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Nonlinear Analysis of Shear Behavior on Pile-Sand Interface
Using Ring Shear Tests

o S Jeong, Sang-Seom A & A Jung, Hyung-Suh

Andrew Whittle’ 7 = & Kim, Do-Hyun

Abstract

In this study, the shear behavior between pile-sandy soil interface was quantified based on series of rigorous ring
shear test results. Ring shearing test was carried out to observe the shear behavior prior to failure and behavior at residual
state between most commonly used pile materials - steel and concrete - and Jumunjin sand. The test was set to clarify
the shear behavior under various confinement conditions and soil densities. The test results were converted in to
representative friction angles for various test materials. Additional numerical analysis was executed to validate the
accuracy of the test results. Based on the test results and the numerical validation, it was found that due to the dilative
and contractive nature of sand, its interface behavior can be categorized in to two different types : soils with higher
densities tend to show peak shear stress and moves on to residual state, while on the other hand, soils with lower densities
tend to show bilinear load-transfer curves along the interface. However, the relative density and the confining stress
was found to affect the friction angle only in the small train range, and converges as it progresses to large deformation.
This study established a large deformation analysis method which can successfully simulate and predict the large
deformation behavior such as ring shear tests. Moreover, the friction angle derived from the ring shear test result and

verified by numerical analysis can be applied to numerical analysis and actual design of various pile foundations.
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Fig. 1. Shear behavior of sandy soil (Lee, 1965)
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Table 1. Characteristics of ring shear test
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Advantages

Limitations

* Wide range of shear velocities can be applied between 0.00001°

to 180° per minute.

* Area of shearing can be kept constant throughout the test.

* Sample can be sheared through uninterrupted displacement of
magnitude, which can observe the shear behavior at large
deformation and residual state.

* Precise loading can be achieved through digital equipment.

* Difficulties in controling and minimizing wall friction during testing.

* Particle crushing phenomenon occurs and affects the shearing
behavior at high shearing rate and large shearing strain.

* Difference in shearing stress can be observed between the inner
and outer diameter due to the curvature of circular mold.

* Scares test results using ring shear test apparatus.
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Fig. 2. Schematic of ring shear test mold

Table 2. Specifications of ring shear test apparatus (Willie Geotechnik,
2015)

Specification
1,000 — 2,000 kN/m?
1,000 — 2,000 kN/m’

Type
Condining stress

Shear stress

Angle of rotation Unlimited

Rotation rate 0.00001° — 180° per minute
Accuracy precision 0.1%

Inner diameter 100 mm

Outer diameter 150 mm

Table 3. Characteristics of Jumunjin sand
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Grain size (mm)
Y * *%k
Type e G Cu C UsCs
e (kN/m’) ° ° Do Dao Deo )

Minimum 13.6 0.934

Loose 14.9 0.820

2.63 0.45 0.52 0.54 1.20 1.1 SP

Dense 15.9 0.707

Maximum 16.2 0.650

*Cy : Uniformity coefficient, **Ce Curvature coefficient
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Fig. 4. Test results of concrete — Jumunjin sand case
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Relative density Test materials Confining stress Peak shear Peak friction Residual shear Residual friction
(%) (kPa) stress (kPa) angle (kPa) stress (kPa) angle ()

100 70.75 35.3 67.25 33.9

Sand—-Sand 200 140.18 35.0 128.61 32.7

300 210.89 35.1 203.14 34.1

100 68.68 345 63.21 323

Dr =30 Concrete—Sand 200 126.46 32.3 123.03 31.6
300 197.75 334 182.43 31.3

100 46.26 248 44,00 237

Steel-Sand 200 93.28 249 87.01 235

300 133.60 24.0 130.22 235

100 75.42 37.0 68.31 343

Sand—Sand 200 153.31 375 141.28 35.2

300 222,51 36.6 198.62 335

100 72.31 35.9 63.77 325

Dr = 80% Concrete—Sand 200 148.34 36.6 130.42 33.1
300 200.77 338 189.90 323

100 46.23 24.8 44.81 24.1

Steel-Sand 200 100.67 26.7 89.31 24.0

300 146.06 26.0 137.11 24.6

Table 5. Comparison of test results with related study

Relatice density (%) Test materials Friction angle () F”Ct'(;nnjnsgclﬁ ;)est(\;\:leienr;erc:;sgitgitrl]or;nz;’iterlals
Sand—Sand 31.0 1.00
Tiwari et al. (2010) Concrete—Sand 29.1 0.94
Steel-Sand 24.4 0.79
Sand—Sand 34.0 1.00
This study Concrete—Sand 32.2 0.95
Steel-Sand 23.9 0.70
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Table 6. Material properties used in FE analysis (Han et al., 2014; Kim et al., 2020)

Type Model (MIEDa) (kij% v (k;a) ?)
100 KkPa 64
(D,Sjn;O%) M.C* 200 kPa 9% 1.4 035 0 25,60
300 kPa 125
100 KPa 39
(DFS:“;O% | M.C* 200 KkPa 60 157 035 0 26,84
300 kPa 76
Concrete LE** 2,700 20 0.20 - -
Steel LE™ 200,000 75 030 - -

*M.C : Mohr—Coulomb model, **L.E : Linear elastic model
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Fig. 9= =Wl a4 Ie =

(Orazalin and Whittle, 2018).
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