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Research on the influence of vertical ground motion on the seismic response
of self-centering column piers and their continuous beam bridges

WANG Dongsheng, ZHANG Kailin, ZHEN Haoyue, GE Chaoyang, TONG Lei
(School of Civil and Transportation Engineering, Hebei University of Technology, Tianjin 300401, China)

Abstract:; Vertical ground motion is more intense in the near-fault zones, which poses a potential threat to the
rocking self-centering ( RSC) column piers with low seismic damage characteristics. Based on the OpenSees
platform, finite element model of RSCs was established, and the accuracy of the modeling method was validated by
comparing simulation results with pseudo-static and shaking table test results. Ten near-filed ground motions with
pulse-like waves were used as the earthquake inputs, and bidirectional horizontal excitation and the three-
dimensional excitation were considered respectively. A research on the influence of vertical ground motion on the
seismic response of RSCs, and the continuous beam bridge with RSCs was conducted. The results show that vertical
ground motions can increase the maximum axial force of RSCs, and reduce the minimum height of the RSC section,
but the changes are not significant on average. Under disadvantageous conditions, the maximum axial force can
increase by about 19.55%, and the minimum height of the compression zone of the section can be reduced by about
22.05%. Overall, the vertical ground motion has a minor impact on the maximum displacement at the top of RSCs.
Vertical ground motion can greatly change the tensile stress and failure of energy-dissipating steel bars in RSC
bridge columns. Therefore, it is necessary to consider the vertical ground motion effects on seismic response
estimation of RSC bridge columns and RSC bridge structures.
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Fig. 1 Numerical analysis model of RSC piers
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Fig.2 Comparison of specimen simulation and test hysteresis curves
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40 150 60
30} 100} 40t
20}
E 10l = S0t . 20¢
s o0 S o = )
R B =
= o0l = B
<= -10 < 50l & ot
201 40
30l ~100} _aol
- - -60 s - -
40, 30 0 90 03080 10 160 0 25 50 75 100
Hsf []/s Hsf []/s ] /s
(a) GM4ABLFRTFE (b) GMSHLFLIRFE (c) GMOBLFRTFE

Bl 4 RSC HEZRFFBAEHITR B R AR
Fig.4 Simulated time history results of the left pier top of RSC bent bridge piers
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Table 1 Near-field strong earthquake records with pulse-like waves

HAEH ) AT i o Ry X[ Y i i
1 Imperial Valley-06 El Centro Array #7 6.53 0.56 E07140 E07230 E07-UP
2 Loma Prieta Saratoga-Aloha Ave 6.93 8.50 STG090 STG000 STG-UP
3 Erzican Erzincan 6.69 4.38 ERZ-NS ERZ-EW ERZ-UP
4 Cape Mendocino Petrolia 7.01 8.18 PET000 PET090 PET-UP
5 Landers Lucerne 7.28 2.19 LCN260 LCN345 LCN-UP
6 Northridge-01 Rinaldi Receiving Sta 6.69 6.50 RRS318 RRS228 RRS-UP
7 Kocaeli Izmit 7.51 7.21 1ZT180 127090 1ZT-UP
8 Chi-Chi TCU065 7.62 0.57 TCU065-N TCU065-E TCU065-V
9 Chi-Chi TCU102 7.62 1.49 TCU102-N TCU102-E TCU102-V
10 Duzce Duzce 7.14 6.58 DZC180 DZC270 DZC-UP

2.3 EmittERNXT RSC B0
2.3.1 HIiE KA

RSC B d5e K S 05 BB DR S8 B B A B 405 17 00, RSC M B A B IO e RS2 RS B oy L3 2, i e T 1 7
I AT 2 bR B VR T 188 ) bR Sl X MR BT S S AN R, e AR 10 SRR W2 HLER D 6 AR Hb AR Bl %
I RSC AR LA B N K 76 9 S HbB S E T R B AE 38 0 T 2.18% ;4 Z5 b= sh (i 15 M LY
RO/ TE 2 S HIRSNER T BB BN T 2.49%

