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Shaking table test of a cable-stayed bridge model considering the
spatial effects of ground motion
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(1. Key Laboratory of Coast Civil Structure Safety of the Ministry of Education, Tianjin University, Tianjin 300350, China;
2. School of Civil Engineering, Tianjin University, Tianjin 300350, China)

Abstract ; This paper investigates the effects of spatial effects of seismic ground motions on the seismic responses of
long-span cable-stayed bridges, considering their large range and notable variations in local site conditions. Shaking
table tests were conducted on a cable-stayed bridge, and the dynamic responses (acceleration, displacement, and
strain) of critical sections of the cable-stayed bridge were compared and analyzed. The results demonstrate the
significant influence of spatial effects of ground motion on the dynamic responses of the cable-stayed bridge.
Specifically, the analysis reveals that the wave passage effect has the least impact on the dynamic responses of the
cable-stayed bridge, followed by the combined effect of the wave passage and coherence, while the combined
effects of the wave passage, coherence, and local site conditions exert the largest influence. Taking the main tower
as an example, the maximum acceleration, displacement, and strain responses increased by 55.69%, 62.37%,
and 67.37%, respectively, when spatial seismic motions incorporating the wave passage effect, coherence effect,
and local site effects were considered, as compared to uniform excitation. Consequently, the seismic responses of
cable-stayed bridges may be underestimated if only uniform excitation or the wave passage effect is considered. It is
therefore imperative to comprehensively account for the effects of wave passage, coherence, and local site

conditions of the spatial ground motion in the dynamic response analysis of long-span cable-stayed bridges.
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Fig.1 Diagram of design dimension for long-span cable-stayed bridge
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Table 1  Similarity relationship of shaking table array test for cable-stayed bridge model
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Table 2 Types and numbers of sensors
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Fig.2 Test site overview of shaking table test of long-span cable-stayed bridge
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Fig.3 Time history of input ground motions for shaking table tests of long-span cable-stayed bridge considering spatial effects
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Table 4 Comparison of the first three modes and natural frequencies between prototype and model bridges
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Fig.6  Acceleration time history of the tower top under spatial effects of ground motion
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Table 5  Acceleration amplification coefficient of the tower under spatial effects of ground motion
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Fig.7 Acceleration amplification coefficient of the deck under spatial effects of ground motion

2 [v) by 52 2y 1 FH S 30 ORI B 08 M 3 32 R R 3

HCUPE 8 B PR AN, M 3 R Mk T g s E§§ E§6
AR BB R, B T — B8 (EQ1) T8t % = | ﬁ@% o
AT (EQ2 - Q) BH BB g8 2 & Py
i, ELHC R0 5 B D) HAR G, 7E Q2 T (B b i ik = 17.45%

100 m/'s ) T~ s 8 14 Wgd 5 A, 00 SR el B0 S50 e JRE U (T L

I3 B K 39.13% F11 22.69% , EQ5 T (A7 I 55 I Ik

300 m/s+AHTRON ) T, ML= 2l A [R] 500 XoF 30 300Rn 4t 1 0 R
BTN 1 B0 5 £Q2 ML , AT T — BOM , 1 i e
SSHORI S By 55 3 TOU S R W R 23 0l BE R 31, 429% A B8 = EtE A T AR BB TR
23.85%, WA, EQ6 (A7 IS0 +HH T &5 + Jay 7 37 b 2K i EEALK S

m) THT, i 752 512 (8] 26 v o 0 B 0 Gl B T o sk Fig.8 Acceleration amplification coefficient of the top
AL SRS ’ BT — B0 ,EQ6 T T W B of side pier and auxiliary pier under spatial

A U E (5 UK 51.60% A1 30.77% . e of g motion



555 # FRPCH | 45« 75 RS 72 2l 22 1) B0 R R AT R IR 3 15 5 B 57

2.3 fIRNER S HT

23 (A MR BN VE F R IE AR X A B RR I e an (&1 9 Frzm . fh B AT A3 T —BO#ih (EQ1) T4, % 1847
PRV (EQ2 ~ EQ4 ) i 35 THURF X5 B 3 O, L3 iR 55 55 D1 iple sk AH G 5 XS 59 DI 4 300 m/s B (EQ3 T ),
BETHURH NS S A% M9 R e R, e KA R R 10.27% , %5 1852 22 PR 3853 W 114 2 ) 5% 3 I, 85 TOURH X2 8% 14 i By
2 FE EQS (AT N +AH TN ) Fl EQ6 (A7 IR RN +4H T80 + )/ 7 Mk i ) TR S AR X 7 78 5
A — 0K (EQ1) THUH b/ B An 20.25% F1 31.14% . Atk , M T HUE — S04 (EQ1) T, HizZ 5h
23 (RIS 8 T S TR 8% HOh AT IR0 (EQ2 ~ EQ4) S g5 /)N , ] st 2% & AT I A% W A T 5808 ( EQS)

