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Macroscopic and microscopic mechanism of cyclic degradation
behavior on pile-sand interface

LIU Junwei'*, WANG Mingming', LING Xianzhang', HUANG Xiaoyi', LI Xiaoling'
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Coastal and Offshore Engineering ( Dalian University of Technology) , Dalian 116024, Liaoning, China;
3. School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract; The study of pile-soil interface under cyclic loading is an important research direction of pile-soil
interaction. The degenerate effects of pile-soil interface under cyclic loading consist of degenerate shear stress,
degenerate normal stress, and the breakage mechanism of sand particles, which interact with each other and control
the bearing capacity of pile-soil interface. Interfacial roughness has important influence on pile-soil mechanical
mechanism. Macroscopic and microscopic mechanism of cyclic degradation behavior on pile-sand interface under
different interface roughness was researched by utilizing self-developed visual constant normal stiffness ( CNS)
interface shear apparatus combined with digital image correlation ( DIC) measurement technology. The experimental
results showed that the relation curves of shear stress and normal stress developed as “hysteretic loop” and “disk”
shapes, respectively. Under the same roughness, the interfacial shear stress and the normal stress both degraded
logarithmically with the increase of the numbers of the cycles, while this degradation rate increased with the
increase of interfacial roughness. The stress path curve developed as a “butterfly ring” shape, and the friction
angle increased with the increase of interfacial relative roughness. The interfacial shear band was gradually
thickened with the increase of shear cycles and interface roughness, and this thickness reached about (4 =5) Dy,
after 30 cycles. In addition, the particles in the shear band were significantly broken and the relative crushing rate
was 1.86% —10.25% , which increased with the increase of interfacial roughness.

Keywords: pile-soil interface; constant normal stiffness shear; cyclic degradation; digital image correlation

technology ; particle breakage
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Fig.1 Visual shear apparatus

1.2 e sf#y

R AT E 1SO bRl (f19Eh) , NS5 )5
JAPE DIC 33230 B , 5 SR AR b 2R A7 5 73, 2k
F10.25 mm PA_EARAR B A D 1 T RD. TERDAE
FMMEEE (AR ) il 8 N T, 00k

FMC AN 2 Ps , U LD SR P2
Bnzk 1 .

100

80 \
60 \

40

20

ANFRRAZR L EE 55 /%

0
10 1 0.1
Rk % /mm

B2 A58 AR R R AT # 2k
Fig.2 Particle grading curve of the applied sand samples
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Tab.1 Basic physical parameters of the sample

W D,/ D/ Dsy/ Dey/ P

Cs mm mm mm mm

2.82 0.56 0.71 0.90 1.05 1.87 0.86
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Tab.2 Physical parameters of jagged steel plates

WSS A A/mm FEMEEE L /mm HREE R
1 — — 0
2 0.5 5 0.05
3 1.0 10 0.09
4 1.0 5 0.16
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Fig.4  Cyclic shear path
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Tab.3 Cyclic shear test scheme

W OHREEE B/ BRI LURPIEIE:2
i R (mm-min~") ¥ J1/kPa WE{E,/ mm
1 0 1.5 110 3

2 0.05 1.5 110 3

3 0.09 1.5 110 3

4 0.16 1.5 110 3
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Tab.4  Reduced shear stress of different cyclic shear stress
compared with previous 5 cycles
IR RS PEERREL N
G R 5 10 15 20 25 30

1 0 12.02 7.08 4.09 2.48 2.04 1.30
2 0.05 15.06 9.52 6.61 4.40 2.58 1.75
3 0.09 21.84 13.00 8.88 6.07 4.48 2.48

4 0.16  25.00 — — — — 6.14
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Tab.5 Attenuation of normal stress %
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2 0.05 19.5 13.76 11.15 4.90 1.60 1.98
3 0.09 28.48 13.97 11.75 5.53 6.83 7.31

4 0.16 28.6 — — — — 3.96
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