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Shear characteristics of soils can be investigated using various types of shear stress measuring apparatus. Ring shear tests are
often applied for examining the residual shear strength under the unlimited deformation. This paper presents drainage-consolida-
tion-shear velocity dependent undrained shear strengths measured in terms of water leakage. A series of ring shear tests were per-
formed under the constant normal stress (50 kPa) and controled shear velocity ranging from 0.01~1 mm/sec under the undrained
condition. As a result, undrained shear strengths are dependent on shear velocity. It exhibits that straining hardening behavior is
observed for the shear velocity lower than 0.1 mm/sec; however, the strain softening behavior is observed for the shear velocity
higher than 0.1 mm/sec. Water leakage can cause the increase in shear stress irrespective of shear velocity. Shear stress increases
with increasing amount of water leakage. It is due to the fact that the small grains and water flow out through the rubble edge in
the ring shear box. Repetitive saturation and consolidation processes may minimize the error.
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Fig. 1. Imgi Waste Rock Materials: (a) sample and (b) grain size distribution (from KIGAM, 2012).
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Table 1. Physical properties of Imgi waste rock material (KIGAM, 2012).

G

w (%)

7% (Ym)

% (Ym)

Dy Cu LL (%) PL

2.64

6.9

1.7

1.59

0.0064 406 24.5 -

Note: Gs = specific gravity, w= water content, % = saturated unit weight, ;= dry unit weight, D, = effective grain size, ¢, = uniformity coefficient

LL = liquid limit and PL = plastic limit

(b)

section view

normal stress

normal stress

axis
normal stress sample

Fig. 2. Ring shear apparatus: (a) KIGAM ring shear apparatus, (b) upper and lower rings, (c) set-up with normal stress (NS), u (pore
water pressure), sample height (H,) and torque (T) and (d) water leakage during shearing.
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Fig. 3. Leakproof method in ring shear tests: (a) frictional free with Teflon coating and (b) sealing with Grease

Table 2. Comparison between KIGAM and DPRI in Ring shear apparatus.

\Y% u Friction B-Roughness Sample
KIGAM 0.01~180 <100 not controlled considered clay~gravel
DPRI 0.01~3500 <200 controlled not considered clay~gravel

Note: V = shear velocity (mm/sec), u = pore water pressure (kPa), Friction = friction controlled and B-Roughness = Roughness in shear plane.
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Fig. 4. Consolidation process in ring shear tests: (a) shear stress, (b) normal stress (NS) with time, (c) sample height with time and (d)

pore water pressure with time.
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Fig. 5. Ring shear characteristics of Imgi pyrophyllite mineral at different shear velocity in terms of shear stress, pore water pressure
and sample height: (a-c) V =0.01 mm/sec, (d-f) V = 0.1 mm/sec and (g-i) V = 1 mm/sec.

Table 3. Ring shear tests for Imgi waste materials.

water-leaked water-proofed
NS \% 7, 7, 7, T,
0.01 - - - 0.2
50 0.1 34.9 32.0 21.8 19.9
1 48.1 32.1 30.5 21.9

Note: NS =normal stress (kPa), V =shearing speed (mm/sec), 7,
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