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Experimental studies on seismic response characteristics of dynamic
interaction system of pile-soil-cable-stayed bridges
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Abstract: The seismic response of long-span cable-stayed bridges with lower structural frequencies and damping may be
significantly affected by the properties of the pile foundation and site soil. However, few experimental studies on the full model
for long-span cable-stayed bridges including the pile foundation, site soil and superstructure are available because of the
limitations of shaking table testing facilities and technology. A 1/70-scaled full model for a cable-stayed bridge, which includes
the pile groups, artificial site soil and superstructure, is designed and constructed according to the trial designed long-span
cable-stayed bridge with the main span of 1400 m. The shaking table tests on the full model are conducted to study the seismic
response characteristics of the dynamic interaction system of the pile-soil-cable-stayed bridge under uniform earthquake
excitations with various frequency components and shaking intensities in the separately longitudinal and transverse directions.
The experimental results show that: (1) The pile-soil-structure interaction effects significantly affect the seismic response of the
full model for the cable-stayed bridge, but the degree of the influence is closely related to the spectral characteristics of various
earthquake waves. (2) The influences of the peak acceleration of the ground motions on the pile-soil-structure interaction effects
are not significant when the full model is subjected to the uniform earthquake excitations in the longitudinal direction. However,
the pile-soil-structure interaction effects gradually decrease as the peak acceleration of the ground motion increases under
transverse uniform earthquake excitations. (3) The higher order mode shapes of the tower make a significant contribution to its
seismic response. (4) The seismic response of the dynamic interaction system of the pile-soil-cable-stayed bridge is obviously
affected by the spectral characteristics of various earthquake waves. Especially, the vertical seismic response of the girder
notably increases when it is subjected to the Mexico City waves with long period components.
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Fig. 1 Full model for pile-soil-cable-stayed bridge
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Fig. 3 Full model for assembled pile-soil-cable-stayed bridge
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Fig. 5 Layout of measuring points for full model for pile-soil-cable-stayed bridge
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No. 2 pier and free soil under different earthquake waves

SHTE 11 () TTHL, 5 E A — B0 g R
FHEG, A A M BEAFER T EE (S &R\ m
I UK /ARG R, HEFES E B ilee
B 19~48 Hz HHEL, A A1 M I ) s bR 58 EA AT
ST 7.5~21 Hz f14~7Hz (& 7), F4ELE
PR FI N EAR R AR (2.4~5.5Hz, WE 3). WfE
A B — SO, AT, B RS T B KA
TN B HOR R B I K 110%,  65%, 24%, £ M
BN — BRI T, A RIS 1 B R 1 o ikt 58 75K
RE IR 57%, 109%, 1%. XLELERLH. 7F
HHIA] PGA VEF R 5 AN [RI AT 4 P b R g N B S ) 3=
B CEBE) BN Ia s v

1 E B A AT M BN — B0 T, BIREK
I\ 1 N3 R R B4 A8 0,923, 1.998, 1.472 (K
11 (a)), FRUAME - 1= - GE5MAH FLAE X =38 A a sk
L AR =N R E W R A ) N VRSB VL PN B
TRFEAE G, S 25 BRI B IR AR G . B2
HhRE I 0 S B sy (B 7)) R 4 M S A 1)
FLERATR (B 13D, G5 AL BOAA A PR ekt i R K
FE YW E, 7E El Centro P A/E FI T 5 EE O i) ikt J
K R /NT 1, HFEKGE El Centro Y ) £ E R &
T 19~48 Hz 2 83 AR 1 1a) L A %

(11.7Hz, WK 13),

~ =)}
—
=]

ThE % B R PSD/1074
T I R PSD/1073
=]

10 20 30 40 50
SRS Hz
(b) 2L 56T

(=]

10 20
Wi fHz
(a) BIE

13 EREFAS SR TR RAN"2 - AE TR SRR Y 5] A0k BE STt

Fig. 13 Spectral characteristics of longitudinal acceleration at

W
=]
(=]

tower bottom and No. 2 shear box top under white noise
excitations
HIE 11 (o) AR, 5 E B e — B0 4 5
bt A SR MBS [ T BR B8 I A1) 3= 5 fe K )
I FEBOR R BOE R, HEERRE A A M B
AR R AT (B 7) W B B ER IS A
(#4923 Hz, WAR 3D WIFE A WA M B — 2
WO 5 B T KA [ I3 P2 TBOK 22 3003 3l 39 K 16%.,
35%, PEhar AIIE K 34%, 74%. XK H: 7EMF PGA
TERIR, AFESE R AR 8 CEBE) B
TN B2 M 7 7 A= B S S
£ E B A PR M OB A — B T, B R K
DI LT R B A 2.374, 2,628, 1,538 (&



