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Centrifugal mode tests on seismic response of underground structures with
pile foundations in soft clay
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Abstract: The centrifuge shaking table tests are conducted to investigate the dynamic response characteristics of large
underground structures with piles, such as underground transportation systems, under seismic loading. In addition, the potential

hazards like ground liquefaction and structural buoyancy are examined. The saturated soft clay is used as the foundation soil in

the tests, which are designed to represent three scenarios: free field condition, integrated shallowly-buried underground
structure, and equivalent single-cell shallowly-buried underground structure. To eliminate the boundary reflection effects, a

layered shear box is utilized. The horizontal seismic tests are conducted at 50g centrifugal acceleration. The test results indicate
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that different structures amplify the response at specific frequency bands associated with their natural vibrations. Under the
resistance properties.
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premise of the equivalent overall mass, static buoyancy and moment of inertia, the integrated structure reduces the effects of the

natural vibrations during seismic events compared to the single-cell configuration and exhibits superior post-seismic buoyancy
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Table 1 Similarity ratios of model
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Fig. 2 Seismic waves at base of soil in centrifuge tests
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Fig. 3 Accelerations at free field
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Fig. 4 Accelerations of structures in tests
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Fig. 5 Vertical displacements of free field and structures
2.3 SRENRLSIHT
AR TUBEAR G R LA RS WL B /N T B e S5 4
AR, & 6 LB T B oo et pl) S B AR A 16 T 4
PSR Ot . I 6 Fras, B ITES R AR v
) E IS AN 0.44, 0.72 Hz, HEl*1 A 06AE
AR GE ) T BAE AR 0.76, 1.12 Hz, FEHEIE2 M
"3 WEAH . FRTTES RN R e F v T R A A, HL
WA A FRAL PR TC A M LRI . T B S B
SRR B AR, MR IS AEMEIR] S 808, Al
B TC A M AT I AR L W S KT B S5 ) (B 6), 3R
W2 2 7 SRR E R, BRI A T SR
MR A
0.15

—— HIngi
RS

HiF/Hz
6 LEATPER AR A STE XL
Fig. 6 Comparison of structure displacements between numerical

and centrifugal model

3 &% i

HETREHA KM F A% 44T RS, TR T 5
1B ORI B RS AR SR HLAR S T S
A 4 ) 5 0 W AE RV 5 B0
FEAEE 4 S,

(i - A TR DL % 45 K0 2k 420 4 4 5
6 B P30 72 2 ) S B o 85 e B e i 7
[T B AT 53 8 R T BV P Ak TR Ay, A % M
F I BT SRRy (R FE R A A 4R
L AL PN G G ASE i 5 et
AR AL

(2) G5HTE bR T SRS AR E IR,
L P 9 7 7 45 U 5 4 o 5 R WD 1 S il A
R e st B b 2k Ok, ARIRIZs
SR T KL PR A SRR 18

(3O3R T R - S M 7 0 (R T e
B, TEHUERTRE D, M 8 16 o R AT 2
M, 2R Rk BB A R A RATE , LRSI
U0 5 G 15 35 0 (4 R B A1)

(AN TR KT 5 s S R N T4
R TG, B S IR L
. R TR ARG SN R PTR A ST, (B
HETECH WK 22 1 M 1 5 B A AR RS8R
ST 22 A B A7 M0 R

SE -

(1] FKpREL. W Je R = A 2B FE[0]. & £ TRE2AR, 1989,
11(3): 78-85. (ZHANG Huchen. Study on seismic thixotropy
of silt foundation[J]. Chinese Journal of Geotechnical
Engineering, 1989, 11(3): 78-85. (in Chinese))

[2] SEED H B, CHAN C K. Clay strength under earthquake
loading conditions[J]. Journal of the Soil Mechanics and
Foundations Division, 1966, 92(2): 53-78.

[3] SEED H B, IDRISS I M. Simplified procedure for evaluating
soil liquefaction potential[J]. Journal of the Soil Mechanics
and Foundations Division, 1971, 97(9): 1249-1273.

