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ABSTRACT The interactiomat the geosynthetic-reinforced soil interface is a key factor in determining the stability of
reinforced soil structuresy,and‘the particle morphology of the soil has a significant impact on this interaction. To study the
influence of grayvel’morphology on the shear characteristics of the gravel-geogrid interface, gravel with different particle size
ranges (4-6, 8-10412-14 mm) and roundness values (0.35, 0.55, 0.75) was prepared using a high-speed centrifugal mill. A
series of monotoni¢ direct shear tests were performed on the gravel-geogrid interface using a large indoor direct shear
apparatus to investigate the effect of particle morphology on the shear characteristics of the interface. Discrete element
software was used to establish a computational model for the direct shear test of the gravel-geogrid interface. The mesoscopic
parameters of the geogrid were calibrated through pull-out tests, and the correctness of the model's contact parameters was
verified by comparing the shear stress and volumetric behavior with experimental results. The evolution of anisotropy in the
particle arrangement at the geosynthetic-reinforced soil interface during monotonic shearing was analyzed, as well as the

micro-mechanisms behind the macroscopic shear characteristics of the gravel-geogrid interface. The results show that during
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the monotonic direct shear test, the reinforced soil interface exhibited typical shear softening characteristics, meaning that as
the shear displacement increased, the shear stress first increased, then decreased, and eventually stabilized in the residual
phase. Both the peak shear stress and residual shear stress decreased with increasing roundness of the backfill. When the
median particle size was 9 mm, an increase in roundness from 0.35077 to 0.75068 resulted in a decrease in peak shear stress
by 15.26%, 15.46%, and 15.79% under 0 = 30, 60, and 90 kPa, respectively, and a decrease in residual shear stress by
23.05%, 29.10%, and 20.94%, respectively. With the same roundness, interfaces with larger particle sizes exhibited higher
internal friction angles and apparent cohesion. When the roundness was 0.35, increasing the median particle size from 5 mm
to 13 mm resulted in increases of 10.77% and 144.19% in peak friction angle and peak apparent cohesion, respectively, and
increases of 6.88% and 180.00% in residual friction angle and residual apparent cohesion, respectively. In terms of
volumetric characteristics of the reinforced soil interface, interfaces with lower roundness showed more pronounced
contraction and dilation behavior than those with higher roundness. Under the same vertical load, interfaces with larger
particle sizes exhibited more significant contraction and dilation behavior than those with smaller’sizes. Erom the perspective
of microscopic anisotropy, under a constant vertical load, the shear contact force exhibited a "peanutshdpe” distribution, and
the tangential contact force exhibited a "petal shape" distribution. The main axes of parti¢le Contact normals, normal contact
force, and tangential contact force shifted with shear displacement. Particles with largersize§ and lower roundness had
greater deflection angles of the main directions of contact normals, normal contactforce,\and tangential contact force. The
corresponding microscopic anisotropy was stronger than that of particles with,smaller sizes and higher roundness, which is
closely related to the dilation phenomenon observed in macroscopic tests.
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Fig.2 Binary representation diagram of test gravel
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Table 1 Statistical result of coiling temperature control accuracy

Sample Particle size/mm Grinding number/ rpm Roundness(Ry)
AGI 4-6 0 0.34835
AG2 8-10 5000 0.35077
AG3 12-14 10000 0.34849
AG4 46 0 0.54909
AGS5 8-10 5000 0.54987
AG6 12414 10000 0.55125
AG7 4-6 0 0.74932
AGS8 8-10 5000 0.75068
AG9 12°14 10000 0.74896
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Fig.3 Shear stress-shear displacement relationship at different roundness levels.of-the/interface
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Fig.5 Vertical displacement-shear displacement relationship at different roundness levels of the interface
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Table 2  Statistical result of coiling temperature control accuracy

Peak shear stress (z,) Residual shear stress (z;)
Sample C,/kPa 0,)° C/kPa 0/°
AGl1 43 492 1.5 40.7
AG2 7.6 51.8 29 43.2
AG3 10.5 54.5 4.2 43.5
AG4 4.4 469 0.2 38.0
AGS 8.1 49.0 1.7 40.7
AG6 10.0 50.2 2.0 429
AG7 4.5 441 0.5 342
AGS8 6.8 46.9 22 35.8
AG9 9.0 47.2 1.3 40.0
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Table 3  Statistical result of coiling temperature control accuracy

Particle Bonding Young's modulus of Normal bond Tangential bond
E Stiffness ratio
density/kg.m? radius/mm /%, parallel bond model/GPa strength/GPa strength/GPa
750 ho 63 1.0 7.5 7.5
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Fig.10 Shear stress - shear displacement relationship curve
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Table 4 Calibration values of particle mesoscopic parameters

Parameter Unit  Calibration value
Particle normal contact stiffness N/m 2.0x107
Particle tangential contact N/ 1.0x107
stiffness m :
Wall normal contact stiffness N/m 2.0x10°
Wall tangential contact stiffness N/m 1.0x10°
Stiffness ratio -- 2.0
Particle friction coefficient -- 0.56
Wall friction coefficient -- 0
Particle density kg/m? 2670
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Fig.11, Normal contact force distribution of samples with different particle shapes
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Fig.12 Normal contact force distribution of samples with different particle shapes
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Fig.13 Normal contact force distribution of samples with different filler particle sizes
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Fig.14 Tangential contact force distribution of samples with different filler particle sizes
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