%2 RSC FFETRR AR
Table 2 The maximum displacement at the top of RSC bridge piers

_— BT Bl

1 2 3 4 5 6 7 8 9 10
X [a] 7K/ mm 156.43 82.24 334.55 146.61 60.06 277.32 110.03 166.51 379.19 158.39  187.13
WA+ 0] /mm - 157.07 80.19 335.17 146.25 60.91 281.22 109.59 167.04 387.47 157.80  188.27
AR/ % 0.41 -2.49 0.19 -0.25 1.42 1.41 -0.40 0.32 2.18 -0.37 0.61
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W 1) b SR BN A B AT Bh g 728 Ak, 5 2 00 002 B DA A 5 1) ML RR B0 7 A 1 R il ) 2 S B B
TR - RIS R B R R UR R A T OB B L3R 3, R AT B 4 S AR A LR R B %
[ b F2 B (AT S 0 3 R e . Horh 6 SR SR T, 8 1) M RE Bl AR 8 480 IO A R A g 4 T
19.55% , AR, 55 10 b 52 323 T SO R R 5
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Table 3 The maximum axial force of RSC bridge piers
RBP4

T ¥IfE
1 2 3 4 5 6 7 8 9 10

L[] 7K/ kN 6332.0 58542 74715 65137 56755  6958.1  6227.9  6580.8  7545.7  6571.6 6573.1
W KE+E/KN - 67293 6221.6 78042  6473.8 6468.6  8318.7  6870.0  6595.0  7749.7  6968.2 7019.9
AR/ % 6.27 6.28 4.45 -0.61 13.97 19.55 10.31 0.22 2.70 6.04 6.80
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Table 4 The minimum height of the compressive area of RSC bridge pier sections

B 751
TH PIE
1 2 3 4 5 6 7 8 9 10
L[] 7K -/ mm 252.91 333.05 234.83 235.09 388.23 324.09 238.72 216.41 260.55 233.96  271.78
K] KO-+ 1] /mm - 248.03 330.48 224.19 234.23 383.01 252.62 236.93 207.68 257.61 231.80  260.66

AR/ % -1.93 -0.77 -4.53 -0.37 -1.34  -22.05 -0.75 -4.03 -4.03 -0.92  -4.09
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Fig. 6 Continuous beam bridge model
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3.2 MEHEESEA
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EW Z3 JIE 16 {H ( peak ground acceleration, PGA) JHIE £ 0.4 g JE TN % A ;NS 5 UP 435 PGA #%
EW 4 LB R A TR e
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Table 5 High-velocity pulse ground motion records

) HRIC SR R g
751 = G W72 km
EW(ZRP4) ] NS(mdb) 17 UP (%) ]

1 Chi-Chi TCU052 0.7 0.348 0.419 0.241

2 Chi-Chi TCU054 5.3 0.148 0.188 0.129

3 Chi-Chi TCU102 9.7 0.298 0.169 0.189
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Fig.7 Acceleration response spectrum with PGA=0.4 g
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Fig.8 Time history curves of longitudinal displacement of bridge piers
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Fig.9 Time history curves of the transverse displacement of bridge piers
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Table 6 The maximum drift angle and residual drift angle of the double-column piers %
- M B K AL Sy B R AL Sy
HE s

H 1) H+V [1] H [7] H+V [i]

TCU052 Y\ 1i) 3.863 3.834 0.024 0.125
AR 1) 2.742 2.722 0.005 0.057

TCU054 1) 2.125 2.163 0.032 0.024
BEATR 11) 0.460 0.444 0.009 0.005

TCU102 P 1) 1.256 1.229 0.011 0.030
BEcATR 1m) 0.591 0.620 0.004 0.018

T H KR HRE B4 A s H+V b KX + 8 i sh A BD = R s A

2) 51281k
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KA Jey R R A P SRR, RSC AR B Sy RE 4k DLIET 10, P RIAT D, 25 58 ) b 7% 3 I MR S o 22 (. 7E
0.21% ~3.27% , Wi+ /04535 ; TCU052 Hi 725 \ TCU054 Hi 72 3 Al TCU102 Hb = 3 v B¢ i) M 72 sh (i 43 1) T
33.83.34.88 ,35.35 sif M B W[ AR Sk B PGA 0 I Aol f A8 (b B R 8E  Z2 XL A0 R B, 18 1) 5
KOV UM LT R BE I 00T, MRl 1 AR A B, 2 8 7 A 1 58 1) S5 oy AH 8 Jin 1) 285

20 16 175

18l — H — Hm) — HI1

- — H+VIi 150f = = EEYIF
> 16t z
— S
é 14 S 1251
X 12 ¢ ;
§ 12 [ = 100f
= sl
4077020 30 40 30 60 70 80 90 607702030 40 50 60 70 80 90 505703030 40 30 €0 70 8090
IS/ I E] /s I [E)/s
(a) TCU052 (b) TCUOS4 (¢) TCU102

B 10 RSC Hriggh /172 B 4

Fig. 10 Time history curves of the axial force of RSC piers
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