damaged by the earthquake, the damage to
some sections of road was serious. For example, two sections of the Beijing-Tianjin Highway
had stepped settlement, many cracks occurred in several kilometer long sections in Beitang on
Hanbei Road and serious slide and settlement of side slopes and pavement occurred on Dazha
Road which caused traffic problems.
II. Types of Earthquake Damage
Most roads in Tianjin City had a low subgrade with a fill height of less than 1.0 m. River
levees were used as roads for some highways and the embankment had a height of over 3.0 m.
Most subgrades were filled with clayey loam and some were filled with sandy soil, generally
with a plastic index of 7-15. Concrete pavement and bituminous pavement were used for road
surfaces. The thickness of the concrete pavement was generally 18-23 cm underlain by 2 to 3
cm of sand cushion and 15 to 20 cm of a lime soil layer. The thickness of bituminous pavement
was generally 3-5 cm underlain by 20 to 60 cm of lime soil. There was a 7 to 10 cm layer of
quarry waste used as an intermediate course between the bituminous concrete and lime soil
layers on a few roads. The subgrade and pavement suffered various types and degrees of
damage depending on the geographic location, hydrogeological and geomorphological features,
the distance from the epicenter and the direction of the road.
* The Investigation Team consisted of the Department of Highway Administration, the
Department of Road and Bridge Administration in Tianjin, the Tianjin Municipal Engineering
Survey and Design Institute and the Tianjin Municipal Science Research Institute.
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(I) Cracks in subgrade and pavement
1. Longitudinal cracks
Longitudinal cracks in subgrade and pavement were common types of earthquake damage
found on Tianjin roads. Twenty-one selected suburb and county roads were investigated and
longitudinal cracks occurred on 14 of them: Liwan Road, Beijing-Tianjin Highway, Jingning
Highway, Beiweidi Road, Qinglongwan Road, Banchang Road, Dazha Road, Yangbei Highway,
Hanbei Highway, Jinlu Highway, Xianqi Highway (Xiaozhan-Shanggulin), Taierzhuang Road,
Sidaoqiao Road and Chongqing Street. Longitudinal cracks also occurred on portions of 5
roads: Luhan Highway, Liulin Road, Tangbei Road, Jinhan Highway and Xiaoqi Highway
(Mapengkou-Qikou). The types of longitudinal cracks which occurred are as follows:
(1) Longitudinal cracks on bituminous pavement. Beiweidi Road, Liwan Highway, Yangbei
Highway, Banchang Highway and Dazha Road suffered serious longitudinal cracks, which were
usually 1-3 in number with a maximum of 9 on Yangbei Highway. The crack width was usually
1-5 cm with a maximum of 15 cm. The depth of the cracks were 20-50 cm with a maximum of
3.3 m and generally 1.6-2.0 m on the high embankment on Beiweidi Road.
(2) Longitudinal cracks on cement pavement along original concrete blocks. The width of
the cracks were generally 2-5 cm with a maximum of 20 cm. The depth of the cracks were
generally 20-30 cm with some cracks 56 cm in depth.
(3) Longitudinal cracks along joints between bituminous roads and soil shoulders. This was
a prevalent phenomenon. It occurred for 2 km, almost the whole length of Banchang Road, as
well as on most portions of damaged road sections on Liwan Highway, Beiweidi Road and
Jingjin Highway. The width of the cracks was generally 3-12 cm with a maximum of 16 cm and
0.5-2.0 cm for slight damage. The depth of the cracks on the high embankment on Beiweidi
Road was generally 1.6-2.0 m with a maximum of 3.40 m.
(4) Longitudinal cracks at joints between bituminous pavement and curbstones of sidewalks.
This occurred in the city limits. Longitudinal cracks occurred at joints between red curb bricks
and the pavement for a distance of 239 m on Taierzhuang Road with a width of 2-6 cm and a
maximum width of 15 cm. This also occurred at joints between curbstones and pavement on
Chongqing Street with a width of 6-8 cm and a depth of 30-50 cm.
(5) Longitudinal cracks along shoulders. This generally occurred on sections of road with
serious damage such as on K 65+800 to K 66+300 and K 70+200 to K 70+400 on BeijingTianjin Highway within an extent of 500 m west of the intersection of Beiweidi Road and
Dahuaxian (or the Chemical Fabrics Factory), Banchang Road within an extent of 200 m west of
Qianmiqiao Branch Road, Liwan Highway and a 1.0 km section of Yangbei Highway east of the
Hezhuhe River. There were 1-2 longitudinal cracks on the east side of the shoulder with a width
of 2-10 cm. The crack depth varied generally between 30 and 50 m depending on the height of
the embankment. The crack depth was 1.5-2.2 m on the high embankment on Beiweidi Road.
(6) Cracks at the joints of widened old roads. Longitudinal cracks occurred at the joints of
widened old roads and were characterized by long and straight cracks with uniform width and a
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depth that went all the way through between the old and new pavements (or old and new
subgrades). This type of damage occurred on the following three roads:
Beijing-Tianjin Highway. This highway was built in 1952 with a subgrade 6 m wide and a
20 cm concrete pavement on a 3 cm sand cushion. In 1975 an asphalt concrete pavement 2 m in
width was added on each side of the old road bed (the subgrade was 35 cm of lime soil plus 5 cm
of bituminous surfacing). Longitudinal cracks occurred at 10 locations extending 781 m
between Hexiwu and Caicun at the intersection of the widened road. The width of the crack was
1-8 cm and reached 39 cm in locations with serious damage. Sand was ejected at side ditches of
roads where cracks occurred and parts of the shoulders settled and became deformed.
Xiaoqi Highway (Xiaozhan-Shanggulin section). This road was built in 1965 with a
subgrade 6 m in width and 30 cm of lime soil pavement plus a 10 cm bituminous penetration
course. It was widened in 1974 on one side or both sides. The height of the embankment was
1.5-2.0 m. In 1975 a new pavement was put on top of the original pavement and old shoulders
and the width of the pavement was widened to 10.50 m. The new pavement was 60 cm of lime
soil with 5 cm of residual oil surfacing. After the earthquake cracks occurred at 10 joints located
between the old road and the widened part for a total length of 5,600 m and the width of the
cracks were generally 5 cm.
The juncture at Dahuaxian and Beiweidi Roads. Beiweidi Road was built in 1972 on an old
dirt road with a 7 m subgrade and pavement, which consisted of 20 cm of lime soil, 20 cm of
lime soil concrete and 5-cm of bituminous concrete. The Dahuaxian Living Area Road, which
intersected Beiweidi Road was built in 1974 on a soil embankment about 3 m high and 7 m wide.
The lime soil pavement was 40 cm plus 5 cm of bituminous concrete. All the joints cracked
through and the maximum width of the cracks was 75 cm at the west intersection with a 22 cm
difference in elevation on both sides of the crack. Three transverse cracks occurred on each of
the two branch roads and the side slopes of the shoulders cracked due to the collapse of the high
embankment, see Figure 2.
2. Transverse cracks
Only 6 out of the 21 damaged roads investigated suffered several transverse cracks on the
subgrade and pavement. These roads were: Luhan Highway, Tangshan Highway, Hanbei
Highway, Liulin Road and Xiaoqi Highway (Mapengkou-Qikou section). The direction of these
roads was almost parallel to the radiant lines from the epicenter. Transverse cracks occurred
only in exceptional cases on other roads. Transverse cracks occurred on a road with asphalt
pavement on both sides of a newly built culvert (which had settled locally) on Jinlu Highway. It
also occurred at the approach of the bridgehead of Lutai Bridge on Jinyu Highway where the
approach slid toward the river pulling the pavement apart. The width of the cracks was 2-5 cm
in general and, in a particular case, was 1.4 m on Hanbei Highway where a deep gulch was
observed.
(II) Upheaval, settlement, blister and cave-in of the subgrade and pavement
This occurred mostly on sections of road where water and sand was heavily ejected onto the
nearby courtyard, farmland and drainage ditches. Some subgrades settled at inadequately
compacted roads or on soft soil foundations such as on Liulin Road, Changde Street, Yueyang
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Street in the city limit, Hanbei Highway, K 65+800 to K 66+300 and K 70+250 to K70+400 of
Beijing-Tianjin Highway, a section of road near the Houheyu Production Team on Jingning
Highway, and Mapengkou to the Qikou section of Xiaoqi Highway. All these roads are in
suburbs and counties.
1. Transverse upheaval in a triangular shape on pavement
This occurred on Hanbei Highway, Jinhan Highway, Tangbei Highway and Luhan Highway.
The width of the base of the triangle was 50-120 cm and the height of upheaval was 15-25 cm
with a maximum of 35 cm. Pavement courses within the triangle were all crushed.
2. Transverse upheaval of pavement in a hill shape
This occurred on Liulin Road with an upheaval width of 2.5-4.0 m in general. The height of
the upheaval was 10-22 cm and the pavement that was upheaved was fractured.
3. Depression of pavement in a transverse stepped form
The phenomenon of pavement being depressed in a transverse stepped form occurred on
sections of the road with severe longitudinal cracks such as on K 65+800 to K66+300 of BeijingTianjin Highway where depressions in serious stepped form were observed with a maximum
vertical dislocation of 33 cm and the bottom of the pavement was overhanging. One to two
vertical dislocations with a difference in elevation of 3-22 cm occurred on Beiweidi Road, Liwan
Highway, Qinglongwan Road and on Taierzhuang Road. Transverse concave depressions with a
width of 2-6 m at the middle portion with a depth of 10-15 cm occurred on Jingning National
Highway, Sidaoqiao Road, and on Beijing-Tianjin Highway as shown in Figures 3 and 4.
4. Longitudinal depression of pavement
Large scale longitudinal depressions of pavement generally occurred at locations where there
were large amounts of ejected sand on pavement such as on K 70+250 to K 70+400 of BeijingTianjin Highway, Hanbei Highway, the road near the Houheyu Production Team on Jingning
Highway, and east of the link road of Yangbei Highway. The length of depression was 80-150
m in general and the depth of depression was 15-25 cm. See Figure 5.
5. Depression of pavement at culverts
Local longitudinal depressions of pavement 10-22 cm occurred at culverts after the
earthquake on Beiweidi Road and Jinlu Highway with depression lengths of 10-15 cm.
6. Blisters
In this case, pavement upheaved locally but was not crushed. This rarely happened and
occurred only on Hanbei Highway and Yueyang Street in the city limits. The diameter of the
blister was 1.5-2.5 m and the difference in elevation was 10-20 cm.
7. Cave-in
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This rarely happened and only occurred on roads where there were large amounts of ejection
of water and sand on adjacent land such as on Changde Street, Yueyang Street, Hanbei Highway,
and on the Mapengkou to Qikou section on Xiaoqi Highway.
8. Settlement of bridgeheads
Vertical settlement of various degrees generally occurred at the approaches of bridgeheads
with a depth of 2-20 cm. Settlement of bridge approaches on roads closer to the epicenter such
as on Jinyu Highway, Luhan Highway and Jinhan Highway were generally 20 cm and was 25 cm
at the Ma'anzi Bridge.
9. Tilting over of curbstone
There were not many cases of tilting over of curbstones due to the earthquake but there were
various degrees of damage such as on Beiweidi Road, Yueyang Street and Xiaoqi Highway.
Beiweidi Road (from Shangulin to Wanjiamatou) was a total of 14 km in length and 7 m in
width with concrete curbs on both sides and one auxiliary lane 3 m in width on one side of the
shoulder and a 1 to 1.5 m wide shoulder on the other side. Within the extent of the entire road a
50 to 60 m length of curb on the side of the 3 m wide auxiliary lane tilted over and the maximum
depth of the crack was 3.3 m. Four sections of the road totaling about 100 m in length cracked
and tilted. The width of the crack was 1-5 cm and the maximum width was 16 cm.
All concrete curbstones on both sides of Yueyang Street (from Xiangyang Road to Guilin
Road), which was 300 m in length, tilted toward the center of the road and the maximum
difference in elevation between the curbstone and the original sidewalk was 26 cm. A crack 68 cm wide occurred between the curbstone and sidewalk. Curbstones were also parted by
longitudinal undulations with vertical dislocation between curbstones. The dislocation was 612 cm in general and 18 cm maximum and its width was 5-7 cm.
(III) Slides or cracks on the side slope of embankments
Not many sections of road in Tianjin City suffered slides or cracks of side slopes due to the
earthquake but the damage was rather serious. There were only two roads, Taierzhuang Road
and Dazha Road, where pavement on the riverbanks cracked and depressed due to sliding of the
slope of the river. Both roads suffered serious damage. Many road subgrades in Tianjin
consisted of embankments with the height of fill less than 1.0 m in general and over 3 m in a few
cases. During the earthquake there was a slight collapse of the embankment and fill at 1 or 2
locations on the Beijing-Tianjin Highway and on Qinglongwan Road. Long longitudinal cracks
occurred on some high embankments with a height of fill about 3 m such as on Beiweidi Road.
1. Collapse and sliding of side slopes on riverbanks
Dazha Road in the Tanggu area is located along the bank of the Haihe River. Its total length
is 1,500 m and the pavement is 7 m wide and consists of 7 cm of a bituminous penetration
surface on a soil bond broken stone base course. There is a 4 m wide soil shoulder on the river
side and 10 m of open field on the other side. The top of the pavement is about 3 m above water
level of the Haihe River. There is rubble facing on the upper portion of the riverbank slope and
saturated soft soil on the lower portion. The slope of the river slid during the earthquake and the
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rubble facing cracked and was dislocated. Long longitudinal cracks occurred on side slopes of
soft soil with a maximum width of 280 cm, and the slope slid to 1:7 after collapse. Due to the
sliding of the side slope a serious longitudinal crack occurred on the pavement 998 m in length
with a width of up to 25 cm. The pavement on the river side was depressed with a maximum
depth of 70 cm. The severe damage to the pavement is shown in Figure 6.
2. Fracture and displacement of concrete revetment
Taierzhuang Road in Tianjin City is located along the bank of the Haihe River. Its total
length is 1,617 m and the pavement width is 6.5-7.5 meters, which consists of three layers of a
bituminous surface treatment plus 10 cm of broken stone and 30 cm of lime soil courses. The
inner side of the road is connected by buildings and there are brick curbs and a 2 m sidewalk on
the outer side of the road. There is a water protection wall 1.0 m in height and 0.4 m in width
outside of the sidewalk and there is a concrete revetment with a slope about 2:1 outside the wall.
The pavement is 1.7-1.8 m above water level of the Haihe River. During the earthquake the
concrete revetment fractured longitudinally and the width of the fracture ranged from several
centimeters to 20 or 30 cm. The revetment displaced toward the river and the water protection
wall tilted by a maximum of 14 cm. This resulted in large amounts of longitudinal cracks
occurring on a 239 m long section of pavement on the riverbank with cracks ranging in width
from several millimeters to over 10 cm and the depth of some cracks was over 1.0 m. All the
cracks had vertical dislocation of 1-6 cm in general. There was depression of pavement on the
riverside. All these led to serious damage of Taierzhuang Road, see Figure 7.
3. Cracks on the side slopes of embankments
Beiweidi Road in the southern suburb of Tianjin City is a total of 14 km in length. The
height of the embankment is over 3 m with a side slope of about 1:3. The pavement consists of
5 cm of bituminous concrete plus 40 cm of lime soil and is 7 m in width with concrete curbs and
a 2.5-m soil shoulder on each side. During the earthquake many longitudinal cracks occurred on
the side slopes of the embankment with a width of 3 or 4 cm to over 10 cm with a depth of 0.52.8 m which resulted in serious damage to the pavement, see Figure 8.
(IV) Ejection of sand
Ejection of sand generally occurred alongside 12 of the roads investigated which included
Beiweidi Road, Hanbei Highway, Beijing-Tianjin Highway, Liwan Highway, Xiaoqi Highway
and Banchang Road which are suburb and county roads, and Yueyang Street, Shashi Street,
Changde Road, Liulin Road, Taiwan Road and Taierzhuang Road which are city roads. The
location of sand ejections were different for roads in the city limit and roads in the suburbs. In
the city limit, with the exception of individual cases where sand ejected in street centers such as
on Taiwan Road and Yueyang Street, sand was ejected mainly on the roadside, at joints between
the side road, walls and in lanes. The height of the sand mound was 10 cm in general and
maximum height of 30 cm, such as on Shashi Street (from the Kunming Road to Xikang Road
191 m in length with a sidewalk 3-cm bituminous concrete plus 15-cm lime soil) in which sand
ejected at 7-8 places. Roads in the suburbs, with the exception of individual cases where serious
sand ejection occurred on the subgrade (such as on Hanbei Road), a large amount of sand
ejection occurred mostly at both side ditches and on farmland destroying a large amount of
crops. For example, sand was ejected along the pavement at 2 km from Beitangzha on Hanbei
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Road (from Hangu to Beitang) with a distance of 4-7 m between sand mounds. The height of a
sand mound was 10-15 cm in general up to a maximum of 35 cm and its average diameter was
0.5-5.0 m. The width of Hanbei Road is 6 m and its pavement consists of 3 cm of bituminous
concrete on 20 cm of a lime soil base.
During the earthquake side ditches of individual roads were silted up by ejected sand, which
obstructed the drainage of the pavement and the irrigation of farmland. This was more serious
on Beijing-Tianjin Highway.
The maximum difference in elevation between side ditches and the edge of the subgrade was
1.50 m at K 70+250 to K 70+400 and was 150 m long on the Beijing-Tianjin Highway.
According to the investigation there was a shallow layer of liquefiable sandy soil 2 m below the
pavement. The sandy soil ejected at weak places of overburden on the side ditches during the
quake and the side ditches were silted up with a maximum depth of 1.2 m (Figure 9).
The difference in elevation between side ditches and the edge of the road was 1-5 m on
Liulin Road and the side ditches were silted up with sand for a length of 400-500 m with a height
of 30-40 cm.
III. Characteristics of Earthquake Damage
1. The roads where serious damage to the subgrade and pavement occurred were mostly built
on soft ground near the coast and on soil foundation with a shallow embedded liquefiable
saturated silty fine sand layer such as on Hanbei Highway, the Mapengkou-Qikou section of
Xiaoqi Highway, the Hexiwu-Caicun section of Beijing-Tianjin Highway in suburbs and
counties, Liulin Road, and on Yueyang Street and Changde Street in the city limit.
2. The prevalent phenomena of earthquake damage was settlement and sliding toward the
river at bridgeheads, settlement of shoulders, settlement of subgrades and pavement at culverts,
and settlement of subgrades and pavement on high embankments.
(Translator: Mingtian Hu)
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Figure 1. Distribution of damaged roads and lengths of damage in Tianjin City.
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Figure 2. Cracks at the joining parts of old and new subgrade at
the junction of Dahuaxian and Beiweidi Roads (unit: cm).
(a) Plan; (b) Section A-A