SN, [R) 2% B AT P8O0 A RN FIRI TR 7 ALV (EQ6 ) IR 2 Mk i Ay 3%

0.6 0.8
o —EQ1 . —EQ2
g £
g\g 0.0 3\& 0.0 MJWV\WWMM
- 06 420526 ‘ - 038 sl :
’ 1 2 3 4 "0 1 2 3 4
Fif[]/s /s
(a) EQLT.H (b) EQ2 T ( By YIE#HE100 m/s )
0.8 0.8
£ —EQ3 = —EQ4
= £
5@ 0.0 ”’V\/\/JV\V\/\/WV\W ;\,5% 0.0 W\/\JV\/W/\/V»WW
= - ~0.580 =
~0.8 . . . _08 | 5—=-0.556 )
0 1 2 3 4 0 1 2 3 4
Hif 1] /s HiF /s
(c) EQ3L# (5¥Y)IH300 m/s ) (d) EQ4TLH (ByYIIH500 m/s )
0.8 1
g —EQ5 < ~0.650— EQ6
£ g f
8 00 W\N\[N\M_/M\/M ] 0
- ~0.8 . —-0.632 L . N -1 . L L
0 1 2 3 4 0 1 2 3 4
it ] /s it ] /s

(e) EQ5 T (FFi+AHT 20 )

(f) EQ6T.H (Fri+H1 T+t s )

B9 =EREEE A TETEN TR

Fig.9 Relative displacement time history of the tower top under spatial effects of ground motion
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Table 6 Relative displacement of the tower under spatial effects of ground motion mm

R IR AL TR AR BETH

EQ1 0.526 0.582 0.322 0.233

EQ2 0.572(8.74%) 0.502( ~13.65%) 0.316( -1.62%) 0.262(12.34%)

EQ3 0.580(10.35% ) 0.497(-14.56%) 0.390(21.24%) 0.254(8.72%)

EQ4 0.556(5.65%) 0.536(-7.85%) 0.375(16.72%) 0.276(18.17%)

EQ5 0.632(20.25%) 0.662(13.82%) 0.293(-8.87%) 0.296(26.67% )

EQ6 0.690(31.14%) 0.945(62.37%) 0.422(31.13%) 0.330(41.27%)

T 3% 5 YR AR L B AR T —E06805) (EQ1) TS RYARXT AL RS 224K

23 [ by A T 20 ORI i B S TR o 2 % AN 181 10 iz . B AT 35, 5 FE 75 3 25 [R) 3800 ( EQ2 ~
EQ6) I, 3SR B s IO X6 3% R T — B0l (EQ1) T . A IEATIHAUN (EQ2 ~ EQ4) I, BY 13k
BN 100 m/s (EQ2) M, d1 BURVGT BSOS TR X 057 8% 18 sy .35, AR T —BGHUAN (EQ1) 40 701l 35 K
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Fig. 10 Relative displacement of the top of side pier and auxiliary pier under spatial effects of ground motion
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Table 7  Strains of the bottom of tower, side pier and auxiliary pier under spatial effects of ground motion pe
Hh = % W LIRS
EQ1 73.29 53.42 42.28
EQ2 94.50(28.93%) 70.42(31.83%) 51.95(22.86%)
EQ3 99.45(35.69% ) 68.11(27.50%) 48.65(15.06%)
EQ4 88.64(20.94%) 65.81(23.19%) 47.29(11.85%)
EQ5 103.47(41.18%) 71.07(33.04% ) 51.22(21.16%)
EQ6 122.67(67.37%) 76.52(43.24%) 53.99(27.70%)
T A5 5 TR Ak LU 2 AR T — B0 (EQ1) ALY N B AL
3 &g
BEXT RIS R 25 (8] 5 BEVE R R BB 5 1 25 S PR, IRASEIH) P vl B 1 52 245 (1] M 722 3l 52 Wil ) ] et
ASCEAIFIT I T 28 [ M= sh A R KBS RHFF U= e W iR 30 5 5 BRI, 0P 5T 1 # = 3h 2 1) xﬁf“ﬁﬂh
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Al , T BT TR B I R AR 43 S48 K 26.229% F1 21.26% ., [R5 JEAT I A% 0 FHAH T80 (EQS ) I, b
722 2117 [BVRRNE T 38 18 5% ) R AN 2% A I8 80y, AT T o 3 38 % — 500l ( EQ) 43 i1l 34 K 28.73% Fil
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