CEXECIN RS mode TR R M (A RO R Vol. 43 No.4
2026 4 8 H Journal of Hebei University of Engineering ( Natural Science Edition) Aug. 2026

XEHHS :1673-9469(2026)04-0012-09 DOI:10. 3969/j. issn. 1673—-9469. 2026. 04. 002

R IZ AL 2 T2 2 il 4548 L 52 e 1 Y R 21 65 1

K ERL? SRis A MRkt AR RE R
(1. AR R ik TR BRI shil , N5 23k 01401052 WEHBHE R LA T RSB, NE i
£33k 01401033, PI5EH 24 BAE A £ @i R, NGt 2% 0136504, Jb 5t TiT AR ik 2 46 S A DU AF 5% 52
JEE 100029;5. JbE Tolk k2 3k 5 TR 2 4k 20 & 30 i 328658, Jb At 100124)

BE. ATHRAEERILEEREEE AL LK A TRERAILTALER 3 FFHE R
NI, TRV G KI, B AT A WY T M T, 5 AT IR ERA L B RAH E, *T
TEMET , LERABACR KGR AL AREHWELERIT L, B & Lo ILERE T
M) LU W RARJE K F 1AL R TR LA K e A TR 2, Sk b, sHEMm S, e RARE K
FIATH LEM ik E S S A B B F R KR, A RALIRARZ, &Lk R, RERNE B RAAT
A E 5 L BB AL NIRRT RN n, LB BAMK IR E R LR G iR AR AR 3R R
ZIAEG IR BERA LB R A ESE R B S R k ER AR R E D,
KEEW . REBRNLE 3G RI; SLER ; £ h M W Eva B

HRESESTUM 1 ERARINAD: A

Shaking Table Tests on the Seismic Response of Station Structures in
Deep Liquefied Soils
SHI Ming'*, ZHANG Zhihua®, YANG Zhenxin*, XU Youjun®, TAO Lianjin’

(1. Mining Engineering Postdoctoral Research Station, Inner Mongolia University of Science and Technology, Baotou, Inner
Mongolia 014010, China; 2. School of Civil Engineering, Inner Mongolia University of Science and Technology, Baotou,
Inner Mongolia 014010, China; 3. Xinghe County Housing and Urban-Rural Development Bureau, Inner Mongolia
Autonomous Region, Xinghe, Inner Mongolia 013650, China; 4. Beijing Special Equipment Inspection and Testing
Research Institute, Beijing 100029, China; 5. Key Laboratory of Urban Security and Disaster Engineering,
Ministry of Education, Beijing University of Technology, Beijing 100124, China)

Abstract; To investigate liquefaction behavior in deep liquefied soil layers, this paper performed
shaking table tests using three seismic waves, i. e., the Ming Shan wave, Beijing Hotel wave and
Beijing artificial wave, as the dynamic loads. By comparing free-field and structural conditions, the
liquefaction characteristics of deep liquefied soil layers were analyzed. For the soil layer, no water
spraying and sand bubbling occurred on the surface, but cracking developed near the structure. The
pore-pressure ratio in the free-field condition was much smaller than that in the structural condition. The
pore-pressure ratio induced by the Beijing Hotel wave was the largest, followed by that induced by the
Beijing artificial wave and then the Ming Shan wave. For the structure, the Beijing Hotel wave produced
the largest structural acceleration and the greatest increase in tensile strain, followed by the Beijing
artificial wave and then the Ming Shan wave. These results indicate that liquefaction of deep liquefied
soil layers is mainly controlled by overburden stress and the frequency content of the seismic wave:
larger overburden load and higher dominant seismic frequency both reduce the degree of liquefaction.