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

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

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

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

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

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

I. General Situation
Damage data for 130 large and medium reinforced concrete girder bridges located in
intensity zones VII to XI were collected by Chinese highway scientists and technical personnel
after the Tangshan earthquake. Table 1 presents a summary of intensities at the bridge sites,
distance from the epicenter, type of structure and foundation soil and damage description of
various bridges. Figure 1 shows the geographical location of bridges in high intensity zones and
Figure 2 shows the geographical location of other main bridges damaged by the earthquake.
The earthquake damage is classified into 5 types based on degree of severity i.e. collapse,
severe damage, moderate damage, minor damage, and intact or essentially intact. The criteria
for determining these types of damage is as follows:
Type 1: collapse. Characterized by fallen girders or arches, fracture and collapse of
abutments and piers making the bridge unusable.
Type II: severe damage. Characterized by severe damage to the main load-bearing structure
such as severe tilting and cracking of piers and abutments, occurrence of large horizontal
displacements, differential settlements, severe cracks in arch rings and deformation of arch axis,
great loss of bearing capacity of the structure which is reduced to a dangerous state. Capital
repairs or reconstruction are needed to put the bridge back into service.
Type III: moderate damage. Local damage to the main load-bearing structure and severe
damage to the auxiliary structure, such as slight tilting or shifting of piers and abutments, small
cracks on top of piles, at joints between piles and cross tie beams, in places of change in pier
sections, and main arch rings; tilting and displacing of movable bearings; damage of fixed
bearings, lateral or longitudinal displacements of main girders, large cracks on arch spandrel;
settling of bridge approaches and severe damage to the gore. Bearing capacity is reduced but the
bridge is serviceable after repair.
Type IV: minor damage. Represented by damage to the non-structural path, but load
carrying structure is intact or merely suffers allowable cracks. Load capacity is not affected and
the bridge is usable with minor repairs.
Type V: intact or essentially intact.
Damage to each bridge was examined according to the above classifications of damage and
is listed in Table 2(a)-(d) for different intensity zones. It can be seen that of the total 130
highway girder bridges 18 collapsed accounting for 13.86% of the total; 20 were severely
1
2

Highway Research Institute, Ministry of Communications
Institute of Engineering Mechanics, State Seismological Bureau

81

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

Shengli Bridge,
east of Tangshan
City

Yuehe River
Bridge, southeast
of Tangshan City

1

2

No.

Name and
Location of Bridge

XI
Type II

XI
Type I

Intensity,
Type of
Damage

silty and fine sand

mud on surface
underlain by fine
sand

Foundation Soil

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

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

Structure in Brief
Damage in Brief

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

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

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

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

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

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

Xiazhuang Bridge,
north of Tangshan
City

Daodi Bridge,
Fengnan County

Quzhuang Bridge,
north of Tangshan
City

3

4

5

6

No.

Name and Location
of Bridge

X
Type II

X
Type II

X
Type I

X
Type I

Intensity,
Type of
Damage

fine sand

Foundation Soil

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

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

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

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

Structure in Brief

Table 1(a). Continued.

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

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

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

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

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

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

Damage in Brief
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Xiyao Bridge,
suburb of Tangshan
City over the Douhe
River

Leizhuang Bridge,
suburb of Tangshan
City over the Douhe
River

Power Plant Bridge,
Tangshan City over
Douhe River

7

8

9

No.

Name and Location
of Bridge

X
Type II

X
Type IV

X
Type IV

Intensity,
Type of
Damage
Foundation Soil

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

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

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

Structure in Brief

Table 1(a). Continued.

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

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

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

Damage in Brief
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Power Plant Qiyi
Bridge, Tangshan
City over the Douhe
River

Chengzizhuang
Submersible Bridge,
Tangshan City

Steel Plant Bridge,
Tangshan City

Houtun Submersible
Bridge, suburb of
Tangshan City

10

11

12

13

No.

Name and Location
of Bridge

X
Type II

X
Type III

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

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

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

X
Intact

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

Foundation Soil

X
Type II

Intensity,
Type of
Damage

Table 1(a). Continued.

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

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

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

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

Daodicun Bridge

Huaxin Sluice Gate
Bridge, Tangshan
City

Dazhong Bridge,
Tangshan City

Donggezhuang
Sluice Gate Bridge,
Fengrun County

14

15

16

17

18

No.

Name and Location
of Bridge

X
Intact

X
Type II

XI
Intact

X
Type I

X
Intact

Intensity,
Type of
Damage
Foundation Soil

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

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

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

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

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

Structure in Brief

Table 1(a). Continued.

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

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

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

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

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

Bridge #11, Jinyu
Road

Bridge #12, Jinyu
Road

Bridge #13, Jinyu
Road

Overpass at Fuxing
Road, Tangshan City

Leizhuang Shahe
River Bridge,
Luanxian County

Hanjiahe Bridge,
Fengnan County

19

20

21

22

23

24

25

No.

Name and Location
of Bridge

IX
Type II

IX
Type I

X
Intact

X
Type III

X
Type III

X
Type III

X
Type III

Intensity,
Type of
Damage

clayey loam

silt and fine sand

Foundation Soil

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

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

Single span box of monolithic construction, thin
walled pier

One 5.9 m T-girders, gravity abutments.

