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Dynamic Response of RC Bridge Pier Under Vehicle Impact Load

ZHOU De-yuan, LIU Chang-xun

(Department of Disaster Mitigation for Structures, Tongji University, Shanghai 200092, China)

Abstract: Through LS-DYNA, the finite element model of reinforced concrete (RC) pier under
horizontal impact was established, and the finite element modeling technology and the value of
relevant parameters were briefly introduced. By comparing with the results of horizontal impact
test, two kinds of commonly used constitutive models of concrete and reinforcement were
verified, so the validity of the finite element results was verified. The failure mechanism of the
bridge pier under the impact of equivalent vehicles was further studied, and the influence
parameters related to the dynamic response and damage degree of the bridge pier were analyzed.
The results show that for the horizontal impact test, the finite element model established by
MAT_SCHWER_MURRAY_CAP_ MODEL(145% )concrete and MAT_PLASTIC_KINEMATIC
(37 ) reinforced material model can more accurately reflect the dynamic characteristics, shear

failure mode and damage distribution of RC piers under the impact of equivalent vehicles. Under
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the impact of equivalent vehicles, the damage accumulation of concrete is mainly concentrated in

the shear zone at the pier bottom, while no obvious damage accumulation occurs in other parts of

the pier. Parameter analysis shows that increasing the impact mass can significantly increase the

peak value of impact load, pier deformation and damage degree. Increasing the impact position

will change the failure mode of pier from local shear failure to global bending (or bending shear)

failure. Under the same impact impulse, the peak value of impact load, pier deformation and

energy consumption will increase with the increase of impact velocity.

Key words: concrete bridge pier; vehicle impact; dynamic response; damage; parameter analysis
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Tab.8 Dynamic Response Data of RC Pier Under

Same Impact Impulse

B | SR/ | KBRS/ | R GIRS/ | MREBRERE/ | R0/
P kN mm mm kJ ms
BPI-1 363 5.4 4.2 1.3 15
BPI-2 447 11.7 9.2 3.3 15
BPI-3 756 33.9 27.7 9.1 30
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FE Tt 357 it 455 o 9 P85 e o0 B K, R B o T 4 n
[IR;%N

AUEH  MEEERERN 1 m s (T RE
R 6.32 O MR BUR & B B JF 2 Y e o o R
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2mes "GEGREN 3,16 OB AU AR 8T Uk
IR AR BY V) SR 8% S8 B/ s M d A E Ty 4 moe s
Gl oy B 0 1,58 © I B 32057 U A5 8 A 15 B I
L IFEBURAL 7= 24 T SRR BT V) R sE . X 3R
A A [ 48 o o B 5% PR T L A7 5800 400 10 R R o 4
TR TG 4 O B i R o o i )

4 & iF

(DX FAU K i g = . R MAT
SCHWER_MURRAY CAP_MODEL (1457 ) JR& ¢
+ 1 MAT PLASTIC KINEMATIC (37%) 4 #f #+
SR H Y A B TR A, RE 6% ST 0 o B S
RC Hr B S5 8% 4 W fi o 1 F R B9 8l 0 ek L 59 1)
BB R R4 3 53 A1

O S TR GE L 0 R T
AR TR Y D) A A TR SO Al A ) TR B L
K H B A R

(3) Z B3 A A WY 48 i < o o R 6% W 25 1
f o 7 (R PR IO R R R . Y
M 0.58 t BEZ 1,58 t A1 2.58 t A, faf gl W& fH M\ 514
kN 38 2 756 kN Fil 890 kN . Hf i3 fa ol 5 037 1) 5 K Ao
MM 9. 1 mm 34 % 33.9 mm Ml 61. 3 mm,FRA ML
BN 6.2 mm # = 27, 7 mm Fl 58. 1 mm,FEHEMN
2.6 kJ 42 9.1 k] F113.8 kJ,

(4) 2 i 45 o 2 5 R 06 fof A7 BRI IR A2 X ol )y
BT UTRE I A Ry e A il (RS 39D B IR L /AT L
FR AR I RN A 45 R B . Yl A BN 400 mm TR &
500 mm F1 600 mm HJ , B g o 307 19 fe KA B A
33.9 mm K ZE 22. 9 mm Fl 19. 4 mm, 5% 4L FS M
27.7 mm W E 18. 1 mm 1 15.5 mm,.FEFEM 9.1 kJ
B 7.9 k] 16,8 k], RIS M 30 ms JE E 20 ms F
15 ms,

(5) T AR [R5 o 651 9 < i 8006 (L M B8
TE B RE G0 i J5E 49 B 438 o R 32 8 o v 8 O L (H B
fi s B T AN T moe s Y
B 2mes "f4mes "B, mraREEM 363 kN
B2 447 kN 1 756 kN A SO 7 B AL 0 e R L A%
M 5.4 mm 3 ZE 11.7 mm Ml 33. 9 mm, FEARNF M
4.2 mm BEFE 9. 2 mm M 27. 7 mm, FFEFERE 53 5
1.3 kJ ¥ % 3.3 k] f19.1 kJ,

S & k-
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