The seismic response of the station structure correlates closely with the dominant seismic frequency.
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Tab. 1 Model scale relationships
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Fig. 1 Shaking table and layered shear box
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Fig. 2 Particle gradation curve

() ML, 985 (b) MR

(o) HafFIRY

1.4 EEREHEHIME

AHIFFE R FHAVORL TR 858 AR UL 4 3 205 440 11 Y
+, FRIAE 2. 5~5. 0 mm AOHLAMC R TR EE L P A RL
R RS 0. 15~1. 00 mm AN IR EE - i
YERE, SR P B0 22 UL T 25 0 v i N A
FHEAEN 1.4 mm, 557 ELAEH 0.8 mm, 5316 K
ik $0. 8@ 20, H T 43 45 ¥4 52 4% H. Wi i S B
W) ARG R AR I stk e s X a3
B SRFLBIAG | DE SO TR E - R 55 b S A BR
TR RIS | VR RN A 3 B . BESFURLAY
[FIFFIEE 6 2H 70. 7 mmx70. 7 mmXx70. 7 mm {CkL
TREE e, iR, i BB R s B 19 - Y (8
7 MPa,

1.5 EHAmEHR

T ] 2k 25 ) 30 38 1) b AR K R BIAR D AR
TR0 308 3 e o S s b 7 T S5 R i R U, AR A
HUZRAEF, PR b S5 PR RE

AT [ 1 52 0 S A, )| M RE oK e R T A
FA 2245 i L b 58 R AR A e R (R AL ARG
MRS E BT ORI B A, T R
WA A KRS (H R 2544 B T a2 2 ad Bt
VAL ASIRREE 0 b R 0 2 5 R T 2544 AR TR
PR N, A 3 56 35 B 1) Ml R D S 44 1L i L b
SRS AL R N T, 44 LR 2008 4301 Hb
O, 2P EE 103 km, J5 UG 04 (R 0 3 B R
0. 16g, £ i 100 s, 4 15.9 Hz; Jb 5T RE I &
1978 4 Ji 1L 78 rhid s i, B EE 157 km, JRLRIE
E AN R 0. 39, F50F 50 s, F45 0. 7 Hzy A T3
SR MR A 7 b 25 53] R i J2 R P ASEALL 1 9K b U A
B4, A2 R FH B A 3 N T 30 ke 5 3 N IX R T
PR LIRS FLVE(E N R 0. 26, F#AT 40 s,
FHS. 2 Hz, HIRR I o 3 Ao A L % fof B o )
El 4 Fis

(d) Mk R

[ 3 BOREs R AR

Fig. 3 Model structure construction process



%43 PHRSE  RZ WAL )2 TP R 5 M =R 0 B A R B B i 15
0.20g 0.002 5
0.15g |
0.002 0
0.10g f
0.05g % 0.001 5 L
il g
§OWg E |
B [ 1
0.05¢ Jll 1 0.0010 l
~0.10g 0.000 5
-0.15g !
-0.20, 0.000 0
£ 20 40 60 80 100 10 20 30 40 50
EES HiF/Hz
(a) B L2 (b) 42 1Ly 18 B -3
0.4g 0.035
0.3g Il 0.030
02g i 0.025
0.1g \ J | d I * \ ~
' + 0020 I
it £
o) 0.0g g
E 1 0.015
-0.1g ” f =
0.010
-0.2g !
-0.3g 0.005
-0.4 0.000
£ 10 20 30 40 50 10 20 30 20 50
B 1] /s SRR MMz
() LT G SRR (d) AL TR i e BL -3
0.3g , , 0.010
m%“
%, 0.006
E
gmm
0.002 Il
-0.3g 0.000 i sia Aottt Mt
10 20 30 40 0 10 20 30 40 50
G HiZ /Hz
(e) WA T I 7 () IEE A T3l B -

P 4 HbRR I AR il 2 B L3

Fig. 4 Seismic wave time-history curve and Fourier spectrum
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Tab. 2 Seismic wave loading condition settings
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Fig. 5 Sensor arrangement for free-field conditions
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Tab.3 Boundary effect exponent for the model under free-field conditions
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Fig. 7 Macroscopic observations in the experiment
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Fig. 8 Comparison of pore-pressure ratio time histories ( Beijing Hotel wave)
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