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Shear Behavior of Sands Depending on Shear Box Type in Direct Shear Test
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Abstract

Shear behavior obtained by direct shear tests is dependent on shear box and boundary condition. The objective of
this study is to analyze problems of conventional direct shear test (type-A) and provide the reliable results by developing
type-C direct shear apparatus. Experimental tests are carried out for Ulleung sand by using type-A and -C direct shear
devices. The soil specimens, which are prepared at the relative density of 60%, and are applied to vertical confining
stresses of 50, 100, 200, 300, and 400 kPa, are sheared at a constant shear strain rate of 0.5 mm/min. By comparing
the results obtained by type-A and -C direct shear apparatus under constant normal load (CNL) condition, the performance
of new one is verified. In addition, two constrained conditions including constant normal load (CNL) and constant
pressure (CP) are applied to type-C one. Experimental results show that type-A direct shear apparatus has some problems
such as rotating of loading plate and upper shear box, and the frictional forces between soil and inner wall of upper
shear box. Thus, the shear strengths obtained by type-A device are overestimated or underestimated depending on shear
box and boundary condition. On the other hand, type-C device produces clear and consistent test results regardless of
constrained conditions. This study represents that type-C direct shear apparatus not only can solve the problems of type-A

direct shear apparatus but provide the reliable results.
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(1 Control box for shear motor

@ LVDT for horizontal displacement

® LVDT for vertical displacement

@ Load cell for shear loading

(® Clamp for vertical load

® Indicators for load and displacement
@ Upper and lower shear box

@ Motor for horizontal loading
@ Motor for vertical loading
® Load cell for horizontal loading
@ Load cell for vertical loading
® Roller way
® Upper and lower shear box

. @ Soil specimen

Fig. 2. Schematic drawings of direct shear apparatus: (a) old; (b) new
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Table 1. Recommended opening size between upper and lower
shear boxes

Sources Shear box
ASTM 3080-04 (2009) Not specified
Head (1982) 0.5 mm

Shibuya et al. (1997) 10~20 times Dso
Lings and Dietz (2004) 4 mm or 5 times Dso
Simoni et al. (2006) 1.0 mm

Kim et al. (2013) Threshold Line (TL)
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Table 2. Geotechnical index properties of Ulleung sands

HYFSAEA BOARS SR 02

Property Value
Specific gravity 2.75
€max 1.01
€min 0.69
Dso [mm] 0.63
Cu 2.14
Ce 1.07
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Fig. 3. Particle distribution curve
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Table 3. Friction angles determined by old apparatus
Initial confining pressure
Shear box ltems
50 kPa 100 kPa 200 kPa 300 kPa 400 kPa
0’y (at peak) 50.39 101.46 216.21 333.34 442.78
Th (at peak) 47.08 91.63 173.67 283.99 354.29
Without roller (Th/0"v) max 0.94 0.90 0.80 0.85 0.80
¢,oeak 39.4
o' 30.1
0’y (at peak) 53.19 109.62 218.55 337.28 463.23
. Th (at peak) 143.23 285.22 363.60 446.55 695.88
With roller (/) 2.69 2.60 1.66 132 1.50
— rigid fix
@ peak 56.5
®is undiscerned
0’y (at peak) 51.14 103.75 217.46 335.87 450.59
. Th (at peak) 78.34 135.86 206.73 402.42 481.33
With roller (T/0"s) max 0.95 0.89 0.56 0.89 0.89
— soft fix
' peak 47.8
?"s 40.2

The Is indicates the state at the large displacement.
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Without roller

With roller - rigid fix

With roller - soft fix
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Fig. 5. Results obtained from conventional direct shear testing apparatus (Type-A): (a) shear stress - horizontal displacement; (b) stress
ratio - horizontal displacement: (c) normal displacement - horizontal displacement
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Fig. 6. Stress path and friction angle of old apparatus: (a) stress
path: (b) peak friction angle
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Fig. 7. Problems of old direct shear apparatus: (a) tilting of
loading plate; (b) rotating of upper shear box
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Fig. 8. Direct shear test result by new apparatus: (a) shear stress - horizontal displacement; (b) stress ratio - horizontal displacement;
(c) normal displacement - horizontal displacement

Table 4. Friction angles determined by new apparatus

ConStr.a.ined ltems Initial confining pressure
condition 50 kPa 100 kPa 200 kPa 300 kPa 400 kPa
O’y (at peak) 51.91 105.50 214.29 328.78 441.86
Th (at peak) 54.27 105.45 21417 305.22 389.47
CNL (Th/0"\) max 1.05 1.00 1.00 0.93 0.88
&' pear 42.5
?"is 36.4
O’y (at peak) 55.056 104.20 203.04 301.94 401.42
Th (at peak) 59.07 107.81 197.40 281.68 354.11
CpP (Th/0"\) max 1.07 1.03 0.97 0.93 0.88
¢’ peak 42.5
i 35.8

The Is indicates the state at the large displacement.
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Fig. 10. Comparison of friction angles according to direct shear
test methods
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