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Iinfluence of particle shape on the internal structure and
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Abstract: The shape of sand particles affects the physical and mechanical properties of sand, thereby
influencing its engineering behavior. To investigate the influence of soil particle shape on its internal
structure and particle motion characteristics, the creep process of sands with different particle shapes
under varying stresses was simulated based on the discrete element method in the study. The results
reveal that the micro-scopic of non-spherical particles to creep is quite different from that of spherical
particles. The flatter particle shape leads to higher sample strength and more volumetric contraction.
The particle shape affects the distribution of contact force during creep, which makes it more
comparable to the distribution of contact force in the shearing process. In terms of particle alignment,
the flatter the particles, the more they tend to be distributed in the direction perpendicular to the major
external loading (i.e., the horizontal direction) during creep. During shearing, particle shape changes
the contribution of internal particle contact motion to overall specimen deformation normal contact

deformation produces dilatancy while tangential contact deformation generates contraction, contrary to

* WFRBEHEI2025-10-17 RFAHEH:2026 - 01 - 05 M4EE & B XXXX - XX - XX
ESWA : FHR A RPAHEAE(42072295)
EE B B (1984 4FE) , s ]S A 1) M BT 9 3% | 119 2 W ; E-mail : gaoyan25@mail.sysu.edu.cn

ZR20250223



2 iRz (HARHERR H3E30)

XX &

its contribution in spherical particle motion. The contribution of inter-particle contact motion to the

volumetric strain during creep is closely related to the strain characteristics at the onset of creep. In

other words, the contribution of the interparticle contact motion in creep depends on the initial state of

creep and is a continuation of the deformation from that state. This study provides a theoretical basis for

predicting long-term stability and deformation in geotechnical foundations.

Key words: particle shape; creep deformation; internal structure of soil; particle motion characteristic
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Fig. 2 Variation trend of deviatoric stress with axial strain for

sands with different particle shapes
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Fig. 4 Macroscopic mechanical response of flat granular sand during creep proces
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Fig. 10 Contributions of various contact motion types to creep strain during creep process
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Fig. 12 Contribution of tangential contact deformation to volumetric strain in strong and weak force chains

3.0 F = = Dl-¢
§
E/Q;
e
g
®
-5.0
-7.0 1 L 1 L 1
0 5] 10 15 20 25
) R ARe /%
:b N
4 én 1/b\

ABIE ST I 1 B HOCRUE R, SRR T BRI AR
Xof B 47 45 5 A 3o R TP D b A 5 AT A L R O
PRI . FEEFEUT o

1) FUREIE AR -, T 56 B K, 05 72 AR TP
S [6] FATRIB N o RO o3 A 2 T JI0RE I AR 38
UKL (8] 2 fkh £ 45 1] S A R BE YR8 T o 4 ik 19
S A A R R R g 5 X Ty, ORI IR A 2
AR T fob AR S A il RS 4 5T D) i
2 ik 3 53 9 3 A LA HE S AR AL Al (5 RURE A9 4%
ik 735 B 22 19 55 T 4 5 A8 WORLHES T ) b 8 F-
F1%) AR A8 055 22 o A rPBOR ) TR LT B0 07
fi) (K SF-T5 18] ) 73 A1, X 2 i 3 BT 3 R ) 7 1)
PURL AR 25 e A5 5 X T LB A 2 A4 1, A 18 5TRL
R 0 3R L5 [ J0RE 22 57 O, UKL R A AL B
(49 2= T 18] fhy JE 0 g 0 18] 1] 3K F O 1) e o R AR

Sk

R, WA, iR, %, 2025, TORIRR XD + 5T D) AEER
i f 8 90 A AR A0 A [T, % & SR B8 TR, 32(3) -
90~100.

BEEE ) BRRIRK, T, 2, 2020. 3£ T 3D 3T ENBFSE UKL IR
XD 25 W 2P B R s [J]. 5 TR 2R, 42(9)
1765-1772.

XEE, OB, TR, 25, 2024, % SRR AR A 1D + 5
YIdiat V], A G i S TR, 43(5): 1291-1300.

