44525 4 1 1IN G O S N i 14 Vol 45 No.4
20254 8 Journal of Disaster Prevention and Mitigation Engineering Aug. 2025

DOT:10.13409/j.cnki.jdpme.20240220002

ME 1 25 ¥ X3 %R 1 tth 7Z Bh 37 th R0 A 22 M /Y
BRI R
HHE, ZRE, RHR, BB

(1. MR TR R TR B, TP REAK 5410045
2. R TR W R 5 TR RS, )Y A 541004)

FHE: AR THRALEMAREZ TR ED DAY Hh Rt — AR L AR A TRFZT U S H AR
W, R THEAAAf R AR ET ik FHERENEFRIGRBRR, AARR M ELENKZF A B R
ENDHHA KRR Gk T o T AL S R AR T E ARG A E AT ER GRS
HEF, EREAN - OF TRBANR A ERGIEEAER, ERHARGEFFZGTET RBAREHR,
HEEAMeA ik A BT AM BGOSR FEE—RGFEE Qb TAHRLEMG AL, LAELE E5%
A mik Bk K TZAEL , mA RAGH D TEZEL ;O LEMT ARG RKERAY T E A—LELE L
MRHGIGEKRERNAEZH T TLEREAHRG B FHEF R ABERBTARNEAXERN ;O ED L
REAEE R, EERA TR KRREBFER AWMy, EXERA T, EAREEGGREARA B ZG T PR
BAE N TR R AL,

KR MR B M 5 B SRR R s B A B OB s SR ik

FE 42 S: TU447;TU435 XERFRIZAD: A NXERS: 1672-2132(2025)04-0897-09

Centrifuge Model Test Study on Influence of Pile-soil Structure
Interaction on Ground Motion Site Effects in Soft Soil

LIU Xiangyu', LAN Jingyan'?, XIAN Ganling', REN Hongyi'
(1. College of Civil Engineering, Guilin University of Technology, Guilin 541004, China; 2. Guangxi Key Laboratory

of Geomechanics and Geotechnical Engineering, Guilin University of Technology, Guilin 541004, China)

Abstract: To explore the influence of existing structural systems on ground motion site effects, a se-
ries of dynamic centrifuge model tests with pile foundations in soft soil as the engineering background
were designed. Accelerometer arrays were arranged at the near-pile and far-pile locations to collect
test records, which were used to investigate and analyze the ground motion site amplification response
of the pile-soil structural system and the free field. The traditional spectral ratio method was used to
compare and analyze the differences in base frequency, predominant frequency, and site response be-
tween the near-pile and far-pile locations. The results showed that: (1) due to the filtering effect of the

weak medium on seismic waves, as the waves propagated from the base to the surface, the wave-

* WrHE B H3:2024-02-20; & B B # :2024-04-01
EE&TH:EREARFFIELTH (52368068,52168067) % )
EEE AN XA T (1999—) , 20, WL BT A . 2 2SR S A B 7 . E-mail: 1132237781@qq.com
BEMEE 2 RA1981—), 5 g L. FENFS LR TR . E-mail: lanjy1999@163.com

897



forms became increasingly sparse, and the timing of peak acceleration at each layer showed a trend of
first decreasing and then increasing, with a certain degree of hysteresis. (2) Due to the presence of pile-
soil structure, the peak acceleration at each layer at the nearpile location was slightly larger than that
at the far-pile location, while the amplification factor was smaller than that at the far-pile location. (3)
The amplification effect of the pile-soil structure on the local site was significant. At the same soil lay-
er, the amplification effect of local site at the farpile location was significantly greater than that at the
near-pile location, though both showed pronounced amplification effects in the second vibration mode.
(4) As the soil layers of the site became shallower, the site amplification response did not always in-
crease across all vibration modes. In certain modes, the amplification response near the base layer was
higher than that in the intermediate layers, but lower than that in the near-surface layer.

Keywords: ground motion site effects; site base frequency; dynamic centrifuge model tests; traditional

spectral ratio method
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Fig.4 Acceleration time history response of soil under input

ground motion
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Table 1 Peak acceleration and amplification factor at

each soil layer

G /m pligi Ak
A8 K, A/ g K,
—15 0.251 0.690 0.262 0.752
—45 0.186 0.511 0.205 0.587
—8.0 0.223 0.612 0.224 0.642
—11.5 0.262 0.720 0.212 0.609
—15.0 0.285 0.781 0.291 0.836
—19.0 0.348 0.956 0.319 0.914
—23.0 0.364 0.998 0.353 1.014
—27.0 0.364 1.000 0.349 1.000
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Fig.5 Variation of peak acceleration and peak amplification
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Fig.6 Acceleration response spectra of soil under input

ground motion
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Table 2 Peak acceleration response spectra and corre-
sponding periods at different depths under seis-

mic loading

. i B TR
W /m - -
RNGEE(E /g /s RISV /g S /s

—1.5 0.87 1.00 0.80 0.90
—4.5 0.91 0.90 0.84 0.90
—8.0 1.00 0.32 0.88 0.90
—11.5 1.29 0.32 0.98 0.32
—15.0 1.33 0.32 1.28 0.32
—19.0 1.47 0.30 1.33 0.30
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Table 3 Variation of natural frequency with depth for dif-

ferent vibration modes

TH Y /m — Wi 2 oy 1181

Jfi/Hz AF Ji/Hz AF

—1.5 5.46 0.95 7.96 1.45

—4.5 5.51 1.20 8.01 2.14

—8.0 5.36 1.55 7.86 2.63

WAL —11.5 5.36 1.51 7.86 2.23
—15.0 5.31 1.40 7.81 1.98

—19.0 5.31 0.75 7.61 1.14

—23.0 5.26 0.51 7.76 0.84

—15 6.01 1.56 8.51 2.10

—4.5 5.96 1.67 8.36 2.39

—8.0 5.81 1.77 8.26 2.93

mhER  —11.5 5.76 1.73 8.26 2.67
—15.0 5.71 1.59 8.21 2.45

—19.0 5.56 1.17 8.21 1.34

—23.0 5.51 0.72 8.11 1.71
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depth for different vibration modes
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