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

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

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

Structure in Brief

Table 1(a). Continued.

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

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

Intact.

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

Same as Bridge #11.

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

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

Xiweidian Bridge,
Ninghe County

Zhangfengzhuang
Bridge, Ninghe
County

Badadui Bridge,
Ninghe County

Yanzhuan Bridge,
Ninghe County

Yeli Submersible
Bridge, suburb of
Tangshan City

26

27

28

29

30

31

No.

Name and Location
of Bridge

IX
Intact

IX
Type I

IX
Type I

IX
Type I

IX
Type I

IX
Type II

Intensity,
Type of
Damage

soft plastic clay

mud riverbed
underlain by silty
soil and clayey
loam

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

Foundation Soil

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

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

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

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

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

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

Span #4, #5 at west bank fell.

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

Damage in Brief

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

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

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

Structure in Brief

Table 1(a). Continued.
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32

No.

Luanhe River
Bridge, Luanxian
County

Name and Location
of Bridge
IX
Type I

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

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

Structure in Brief

Table 1(a). Continued.

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

Lutai Bridge, Lutai,
Tianjin

33

34

No.

Name and Location
of Bridge

IX
Type I

IX
Type I

Intensity,
Type of
Damage

soft saturated gray
silty sand

pebble with sand; rock
outcrop at south bank

Foundation Soil

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

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

Structure in Brief

Table 1(a). Continued.

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

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

Dujiakan Bridge,
Fengnan county

Dujiakan Sluice
Gate Bridge

Wangtu Bridge,
Luannan County

Wangtu Bridge,
Luannan County

Hupao Bridge,
Luannan County

35

36

37

38

39

40

No.

Name and Location
of Bridge

VIII
Type III

VIII
Type I

VIII
Type II

IX
Type IV

IX
Type I

IX
Type III

Intensity,
Type of
Damage

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

saturated silt and
fine sand

soft soil

soft soil

Foundation Soil

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

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

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

Composite structure of gate and bridge.

4 5.4 m slabs, stone masonry piers and abutments.

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

Structure in Brief

Table 1(a). Continued.

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

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

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

Riverbanks cracked and slid. Superstructure slightly damaged.

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

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

Guochiying Bridge,
Fengrun County

Lao'andian Bridge,
Ninghe County

Yujialin Bridge,
Hangu District

Dawangfu Bridge,
Wuqing County

41

42

43

44

45

No.

Name and Location
of Bridge

VIII
Type I

VIII
Type III

VIII
Type III

VIII
Type III

VIII
Type III

Intensity,
Type of
Damage

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

sandy soil

Foundation Soil

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

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

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

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

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

Structure in Brief

Table 1(a). Continued.

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

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

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

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

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

Huozhuangzi
Bridge, north suburb
of Tianjin City

Dazhangzhuang
Bridge, north suburb
of Tianjin City

Shizilin Bridge,
Tianjin City

Chenying bridge,
Luanxian County

Sicundian Bridge,
Wuging County

46

47

48

49

50

51

No.

Name and Location
of Bridge

VIII
Type II

VIII
Type III

VIII
Type IV

VIII
Type III

VIII
Type IV

VIII
Type I

Intensity,
Type of
Damage
Foundation Soil

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

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

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

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

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

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

Structure in Brief

Table 1(a). Continued.

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

Cracks occurred at slope protection and pile piers.

Superstructure was intact, pile piers slightly cracked.

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

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

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

Yonghecun Bridge,
east suburb of
Tianjin City

Nandapeigan Bridge,
Tanggu

Meihe River Bridge,
Ninghe County

Xiaoxinhe River
Bridge, Ninghe
County

Chaobaihe River
Bridge, Baodi
County

Bridge #1, Jintang
Highway

Quhuangdian
Bridge, Luannan
County

Anniudian Bridge,
Luannan County

52

53

54

55

56

57

58

59

60

No.

Name and Location
of Bridge

VIII
Intact

VIII
Intact

VIII
Type III

VIII
Type II

VIII
Type II

VIII
Type I

VIII
Type I

VIII
Type I

VIII
Type II

Intensity,
Type of
Damage

sandy clay

sandy clay

soft soil

saturated fine sand

Foundation Soil

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

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

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

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

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

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

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

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

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

Structure in Brief

Table 1(a). Continued.

Intact.

Intact.

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

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

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

Riverbanks cracked and slid, columns tilted and fractured.

Fall of one span at the west bank.

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

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

Dakan Bridge,
Fengnan County

Heiyan Bridge,
Fengnan County

Bayongzhi Bridge,
Bogezhuang

Zhengjiazhuang
Bridge

Wupaigan Bridge,
east of Bogezhuang

Tangjiahe Bridge,
Laoting County

Yanzhuang Bridge,
Laoting County

Xiwangzhuang
Bridge, Laoting
County

61

62

63

64

65

66

67

68

69

No.

Name and Location
of Bridge

VIII
Type III

VIII
Type III

VIII
Type III

VIII
Type II

VIII
Type III

VIII
Type IV

VIII
Type III

VIII
Type III

VIII
Type II

Intensity,
Type of
Damage

sand, clay

clayey loam

clayey loam

Foundation Soil

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

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

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

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

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

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

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

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

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

Structure in Brief

Table 1(a). Continued.

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

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

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

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

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

Tilting and crack of pile pier.

Tilting and crack of pile pier.

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

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

Rainbow Bridge,
Changli County

Shiqiao Bridge,
Baodi County

Dayang-huang
Bridge, Baodi
County

Jintang Bridge,
Tianjin City

Anniudian Bridge,
Luannan County

Baiguantun Sluice
Gate Bridge

Changzhuang
Bridge, Laoting
Counting

Nanyinmahe River
Bridge, Changli
County

70

71

72

73

74

75

76

77

78

No.

Name and Location
of Bridge

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

VII
Ty[e IV

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

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

3 20.26 m steel stringers, caisson foundation.

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

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

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

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

Structure in Brief

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

surface soil was
clayey loam with
fine sand
underneath

sandy clay

clayey loam

Foundation Soil

VIII
Type II

VIII
Type IV

VIII
Intact

VIII
Type IV

VIII
Type II

VIII
Type II

VIII
Type III

VIII
Type III

Intensity,
Type of
Damage

Table 1(a). Continued.

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

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

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

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

Piers and abutments cracked.

Piers and abutments cracked and settled.

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

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

Yanghe River
Bridge, Funing
County

Mengliuhe River
Bridge, Lulong
County

Cheyuanzhai Bridge,
Qian'an County

Beishahe River
Bridge, Qianxi
County

Xinzhuangzi Bridge,
Qianxi County

Baimiaozi Bridge,
Qianxi County

Xianfeng Bridge,
Qianxi County

79

80

81

82

83

84

85

86

No.

Name and Location
of Bridge

VII
Intact

VII
Intact

VII
Intact

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

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

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

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

VII
Type IV

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

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

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

Structure in Brief

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

Foundation Soil

VII
Type III

VII
Type III

VII
Type III

VII
Type IV

Intensity,
Type of
Damage

Table 1(a). Continued.

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

Side walls of abutments settled and cracked.

Bridge gore of abutments settled and cracked. Otherwise intact.

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

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

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

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

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

Luanhe River
Bridge, Qianxi
County

Hongjiatun Bridge,
Zunhua County

Qinglong-wan
Bridge, Ninghe

Badaogu Bridge,
Baodi

Madao Bridge,
Wuqing

Xinkai Bridge,
Yangcun, Wuqing

Xiaoshizhuang
Bridge

Daozuo Bridge #1

87

88

89

90

91

92

93

94

95

No.

Name and Location
of Bridge

VII
Type IV

VII
Type IV

VII
Type IV

VII
Type III

VII
Type III

VII
Type III

VII
Intact

VII
Type IV

VII
Intact

Intensity,
Type of
Damage

sand pebble

Foundation Soil

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

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

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

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

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

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

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

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

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

Structure in Brief

Table 1(a). Continued.

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

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

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

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

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

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

Intact.

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

Side walls of abutments cracked.
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Ningchegu Bridge,
Tanggu

Jinzhonghe River
Bridge, east suburb
of Tianjin City

Dongditou Huabei
Bridge, north suburb
of Tianjin City

Yinhe River Bridge,
north suburb of
Tianjin City

Xiaosunzhuang
Bridge west suburb
of Tianjin City

Wanjiamatou
Bridge, west suburb
of Tianjin City

Ziyahe River Bridge,
west suburb of
Tianjin City

Xianqi #2 Bridge

Xianqi #7 Bridge,
south suburb of
Tianjin City

Dongfeng Bridge,
south suburb of
Tianjin City

96

97

98

99

100

101

102

103

104

105

No.

Name and Location
of Bridge

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

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

VII
Type IV

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

Slight damage.

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

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

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

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

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

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

Damage in Brief

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

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

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

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

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

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

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

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

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

Structure in Brief

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

pebble with sand

Foundation Soil

VII
Type III

VII
Type III

VII
Type IV

Vii
Type III

VII
Type IV

VII
Type IV

VII
Type IV

VII
Type IV

VII
Type II

Intensity,
Type of
Damage

Table 1(a). Continued.

102

Beiweidi Bridge,
south suburb of
Tianjin City

Xiliucheng Bridge,
Jinhai County

Hongfangzi Bridge,
Laoting

Bali Bridge, Laoting

Sandaohe Bridge,
Laoting County

Erdaohe Bridge,
Laoting County

Datanghe River
Bridge,
Qinhuangdao

Xiaotanghe River
Bridge,
Qinhuangdao

Chitushan Bridge,
Qinhuangdao

Nanyanghe River
Bridge, Funing
County

106

107

108

109

110

111

112

113

114

115

No.

Name and Location
of Bridge

VII
Intact

VII
Intact

VII
Intact

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

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

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

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

VII
Intact

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

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

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

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

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

Structure in Brief

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

silty fine sand

silty fine sand

Foundation Soil

VII
Intact

VII
Intact

VII
Type III

VII
Type III

VII
Type III

VII
Type IV

Intensity,
Type of
Damage

Table 1(a). Continued.

Intact.

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

Intact.

Intact.

Intact.

Intact.

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

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

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

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

Damage in Brief
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Xiyanghe River
Bridge.

Nanshahe River
Bridge, Zunhua
County

Lihe River Bridge,
Zunhua County

Pinancheng Bridge,
Zunhua County

Guohe River Bridge,
Zunhua County

Beidaihe Bridge,
Qinhuangdao

Mengtuandi Bridge,
Lulong County

Xiapandian Bridge,
Qian'an County

Wuli Bridge, Zunhua
County

Yinzhuang Bridge,
Qian'an County

Huanguanying
Bridge, Qian'an
County

Panjiakuo Luanhe
River Bridge

Liutianzhuang
Bridge, Lulong
County

116

117

118

119

120

121

122

123

124

125

126

127

128

No.

Name and Location
of Bridge

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

VII
Intact

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

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

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

5 6.0 m slabs. Stone masonry piers and abutments.

5 6.0 m slabs. Stone masonry piers and abutments.

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

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

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

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

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

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

Structure in Brief

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

Foundation Soil

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

VII
Intact

Intensity,
Type of
Damage

Table 1(a). Continued.

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

Intact.

Intact.

Intact.

Intact.

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

Intact.

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

Intact.

Intact.

Intact.

Intact.

Intact.

Damage in Brief
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Shuang-fenghe River
Bridge, Fengrun
County

Balizhuang Bridge,
Yutian County

129

130

No.

Name and Location
of Bridge

VII
Type III

VII
Type III

Intensity,
Type of
Damage
Foundation Soil

3 6.0 m slabs. Stone masonry piers and abutments.

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

Structure in Brief

Table 1(a). Continued.

Slope protection at abutments cracked.

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

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

No.

Name and
Location of
Bridge

Intensity,
Type of
Damage

Foundation
Soil

Structure in Brief

Damage in Brief

1

Houbianzhuang
Bridge

XI
Type I

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

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

2

Douhe Water
Pipe Bridge

IX
Intact

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

Main structure intact, cracks occurred only at
side walls.