4] HEE, ERK, 5K FOE-RERLERSEN TR
O R E Bh A oma R0 HR 3 TR %R, 2023,
(https://kns.cnki.net/kems/detail/32.1349.TB.20230328.0904.
002.html. (FENG Zhongju, WANG Yiran, CAI Jie. Dynamic
response characteristics of diameter variable section single
pile under the coupling action of pile-splinter soil layer[J].
Journal of Vibration Engineering, 2023, https://kns.cnki.
net/kems/detail/32.1349.TB.20230328.0904.002.html. (in Chinese))



H T 1

TORKL, S5 BRI A R T SR R e R L e AR A 5

[5] GOH S H, ZHANG L. Estimation of peak acceleration and

(6] F#EE, Raf, thAR, &

[7]

(8] ¥/kka,

bending moment for pile-raft systems embedded in soft clay
subjected to far-field seismic excitation[J]. Journal of
Geotechnical and Geoenvironmental

143(11): 04017082.

Engineering, 2017,

S ORIk BN
A 7 B g o MLt I B 72 0], Eijlﬂ%(E B BORFEE),
2009, 39(6): 1129-1137. (ZHOU Yanguo, CHEN Yunmin,
SHE Benkangguang, et al. Centrifuge experimental study on
uneven seismic subsidence of buildings on soft clay
foundation[J]. Science in China (Series E (Technological
Sciences)), 2009, 39(6): 1129-1137. (in Chinese))

WILSON D W. Soil-pile-superstructure Interaction in
Liquefying Sand and Soft Clay[D]. Davis: University of
California, Davis. 1998.

eogl, AR . EARIBE TR INAE A A
I3 IR BN[T]. & L TR, 2012, 34(5): 790-797.
(HUANG Maosong, ZHONG Rui, REN Qing. Lateral
vibration of caisson-pile composite foundation in layered
soils[J]. Chinese Journal of Geotechnical Engineering, 2012,

34(5): 790-797. (in Chinese))

(9] B B, BOSkA. TURIINAE S A BEAL 0 7 i 25 Lok 6 ).

&+ 715, 2014, 35(2): 380-388. (ZHONG Rui, HUANG
seismic

Rock and Soil

Maosong. Centrifuge tests for response  of

caisson-pile composite foundation[J].

[10] *

(11]

[12]

[13]

Mechanics, 2014, 35(2): 380-388. (in Chinese))

RRz, WRilES, SRR, & SRR AE SRR R e 2
O3 G B 0] @4 FEIR, 2016, 3709):
134-141. (LIANG Fayun, CHEN Haibing, HUANG Maosong,
et al. Model test on seismic response of superstructure and
pile group[J]. Journal of Building Structures, 2016, 37(9):
134-141. (in Chinese))

HJKEH, VLR M AR SRRRAERTR B b
A@Bﬂjﬁﬁzﬁ WIEHF AT, AL TSR, 2022, 4403):
550-559. (TIAN Zhaoyang, LI Ping, ZHU Sheng, et al.
Shaking table tests on negative friction of piles in soft soils

under strong earthquake motion[J]. Chinese Journal of

Geotechnical Engineering, 2022, 44(3): 550-559. (in
Chinese))
RUPGET, TSR, AN [FIRRRE 7 B T8 7 e B2 ) 25 0 FR 3

ERBD]. A4 0%5 TR, 2013, 320381 2):
3404-3412. (LIU Hongzhe, HUANG Maosong. Centrifugal
shaking table test of seismic response of rectangular tunnels
with different buried depths[J]. Chinese Journal of Rock
Mechanics and Engineering, 2013, 32(S2): 3404-3412. (in
Chinese))

YANG D, NAESGAARD E, BYRNE P M, et al. Numerical
model verification and calibration of George Massey Tunnel
using centrifuge models[J]. Canadian Geotechnical Journal,

2004, 41(5): 921-942.

(Rz: R





