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A Study on Friction Anisotropy between Sand and Surface Asperities
of Plate Using Modified Direct Shear Test

o] & I Lee, Seung-Hun
34 F Chong, Song-Hun
Abstract

The friction anisotropy of shear resistance can be selectively used in geo-structures. For example, larger axially loaded
deep foundation, soil nails, and tiebacks increase load carrying capacity due to induced large shear resistance while
pile penetration and soil sampling produce minimal shear resistance. Previous studies confirmed direction-dependent shear
resistance induced by interface between soil and surface asperity of plate inspired by geometrical shape of snake scale.
The aim of this paper is to quantitatively evaluate interface friction angle with different surface asperities. Using the
modified direct shear test, a total of 51 cases, which sand are prepared at the relative density of 40%, are conduced
including 9 plates, two shear direction (shearing direction against the height of surface asperity is increased or decreased
during shearing test), and three initial vertical stress (100 kPa, 200 kPa, 300 kPa). Experimental results show that shear
stress is increased with higher height of surface asperity, shorter length of surface asperity, and the shearing direction
that the height of surface asperity increases. Also, interface friction angle is decreased with larger surface asperity ratio,
and shearing direction with increasing height of surface asperity produces larger interface friction angle regardless of

the surface asperity ratio.
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Table 1. Geometrical parameters of surface asperities on the plate.
N indicates number of surface asperities. Total length of
surface asperities are 72 mm in all plates (Details refer

to Figure 2)

Surface type L [mm] H [mm] NT[]

6 0.3 12

12 0.1 6

12 0.15 6

Textured 12 03 6

12 0.45 6

12 0.72 6

18 0.3 4

24 0.3 3

Untextured - - -
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@O Upper and lower shear box

@ Load cell for vertical loading

@ LVDT for vertical displacement
@ Load cell for shear loading

® LVDT for horizontal displacement
® Fixed block

@ Air cylinder

LM Guide Actuator

® Handle

Shear motor

@ Loading plate

@ Outer moving box

®@ LM Guide

Fig. 1. Modified direct shear apparatus and measurement system
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Table 2. Physical properties of Joomunjin standard sand

Property Value
Specific gravity Gs [ ] 2.621
Maximum void ratio emax [ ] 0.919
Minimum void ratio emn [ ] 0.625
Coefficient of curvature Cy [ ] 148
Uniformity coefficient Ce [ ] 0.92
Average particle size Dso [mm] 0.57
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Fig. 2. Geometry of surface asperity and shear direction under constant normal loading condition. The height of surface asperity in
Shearing direction A is increased during shear testing. In opposite, Shearing direction B decreases the height of surface asperity.
Note that the vertical loading plate is fixed with loading rod to prevent the plate rotation during shearing test
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Table 3. Summary of interface shear strength between sand surface asperity using modified direct shear apparatus under various surface
asperities (L and H), three vertical stresses (0,’), and two shearing directions (Shearing direction A and shearing direction B)

L Y Shearing direction A Shearing direction B
[mm] [mm] Gy Tpeak 0 Gy Tpeak o}
[kPa] [kPa] [’ [kPa] [kPa] []
100 1.0 100 67.4
6 0.3 200 204.1 439 200 13.9 29.9
300 276.9 300 170.4
100 61.5 100 429
12 0.1 200 124.1 316 200 79.2 24.0
300 183.8 300 1411
100 83.6 100 476
12 0.15 200 148.2 36.0 200 85.6 25.1
300 212.9 300 145.8
100 107.3 100 58.1
12 0.3 200 166.3 40.6 200 104.3 27.6
300 2541 300 155.4
100 109.9 100 58.3
12 0.45 200 199.1 444 200 115.3 30.3
300 287.7 300 175.9
100 131.8 100 67.6
12 0.72 200 225.7 46.8 200 116.3 31.0
300 3034 300 180.3
100 88.1 100 49.3
18 0.3 200 171.8 38.0 200 92.2 256
300 220.8 300 145.3
100 76.5 100 478
24 0.3 200 140.1 353 200 94.7 23.2
300 2117 300 121.3
100 37.2 100 372
Untextured 200 65.5 229 200 65.5 229
300 141.5 300 1415
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Fig. 3. Results of interface direct shear test: (a) Vertical stress — Horizontal displacement; (b) Shear stress — Horizontal displacement; (c)
Vertical displacement — Horizontal displacement; (d) Stress ratio — Horizontal displacement. Experimental case is L = 24 mm, H
= 0.3 mm, and Shearing direction A
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Fig. 4. Mobilized shear stress for interface direct shear test and varying height of surface asperity: (a and c) Shearing direction A; (b
and d) Shearing direction B. Case: the vertical stress o’y = 100 kPa and length of surface asperity L = 12 mm
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Fig. 5.

Fig. 6. Interface friction angle as a function of surface asperity under different shearing directions: (a) Surface asperity with varying height
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and d) Shearing direction B, Case: the vertical stress o’y = 100 kPa and Height of surface asperity H = 0.3 mm
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