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Experimental study on the influence of earthquake sequences

on the conditions of sand liquefaction sites

LI Jinyu', WANG Wei', WANG Haoyu', QI Yakun', ZHANG Xiaoging', ZHAO Mengyao’
(1. College of Geological Engineering, Institute of Disaster Prevention, Langfang 065201, China;
2. College of Engineering and Technology, China University of Geosciences, Beijing 100083, China)

Abstract; The research on the liquefaction and reliquefaction trend of sand under the action of earthquake
sequence is of great significance for the evaluation of seismic and geological disasters at engineering sites. Through
the shaking table test, the changes in site conditions after multiple liquefaction under the action of a simulated
earthquake sequence are analyzed. Based on the data collected and recorded by various sensors during the test,
combined with the light dynamic penetration test and the geotechnical test data before and after liquefaction, the
variation laws of pore water pressure, earth pressure, acceleration, soil moisture content, and relative compactness
of soil in the process of site model soil liquefaction are obtained. The results show that under the action in simulated
earthquake sequence, with the increase of vibration times, the sand compactness at the same depth increases
significantly, the increment decreases gradually, and the pore water pressure increment decreases gradually.
However, the sand compactness and pore water pressure increment at different depths gradually decreased from
deep to shallow, resulting in the liquefaction potential of deep sand being significantly lower than that of shallow
sand.
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Fig.1 Sand liquefaction shaking table system Fig.2 Sand grain grading curve
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Table 1 Sand particle size parameter
FHPRIAR dsy/mm HIAE dyy/mm AL d/ mm ESCEES RS
0.190 0.145 0.090 2.560 1.016
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Table 2 Type and specification of cone dynamic probe
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Table 3 Observation acceleration amplitude of the vibration sequence at different phases

pstib i R ing 12 Al/Gal A2/Gal A3/Gal A4/Gal
S1-1 [0,150) 31.1 243 325 223
S1-2 [ 150,270) 283.9 197.1 352.5 198.8
S1-3 [270,530] 407.0 247.2 402.2 584.8
S2-1 [0,150) 51.8 38.2 77.8 31.2
$2-2 [150,320) 118.5 86.4 142.5 65.9
$2-3 [320,820] 217.6 103.2 206.5 130.8
S3-1 [0,340) 215.2 84.0 210.1 62.3
S3-2 [340,510) 273.7 189.7 194.1 114.4
$3-3 [510,760) 175.1 283.6 258.7 149.9
S3-4 [760,1040) 167.9 330.0 300.4 321.6
S3-5 [1040,1370] 118.2 339.8 247.4 505.9
. 0.3
20 - — 51 20 0.2 —S2
I 0.5 M 0.1
& 00 00
= = -0.1
|05 )
-1.0 -0.3
0 100 200 300 400 500 600 0 100 200 300 400 500 600 700 800 900
(a) BFFES1 (b) WFES2
1.0 3
2 05
w0
) o_o—*
=
= 05

-1.0
0 200 400 600 800 1000 1200 1400 1600
(c) WFES3
B4 Ad EERINEERIEMLZL

Fig.4  Acceleration time history curve of A4
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ALK =37 1 S5 R s ) AR SO IS RE AR S A Al F p Table 4 Comparison of moisture content of sand
ST A [ TR BE DA (R 2B 3 IREACHE) ,ﬁﬁiTiﬁEﬁf% VR /mm éﬁ@% 5‘%% " 4@@%
R+ SR o o BB LR FE R 7+ - o e e .

IR E KR Su R S3MERZ G &Kk 4 FE 6 ' '
fin . WTUAE WAL P P9 E8 250 mm F1 500 mm PR 250 0-174 0169 0005
M EK R R T B RGP+ 3R)Z SRR A R ED 500 0.180 0.162 0.018

A, TR 105 K R AR (E R 3 R TR, RS -3
MR IUAE Z AR BhRAL T FLBUK i R i R A E A

B6 REREDLEKESHY

Fig. 6 Change of moisture content of sand at different depths
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Table 5 Relative compactness of the soil sample

FAREE/mm IR S3 Z S AINE S D, B /mm R S3 ZJRAXTE S D,

[50,100) 0.93 [250,300) 0.91
[100,150) 0.85 [350,400) 0.91
[150,200) 0.93 [450,500) 0.71

[200,250) 0.77 [500,550] 0.93
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Table 6 Cumulative blow count at the same penetration depth

BB/ mm A B—wdRs(S1)  HIUARSN(S2) A =UIRSI(S3)
100 1 1 2 2
300 4 5 10 15
500 7 10 20 25

2.2.3 IR

W A8 R A WAL B AL G RS , DR AP - %) %8 2 FE 1t B Wl 3 T 00, R ke 9% 350 %8 52 R 5 i
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Fig.8 Longitudinal variation of the relative density of samples and the number of hits in the model box
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Table 7 Pore water pressure increment under the input of vibration sequence  kPa

P
]l
w2 W4 w6 w8
sl 33 3.4 23 2.1
s2 1.8 1.7 0.8 0.8
S3 0.7 0.8 0.6 0.4

h T D R AR WAL LR K R R AR AR R ) A s AR BB LR R, M R IR 2
1B IAh BAR 2B 2R i TR MG RS AR Sh AL T S & B0, T8 R, KT 1, A%
A 200 mm 5 500 mm ZREERY W8 F1 W4 W £ A 13641 53 Hr , I% 20 5 80 %58 17 1) LR E s AR e 1] 9 Bss
Hr B 9(a) . (b)  (c) AEIRNTIER T hEseb A EFLE L, B 9(d) ((e) . (F) IEIRINTIERT
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T, A AR . B 9(e) T, S3IRSIFANAT LA H, th T IRER AP 1 %5 50 B & 0 2 R TR, R e
ZBY B Sl far 2 AR, W4 W6 1R FL I Fe g AR AR /N T W8 W2 L 3 i R T W4 W6, R
TEL RSN BAEHZ )G R 2R+ 2 5 5 kAL
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Fig.9 Time history curves of excess pore pressure ratio
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