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Seismic analysis of girders falling down in multi span long simply
supported bridges with adjacent pounding effects
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Abstract: Seismic damage of girders falling down in Luan River Bridge during Tangshan
earthquake in China in 1976 is studied using nonlinear time history analysis, and attention is
concentrated on the effects of pounding between adjacent girders induced by the seismic wave
propagation effect. Itis demonstrated that the pounding firstly occurs at the expansion joint on
one abutment in the side of the bridge closing to the epicenter. Several bridge girders move
towards the same direction and come into collision with each other. The pounding travels from
the side of the bridge where it occurs to the mid span of bridge, but the pounding force becomes
smaller because of the accumulation of gap size. Girders at the middle of the bridge are far from
abutments and can move relative freely, so the relative displacement of bridge girders to the piers
increased by pounding may be large enough to cause damage of girders falling dow n at the mid
span firstly during severe earthquakes. Effects of pounding on the distributions of the maximum
relative displacement of bridge girders to the piers along the global bridge strongly depend on that

the peak value is negative or positive if the same one acceleration earthquake record is input. Itis
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concluded that near fault ground motion effects may cause the collapse of Luan River Bridge on

the basis of earthquake damage investigation and global bridge structural damage analy sis.

Key words: bridge engineering; multi span long simply supported bridge; time history analysis;

falling down of girder; pounding; traveling seismic wave; near fault ground motion
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Fig. 1 Analysis model of Luan River Bridge
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Fig.2 Wvc270 earthquake record
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Fig.3 The maximum relative displacement of bridge
girders to piers when the peak value

of acceleration is positive
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Fig.4 The maximum relative displacement of bridge
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) 3.4
2.2

0. 63 g-



2 #/m

K

0. 15.0. 05 s 40000F
30000 .
5 20000} VU & T2 R o
10008- . e A . .
: . 0 2 10 12 14 16 18 20
40000
Wve270 30000f e 1 - 78
20000} f IS E i
, 10 000}
> fomilz A1'4 1618 20
( 2), ° 5 Z.60 000
127,237 230000
’ 5230000 1270 B 2 R Wi oy
Z20000F
, Z10000F L L L
02 10 12 14 16 18 20
’ ° 50000}
10000k __ 23" ¥ N
0.6 20000 f
0.4 10oogr | B Bl . , R .
8~(2) 0 2 4 6 8 10 12 14 16 18 20
04 19000k 34°HR B4 T2 R
0.6 10000F = P
0.8 5008- . ) \ A . )
0.8} W 1 - 3 0 2 4 14 16 18 20
8‘461- 23"FF L E 3
0.2f F KM
0.0
0.2}
0.4f vV 6 1
0.6- 1 1 \\l" 1 1 1 1 1 1
084 %6 s 10 12 14 16 18 20 Fig. 6
N [A]/s
—— HIE R - A 1 Tl i 0.2
0.
0.4
5 ( ) 0.2
0.0
Fig.5 Time history of absolute displacement of —0.2
—0.4
bridge girders ( east direction is positive) g —06
y o z = @ 08
6 1 .12 .23 .34 & o0s
0.6
, 0.4f
0.2
0.0
1/3 s 6 —o5
—0.4
° _0b6 1 1 1 1 1 1 1 1 1 1
, 4.5 s O T4 %6 8§ 10 12z 14 16 15 20
I /s
° ’ — BRI - B ——— FRAI
#
7.0 s . 12
) s . l( )
’ Fig.7 Time history of relative displacement of bridge
’ girders to piers 1( east direction is positive)
S.OS ’ 3
, . 0.5.1.0 s ,
# #
34 . ,
4 6 ( ) . .
) ’ ( ) 0. 10 ms, ’
’ 5
°© ’
# #
7 127.23 \ \ , 17
. ~127 L 127 ~347
b
= % z
, (23 ) , 5 ~16



o b
0.18 m, 0.62 m,
b o
4 %
8 17.127.237.347
’ 6 ,
b °
3.5s . 8
#
1 ’
b
# #
, 0.5.1.0 s 13 .23
b
P
) ° 805 1 -~
#
23 ,
b b
b b
b b
. 17 ~
+
23 ’
0.27 m .
4 %
23 ~34
’ 1/3,
30000 ;
L s S kT g
10000 . A[\i T & 3 G2 i
0 1 Abma 1 H ' 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20
30000F
20000} LW 38 3= 2 o
10000} 1 i
z 2 4 6 8 10 12 14 16 18 20
30000} IR,
20000} 12"HF 8 3 2 7 3
gloooo- " )
= 2 46 s 10 12 14 16 18 20
30000f o
20000} 23" B B i
10000} LA
0 L PR,V N 2ally 1 L 1 1 1
0 2 4 6 8 10 12 14 16 18 20
15000} I
10 000} A 34 B R G
L W (T | ¥ W
0 2 4 6 8 10 12 14 16 18 20
I 1)/ s
_iﬁﬁﬂu ........... jz%,lﬁ{lj]\u
8 2

Fig.8 Pounding force time history with both ends of girders 2
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