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Numerical Simulation of Static and Dynamic Liquefaction of Sand

XIE Yi-hong, YIN Zu-chao, LI Liang, CAI Peng
( Yangtze River Survey Planning, Design and Research Co. , Ltd. , Wuhan Hubei 430010, China)

Abstract: In order to study the static and dynamic liquefaction characteristics of sand, reveal the mechanism
of sand liquefaction, through the discrete element method, the simplified Hertz nonlinear contact constitutive
model that can describe the mechanical properties of geotechnical materials and the periodic boundary that
can eliminate the influence of boundary on numerical simulation result are used to prepare the loose sand
samples with different densities and different friction coefficients. A series of triaxial undrained test
simulations are carried out on the numerical samples of loose sand under static and dynamic loading conditions
to study the static and dynamic liquefaction micromechanical properties of the loose sand. The evolution rule
of the microscopic quantity of the sand particles is explored, and its internal connection with the macro-
mechanical response is established, thereby the meso-mechanical mechanism of the liquefaction of the loose
sand is analyzed. The test result shows that (1) The 3D discrete element numerical method successfully
simulated the phenomenon of static and dynamic liquefaction of sand. The “initial liquefaction” of the loose
sand in laboratory test and the possible dilatancy of the loose sand under low confining pressure can all be
realized in numerical simulation. (2) The evolution of the microscopic quantity of the samples is the inherent
reason for the macroscopic response of the sand. (3) Under monotonic loading condition, the fabric modulus
of the liquefied samples reach a stable value of 0. 62, the fabric tensor direction is consistent with the loading

direction, and the coordination number has a stable value of 3. 2. (4) All samples fail on the extension side
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under cyclic loading condition, the fabric tensor modulus during liquefaction is 0. 59 which is smaller than the

static liquefaction value of 0. 62, and the coordination number value is 3.4 which is greater than the static

liquefaction value of 3. 2.

Key words: road engineering; microscopic quantity; discrete element; sand; monotonic loading;

cyclic loading

0 5l

AR EOR TR 3¢ iz iy Aok A1) T8 45
G bR T S R, H O R TR AR
FERIAF ST E S, WE R . Wt
WA TGRS A T, AR A e i T LB K
JE I F 8 T 51 S 85 U 5k B 5t O R A RO ) REAR
RAFER R DKM T RN —Fh LR
AR, I FERT A M 52 5| K 0y 3 07 Ak T
SFE IS VA IS b BT K I A T A 2
YRR By % 5 B BE TR 46 (a8 H 45 52 3 AT %
TV RS Y B h WA AT O O R T K
FREE T, 5 = ey ke e =
BRI, ERY b WA A 22 0 2 ML D i
BAR T B Ry CR . (HE R BB A B,
Wy ERsh AT AR 2 e, BT E NI R
A B 25 W g 2 i 07 30 R ME R Y, NRE A B
a7 i W AR ) & A LT

W& AL AR & E, i Cundall F1 Strack™
$E P B R R BT (DEM) ${E )7,
AL LA ARATORLAA R 75 Wi 17 1 [i] B 38 85 SRORE £14) £l
WA v b, PFC ( Particle Flow Code) 1E >~ AS W
St KRB HOCRT , T2 N T Ab 4 S 0k A
R AN 1 24T R BF 5T . R el 40 g T R
PFC 2D R BRE BRBURR S, X 476 B ey 2 4 T b
FA AL B G AT T BE L. Yang I Dait' A ]
DEM J5 i JF g 1 — £ 51 XU 59 D1 i 50 () B A 4L
5 00 AT E AT R R AR OB TE SE AR AR T 1) 5k
R B HEA S5 R . Guo FI Zhao ™ BT 5E T HD £
0 55 DI 2 o 1) 2% 1) S P T A R Bl BOIR 25 ) 2
FTh o SRS IR SY T b 2 AL X R A A
BYAMLHLIR, F5 D BB A R — N A & ]
SR, BET, X WA A 4 AL B
FRRZ T Y s Ot IR, WRT7E = 485K
PRI — R TS . o3 — 5, Rk — 4
BB B & AR, BRUHD T # 3h JAR  N
TEORIE, A X b 1 3 ) WAk B0 4 A7 B0l
AL

il

T, MM =4 BTk, nalfessh
IMBEEAET XA B - S U AT = 3 A HEK
SIUIAGAAU, BIF T B0 il 3 A 19 2 O
Jr2e itk o BUEA UG 2 AR RO URE 76 1 3l ) fif
BIFH N2 R AR, AP+ BORL o 38
PERGZE R . BB SR 45 R D e 38 A 1 20 WL B B A
FERAL TR T B R, R TR U
AR EEBAC RIS K AL T T5 45

1 AEHESRUTR

BEHOTTT 2 19 7 5 D B B T A0 i 2 5 A
SOUARE ] B fid ke U 38 e A8 7S #9977 96 o0 SRk JBORE 114
(8%, SR TURLAE R I3 2B R RE S 1
WA TAEPRY 2R R AL Y Hertz 45 2k 422 A
ASFARE TR BE T B3k 11 5 % BE AR AL 45 SR i 114 ) 24
B, HAPRH A S B | s Ok L ATy
PEFIURL 2 E X 18 - (4 ) =2 e vk B SR L
T SE MR RRUE B A IR, 1R SR BRIE OB,
IR 2RI JEE O 0. 1 ~ 0.4 mm ZJa], w]
PR ) 2 2R A3 i BT 1 8 100 F
ke BIOCAE— D IETTIRIA/NER, i 8 4
FBORAT 2 A 8] 28 52 B2 (3R o 3R 8] 45 % T 4% 18]
AL &1 R A AR Z )R MR AR . (E
T R 3 o A R A AR A2 R S BN HE AR %
EER IR 2 R 7 i 08 05 AT o B0 Ay 2k
PRI FOAE PR 280 F R B R A0 7 48 ok 2
M3 R,

B1 #HEREF

Fig.1 Numerical sample



%512 1

WIINAL, % D b sl T AR ) B A AL 35

®1 BhRBEELSH
Tab.1 Numerical simulation parameters of particle flow
WURLERE/  BYYIMIR/ AR BURIEERE BB MR AT
(kg-m™%) GPa Lt £ b diRssT Ik
2.65 x10° 10 0.22 0.5 0.4 0.2 0.01
®2 BRFTHRERTHRERNURE SR

Tab.2 Numerical simulation test scheme under

monotonic loading

FLBRLL € JE/kPa D
0. 698 75 P75 -M
0. 699 100 P100 - M
0. 699 120 P120 - M
0. 699 150 P150 - M

®3 EEAEHERTHEEBIRE AR

Tab.3 Numerical simulation test scheme under cyclic

loading
fLE FlE/kPa  &{t/kPa  RiJILL CSR D
0. 698 75 30 0.2 P75 - C4
0. 699 100 30 0.15 P100 - C3
0. 699 120 30 0.125 P120 - C25
0. 699 150 30 0.1 P150 - C2
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