3

Xiaojji Bridge

IX
Type I

28 5.326=157.7 m.

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

4

Hongqi Bridge

VII
Intact

2-span pedestrian bridge.

Essentially no damage.

5

Funu Bridge

VII
Intact

4-span pedestrian bridge.

No damage.

6

Yahong Bridge

VIII
Type II

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

Deformation of wooden pile bent,
discernible damage to superstructure.

7

Quhuangdian
Bridge

VIII
Type II

12 4.4 m spans, total length 53.4 m.

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

8

Anniudian
Bridge

VIII
Type I

11 3.7 m spans, total length 46.3 m.

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

9

Xiaoshuantuo
Bridge

VIII

10

Jiaoliu Bridge

VIII
Type II

11

Huangtuo Bridge

Type II

12

Weizhuang
Bridge

13

no

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

7 5.5 m spans, total length 40 m.

Pile bents deformed, displacement of bridge
deck.

Type II

6 5.0 m spans, total length 30 m.

Pile bents tilted.

Huanggezhuang
Bridge

Type I

9 4.5 m spans, total length 44.7 m.

Pile bents tilted.

14

Bijiakou Bridge

Type II

12 5.2 m spans, total length 68 m.

8 spans collapsed.

15

Huangkou
Bridge

Type II

18 4.5 m spans, total length 81 m.

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

Name of Bridge

Nos.

Percentage
of Bridges
in the Area

Percentage
of Bridges
Investigated

Type I

Shengli Bridge, Nuzhizhai Bridge, Xiazhuang Bridge,
Daodicun Bridge

4

17.40%

3.10%

Type II

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

7

30.40%

5.38%

Type III

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

5

21.70%

3.84%

Type IV

Xiyao Bridge, Leizhuang Bridge, Huaxin Sluice Gate Bridge

3

13.00%

2.31%

Type V

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

4

17.40%

3.07%

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

Name of Bridge

Nos.

Percentage
of Bridges
in the Area

Percentage
of Bridges
Investigated

Type I

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

9

64.30%

6.92%

Type II

Hanjiahe Bridge, Hangu Bridge

2

14.3%

1.53%

Type III

Zhakou Bridge

1

7.10%

0.77%

Type IV

Dujiakan Sluice Bridge

1

7.10%

0.77%

Type V

Yeli Submersible Bridge

1

7.10%

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

Name of Bridge

Nos.

Percentage
of Bridges
in the Area

Percentage
of Bridges
Investigated

Type I

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

5

12.80%

3.84%

Type II

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

9

23.10%

3.92%

Type III

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

16

41.00%

12.31%

Type IV

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

6

15.40%

4.61%

Type V

Anniudian New Bridge, Anniudian Bridge, Quhuangdian
Bridge

3

7.60%

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

Name of Bridge

Type I

Nos.

Percentage
of Bridges
in the Area

Percentage
of Bridges
Investigated

0

0

0

Type II

Zhangzhuang Bridge, Ningchegu Bridge

2

3.70%

1.53%

Type III

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

13

24.05%

10.00%

Type IV

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

14

25.95%

10.87%

Type V

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

25

46.30%

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

Intensity

Type of
Damage

Name of River

Shengli Bridge

5.40

XI

I

Douhe

clayey loam

Yuehe River Bridge

9.10

XI

II

Douhe

clayey loam

Nuzhizhai Bridge

6.00

XI

I

Douhe

clayey loam

Xiazhuang Bridge

2.22

XI

I

Douhe

clayey loam

Daodi Bridge

3.20

X

II

Douhe

clayey loam

Quzhuang Bridge

1.13

X

II

Douhe

clayey loam

Hanjiahe River Bridge

1.50

IX

II

Douhe

clayey loam

Power Plant Bridge

0.85

X

II

Douhe

clayey loam

Power Plant Qiyi Bridge

2.34

X

II

Douhe

clayey loam

Steel Plant Bridge

0.50

X

III

Douhe

hard plastic
clay

Dazhong Bridge

1.20

X

II

Douhe

clayey loam

Wangtu Major bridge

2.45

VIII

II

Wangtu Bridge

2.40

VIII

I

Huopao Bridge

1.40

VIII

III

Lutai Bridge

1.77

IX

I

Ji Canal

soft clay

IX

I

Name of Bridge

Yanzhuang Bridge
Hanuo Bridge

2.10

IX

II

Nancaicun Bridge

2.50

VIII

\I

Yujialin Bridge

0.19

VIII

III

Sicundian Bridge

0.83

VIII

II

Jituo Bridge

1.90

VIII

II

Daodicun Bridge

2.70

X

I

Tangjiahe River Bridge

1.00

VIII

III

Ji Canal

Douhe

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

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

Photo 4. Girders dropped due to lateral displacement.
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Photo 5. Local damage to the superstructure.

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

Photo 8. V-shaped tilting of pile piers.

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

Photo 11. Cracks on top of a pile.

Photo 12. Local cracks on a pile pier.

Photo 13. Ejection of sand around a pile; separation of
the pile from the soil.
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Photo 14. Earthquake damage to bearings.
(a) Pulled out felt bearing; (b) Same as (a); (c) Tilting of rocker
bearing; (d) Crushing of rocker bearing; (e) Displacement of
elastomeric bearing; (f) Roller bearing dropped onto ground
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Photo 15. Earthquake damage to bridge abutments.
(a) Tilting of abutment column; crack and settlement of abutment; (b) Breast wall pulled out; (c)
Horizontal crack on abutment
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Photo 16. Crack at slide plane in test pit at west
abutment (15.7 m from bridgehead).
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Figure 1. Location of bridges in high intensity zone.
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Figure 2. Location of main bridges damaged by the Tangshan earthquake.

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

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

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

Type of
Damage
Number
of Bridges

Collapse

Severe
Damage

Moderate
Damage

Minor
Damage

Intact or
Essentially
Intact

6

2

8

6

10

Total
32

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

Collapse

X

1

IX

3

VIII
VII

Severe
Damage

Moderate
Damage

Minor
Damage

Intact or
Essentially
Intact

1

Total
2

1

3

2

2

11

1

3

3

2

9

1

1

6

10

2

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

Intensity Collapse

Severe
Damage

Moderate
Damage

IX
good
foundation

Intact or
Essentially
Intact

1

VIII

1

VII

2

Total

poor
foundation

Minor
Damage

1

X

1

IX

2

VIII
Total

3

1
2

2

3

2

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

Intensity

Collapse

Severe
Damage

Moderate
Damage

Minor
Damage

Intact or
Essentially
Intact

IX

1

1

1

1

2

VIII

good
foundation

1

VII
Total

poor
foundation

1

1

1

X

1

IX

1

VIII

1

VII

2

Total

2

1

1

4

2

7

1

1
1

4

1

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

Structure and Soil
Foundation

Type of
Damage

IX

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

minor
damage

Baodi
County

VIII

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

intact or
essentially
intact

Intact.

Qiantu Bridge

Changli
Coungy

VII

Single-span 12 m twoway curved arch.

intact or
essentially
intact

Intact.

Lukou Bridge

Xianghe
County

VII

Single-span 15 m shell
bridge.

intact or
essentially
intact

Intact.

Location

Intensity

Zhaogezhuang
Bridge

Tangshan

Sizhuangzi
Bridge

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

Type of
Damage

Location

Intensity

Structure and Foundation

Damage Details

Linguantun
Bridge

Tangshan

X

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

collapse

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

Yelihongqi
Bridge

Tangshan

IX

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

collapse

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

Ji Canal
Bridge

Ninghe
County

IX

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

collapse

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

Da'an Bridge

Tianjin

IX

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

moderate
damage

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

Geguxin
Bridge

Tianjin

VIII

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

moderate
damage

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

Location

Intensity

Structure and Foundation

Type of
Damage

Damage Details

Xiaojinzhuzng
Bridge

Tianjin

VIII

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

minor
damage

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

Wuzhiqu
Bridge

Tianjin

VIII

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

minor
damage

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

LuanxianTangshan
Bridge

Between
Luanxian
County
and
Tangshan

VIII

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

moderate
damage

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

Intensity

Structure and Foundation

Type of
Damage

Damage Details

Xiaobozhuang
Bridge

Nignhe
County

IX

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

collapse

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

Yanghuazhuang
Bridge

Ninghe
County

IX

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

severe
damage

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

Nanmaizhu
Bridge

Ninghe
County

IX

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

moderate
damage

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

Dayuzhuang
Bridge

Ninghe

IX

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

minor
damage

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

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

Intensity

Structure and Foundation

Type of
Damage

Damage Details

IX

15×1.6 m circular piers.

intact or
essentially
intact

Intact.

Xiangshuihe
River Bridge

Luanxian
County

IX

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

intact or
essentially
intact

Intact.

Dongfeng Bridge

Luanxian
County

VIII

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

intact or
essentially
intact

Intact.

Zhuanggezhuang
Bridge

Changli
County

VII

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

intact or
essentially
intact

Intact.

Guiyizhai Bridge

FengrunQianxi

VII

6 spans of 4 m stone
arches.

Intact.

Xishae River
Bridge

Changli
County

VII

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

Shuangchenge
River Bridge

Yutian
County

VII

3 spans of 6 m stone arch
bridge.

intact or
essentially
intact
intact or
essentially
intact
minor
damage

Gaoqiao Bridge

Yutian
County

VII

5 spans of 3 m stone arch
bridge

intact or
essentially
intact

Intact.
Longitudinal and transverse
cracks along the mortar
joints of the arch ring, not
much deformation of the
ring.
Intact.
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Table 5(d). Earthquake damage to continuous arch bridges on poor foundations.
Name of Bridge

Structure and Foundation

Type of
Damage

Location

Intensity

Damage Details

Houtun
Submersible
Bridge

Tangshan

X

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

moderate
damage

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

Touzitou Bridge

Luanxian
County

IX

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

moderate
damage

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

Shimen Bridge

Lulong
County

VIII

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

moderate
damage

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

Shengli Bridge
at Lintingkuo

Buodi
County

VIII

2×17 m two-way curved
arch bridge.

minor
damage

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

Xiaotun Bridge

Luannan
County

VIII

2×3 m brick arch bridge.

severe
damage

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

Dongjiapu
Bridge

Laoting
County

VII

4 span 2 m brick arch
bridge.

collapse

Both abutments settled
seriously. One side span on
one bank collapsed into the
river, all other arch rings
seriously cracked.
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Table 5(d). Continued.
Name of Bridge

Location

Intensity

Type of
Damage

Structure and Foundation

Damage Details

Liulinzi Bridge

Changli
County

VII

5 span 5 m stone arch
bridge.

moderate
damage

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

Nancaicun
Bridge

Wuqing
County

VII

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

collapse

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

Table 6. Earthquake damage to Nancaicun Bridge.
Pier Number

1

2
1.22

3

4
0.20

5
0.06

6

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

0.63

0.25

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

13°
→

6°
→

6°
→

5°
←

4°
←

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

6°↓

2°↓

1°↑

1°↑

2°↑ 3°↓

6°
←

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

Rise
Ratio

Number of
Spans

Max. Height
of Pier (m)

