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Abstract: The shear characteristics of gravelly sand significantly influence the stability of slopes and foundation
pits. Discrete element numerical simulations were conducted on sand with gravel content ranging from 0% to 25% to
investigate their mechanical behavior and pore structure evolution during shearing process from macro—micro per-
spectives. Results demonstrate that gravelly sand exhibits strain-softening behavior, whereby shear stress first reach-
es the peak value with incresing displacement and then decreases to the residual strength. The shear strength of
pure sand is optimal, decreaseing by 15%—18% when the gravel content increases to 25%. The material exhibits
nonlinear strength characteristics under high stress. When the normal pressure increases from 100 kPa to 300 kPa,
the maximum shear stress ratio decreases by 16 %, and the internal friction angle declines with the increase of grav-
el content. Microstructural analysis shows that the increase of gravel content promotes the stress transmission domi-
nated by coarse particles in the shear band, while the void ratio increases by approximately 30%-60% during shear-

ing, and the particle rearrangement aggravates the strain softening. This study reveals the macro and microscopic du-

i 2025-10-09

E£WMAB: VLA RN H (2022KY02)

YEERIN: FARAN(1989-), H, S RN, W50 )k RS T K E BRI AR
E-mail: 857379278@qq.com



5 4 3]

RN BE T B BIOTHY & BRI 1 39 DR B A 65

al regulation mechanism of gravel content on the mechanical properties of sand, which provides a theoretical basis for

the stability evaluation of gravelly sand foundations as well as the engineering design of slopes and foundation pits.
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Fig.1 Schematic diagram of direct shear test model
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Table 1 Micromechanical parameters of particles

in the simulation

EHIPVE S Hfl
WURL% B pl(kg-m™) 2650
URLE 1] WIEE &, /(N -m") 5.0% 107
B AN W EE L &, /k, 2.0
FEAE R A 0.5
RN T R E e, 0.1

RHJe &5 0.1

1.2 WA

MG B IR R AL E 255 00 H AR50k
HER A i OGN RBUE R R T R A



66 %

464

oo

HRAE 0%~25% HIRY L 01245 A A, PR T
TR B FE b B9 e /KD 42 AT 3K 0.001 mm,  J9URE 2%
Beya IR, EEEASEAEL v 5 2 die BR S BR R 2 i
HEAT RN R BOBURL A 2 T T A TR
AR S5 TEPW IR, R/
FE A2 mm, PS5 mm DL AR SR 0k, 20
mm P _F (ORS00 ks, Bl R i
SR 0%, 5%, 10%, 15%, 20%, 25%, %
R TR AR B T SN R BE , 45 7 g e
2R, BRI SRR, BR A TE BT IS B AL

I3 o AR S AR LN R 2 B
®2 BHPHASER

Table 2 Grain size fraction contents in DEM simulation
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Fig.2 Numerical models of gravelly sand with different gravel contents
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Fig.3 Shear stress—displacement relationship curve
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Fig.4 Relationship between gravel content and shear strength under different normal pressures
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Fig.5 Relationship curves between normal pressure and shear

stress ratio with different gravel contents
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Fig.7 Distribution of shear force chains in sand with different gravel contents at 100 kPa normal pressure
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Fig.8 Shear displacement versus void ratio at shear plane for sand with different gravel contents under 100 kPa normal pressure
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