1326 H O+ T OB % M

2019 4F

11 (b)), FRYIME - = - LRI AR X BB A sk
JEE e S A B SR AN R EME o EEAOAN ] M R A FH T
(DN R TOR R BT J e bk - - SRR B AN
SN AR EAR G, thS ah R B PR3N
VeSS, BRI ) R sy (& 7) B
ISR R PR ) s A (] 14), S5 R B AR N
L K

8 q.5 5107 g 47107

[ By

2y Foy

% 1.0 %

- 2

®os %

ﬁ He

R 0 10 20 30 40 50 R0 10 20 30 40 50
Bz SR T Hz
(a) BIE (b) 25T

14 FREFE BN T HERAN"2 L FETFUER A0 15 A0k B S
Fig. 14 Spectral characteristics of transverse acceleration at tower
bottom and No. 2 shear box top under white noise excitations

AT 12 () ATE, 5 E WAk S At R
ML, A BRI T2 80 CEpE) AE sk
GhTE) DN FETBOR RECRACBUN, anbETi . 3 A e
TR RAE 7%LAA s MBI R T A 2=
DX BRI AR 1 I FE TBOR R 800, A T AN
b AN 1%, 30%, FE-EARJR 600 mm 4k H H
LN 42%, FCFEE G MBS A R, B
FAEPIER (B 7, "2 BUK (BT RI-L4Ak 1
FESELS (B 15, 1Ak, M AN AER N30
B KON AL B TR S T bE B A AR 45 2R K
21%, FLEAR: B TFARIER, "2 B s
[ H 32 GEYEEAR A s ], T MU sLER RE R (&
7) EIER FRHPESE (R 3, GEMKERNAR
gy, FEC2 IR 0 R K

FE E s A AT M BN — BB T, BURE K
OIS FETROR 2 8053 79 1,688, 1,746, 1.331 (&
12 (a)), RUIAREZAME - L AH FAEFRA A 1
P 7RI TEORAE R, HLTOR RIS 32 b R i A A
REPER 2R o

HE 12 (b) 1551, 5 E WMl —Su8ih s RAH
bb, A BEREIEE 2 8GR (R O g s
JBOR R, T B AR, T R
RIS 5IHE K 33%, 27%, 45%: M BERER T
AR 2 350 X BN [ R e el RO R Bk
N, RTINS 73 39/ 25%, 32%, H 3R
/N 43%, e DR AT 55 4 7 o N ) B E B T AE A0
w5 2 SR, LIRS R. 22D ]
K, MBS ] 4 T S8R0 AR KA e sk 2 JEOR R U
ML E BAE R R K 28%, HIFEEZ: TERAR

T2 MIRRRE RS, SEC2 MIER NS R
RSN, MM PR R (B 7) B BRI o R ) 4
(R 3, HEEFERMEIRS), SEC2 BI5E
K

7E E P A R M A ) — B0 R, U ECK
R e I B TBOR R B 7o 1,921, 2.437, 1.307 (I
12 (b)), FOAME - 4= — SEH0AH LA FH XM S0 1) i
JEE R L PRI RS MR R BE 240, HLL RS i RE R 5 R AN 1
BRI S . 76 E ey A S M RS ER R, bE
T f5¢ K 1) Jin 3 B TROR R 23 o 1.605, 2134,
1.207, 1 H1 3% T 5 KA 1) el B 0k &R 3093 N
2754, 3.004, 1.561, L2578 AH H) i B 1 o 3ok 58 i
JL R R IAE ~ L AH B LA B

SHTE 16 (a) AT%N, 5 E PR — B0 45 R
FHEE, A EAARIAE T 20 5 R 8 g i 3 B SR R
B, e M OBRER T B, HIERE A B
M ) F A R TSR (B 7) WL E e LR
BIHE (R 3. WM ENAEHRT, 1/4 FE. 5
HORT 3/4 2515 (1) B K B Tl ISR B JBOR R 04 51N B
TERSE R 5.2 5. 3.7 50 5.9 fif . X sz LR,
FEAH A PGA VEF] T 5 32 SR8 ) Jyn sk 5 n 7 B 2 52 AN [+
SRR N R, HEA T E KR R
M 50 8 K b A 3 34 B [ 55 i 2 P 52 1 4 51

e
a 6x10-5 8 6x10-5
A& a9
] Fo)
= 4 g 4
g i
= 2 5\; 2
M’ 1 1 % 1 1
Ro 10 20 30 R 0 10 20 30 40 50
i Hz AR Hz
(a) BUK (b) HEH)K600 mm
15 EMEE#E T2 8RRl B AT 600 mm AHIYAE
JINiER B 5hE
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