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Seismic performance analysis of continuous rigid frame
bridges in service based on shaking table test

TONG Shenjia' ,ZHANG You' ,HUANG Yong®,LI Hongtao® ,SONG Jie*
(1. School of Civil Engineering, Xi'an Univ. of Arch. & Tech. , Xi’an 710055, China;
2. Shanxi Qilin Expressway Limited Liability Company, Qixian 030904, China)

Abstract; To study the seismic response of a continuous rigid frame bridge that produces material degradation
during service, Taking a high-rise three-span continuous rigid frame bridge in service, considering the deterioration
of material properties under the action of chloride ion erosion, a solid model is built based on the similar principle
for the shaking table test. The seismic response law of the model bridge under the excitation of three-way
earthquake is obtained. The mid-span deflection under the excitation of the three-way seismic wave is greatly
affected by the seismic wave. As the seismic intensity increases, the pier is more vulnerable to damage in the
transverse bridge. In actual engineering, the reinforcement of the pier should be considered.

Key words: in-service continuous rigid frame bridge;material performance degradation;similar principle;shaking ta-

ble test;seismic response
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Fig. 1 Schematic diagram of the model bridge structure
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Fig. 2 Sectional view of the main beam

of the model bridge (unit: mm)
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Tab. 1 Model similarity relationship
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Fig. 4 Model bridge photo

WA BB PR ERE, 1
KR El Centro 3, [I128 Taft i, AK+%

/I R ) NGE P N A 5 5 e L S, AR R 54
BRI 125~1 000 gal BYUE R ITIo J52 SR X 17 S o 1L
T ZUER) 6(0. 05 gal)~9 BE(0. 4 gal), FFHEAT =I0] L
TR, ¥EKF X, KFY: B ZLL1: 0.85;
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Tab. 2 Test loading condition
‘ ‘ Tl 0 AH / gal .
T = #IE
X [ Y [n] A
1 El Centro J¢ 0.125 0. 106 25 0. 081 25
6 B£(0.05 gal)
2 Taft ) 0.125 0.106 25 0.081 25
3 El Centro ) 0. 25 0.212 5 0.162 5 ]
7 (0.1 gal)
4 Taft ) 0. 25 0.212 5 0.162 5
5 El Centro 0.5 0.425 0.325 ]
8 FE(0. 2 gal)
6 Taft I 0.5 0. 425 0.325
7 El Centro 0.75 0.637 5 0. 487 5
8 BF (0. 3 gal)
8 Taft I 0.75 0.637 5 0.487 5
9 El Centro i 1 0. 85 0. 65
9 BF (0.4 gal)
10 Taft I 1 0. 85 0. 65
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Tab.3 Peak acceleration of bridge pier when inputting three-way seismic wave
gal
12 85 2 I
T HLFE P
X [u] Y I Z In] X [nj Y I Z In]
1 El Centrofff 340. 06 183. 46 522. 36 371. 94 448. 07 91.27
2 Taft i 444. 90 140. 00 365. 44 519. 26 373.87 102. 03
3 El Centrofff 504. 24 399. 10 951. 25 636. 23 897. 77 261. 32
4 Taft 613. 84 321. 37 773.60 785.98 773.01 272.08
5 El Centrojff 983. 36 534.09 968. 59 1 145. 38 990. 32 558. 80
6 Taft I 888. 06 627.70 840. 43 1 203. 25 940. 17 634. 14
7 El Centroff 1 336. 86 647. 34 1122.97 1 501. 54 1 230. 06 726.70
8 Taft I 1 463. 35 658. 63 1534.09 1522.58 1514.23 703.45
9 El Centrojif 1 807.74 973. 31 1 544. 67 1 903. 83 1 481. 20 1074.98
10 Taft I 2 541. 15 1 099. 10 3 250. 06 1 692.57 2 031.20 1 181. 31
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Fig. 5 Three-way excitation peak acceleration

peak comparison
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Tab. 4 Peak displacement of the pier top with three-way seismic waves put in
mm
1 # BT 2 % B0
T 7= B
X Ji Y ] X I Y Jij
1 El Centrojff 1. 50 1. 27 1. 46 1.23
2 Taft I 1. 15 0. 89 1. 04 0. 80
3 El Centroj 1. 94 1. 80 2.18 2.02
4 Taft I 1.79 1.58 1. 69 1. 49
5 El Centrojff 4. 00 3. 15 4.18 3.29
6 Taft J 3. 46 3.29 3.15 3.00
7 El Centrojif 5.19 3.99 5. 60 4. 30
8 Taft I 4.61 4.53 4.56 4.48
9 El Centro 7.77 7.30 7.98 7.50
10 Taft & 17. 68 19.09 6. 14 6.63
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displacement peaks of three-way excitation piers

13 BROWAN 2 & BO0AE = 1 3th 7% I SN b S 30
e £ 0.05~0. 3 gal I P 04 {8 5 N\ B G0 1) o7
FEUEE K T RERR I A RS fE, 7E 0. 3~0. 4 gal JIIEk
VI DA R4 N B A5 1) 57 % 06 {1 /N 1 A 75 1) o7 %
B [EIE, 1 BCTOURE A i) 7 % UG 0 19 4K 5 2R 2 )
B TFE, 5 R R R KK P K 1 2
T RE AR, MK H) 0. 3 gal B, 1 £ BTV RLKG 5L
SEZY737 8
3.3 BB N AR R TS iim Y 43 4

AN B A AT, 6 B SR A TR 45 4 k4T = 1)
MR BB, X 1 ~ 4 5 IO BN F AR i R 3k
FF43 BT B 7 I 2 i o7 A DL 3% 5, B 77 2 A2 4k
B BT WLIA] 7.

MEL E BT LU H
x5 ZEMERANFBURNGNTIER
Tab. 5 Strain peak value of pier bottom reinforcement with three-way seismic wave put in
T i 7= B 1 BUK 24 BUK 3% UK 44 BUE
1 El Centro % 22 26 32 26
2 Taft I 14 50 52 14
3 El Centrojf 64 156 212 70
4 Taft I 68 128 276 44
5 El Centroji 138 164 346 66
6 Taft I 138 142 212 80
7 El Centrojif 122 180 252 180
8 Taft 164 330 412 312
9 El Centrojff 132 284 286 186
10 Taft I 150 302 366 218
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Fig. 7 Three-way excitation strut steel
bar strain comparison
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Tab. 6 Peak strain of concrete at the bottom of the pier with three-way seismic waves put in

Ry 7= 1 8K 24 BUR
1 El Centrojif 20 32
2 Taft 18 34
3 El Centrojff 42 86
4 Taft J 60 104
5 El Centroj? 102 296
6 Taft I 94 164
7 El Centro ¥ 84 236
8 Taft 170 422
9 El Centrojff 150 560
10 Taft 184 672
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Fig. 8 Comparison of strain peaks of concrete

with three-way excitation
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