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Critical angle of earthquake input for self-centering
bridge piers of railways
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Abstract: To investigate the influence of ground motion input angles on the seismic response of
railway self-centering piers, a seismic response analysis model for spatial self-centering bridge
piers was established and validated using a simply supported beam bridge as the case study. A to-
tal of 22 sets of strong motion records were selected as seismic inputs. The yield surface function
¥ was used to determine the critical input angle. Starting from an initial angle of 0°, the seismic
response of the railway self-resetting pier was examined by rotating clockwise, increasing the an-
gle by 5° increments each time. The results show that the value of ¥ was maximized at an input
angle of 145°, designating this as the critical input angle for the pier. The seismic response in this
critical direction surpassed those observed in the longitudinal and transverse directions. Designs
that ignore the critical angle of ground motion in the design of self-centering bridge piers may be

unsafe.
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Fig.1 Layout of Yangbi No. 1 bridge (Unit: m)
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Table 1 Parameters of lift-off spring
DR AR NER/NE 4 B ) A areal &. area? area3
E/MPa v G/MPa SR karearg2 / (kN/m) LS 38 k areas / (KN/m)
3.3X10* 0.2 1.33X10" 72 158 940 000 9 71175 000
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Table 2 Comparison between results of spatial multi-spring model and two-spring model

7 BUALAS /mm 2% BUR25 56/ (KN« m) 2
T B AT TR %% [6] 22 S A Y /% T 3L 58 A5 73 23 [ 22 B AR T /%
Northridge % 519 516 0.5 233 100 218 300 6.3
El-Centro % 271 260 4.0 222 800 208 600 6.3
Taft % 153 148 3.2 204 500 188 700 7.7
Northridge T #H 2% 5 /)7 (0.5 %) , £ El-Centro % b B S,

T2 4.0% ; BUR 46 7F Northridge 3% . El-Centro
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Fig.4 Comparison between pier top displacements

under Northridge wave
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Fig.5 Comparison between bending moments of pier

bottom under Northridge wave

Hh 25 Jak B IE 11 25 ] 22 3 AT A L R 4T M R B e AS R
WAMESNr. LR 3 22 4135 Wi 2 iR ol =
A S TE 0°~180°H, BN 7K S i) 1) b 7% 5l ¥ It
A A B U A AR B TR R 57,
3.1 BAFHNFBENEAFE

B 5 AR ECTE = I MR S T & R AN T
T B4 25 4 RO [ 25 R M, RRE B A5 AR M
PR 7 1] 119 45 R A B2 ) A i B — 7 1) 1 RE B
T35 B 1 d5 S AN BEAE Ay 40 531 48 T e AS AR 1)

R3 WANMBEZEER

Table 3 Information of input ground motions

" WEiL# A PGA/g

P £ RE o= 4 PR RER Jkm NS p— Up
1 160 Imperial Valley-0 Bonds Corner 6.5 2.66 0.59 0.77 0.53
2 1176 Kocaeli_Turkey Yarimca 7.5 4.83 0.23 0.32 0.24
3 1052 Northridge-01 Pacoima Kagel Canyon 6.7 7.26 0.30 0.43 0.16
4 230 Mammoth Lakes-01 Convict Creek 6.1 6.63 0.42 0.44 0.39
5 540 N.Palm Springs Whitewater Trout Farm 6.1 6.04 0.48 0.62 0.41
6 558 Chalfant Valley-02 Zack Brothers Ranch 6.2 7.58 0.45 0.40 0.32
7 901 Big Bear-01 Big Bear Lake-Civic Center 6.5 8.3 0.48 0.54 0.19
8 802 Loma Prieta Saratoga-Aloha Ave 6.9 8.5 0.51 0.33 0.40
9 180 Imperial Valley-06 El-Centro Array #5 6.5 3.95 0.59 0.53 0.38
10 753 Loma Prieta Corralitos 6.9 3.85 0.64 0.48 0.46
11 139 Tabas_Iran Dayhook 7.4 13.94 0.32 0.40 0.19
12 764 Loma Prieta Gilroy-Historic Bldg 6.9 10.97 0.29 0.24 0.14
13 741 Loma Prieta BRAN 6.9 10.72 0.46 0.50 0.50
14 1082 Northridge-01 Sun Valley-Roscoe Blvd 6.7 10.05 0.33 0.27 0.45
15 1101 Kobe_ Japan Amagasaki 6.9 11.34 0.27 0.32 0.34
16 828 Cape Mendocino Petrolia 7.0 8.18 0.59 0.66 0.16
17 1605 Duzce_Turkey 7.1 6.58 0.40 0.51 0.34
18 4451 Montenegro_Yugoslavia Bar-Skupstina Opstine 7.1 6.98 0.37 0.37 0.24
19 4458 Montenegro_Yugoslavia Ulcinj-Hotel Olimpic 7.1 5.76 0.29 0.24 0.46
20 4456 Montenegro_Yugoslavia Petrovac-Hotel Olivia 7.1 8.01 0.46 0.23 0.31
21 1085 Northridge-01 Sylmar-Converter Sta East 6.7 5.19 0.85 0.45 0.47
22 779 Loma Prieta 6.9 3.88 0.57 0.60 0.89
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Table 4 Value of yield surface function ¥ under different input angles