Xiaobozhuang
Bridge

22

1/7

10

9

Yanghuazhuang
Bridge

22

1/7

8

5.82

Nanmaizhu Bridge

22

1/7

6

5

Dayuzhuang Bridge

17

1/6

3

2.8

Name of Bridge

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

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

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

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

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

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

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

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

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

The Shengli Bridge (Victory Bridge) is located in the southeast corner of Tangshan City
crossing the Douhe River in an east-west direction. Completed in 1966, the bridge connects
Shengli Road in the urban area of Tangshan in the west and Tianjin-Qinghuangdao Highway in
the east. The Tangshan earthquake, M7.8 on the Richter scale, created destructive displacements
such as sliding of abutments toward the river, tilting of pier shafts and longitudinal displacement
of the superstructure. An aftershock on the same day, 7.1 in magnitude, caused additional severe
damage by breaking the columns of Pier #4 and dropping the two adjacent spans. Photo 1 shows
a full view of the bridge after the quake.
I. General Features of the Structure
1. Superstructure
The superstructure of this bridge consisted of pre-cast reinforced concrete T-girders (10.80 m
in length) simply supported over five spans of 11 m each. The total weight of the superstructure
for one span was 128 tons and the weight of each cap beam was 25 tons. Asphalt felt was used
for bridge bearings. The bridge deck had a clear roadway width of 10 m with a 1.50 m sidewalk
on each side. The design loads were Truck-13 and Tractor-602.
2. Substructure
The bridge adopted column piers composed of tri-column, single-bent bored piles. Pier
columns tapered from 1.0 to 0.8 m in diameter hence, forming variable column sections. The
design height of the column was 6.6 m but the actual height was 6.10 to 6.20 m. The piles were
1.0 m in diameter and 18 m in design length and were founded on a dense layer of light silty clay
loam. Twelve φ19 mm re-bars were used for each pile and each column with the reinforcement
extending to 1.2 m below the ground surface. Abutments were back-leaning solid walls with a
mortar rubble slope protection and monolithic concrete foundation. Breast walls were built with
rubble masonry on top of reinforced concrete coping of bridge seat. Abutments were founded on
a loose layer of saturated medium to fine sands and were back-filled with ordinary clay loam
which was insufficiently compacted. There was dense and fairly thick whitish-gray soil behind
the breast wall of the east abutment and comparatively loose and soft backfill soil behind the
breast wall of the west abutment.
Figure 1 is a design drawing which presents the superstructure and substructure details.
1
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This is a Chinese standard highway design loading more often used in the past where the
structure and its elements are designed by Truck-13 and checked by Tractor-60 loads. Truck13 loading consists of a train of 13-ton standard trucks and one 16.90-ton heavy truck, Tractor60 loading includes only one 60-ton tractor.
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II. Geological Features
The Douhe River crossed by the Shengli Bridge originates on the southern side of Mount
Huashan in Qianxi County. Having a total length of over 130 km the river passes through
Fengren County and Tangshan City and empties with the Jianhe River into the Bohai Sea in
Fengnan County. Regulated by the Douhe Reservoir the discharge of the Douhe River at the
bridge site has been stable with no significant alluvial deposits in the riverbed since 1957. The
maximum water depth under the bridge was about 1.0 m at the time of the earthquake. The
Shengli Bridge is located in the middle reach of the river. The soils are Quaternary deposits with
a total thickness of up to 100 m. The surface layer consists of hard plastic clay loam 3-6 m thick
that is underlain by layers of sandy clay and clay-loam or clay of variable grain sizes and
densities. Close to the surface layer there is a layer of loose fine sand which has a relatively low
penetration value N and is liquefiable, see Figure 4 for details. The ground water level is
comparatively shallow and lies at the interface of the overburden and the sand layer.
III. Earthquake Damage
Located in a XI-degree earthquake intensity zone the Shengli Bridge had a minimum
distance of 1.6 km from the tectonic fault zone where the earthquake originated. The angle
between the direction of the bridge and the general strike of the fault was approximately 60
degrees. Earthquake damage to the whole bridge is shown in Figure 2.
1. Ground damage
The ground around the bridge site exhibited such phenomena as ejection of water and sand,
sliding of riverbanks, deformation of the river channel as well as ground fissures and
subsidences.
The original riverbed had a design bottom width of 38 m and a design top width of 75 m.
The height from the riverbed to the bottom of the girder was 7 m. Due to sliding of the
riverbanks caused by the earthquake, the rubble paved ditches built on the side slope shifted and
fractured with a vertical dislocation of 60 cm. Wire poles on side slopes slid and tilted toward
riverbanks. There was a 90 cm relative rise of the river bottom which led to a 2 m uplift of the
steel water pipes originally laid on the riverbed. Several tension fissures were found in the
ground along both banks and the fissures on the east bank (in the direction of Qinhuangdao)
were more prominent with crack widths up to 1-3 m. Figure 3 shows the locations of fissures.
The subgrade behind the bridgehead on the east bank presented undulating subsidence and the
maximum relative settlement, 29 m from the abutment, was up to 174 cm. Excavations there
revealed shift traces and the slide surface of the soil layer. The faulting movement of soil layers
and the sliding of subgrade along the riverbank found by examining the test pits are shown in
Figure 4. The subgrade behind the bridgehead on the west bank suffered less severe subsidence
and fissures than those on the east bank. The relative settlement of the pavement close to the
abutment was about 40 to 60 cm. Mounds of ejected sand could be seen within 200-500 m
behind the abutment.
Judging from the postearthquake ground features on both banks, the affected range of bank
sliding of Shengli Bridge measured from the abutments was approximately 5 H on the east bank
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and about 3 H on the west bank while the affected depth of the sliding was around 1.5 H (H is
the depth of the riverbed).
The ground on the east bank sustained more severe damage, hence, having a greater affected
range than on the west bank. According to the boring data obtained from the east bank, the
penetration value of the shallow soil layer within the settlement area at the bridgehead up to a
point of 29 m was very low and was distinctly increasing just beyond the limit of settlement.
The east bank was therefore thought to be an ancient river channel.
2. Damage to the bridge structure
(1) Abutment sliding and span shortening
The abutments on both banks slid with the soil mass on the bank slope toward the river
causing compressive shortening of spans. Field surveys found that the distances between the
front edges of the abutments had been reduced by 374 cm at the upstream side and 342 cm at the
downstream side, and that the total length of the bridge had been shortened by an average of
358 cm or 6.7% of the design length.
In order to calculate the displacement at the abutments drilling explorations were carried out
point by point for the central pile of Pier #1 (numbers counting from the east bank), and the
displacement features of the pile obtained are presented in Figure 5. The pile (column) shaft
tilted by varying inclinations from a point 6.68 m below the ground (elevation: 4.26 m) up to the
pier top but remained plumb from elevation 4.62 m down to the pile tip. Assuming that the pile
shaft below 4.26 m underwent no horizontal integral movement, the displacement of the pier top
calculated from the pile displacement was 250 cm and the sliding distances of both abutments
determined, in turn, by the pier displacement are as follows:
∆e=1,030+250-1,035=245 cm, for the east abutment,
∆w=358-245=113 cm, for the west abutment
where, the figure 1,030 is the design distance between the center of Pier #1 and the front edge of
the east abutment coping of the bridge seat (see Figure 2), while figure 1,035 is the measured
distance from the center of Pier #1 to the front edge of the east abutment coping of the bridge
seat.
(2) Displacement, cracking and failing of piers
The columns of Piers #1 to #3 tilted almost parallel to the river center line, but the loading
pattern and displacement of Pier #4 located on the west bank slope was different. For Pier #4 the
shaft below the ground was acted on by the soil mass sliding toward the river while its top was
pushed by the longitudinal force of the bridge structure toward the bank, thus, making the piles
and column axis bend twice.
The locations of cracks and failure of piles (columns) depended on the tilting and displacing
patterns. For Piers #1 to #3, except for severe circular cracks and minor dislocations that
occurred at the connections of bent caps and pier tops, only a few fine cracks were found on the
rest of the exposed portions above the ground. No apparent cracks were discovered at the
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joining parts of the pile extension (about 120 cm below ground) by excavation checks made on
the buried part. For this kind of displacement the most unfavorably stressed position of the pile
shaft should be in a place close to the interface of the stable soil layer and the sliding soil layer.
In other words, cracking and failure may occur at the turning point of the pile axis. All 3 piles of
Pier #4 broke at the joining places of the pile extension (130 cm underground) with neat
breaking faces. The upper shafts of piers fell after breaking toward the west bank and lay under
the collapsed girders, see Figure 2 and Photo 2.
(3) Displacement of spans and dropping of girders
All the main girders of various spans for the entire bridge displaced in the same direction as
the piers toward the west bank and as a result sheared the breast wall at the west abutment and
pushed it backward together with the soil mass behind the wall. The girder ends moved
horizontally beyond the spans with a maximum distance of 349 cm.
In the direction of the bridge the relative longitudinal shifting between the girders and piers
was generally 10-24 cm leaving obvious traces on the bottom side of the girder ribs. In the
transverse direction lateral displacement of the superstructure in the upstream direction was
observed. Girders in Spans #1 and #2 shifted laterally by 22 cm relative to Pier #1 while those in
Spans #2 and #3 had a lateral movement of 9 cm relative to Pier #2. No distinct changes were
found in other spans.
From displacement features that existed in this bridge it is clear that the structural strength of
the abutment breast wall has had a direct influence on the pattern of displacement and the extent
of damage
(4) Settlement of piers and abutments
Severe settlement was another damage feature of this bridge. The abutments had shallow
embedded foundations with the design elevation of the bottom of the foundation being only 40
cm lower than the ground level of the riverbed and were directly founded on layers of loose and
saturated medium to fine sands with uniform grain sizes. Differential settlements and tilting of
the abutments were caused by bank sliding and liquefaction of the sand and soil. The east
abutment tilted backward by about 5° and the west abutment by 5°34'.
Surveys were carried out according to a benchmark newly established after the earthquake
and the elevations of each pier and abutment obtained are shown in Table 1.
(5) Other local damage to the bridge structure
Most of the ribs at girder ends were pressed together due to the displacement of piers and
girders. Concrete was broken and spalled locally and reinforcement was exposed at the contacts
of ribs and cap beams. However, other parts of the main girders remained sound with the
exception of the girder ends. Abutment caps and cap beams suffered crushing and tension cracks
only at edges of local contact areas with the main girders, as shown in Photo 3. Steps were
created due to vertical faulting between the girder ends after the pier shafts had tilted, the
concrete deck paving spalled forming a gap 19 cm from the main girder. Although the
superstructure sustained extensive longitudinal and transverse displacements it still maintained
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its longitudinal and horizontal integrity and the connections of the girders of the dropped spans
showed no apparent cracks.
The masonry of the wing walls of both abutments was badly cracked after sliding,
settlements and tilting of abutments, with substantial cracks in the abutment proper along the
horizontal mortar joints below the coping, see photo 4.
In summary, the principal phenomena of earthquake damage to the Shengli Bridge consisted
of abutments that slid, shortened spans, tilted and failed piers, a longitudinally displaced
superstructure and dropped girders, all resulting from ground deformations and bank sliding in
liquefaction areas.
(Translator: Bangben Huang )
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Photo 1. A post-earthquake view of Shengli Bridge.

Photo 2. A broken column at Pier #4.

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

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

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

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

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

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

Photo 2. Pier top damage.

Photo 3. Broken column at Pier #4.

Photo 4. Post-earthquake view of Nuzhizhai Bridge.