W, B, DL AR, 2018, K, 551 T BURLIE R A AF %
TR U SE I [T ], 25 4%, 39(10) : 3695-3702.

ik R ORI R (Al 5 28 A 5 4 W) 7 T D
STY) e A R /N T BT U)o A e A A = (]
AR RO 3“7 WV

2) 55U AR, ORI AR 8 % 45 fiazs Bh %t
AR IS A% 14 TR AR FHAS ] 3 A B R 0k iR T Y
TTHR o HEAP 35 1 Ak T R AR 0 BT U B/ NI By
BeATy 5 R AR BRI (B 7R R AR TS B Be, 51 B AR AR 4
I, SRS R B SR IEAL . XU S Al A,
AE AR [ R 0K F ke 5 46 1 T, 55 HAE 5 R J0RE 1R
Hh S B K P A A AR 2 5 4 Mk R 2 AW A4 5 2 7
BTDY i A o AR AR I AR B AY SRR AT DN, 4
i VR S 58 I AR AR P K 33X T R PR A A (B B 1Y
FERBIR 7RO L B SRR Rt . B A e v, 4%
L1531 45 16] S M 78 A K 45 6 TR 42 fiph 3 5l 4 K 4 1)
T AR AR UK | AR ORI T sik , FLIG 22 1
T A fih A2 S xR 78 ) A P 5 B D e AR R AR
IR

N

Al

F 25, R, 2019, HEARHBUR L RO HEAR 9% B K i 2

M B BT[], 5+ 1%, 40(6) : 2416-2426.

FhRE, FEE, TR, 4, 2024, T CT HWF5E POk
RS+ T2 E T s [T, B HoR 5 TR, 24(21)
9077-9086.

RN, BUR, E4TE, %5, 2023, WKL b R F %D
R A S I i B = R [T ). A A
TR, 42(2): 497-507.

B, EE, 3KFEA, 2, 2022, FORIEAR XD + 122 5
SEEE[T]. BalR A S TR, 19(11): 3256-3265.



10 iRz (HARHERR H3E30)

XX &

CHEN Q, GAO Y, YUAN Q, et al., 2022. The correlation of
macro deformation and micro kinematics for dense granular
material subjected to shearing [1]. Comput Geotech, 141:
104523.

GAO Y, CHEN Q, YUAN Q, et al., 2023. The kinematics
and micro mechanism of creep in sand based on DEM
simulations[J]. Comput Geotech, 153: 105082.

GORYACHEVA 1 G, ZOBOVA A A, 2022. Dynamics of
deformable contacting bodies with sliding, rolling, and
spinning[ J]. Int ] Mech Sci, 216: 106981.

KANG D H, YUNT S, LAU Y M, et al., 2012. DEM
simulation on soil creep and associated evolution of pore
characteristics [ J]. Comput Geotech, 39: 98-106.

KILDASHTI K, DONG K, YU A, 2023. Contact force models
fornon—spherical particles with different surface properties :
A review|J ]. Powder Technol, 418: 118323.

LI X, LI X S, 2009. Micro—macro quantification of the internal
structure of granular materials[J]. J Eng Mech, 135(7) :
641-656.

NECOCHEA T E, SAEZ E, HANLEY K J, 2024. Effect of
sand particle shape on micromechanical modeling in direct
shear testing[J]. Comput Geotech, 169: 106222.

ROTHENBURG L, BATHURST R J, 1991. Numerical simula-

tion of idealized granular assemblies with plane elliptical

particles[ J]. Comput Geotech, 11(4): 315-329.

WANG Y, SONG E, ZHAO Z, 2018. Particle mechanics
modeling of the effect of aggregate shape on creep of
durable rockfills[ J]. Comput Geotech, 98: 114-131.

WU Y, CUIJ, HUANG J, et al., 2021. Correlation of critical
state strength properties with particle shape and surface
fractal dimension of clinker ash[J]. Int J Geomech, 21(6) :
04021071.

XIAO M, DING Y, 2021. Contact kinematics between three—
dimensional rigid bodies with general surface parameter-
ization[J]. J Mech Robot, 3(2): 021006. .

YANG S, HUANG D, 2023. Understanding fabric evolution
and multiple liquefaction resistance of sands in the presence
of initial static shear stress [J]. Soil Dyn Earthq Eng,
171: 107962.

YANG S, HUANG D, WANG G, et al., 2022. Probing fabric
evolution and reliquefaction resistance of sands using
discrete—element modeling [J]. J Eng Mech, 148 (6) :
04022023.

YUAN Q, 2016. Experimental characterizations of structural
kinematics at micro— and meso—scales in a 2D rod assembly
subjected to shearing [ D]. Hong Kong: The Hong Kong

University of Science and Technology .

(RfEHE T F)