HWAMEE/ O M,./(kN*m) M./(kN+m) M, /(kN*m) M. /(kN-+m) Fx/kN v
0 211 364 248 582 306 938 371 738 21 654 0.921
5 210 291 251 418 305 709 370 193 22 100 0.934
10 211 509 251 709 305 387 369 787 22 217 0.943
15 210 877 250 409 303 514 367 430 22 898 0.947
20 210 335 253 405 306 293 370 927 21 888 0.938
25 211 036 262 032 305 770 370 269 22 078 0.977
30 209 236 256 714 306 561 371 263 21 791 0.944
35 208 914 257 514 308 291 373 044 21 164 0.936
40 213 214 254 791 305 998 370 556 21 995 0.960
45 214 336 253 791 305 728 370 217 22 093 0.952
50 211 641 254 464 303 786 367 773 22 799 0.916
55 211 527 241 495 304 748 368 984 22 449 0.955
60 212 609 252 623 306 398 371 059 21 850 0.956
65 213 873 254 009 305 536 369 974 22 163 0.961
70 210 832 254 805 306 767 371 523 21716 0.943
75 212 591 255 441 305 968 370 518 22 006 0.958
80 215 318 252 268 307 968 372 641 21 281 0.947
85 215 977 252 573 306 271 370 899 21 896 0.961
90 216 518 254 445 309 093 374 415 20 766 0.953
95 217 777 250 441 306 591 371 301 21 780 0.959
100 221 341 247 695 305 021 369 327 22 350 0.976
105 216 332 252 014 304 837 369 095 22 417 0.970
110 210 745 255 350 305 101 369 427 22 321 0.955
115 212 645 250 273 307 214 371 702 21 554 0.932
120 213 577 256 977 303 899 367 915 22 758 0.982
125 210 736 252 086 304 881 369 150 22 401 0.944
130 211 573 253 786 305 704 370 186 22 102 0.949
135 219 464 252 791 305 558 370 002 22 155 0.983

140 218 277 251 405 304 773 369 015 22 440 0.977
145 219 214 254 905 302 742 366 458 23179 1.008
150 208 932 252 673 303 945 367 974 22 741 0.944
155 208 668 254 655 305 326 369 711 22 239 0.942
160 209 600 251 245 306 453 371 128 21 830 0.926
165 210 855 255 550 308 766 374 005 21 885 0.933
170 208 682 254 914 304 636 368 842 22 490 0.947
175 213 127 253 818 308 548 373 364 21 071 0.939
180 211 364 248 582 306 938 371 738 21 654 0.921




5546 & 55 6

BUIE SR L 55 BRI 1B 52 (6 483t 52 3l Joe AN R il A D 1 AT 5T

1385

1.04 |
1.02
(]
1.00 |
< 098 | ° " N
096 | " ..,0\. AS\
o / \o b °
094t VY ¢ M A
[ ® \. \
’/ .I [ ]
092 |
090 1 1 1 1 1 1 1 1 1 1 ]
20 0 20 40 60 80 100 120 140 160 180 200
MRS IEN)
H6 FREMANAELTRRERHE VA
Fig.6 Value of yield surface function ¥ under different

input angles
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