158

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

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

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

The Shahe River Bridge in LeizhuangVillage is a major bridge on the Tianjin-Qinhuangdao
Highway. Located in Tangshan in a direction approximately N60°E, the bridge is about 35 km
away from the city's urban area and 15 km from the epicenter of the 7.1 magnitude (Richter
scale) earthquake that occurred in Luanxian County. The bridge site is situated exactly on the
N80°E line connecting the epicenter of the 7.8 magnitude earthquake in Tangshan and the
epicenter of the earthquake in Luanxian. The intensity at the bridge site was IX.
I. Structural Type and Geological Features
The Shahe River Bridge was first built in 1965 with 12 spans of reinforced concrete Tgirders originally completed on the east bank, and 7 spans of reinforced concrete voided slabs
later extended on the west bank. The width of the deck was 7 m with a 0.75 m sidewalk on each
side. Felt bearings were used on the piers of T-girders and voided slab spans, multi-roller
bearings were adopted on the abutments.
The substructure consisted of twin-column piers and abutments with bored pile foundations.
The pier height was about 3.5 m in the main channel and 1.8 m on the over-bank. The
penetration depth of piles varied from 12 to 16 m.
Pier #12 (counting from the east bank) was located on top of the slope dividing the river
channel and the over-bank and constituted the west abutment of the original bridge and acted as
the central pier for the extended spans. Figure 1 is a sketch showing structural details of the
entire bridge.
The riverbed was wide and shallow at the bridge site with a maximum water depth of
approximately 1.0 m when the earthquake struck. Soil conditions of the riverbed are shown in
the borehole log (Figure 1). In a depth range of 23 m below the ground level there are mostly
layers of saturated silty to fine sand interbedded with relatively thin layers of weak light clayloam. Sand was ejected around the piles of all piers on the west bank during the earthquake.
Judging from the analysis and comparisons of the samples taken from the site, liquefaction
occurred in the soil layer 9.4 m under the ground.
II. Earthquake Damage
1. At Pier #12 which was located on the boundary line between the T-girder and the voided
slab, the bent caps and pier columns were hit at their connections by the T-girders and collapsed
toward the west with broken steel bars. The main girders of Spans #12 and #13 dropped on the
ground as shown in Photos 1 and 2 and Figure 2.
* Hebei Provincial Communications Planning and Design Institute
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2. Most piers and abutments sustained tilting displacements to various extents along the
direction of the bridge. The general trend of displacement revealed that all piers and the
abutment on the east side tilted west and a large number of piers on the west side inclined east
which led to relative compression of the spans toward the main channel. Displacement of piers
at the transition section between the channel and the over-bank was distinctly greater. The top of
Pier #11 displaced 73 cm, see Figure 3 (a to c).
The east abutment not only tilted badly toward the river but it also settled by 17 cm. The
bearings were damaged by shearing with a 30 cm dislocation relative to the superstructure. The
masonry retaining wall behind the abutment was severely fractured. The west abutment
however, exhibited comparatively light damage and the tilting of abutment columns was not
discernible.
3. Both longitudinal and lateral displacements occurred at the superstructure with
longitudinal movements essentially in a westward direction and lateral movements invariably in
a northward direction as shown in Figure 3(d). The relative longitudinal dislocation between the
T-girder ends and the pier tops amounted to 10-20 cm in general where the maximum
displacement took place at Pier #11 which dislocated as much as 1.07 m. The voided slabs
generally sustained minor shifting of position.
4. On all the piers and abutments 1 to 3 horizontal circumferential cracks 1-3 mm wide and
several diagonal cracks occurred at the connection of the column head and bent cap. Piers #5,
#10, #11 and #12 cracked badly at pier heads with crushed concrete and exposed reinforcement.
No apparent cracks were observed on pier shafts adjacent to the ground surface. In order to find
out the conditions of cracking at pile columns embedded in the ground, excavations were carried
out to inspect the east abutment and Piers #11 and #12. The results are shown in Figure 4 where
it can be seen that the depths of cracks on piers were located 1.4-2.5 m below the ground with
varied crack widths between 0.2 and 0.4 mm.
5. Main girders in all spans essentially remained sound and no pounding fractures were
noticed between girders, piers and abutment caps. Other local failures consisted mainly of
crushing of deck paring concrete around the expansion joints and breaking of sidewalks and
railings close to bridgeheads.
(Translator: Bangben Huang)
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Photo 1. A post-earthquake view of Shahe River Bridge.

Photo 2. A close view of broken bent caps and fallen
girders.

164

Figure 1. Structural sketch of Shahe River Bridge in Leizhuang.

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

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

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

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

9

10

Upstream
Pile

4.0

4.5

Downstrea
m Pile

3.0

5.0

15

3.0

19

22

27

28

29

30

8.5

6.0

10.0

2.5

2.0

1.0

8.0

7.0

8.0

3.0

2.0

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

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

Photo 3. Cracks on pier shaft.

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

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

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

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

Tangshan Prefectural Bureau of Communications

2

Research Institute of Highway Sciences, Ministry of Communications

3

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

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

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

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

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

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

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

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

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

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

The span

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

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

2

Tianjin Municipal Engineering Bureau
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2. Substructure
The structural type and main dimension of various piers and abutments are listed in Table 1.
3. Bearings
The fixed and moveable bearings for the whole bridge are laid out in Figure 2. Bearings
include rocker bearings, tangent bearings and asphalt felt bearings arranged in the following
manner:
(1) Felt bearings are used for the 6.8 m slabs.
(2) Steel plate tangent bearings are provided for the 14 m T-girders.
(3) The 22 m T-girders adopt tangent steel plates for fixed bearings and small reinforced
concrete rockers for moveable bearings.
(4) The 54 m tied arch takes tangent steel plates as fixed bearings and big reinforced concrete
rockers as moveable bearings. Sectional dimensions are 40×70 cm and the height is 80 cm.
4. Loading criteria
Design loads adopted for this bridge are Truck-13 and Tractor-60 (see footnote by the
translators for the Shengli Bridge) as specified in the "Design Criteria for Highway Engineering
Projects" which is a Chinese official specification promulgated by the Ministry of
Communications in 1956.
5. Subsoil conditions
The subsoil in the riverbed and along the riverbanks consists of gray silty sand loose and
saturated, gray plastic clay and yellow plastic clay-loam. Soil distribution in the riverbed is as
follows. There is a loose and saturated layer of gray silty sand above the elevation of -12 m with
a design bearing capacity of 10 kg force per square centimeter. The underlying layers consist
successively of gray plastic clay 0.6-1.0 m thick, yellow plastic clay loam, and gray sand
interlaced with silty sand and fine sand with a cumulative thickness of 2.0-7.0 m and a design
bearing capacity of 1.5 kg force per square centimeter. A layer of yellow silty sand exists below
a depth of 25 m with a design bearing capacity of 1.5 to 2.0 kg force per square centimeter. The
geological log of bored holes drilled into the riverbed is presented in Figure 1. Pile penetration
records obtained during pile driving are listed in Table 2.
Local slope slides occurred on riverbanks during construction so measures were taken by
increasing the bridge length and avoiding the unstable bank sections. But the balance of the soil
mass was again disrupted when the riverbed was dredged in 1972, and the bank slopes slid once
more. According to the survey made in May 1976, Piers #1 and #7 tilted by 1°30', the rocker
bearings of the tied arch tilted toward the Lutai side, and the expansion joint on top of Pier #6
had expanded to 11 cm. It was concluded that the sliding movement had not yet stopped at that
time.
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II. Earthquake Damage
Both the superstructure and substructure of this bridge were badly damaged during the
Tangshan earthquake. The following is a description of damage sustained by various parts of the
bridge.
1. Superstructure damage
(1) Span collapse
Both the tied arch in the central span and the T-girders in Span #2 on the Tianjin bank
completely collapsed into the river and were totally destroyed as shown in Photo 2.
Collision traces were left on the downstream side of the pier caps of Piers #4 and #5 by the
collapsing tied arch. During the dry season of the next year the wreckage of the tied arch was
found in a position slightly downstream with its Tianjin end dropped on the pier base of Pier #4;
the downstream side of its Lutai end rested on the pier base of Pier #5 and the upstream side fell
on the riverbed. Both the upper and lower chord members were broken and the upper chord
dropped toward the downstream side. Part of the deck near the Lutai bank rotated downstream
by 30 degrees whereas several deck members close to the Tianjin bank dropped onto the
riverbed and piled up, see Photos 3 and 4.
The T-girders in Span #2 on the Tianjin bank collapsed as well. The upstream part of the
girder end on the Tianjin side dropped on the pile foundation of Pier #1 and crushed the batter
pile while its downstream part fell on the bank slope. The entire girder end near the Lutai side
collapsed into the river as shown in Photos 5 and 6.
(2) Displacements
The superstructure over all the survived spans suffered longitudinal, transverse and vertical
displacements relative to the pier top with transverse displacement as the main damage.
Figure 3(a) shows the transverse displacement of the deck measured after the quake; it
indicates that the bridge deck on all spans invariably displaced transversely toward the upstream
side and the transverse displacements at the two ends of the same span were not equal. For
instance, in all spans on the Lutai bank the transverse displacements of the deck at the ends with
fixed bearings were smaller than those with movable bearings. The maximum transverse
displacements occurred in Span #6 with 29 cm on one end and 93 cm on the other making the
span rotate about the fixed bearing end, see Figure 4 and Photo 7.
The deck at Spans #4, #6 and #7 sustained the biggest longitudinal displacements where the
biggest displacements amounted to 55 cm for Span #4 toward the Lutai bank and 76 cm for
Span #6 toward the Tianjin bank.
Due to settlement of piers and abutments and failure of bearings, differential vertical
displacements occurred at the bridge deck forming steps along the bridge, see Figure 3(b).
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(3) Local damage
Local damage of various extents such as cracking in tension at expansion joints (Photo 8),
crushed or spalled concrete at deck ends and exposed reinforcement occurred in the
superstructure of uncollapsed spans, all as a result of longitudinal and transverse displacements
as well as crowding and collision of spans. Of the entire bridge the main girders in Spans #6 to
#8 on the Lutai bank suffered the most severe local damage.
2. Bearing failures
(1) Steel pins of the tangent bearings at the fixed end of the tied arch in the central span were
damaged by shearing whereas, of the two rocker bearings at the movable end, the one on the
upstream side dropped into the river and the other one on the downstream side toppled on top of
Pier #5.
(2) All rocker bearings at movable ends of T-girders over Spans #4 and #6 fell into the river.
(3) Bearings under the T-girders over Spans #2, #3, #7 and #8 sustained, to different extents,
dislocation at movable ends and rotation at fixed ends with the most distinct case in Span #7.
Photo 9 shows the concrete cushion block torn off the bearing at the movable girder end in
Span #7. The darker area in this photo indicates the concrete block newly cast after jacking up
the T-girder during restoration work after the earthquake. Rotation of the tangent bearing at the
fixed end of the girder by approximately 45° can be seen in Photos 10 and 11.
3. Substructure
(1) Tilting of piers and abutments
All piers and abutments tilted along the river and in the same direction of the bridge with
most tilting occurring in the direction of the bridge. Abutment #0 and Piers #1 and #2 tipped
toward the Tianjin bank while Piers #7 and #8 tilted toward the Lutai bank. Piers #3 to #6 had a
slight tilt toward the Lutai bank. Tilting along the river was mainly toward the upstream side.
Tilting values of various piers and abutments measured before and after the quake are listed in
Table 3.
(2) Displacement of piers and abutments
Piers and abutments had already moved toward the river due to sliding of riverbanks before
the quake. According to investigations and surveys made before the tremor, in April 1976, the
total length of the bridge had already been reduced by 0.245 m. Displacement of piers and
abutments were more obvious after the earthquake. Judging by the more or less similar results of
the two surveys made in August 1976 and March 1978 before the restoration work, the total
length of the bridge had been further reduced by 1.464 m. Displacement features consisted of
lengthening of Spans #2 and #8 and shortening of the remaining spans with the biggest
displacement in the collapsed Span #2 and the central span. Span #2 was increased by 1.334 m
whereas the central span was reduced by 1.266 m. Changes in bridge length as measured during
various surveys are summarized in Table 4. Longitudinal displacements of each pier and
abutment are shown in Figure 5 which has been prepared by comparing the pre-earthquake data
measured in April 1976 with the pre-restoration data obtained in March 1978.
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(3) Settlement of piers and abutments
Table 5 lists the settlement of each pier and abutment. As the data obtained after the quake
in 1976 is not complete, the elevations listed in Table 5 adopt the data measured before
restoration in 1978 and the two sets of data are found essentially alike. Since the benchmark
levels have already changed since the earthquake there is no way to determine the absolute
settlement of each pier and abutment by making direct comparison with the as-built data.
Therefore, only relative variations of differential heights of adjacent piers and abutments before
and after the tremor have been calculated.
(4) Fractures and cracks
Aside from tilting, displacement and settlement all piers, and abutments sustained fractures
and cracks of various degrees with the most serious case at Pier #4. Damage of this kind was as
follows:
(a) Pier #1 was damaged by the falling girders of Span #2. The batter side pile on the
downstream side was crushed and concrete was spalled and reinforcement was exposed on the
pile top as shown in Photo 8. One crack approximately 5 cm in width occurred between the
vertical pile and the pier cap on the Tianjin side, and a fine shear crack in a 45° direction also
appeared at the bottom side of the pier cap.
(b) Fine horizontal cracks occurred 1.3-1.6 m from the ground in 14 pile columns of Pier #2
with more severe cracking of two piles on the upstream and downstream sides with the most
severe cracking on the upstream side. Cracks opened mainly on the inner side (i.e. Lutai side) of
the pile.
(c) Pier #4 was the pier with fixed bearings between the 54 m tied arch and the 22 m Tgirders and it suffered the most severe damage. Two pier columns failed completely at 1.6 m
(upstream side) and 0.9 m (downstream side) respectively above the pier base, see Photo 12. All
cracks extended through the entire section with a crack width up to 5 cm, with brittle and badly
spalled concrete and exposed or bent reinforcement as shown in Photos 13 and 14.
In addition, a vertical circumferential crack 20-30 cm away from the edge of the pier column
occurred at each of the upper and lower cross-tie beams and extended the entire section of the tie
beam. The lower tie-beam cracked more severely with local spalling of concrete below the crack
on the upstream side.
(d) Two vertical cracks each 30 cm away from one of the pier column edges was observed on
the Tianjin side of the lower cross beam of Pier #6 but the cracks did not extend through the
entire section of the tie beam. The rest of the piers and abutments remained essentially intact.
(e) During the dry season in 1978 an inspection of the gaps between the riverbed and the
base of Piers #4 and #5 revealed micro-cracks on some piles and pier bases. One side pile on the
upstream side of Pier #5 sustained more discernible cracks.
4. Ground failures
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The tremors created ground subsidence and fissures along the river on both banks showing
that the banks had slid toward the river. It was more severe on the Tianjin bank where 8 fissures
along the river, up to 16-20 cm in width, occurred on the embankment 51 m behind the abutment
on the Tianjin side with a relative subgrade settlement of 17 cm, see Photo 15. The approach
embankment on the Lutai bank also sustained transverse fissures although in smaller quantity
and width than the Tianjin bank. The subgrade behind the abutment on the Lutai side subsided
only 11 cm. Furthermore, distinct traces of relative settlement of bank slopes were found at the
foot of the piles of Piers #1 and #8. According to observations made during the low water period
in 1978, huge gaps formed between the bases of Piers #4 and #5 and the riverbed indicating that
the riverbed had settled as well (Photo 16).
The damaged Lutai Bridge was restored in 1979 as shown in Photo 17.
(Translator: Bangben Huang)
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Table 1. Structural features and main dimensions.

