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Experimental study on shear mechanical properties of
transparent sand - structure interface

JIANG Zhengwang, ZHOU Hang, LI Yunzhou, LIU Liangxi
(School of Civil Engineering, Chongqing University, Chongqing 400045, P. R. China)

Abstract: Addressing the limitation of traditional geotechnical tests in directly observing the internal mesoscopic
deformation of soil-structure interfaces, this study systematically conducted multi-factor coupled direct shear
tests on a transparent sand-steel structure interface using a fully automated transparent soil direct shear apparatus
and digital image correlation (DIC) technology. The research comprehensively investigated the influences of
normal stress, relative density, particle size distribution, and relative roughness on the macroscopic interface
shear behavior and the evolution of the mesoscopic displacement field. The results indicate that: (1) relative
density governs the transition of the interface from a strain-hardening to a strain-softening mode, while high
normal stress forces particles to shift from oblique over-riding to horizontal sliding, thereby suppressing the
dilatancy characteristics of dense sand; (2) an increase in the coefficient of uniformity enhances the mesoscopic
interlocking effect, causing well-graded sand to undergo overall uplift, which leads to higher peak interface

strength and a more intense dilatant displacement field; (3) the experiment confirms the existence of a critical
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interface roughness threshold (R.,~1.43). Beyond this threshold, the shear failure surface shifts into the soil

mass, and the residual shear strength, maximum dilatancy, and shear band thickness of the interface all tend to

converge and remain relatively stable. This study provides a novel experimental approach for exploring the

mechanisms of soil-structure interactions.

Keywords: soil-structure interface; transparent sand ; interface direct shear test; digital image correlation (DIC)
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Fig.1 Fully automated transparent soil direct shear

apparatus

AR A4 35 0 A8 43 B . R AT MV-HS1200GC
CMOS MIHLE % BT-MPX £ %1 C i 0 564 K T
8%k, 51 12,5 mm, DLUAERD 13k 10 2 1 00 17 11 1%
P40 247 1500 5 6B 405 1 £ AF <08 PR ] 1) 28 T8 1 2
DIC 553k (9 3% 22 PR 2K A RGE L 1 3 2% 25 40
k), G R SR 4112 px X 3008 px. ] i 2R FH 3%
1 532 nm T 2 3W B BOG AT BRI BE . Ik 1
JEn L 0 8RB B R SR F IR 2D DIC #K
Neorr ™ AT AL B, 20 BT 2 800 B0 2 2% G KR 1
% 0. 04 mm/px, F &4 40~60 px, IR H] %
S 4 DL DR 23 ] 43 B3 de KAk, A 3R Y 2 3%
SEERAT B 1AL
F1 HHEHHWDICHESHE

Table 1 DIC calculation parameters for speckle pattern

analysis
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Fig.2 Transparent Sand Specimen
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Table 2 Physical parameters of fused silica sand and

Fujian standard sand
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TS-1 2.24 0.70 5.84 1.24 0.40 0.76 1.81
TS-2 2.24 0.8 4.00 1.5 0.37 0.80 2.07
TS-3 2.24 1.30  6.00 1.5 0.34  0.80 1.94

TS-4 2.24 1.63 8.00 1.5 0.29 0.83 1.74
TS-5 2.24  1.95 10.0 1.5 0.30  0.84 1.99
TS-6 2.24 1.30 8.00 0.5 0.30 0.78 1.96
TS-7 2.24 1.44 8.00 1.0 0.31  0.81 1.70
TS-8 2.24 1.63 8.00 3.0 0.34 0.8 1.83
TS-9 2.24 1.65 8.00 4.0 0.34¢ 0.86 2.08
FSS-1  2.70 0.70 5.8 1.24 0.38 0.74 1.41
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Fig.3 Particle size distribution of nine fused silica sands

and Fujian standard sand
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Fig.4 Steel structure interfaces with different roughness
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Table 3 Summary of the experimental program for interface direct shear tests
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Fig.5 Interface direct shear test curves under different normal stresses
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Fig.8 Soil particle displacement vector fields of the central soil profile under different normal stresses (D,=55%)
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Fig.9 Interface direct shear test curves under different particle size distributions
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Fig.11 Horizontal displacement contours of the central soil profile under different particle size distributions
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Fig.12 Vertical displacement contours of the central soil profile under different particle size distributions
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Fig.13 Soil particle displacement vector fields of the central soil profile under different particle size distributions (D,=55%)
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Fig.16 Horizontal displacement contours of the central soil profile under different roughness levels (Unit: mm)
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Fig.17 Vertical displacement contours of the central soil profile under different roughness levels (Unit: mm)
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