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Fig.1 Schematic diagram of railway simply supported beam bridge
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Fig.2 Finite element model of single span bridge
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Tab.1 Selected natural seismic wave data

N s Hi 4 i A, vy/(ms™)  PGA/g HIRZRE  BHR

1 ImperialValley-02 El Centro Array 9° 2134 0.28 2.05 6.95

2 Kern County Taft Lincoln School 385.4 0.16 4.10 7.36

3 San Fernando LLA-Hollywood Stor FF 316.5 0.23 2.73 6.61

Il 4 San Fernando Santa Felita Dam 329.0 0.12 6.16 6.61

5 San Fernando Whittier Narrows Dam 298.7 0.10 7.55 6.61

6 Gazli_ USSR Karakyr 259.6 0.70 1.12 6.80

7 Tabas_ Iran Boshrooyeh 324.6 0.11 5.41 7.35

8 Loma Prieta Foster City"APEEL 1 116.4 0.24 3.27 6.93

9 Loma Prieta Foster City-Menhaden Court 126.4 0.11 5.40 6.93

10 Tottori_Japan SMNO002 138.8 0.15 4.58 6.61

I 11 Tottori_ Japan TTRO08 139.2 0.30 2.59 6.61

12 Niigata_ Japan NIG014 128.1 0.12 4.60 6.63

13 Chuetsu-oki_ Japan NIG014 128.1 0.11 5.26 6.80

14 Iwate_ Japan MYGO017 122.1 0.09 7.84 6.90
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Fig.4 Variation of natural vibration period with pier height
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Fig. 5 Longitudinal vibration mode diagram of model with

pier height of 20 m
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Tab.2 Mass coefficient of the first three modes of model [
o M 1] AR 16
5 /m — —
F—Br E:t iy E iy &t H—Br ot ) 5 =B &1t
10 95.06 % 4.65% 0.27% 99.99% 95.10% 4.63% 0.26% 99.99%
15 90.09% 711% 2.03% 99.22% 90.12% 7.15% 2.00% 99.27%
20 86.35% 8.49% 2.72% 97.56 % 86.37% 8.54% 2.73% 97.63%
25 84.09% 9.65% 3.10% 96.85% 84.11% 9.70% 3.12% 96.92%
30 82.34% 10.65% 3.45% 96.44 % 82.35% 10.69% 3.47% 96.51%
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after yielding of pier under strong PGA
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Fig. 8 Schematic diagram of first mode loading mode
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Tab.3 Error value of pier bottom shear force calculated by Pushover Method

YT ) bR A AR i b 5 g A
3 b 2 5 PGA/g
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1T 2537 b
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Effects of the inertia forces of pier shaft on the seismic shear at pier
bottom and its calculation method

JIANG Xiangping', SHEN Yu*, LI Jian-—zhong®, ZHOU Jian®, XU Chen'
(1.China Railway Fourth Survey and Design Institute Group Co. Ltd., Wuhan 430063, China; 2.State Key Laboratory for Disas-
ter Reduction in Civil Engineering, Tongji University, Shanghai 200092, China; 3.Institute of Disaster Prevention, Kyoto Uni~
versity, Yuji 6110011, Japan; 4.Institute for Structural Mechanics, Ruhr-Universitat Bochum, Bochum 44801, Germany)

Abstract: In order to explore the simplified calculation method of pier bottom shear considering the contribution of seismic inertia
force of pier, a three-dimensional finite element model of a railway simply supported beam bridge was established. Based on the
analysis of the influence of pier mass on structural dynamic characteristics, the contribution proportions of pier inertia force to seis-
mic shear force at pier bottom under different height of bridge pier, site type and peak ground acceleration (PGA) were studied
with nonlinear time history analysis method. The criterion of inertia force of pier which can't be ignored in calculating seismic shear
of pier bottom was also suggested. The modal pushover analysis method is used to simplify the calculation procedure of pier bottom
shear, and its accuracy is also verified. The results show that when the pier was in plastic stage, the contribution of inertia force to
the shear force at the bottom of the pier was seldom affected by the site type, and the key influence factor was the pier height.
When the pier height was less than 20 m, the inertia force of the pier could be ignored, and the shear force demand at the bottom of
the pier could be calculated by the concept of capacity protection. However, when the pier height was larger than 20 m, the contri-
bution of inertia force of the pier itself should not be ignored. The shear force demand at the bottom of the pier could be obtained by

the proposed first-order modal Pushover simplified method.
Key words: bridge ; seismic shear;static Pushover;simplified method
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