rectangular
186×254×1180

rectangular
187×488×1260

rectangular
200×490×1260

rectangular
200×254×1193

Pier Base Section
(cm)

Elliptic, height: 8.5, vertical
conical slope: 30:1, average
section size:
147×245
Elliptic, height: 10, vertical
conical slope: 30:1. average
section size:
220×288
Elliptic, height: 9.2, vertical
conical slope: 30:1, average
section size: 228×288
Elliptic, height: 8.5, vertical
conical slope: 30:1, average
section size: 147×245

Pier Column
(Section: cm)
(Height: m)

191

192

Table 2. Pile penetration records.
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Table 3. Tilting of piers and abutments measured after the earthquake in degrees.
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Table 5. Measured settlements of piers and abutments (unit: m).

-1.464

167.796

2-4

Data measured before
restoration
(March 1978)

4

167.795

-1.704

Data measured after
quake (August 1976)

3

169.26

169.505

Total
Length

1-4

Data measured before
quake (April 1976)

2

Value of variation

As-built data

Pier No.

1

Item

Table 4. Changes in c-to-c distances of piers and abutments (unit: m).
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Photo 1. A pre-earthquake view of Lutai Bridge.

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

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

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

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

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

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

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

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

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

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

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

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

Photo 16. Gap between the base of Pier #4 and the
riverbed.
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Photo 17. A full view of restored Lutai Bridge.
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Figure 1. Structural sketch of Lutai Bridge (unit: cm).

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

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

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

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

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

Photo 3. Pier pile tilted (view 1).

Photo 4. Pier pile tilted (view 2).

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

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

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

Located in Ninghe County in Tianjin City and crossing the Chaobaihe River, the Yujialing
Bridge is a long bridge on the Tianjin-Hangu Highway and is a multi-span structure with singlebent pile piers. The 13 spans near the Hangu bank were first built in 1970 and expanded a year
later to 52 spans. The bridge site is about 15 km from the estuary and approximately 65 km from
the epicenter. The bridge axis lies in a direction N85°E with an angle of 39° with the line of the
epicentral direction which is N46°E. The bridge is located in a seismic intensity zone of VIII.
I. Structural and Geological Features
The bridge is 702.50 m total in length with 52 spans each 13.50 m long, see Figure 1.
The original ground elevation at the bridge site was at an altitude of 2-3 meters. The section
of the Chaobaihe River in this particular area is more than 700 m wide and belongs to a river
with earth embankments. A deep trough with a bottom elevation of -4.31 m and a width of
approximately 90 m had been excavated along the river channel about 180 m from the Tianjin
bank.
Truck-13 and Tractor-60 loads (see footnote by the translators for the Shengli Bridge) as
specified in the “Design Criteria for Highway Engineering Projects” which is a Chinese official
specification issued by the Ministry of Communications in 1956 has been adopted as the design
loading.
Each span in the superstructure consists of 6 reinforced concrete pre-cast T-girders of small
depth with diaphragms at the girder ends but without lateral connections. The girder is 80 cm
high and 13.46 m long with a 150 cm flange width with a web thickness of 20 cm in the middle
section and 34 cm at the bottom. The total width of the deck is 9 m with a 7 m carriageway and
a 1 m sidewalk on either side. The superstructure in one span weighs 93.60 tons.
Steel rocker bearings 152 mm in diameter and 370 mm in height and with no measure to
restrain movement were provided on top of Piers #1, #7, #14, #24, #34, #45 and #53 while
asphalt felt bearings were adopted for all the remaining piers.
The substructure is composed of single-bent double-column bored piles 80 cm in diameter
and 5 m in spacing. Solid retaining walls of mortar rubble masonry have been built above the
original ground surface of the abutment pile foundation and reinforced concrete retaining slabs
have been cast-in-situ between the abutment top and the bent cap.
Bent caps cast-in-place for Piers #35 to #45 and pre-cast for all the remaining piers are also
provided on top of piers. Pile columns of Piers #35 to #44 located in the deep river trough have
an exposed height of 9.31 m. According to structural requirements, pre-cast reinforced concrete
* Tianjin Municipal Engineering Bureau
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cross-tie beams 40×60 cm in dimension and ± 0.00 m in bottom elevation are provided between
the piles. The bent cap is also of a T-section with a length of 9.20 m, a maximum depth of
1.00 m mid-span, a flange width of 1.00 m and a web thickness of 30 cm.
The as-built elevations of the pile tips at various piers and abutments are -10.14 m for Pier
#1, -15.41 m for Pier #53, -19.14 to -22.10 m for Piers #36 to #43 in the deep river trough and
-13.98 to -16.05 m for the rest of the piers.
The site investigation made in the beginning of 1976 revealed an approximate 45 cm
settlement (compared with the original design elevation) in the approaches on both banks. The
bridge deck over Piers #1 and #53 settled 230 mm and 20 mm respectively compared to the
original design. The mortar rubble retaining wall of Pier #1 settled as well with its top about
30 mm below the bent cap bottom. Pier #53 also settled by approximately 10-20 mm. The
bridge had been in a satisfactory condition until the earthquake struck.
The bridge is located in a coastal soft soil area along the Bohai Bay and is fairly close to the
sea inlet. Formed relatively late, the foundation soil consists of an alluvial stratum belonging to
an alternating deposit of marine and continental sediments of the Quaternary Period with a
comparatively high ground water level and large quantities of organic matter and shells. In
certain areas there are stiff layers of soil mixed with clams and shells with a thickness up to 3-4
m and in locations below -1.80 to -2.30 m. According to boring data obtained after the
earthquake there is silty soil 9 m below the ground, clay loam 9-14 m below the ground, clay 1416 m below the ground and clay loam again 16-25 m below the ground with silty sandy clay and
a light clay loam interlayer between the soil layers. Table 1 lists the post-earthquake data.
Standard penetration tests were performed on the soil layer of the east bank at the bridge site
and the test results are shown in Figure 2.
The bridge is situated between two active fault zones with an equal distance about 6 km from
each; the Dabamu Fault Zone and the Chadian Fault Zone both of which have a north-east strike.
II. Earthquake Damage
The earthquake left traces of some water and sand ejection along the east bank but caused no
obvious ground fissures on either bank. The as-built distance between the piles of Abutments #1
and #53 used to be 701.50 m and the actual distance measured after the quake was 701.30 m,
indicating a slight compression shortening of the bridge length. Alternating lengthening and
shortening occurred in the spans with the maximum value not exceeding 50 mm.
Circumferential cracks in the soil layer were observed around the pile columns on the Tianjin
bank, see Photo 1.
Pile columns slightly tilted with longitudinal tilting generally less than 0.5° and lateral tilting
less than 1° in general.
Relative longitudinal and transverse displacements of fixed regular patterns occurred
between the girders and piers with longitudinal displacement curves similar to a sine curve as
shown in Figure 3(a). Longitudinal movement in deck girders had not only numerical variations
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but also directional changes for example, within the range between Piers #1 and #14 the
longitudinal displacement of the main girder gradually changed from the Tianjin-oriented to
Hangu-oriented direction. At various rocker bearings peak values appeared in longitudinal
girder displacement curves with a maximum value of 149 mm on top of Pier #45, refer to Photo
2 and Figure 3(a).
Most of the main girders displaced transversely toward the downstream side of the pier and
only a few shifted transversely upstream. Bigger transverse displacements occurred at the rocker
bearing ends of main girders with a maximum value of 409 mm located on top of Pier #34, see
Figure 3(b).
Relative girder-pier movements resulted in universal damage to asphalt felt bearings with
felts being pulled out of the bearing while others were completely torn off and dropped to the
ground as shown in Photo 3.
All together 7 steel rocker bearings were provided for the entire bridge among which rocker
bearings on Piers #1 and #53 were free from damage. All rockers of the east side bearings on
Piers #7, #14 and #45 and of both east and west side bearings on Piers #24 and #34 toppled as a
result of the quake and fell into the river. As for the other piers, some rockers fell into the joints
between the girder ends of 2 adjacent spans whereas others ran transverse to the bridge with
certain rockers bouncing so far as to land beneath the end diaphragms.
The main girders in those spans where all rocker bearings on one side came off and dropped
onto the pier top caused a step-shaped deformation in the deck (Photo 4). Since some rockers
dropped beneath the end diaphragm at one side of the bearing, the bearing end of the girder was
left hanging and slanted; some of the webs of the main girders were damaged by cracks from
diagonal tension and the deck was depressed on one side as shown in Photo 5.
The distinct characteristics of damage to the pile pier shows that the damage was induced by
transverse inertia force of the earthquake which produced the worst damage to the central pier
located in the deep river trough with relatively long exposed pile columns. Damage
characteristics are further elaborated as follows:
1. Piers #1 to #26 sustained mostly vertical peripheral cracks generally 0.70 mm wide on the
inner side of the connection between bent caps and pile heads (Figure 4). The corner of the pile
head was crushed by compression.
2. Pile heads of the piers on riverbanks mostly suffered such damage as shown in Photo 6
with more serious damage to Piers #3 to #33.
3. Damage features of Piers #36 to #43 located in the deep river trough are sketched in
Figure 5, which shows that cracks on pile shafts were circumferential in shape and that vertical
cracks on cross-tie beams were wider at the upper and lower ends and narrower at mid-sections.
Vertical peripheral cracks on both ends of the cross-tie beams were more severe at the pile bents
located over the deep river trough.
All pile piers settled to various degrees. Settlements were most prominent at Abutments #1
and #53 (due to the effect of settlement and compression of fill of the dike) with relative
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settlements of 375 mm and 175 mm respectively (respective settlements of 230 mm and 20 mm
of the original as-built elevations already occurred before the quake) while settlements at
Piers #3 to #14 were smaller. Pier #39 experienced the least settlement which was, thus, taken as
the benchmark.
Post-earthquake surveys were carried out to determine damage features of the bridge and
various data obtained are summarized in Table 2.
The soil property data obtained from borehole exploration, the standard penetration tests
made, and the macro damage phenomena observed at the bridge site after the earthquake all
indicate that the liquefiable soft soil layer is embedded fairly deep and that the surface layers are
stable and did not liquefy. The longitudinal and transverse damage to the entire superstructure
exhibits the same patterns as described above with longitudinal displacement greater than
transverse displacement.
(Translator: Bangben Huang)
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Table 1. Post-earthquake boring data of Yujialing Bridge (ground elevation at boring location on the east bank foreland: 1.70 m).

