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Comparison of analytical methods for the abutment-backfill interaction
of a rigid frame bridge with high piers under seismic loading
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and Tunnel Engineering, Chongqing Jiaotong University, Chongqing 400074, P. R. China)

Abstract: Four analytical models are proposed for examining the effect of gravity abutment-backfill
interaction based on current seismic design codes from home and abroad. The mechanical constitutive
relationships as well as computing formulas are presented. Nonlinear time history method is applied to
comparatively study the effect of abutment-backfill interaction on a rigid frame continuous bridge with
double thin-walled piers, which is currently under construction. The results showed that only the spring
model can obtain the closest higher-order elastic modes to those of the refined model. In the longitudinal

direction, the results from the roller model and the bearing model are both much smaller than that of the
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refined model. The error of the spring model, compared with the refined model, is the smallest with the

critical internal force errors not exceeding 20%. In the transverse direction, the bearing model is the closest

to the refined model in calculating the internal forces, and both the spring model and the roller model

predict conservative results with respect to that of the refined model. The influences of the abutment

stiffness and effective participating mass on the critical seismic internal forces are smaller than 10% and

15%, respectively. Hence by comprehensively taking the prediction accuracy and computational cost into

consideration, the spring model is the most suitable choice in seismic design of bridges.

Keywords: bridge engineering; abutment-backfill interaction; continuous rigid frame bridge; seismic

response; participating abutment mass
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Fig. 1 Analytical models of abutment-backfill interaction
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Fig.2 Mechanical relationships of the spring model
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Fig.3 Layout of the rigid frame continuous bridge
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Table 1 Abutment models and parametrical values
VAR i kL/C(10°kN « m—1) PL/105 kN ki/(105kN « m~1) P./10°5 kN kY/(105kN « m™1) BHFE/
TR AR A
S A AR
SRR 1 7.86 1.99 4.72 1.19 3.81
HASERIAL 2 3.93 1.99 .36 1.19 3. 81
ORI 3 13.6 1.99 .16 1.19 3.81
KA AL 1 7.86 1.99 .72 1.19 3.81 0
R AT 2 7.86 1.99 .72 1.19 3. 81 2 353
KR 3 7.86 1.99 4.72 1.19 3.81 3667
K AR 4 7.86 1.99 .72 1.19 3.81 5203
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Table 2 Ground motion records

(PGA/PGV)/  HiJH K B30 R

e W EH ISR PGA/g
st /s pig oy By
No. 1 San Fernando Hollywood Stor Lot 0.210 10. 87 0. 24 090 Up 1.214
No. 2 Imperial Valley Calexico Fire 0. 275 12. 66 0. 36 225 UP 0.927
No. 3 Imperial Valley Calipatria Fire 0.128 8. 20 0.28 225 UP 1.992
No. 4 Superstition Hills Wildlife Liquefaction Array 0.132 10. 20 0.14 090 UP 1.932
No. 5 Erzikan Erzikan East-West Comp 0.496 7.58 0. 30 EwW UP 0.514
No. 6 Landers Desert Hot Springs 0.171 8.33 0. 36 000 UP 1. 491
No. 7 Duzce Bolu 0.728 12. 66 0.32 000 UP 0. 350
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Fig. 6 Comparison of shear responses of 1 pier
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Fig. 8 Comparison of displacement responses of 1 pier
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