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Design and experimental application of a direct shear test apparatus for
the pile-soil interface

HUANG Siyuan, ZHOU Lincong’, LIU Yiwei, WANG Bin, LI Zonghao
(College of Construction Engineering, Jilin University, Changchun Jilin 130026, China)

Abstract: To investigate the mechanical properties of the pile-soil interface, this study addresses the limitations of
conventional direct shear tests in inadequately accounting for the curved surface morphology and actual roughness of
pile bodies by designing a novel direct shear test apparatus capable of simulating the curved surface morphology and
roughness characteristics of engineering piles. The apparatus features a nested dual-shear box configuration, wherein
independent control of normal stress and tangential displacement is achieved through the synergistic operation of a bolt
loading system in the upper shear box and a hydraulic actuation unit in the lower shear box. Using field-measured data,
curved-surface concrete pile models were fabricated using spatial model scanning technology and 3D printing
techniques, and direct shear tests were conducted on silty clay to systematically analyze the effects of moisture content,
interface roughness of the curved surface, and normal stress on the mechanical properties of the pile-soil interface.
Experimental results demonstrate that the interfacial bearing capacity exhibits a biphasic trend (initially increasing and
subsequently decreasing) with rising moisture content, significantly increases with interface roughness, and shows a
positive correlation with normal stress, all of which align with practical engineering conditions. These findings validate
the applicability and scientific rigor of the apparatus design, demonstrating its practical engineering significance.
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Fig.1 Schematic diagram of the upper shear box
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Fig.2 Schematic diagram of the lower shear box
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Fig.3 Schematic diagram of the tangential loading device
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Fig.4 Schematic diagram of the indicator
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Table 1 Physical and mechanical parameters of the soil prepared for the test

L Lok WAEK BEE/ RRKTHE/ LREE/ FHRI/ WEEM/ KEHFRE  E&RR/
- /% /% (grem™) (grem™) (grem™) kPa *) MPa™ MPa
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Fig.5 3D-printed pile models
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Fig.6 Pile models with different roughness levels

2.2 5T M

R T B UE AR SCE A B R A A T BT A e
e AT A RN S L O DA B A S A BT A
SERRPE RS KOR OHURE B L ) B G 2 8
AT 80 2H HBY IS . I E A 7 R .

I L 0.05 mm/s (9 B U 38 32 4%, >4 0 {F
TR 8 B R RS Ok L R AR R A AR 5 1
K FARFFARE | A — 5 K A 5 B 88— R A o

AL Ik 1) B ) o 4l O 4.5.7 .9 kPa, IR &E 1
TEHLBE B2 0 2 9 2 F  SACF MR e 1.2.3. %

7 HERKBEE

Fig.7 Direct shear test device
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Table 2 The roughness of each model pile

B m A/ AR PR IREE/

HUBE I 2 5
cm cm cm
Z 395.8 83.1 0.21
F 405.3 113.5 0.28
S 424.1 173.9 0.41
F®3 EEEKE
Table 3 The actual water content of the soil samples
RS iRk, % SR KA Yo
R1 10 11.6
R2 12.5 13.4
R3 15 15.0
R4 17.5 17.8
R5 20 21.3
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Fig.8 The results of the interface direct shear test under different water contents
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Fig.9 The results of the interface direct shear test under different roughness conditions
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Fig.10 The results of the interface direct shear test under different normal stresses
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