213

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

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

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

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

Pile inclination along the bridge (downstream)

Pile inclination along the bridge (upstream)
Pile inclination across the bridge (downstream)
Pile inclination across the bridge (upstream)
Relative settlement of bent cap (mm)
Spacing of expansion joint (mm)
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Table 2. Damage data measured at Yujialing Bridge (unit: mm).
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cap
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13.47
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72
231
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20´
1º15´
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30´
130
14

61

47
13.48
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215

216

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

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

Photo 3. Asphalt felt bearing pulled out.

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

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

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

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

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

Located in the southern suburb of Baodi County of Tianjin City the Badaogu Bridge is a
girder bridge with single-bent and double-column bored piles. It is a concrete structure on the
highway along the left levee of the Qinglongwan River and over a man-made channel formerly
built for the purpose of diverting the Qinglongwan River into the Chaobaihe River. Bordering
the Qinglongwan River to the west the bridge happens to be situated in a traditional siltdischarging and flood-storing area for the North Canal and Chaobaihe River in north Hebei
Province. The original ground elevation was 3.20-3.40 m above the sea level.
The bridge lies the west of the epicenter at a distance of 75.50 km with its axis in a N20°E
direction. The angle between the bridge axis and the connection line linking up the epicenter
and the bridge site is 59 degrees. The bridge site is in a VIII intensity zone of the Tangshan
earthquake.
I. Structural and Geological Features
Built in 1971, the Badaogu Bridge has a total length of 239.70 m and consists of seventeen
14.10 m spans, see Figure 1.
The design loads are Truck-15 and Tractor-602 as specified in the “Tentative Design
Specifications for Highway Bridges and Culverts” which was published for trial implementation
in 1967.
The superstructure of each span consists of 5 T-girders with end diaphragms. The T-girders
are 14.06 m long and 100 cm deep with a web thickness of 16 cm and a flange width of 160 cm.
The bridge deck is composed of a 7.0 m carriageway and two 1.0 m sidewalks. There is no
longitudinal grade on the deck. The superstructure over one span has a dead weight of 94.30
tons.
All spans adopted asphalt felt bearings except for Piers #4 and #15 which use, on the channel
side, steel rocker bearings with a diameter of 200 mm and without a movement-restraint device.
The substructure is composed of single-bent and twin-column bored piles 80 cm in diameter.
Reinforced concrete tie beams 40 cm×60 cm in section and 2.80 m for the top elevation are castin-situ at Piers #5 to #14. Bent caps on top of piers are also cast-in-situ.

1

Tianjin Municipal Engineering Bureau

2

This was a Chinese standard highway design loading in which the structure and its elements
are designed by Truck-15 and checked by Tractor-60 loads. Truck-15 consists of a train of
15-ton standard trucks and one 20-ton heavy truck. Tractor-60 includes only one 60-ton
tractor.
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The bridge has a deck elevation of 8.39 m, bank elevation of 3.30 m and a deep-channel
bottom elevation of 0.00 m. The as-built elevation of the pile top is -18.30 m with a pile
penetration depth of 21.60 m into the bank and 18.30 m into the deep channel. The exposed
length of the pile column is 4.00 m above the bank and 7.30 m above the deep channel. The
abutment adopts a buried single-bent and twin-column pile foundation. Pre-cast reinforced
concrete retaining slabs each 40 cm×90 cm in dimension are provided on top of the abutment
while newly-filled approach embankments, 5 m higher than the original ground level, have been
built behind the back wall of the abutment.
The bent cap over the pile pier was designed as a simply-supported double-cantilever Tbeam with a fixed connection between the bent cap and the pile top. The distance between the
bent cap supports (the c-to-c distance between two pile columns) is 4.40 m. The bent cap is 7.60
m in overall length, 90 cm in depth, 90 cm in flange width and 40 cm in web thickness.
The bridge is along the side of the original Lizigu-Huangzhuangwa Reservoir with sandy soil
1.50 m below the ground surface. The river course at the bridge site is a new artificial channel
with a deep excavated trough and earth dike. The bank is not flooded in normal years. The
boring data have revealed a clear-cut division of soil layers from the dike to 14 m below with
interbedded clay and clay-loam layers within the range of 14.00 m to 24.00 m, silty and fine sand
layers that can be easily liquefied. The bore hole data are listed in Tables 1 and 2 while the
standard penetration blow test results obtained from soil layers at the bridgehead on the Baodi
side are shown in Figure 2.
II. Earthquake Damage
1. Relative longitudinal displacements between girders and piers
Figure 3 shows longitudinal displacement curves of the main girders, indicating continuous
changes in the direction and magnitudes of the longitudinal displacements found at main girders
over all spans of the entire bridge. Piers #1 to #8 displaced longitudinally toward the north with
a maximum longitudinal movement of 27.15 cm that occurred on the north side of the main
girder on Pier #2. This girder then pushed the girder in the neighboring span 23.65 cm
northward almost to the brink of collapse, see Photo 1. Piers #9 to #14 displaced longitudinally
toward the south with a maximum longitudinal movement of 17.75 cm that appeared at the main
girder on Pier #14. Felt bearings on top of Piers #4 and #15 were provided with reinforced
concrete cushion blocks which restricted the longitudinal movements of the main girders, all
rocker bearings on these two piers where no movement-restraining devices had been furnished
fell off completely pulling the deck apart and forming steps in the deck as shown in Photos 2 and
3. The relative longitudinal displacement of piers and girders as surveyed after the quake are
listed in Table 3.
2. Transverse displacements of girders and piers in the same direction
Lateral displacement curves plotted after the earthquake are shown in Figure 4 which
indicates that all girders and piers of this bridge displaced transversely downstream with
maximum transverse shifting occurring in spans with rocker bearings. On top of Piers #4 and
#15 the main girder dislocated prominently with saw-tooth deformations due to the unequal
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transverse movements of the main girders in adjacent spans caused by the rocker bearing with
very small friction coefficient under the girder on one side and the felt bearing with a very large
friction coefficient on the other side, see Photo 4.
3. Variation of span distances
Figure 5 presents the curve of variation of distance between pier tops measured after the
tremor from which one can see that the distances between all piers were reduced except for
Piers #5 and #6, #14 and #15 where the distances were increased. These variations were related
to the tilting of piers and longitudinal displacement of piles. The most distinct variations were at
Piers #13 to #18 on the foreland of the northern bank with such variations in pier distances under
relevant spans +8.0, +25.0, -5.0, +9.0 and +8.0 cm respectively (numbers with "+"symbol
represent distances extended while the number with "-"symbol represents distance shortened).
4. Variation in widths of expansion joint openings on the bridge deck
Figure 6 shows the curve for the variation of widths of the expansion joint openings, which
exhibits the widening of all openings of the expansion joints in 5 spans on the south side with
widening up to 6.8 cm on top of Pier #15 and the contraction of all expansion joint openings of
the 12 spans on the north side with contraction of 3.55 cm in the opening of the expansion joint
over Pier #5.
5. Bank fissures and water-sand ejections
Many ground fissures up to 1 m in width and parallel to the flow direction occurred after the
earthquake on the bank between Piers #13 and #16 on the northern bank, see Photo 5.
Widespread traces of water and sand ejection were found on the banks and beyond the levees
along both banks. Ejected water and sand were also observed at most apertures between pile
columns and the subsoil as shown in Photo 6.
6. Bank slope sliding
A damage survey revealed that there were signs of sliding of both banks and at the banks at
the bridge location toward the river as indicated by Photo 7. Gaps were left on the south side of
Piers #12 to #15 on the northern bank with a gap width up to 60-70 cm at Pier #14. Comparisons
exhibit that there were more ground fissures and water and sand ejection, and worse slope sliding
at the northern bank than at the southern bank
7. Damage to pile piers
A major feature of this type of damage was the circumferential cracks generally 0.5-2.0 mm
wide at construction joints between bent caps and pier tops, see Photo 8. A few pile columns,
though they experienced no circumferential cracks at construction joints, did sustain several
circumferential cracks 50-70 cm below the bent caps. Vertical peripheral cracks appeared on
both ends of the crossbeams. Concrete was torn loose and fell off in fragments and
reinforcement was exposed at the outer edges on both sides of the bent cap due to pulsating and
pounding of girders.
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8. Settlement of pile piers
All rows of pile piers settled to various degrees with settlement generally greater near the
banks than in the river reducing the height from 140 mm to 70 mm. Besides, the upstream and
downstream piles of the same pier suffered differential settlement with a maximum value of 120
mm
9. Shortening of bridge length
The total length of the bridge was reduced from the original 239.79 m (i.e. the overall
distance between pile columns) to 239.41 m, accounting for a shortening of 29 cm.
(Translator: Bangben Huang)
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Table 2. Boring data obtained from Badaogu Bridge, Baodixian County side (north bank).

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

7.25

East Side
Abutment

No. 1 Pier
Deck

No. 2 Pier
Deck
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Deck
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Deck

West Side
Abutment

East Side
Bank

0

12

20

20

14

1

-24

10.50

10.50

10.50

10.50

10.50

5.00
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Photo 1. South side main girder of Pier #2 displaced
longitudinally by 23.65 cm.

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

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

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

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

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

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

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

230

Figure 4. Transverse displacement curves of girders and piers
(average value).

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

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

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

1

2

3

4

5

Direction of both ends in one span

E

W

E

W

E

W

E

W

E

W

Dislocation along
bridge between
superstructure and
bearing (m)

Direction

E

E

E

E

E

E

E

E

E

W

Upstream

52

17

17

17

17

17

17

13

13

2.5

Downstream

50

16

16

16

16

16

16

10

10

Direction

S

S

S

S

S

S

N

S

N

S

Upstream

2.5

2

2

2

1

2

2

3

1

2

Dislocation across
bridge between
superstructure and
bearing (m)

Downstream

Vertical differential height of
bridge deck (cm)

2
Abut.
E

Pier #1

Pier #2

Pier #3

Pier #4

Abut.
W

0

2

5

5

5

0

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

1

Direction of both ends in one span

E

Dislocation along
bridge between
superstructure and
bearing (m)

Direction

W

Downstream

1

Dislocation across
bridge between
superstructure and
bearing (m)

W

Direction
Downstream

Width of expansion joints (cm)

2

0

E

3

4

5

W

E

W

E

W

E

W

W

W

W

W

W

W

W

0

0

4

4

5

5

4

6

2

S

S

S

S

S

S

S

S

N

5

5

3.5

3.5

4.5

4.5

8

8

1

0

4

4

5

1

0

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

Pier #2/
Deck

Pier #3/
Deck

Pier #4/
Deck

West
Abutment

Embankment
Before
Abutment

Differential
Height (cm)

-43

0

12

20

20

14

1

-24

Horizontal
Distance (m)

7.25

10.50

10.50

10.50

10.50

10.50

10.50

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

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

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

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

Figure 2. Structural sketch of Steel Works Bridge (unit: cm).
(a) Elevation; (b) Pier and pile foundation; (c) Abutment and pile foundation
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Figure 3. Bank failures at Steel Works Bridge (unit: cm).
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Figure 4. Structural sketch of Huaxin Bridge (unit: cm).
(a) Superstructure; (b) Pier and riverbed pitching

