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ABSTRACT

Limestone joint surfaces with smooth roughness were experimented by means of both the
individual direct shear tests based on the KSRM standard test method and the multi-stage
direct shear test to apply the stepwise vertical stresses. Changes in the roughness of the joint
surfaces before and after the shear tests were examined and the difference between the two
kinds of tests mentioned above was analyzed. In both tests, the shear resistance increased as
the joint roughness increased and the maximum shear stress required for shearing the joint
surface increased as the vertical stress increased. The peak friction angle obtained by the
multi-stage direct shear tests was only 63% of that obtained by the individual direct shear
tests. In the multi-stage direct shear test, the initial engagement of the concave-convex parts
changes frequently during stepwise shearing process, which deforms the original roughness
of a joint surface. Accordingly, the individual direct shear test is thought to be more effective
when obtaining the friction angle of the rock joint surfaces. Limestone joint surfaces with
smooth roughness of JRC value 4~8 were found to have peak friction angle of 47°, residual
friction angle of 38° and cohesion of 37 kPa.

Keywords: Rock joint, Limestone, Roughness, Individual direct shear test, Multi-stage direct
shear test
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Fig. 1. Sectional diagram of direct shear testing apparatus
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Fig. 2. JRC chart and measuring roughness of a rock joint specimen in this study
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Fig. 3. Schematic diagram for determination of peak and residual friction angle (KSRM, 2009)
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B AqofMs A 2 AA T oA 2 221]-8820.25, 0.5, 0.75, 1.0, 1.25 MPa2 ©HA|Z 0 2 Z7HA]7 )= thekA|
AT RS AASHE A1 F 0.1 mm/min®] e TS| S =2 Addolg2 7ietalon, 7 42188 TAmtt 0.5
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3.1 Al Mo 7|2 24

12 olA] ThE A2 735 XA ol NX 1A 9] AlFato] el 2 AfF et As|etole). AA|= sl 2] ellx] 57K /\]—ffj"
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Table 1. Physical properties of limestone distributed in Uljin area

L U.mt AbSOI’PthH UCS Young’s Poisson’s Cohesion Friction
Division weight ratio (MPa) modulus atio (MPa) angle
(kN/m’) (%) (GPa) @)
Mean 26.5 0.21 93 48 0.20 16 45
S.D. 0.03 0.11 32 9 0.04 6 4
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1 Aol AR AR A theb) AT RO Qlojalis AR gho] ol Yol BA O R IRC 4-61F
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Table 2= AJ9H0] %57 9 75, 28 42 3210] 771, A1 Aol SHTIRC, i, , 2, 3L, Dol A Hofze. of]

JRC g2 AR} 3714 S5 w579 IRC 2] Bt gto|tH(Fig. 2(b)). AR 4 0) EoA] 2 (AL b4 ol ofeh =
3t o)) el el o] A7 E Aldsntet oA 2pol7F UARL 187 Al A7 )= BT JRC 4~6 153 IRC

6~8 155l £5H= Z1& Table 2014 Z1gH 4= qlck.

Table 2. Kinds of rock specimens and results of joint roughness parameters before/after testing

. . Normal Before testing After testing Sampling

Test type Specimen - Specimen stress depth
group b Py JRC i) 2 RC i, () 2 (m)

14~6(1) 0.25 433 5.07 0.11 433 479 0.11 23.5

14~6(2) 0.50 5.00 476 0.10 5.00 5.10 0.12 24.7

Reae OO 0.75 5.67 5.98 0.13 5.00 5.63 0.12 20.5

14~6(4) 1.00 433 5.74 0.13 5.67 6.76 0.18 41.6

14~6(5) 125 5.00 5.82 0.13 5.00 6.29 0.14 41.1

;i‘;:ic:i;l‘ir Average ; 487 547 0.12 5.00 571 0.13 ;
st 16~8(1) 0.25 5.67 6.57 0.14 5.67 5.97 0.14 30.0
16~8(2) 0.50 7.00 6.98 0.16 633 7.13 0.16 39.4

Rees 8O 0.75 7.00 6.10 0.17 5.00 483 0.12 40.5

16~8(4) 1.00 6.33 5.99 0.15 7.00 6.93 0.19 13.8

16~8(5) 125 7.67 8.57 0.18 7.67 8.60 0.19 1.7

Average - 6.73 6.84 0.16 633 6.69 0.16 -

Ma~6(1)  0~125  5.00 5.07 0.12 5.00 5.63 0.13 402

Reag VOO 0125 s67 647 0.14 633 6.77 0.15 14.8

M4~6(3)  0~125 433 4.17 0.09 433 413 0.09 8.4

Average - 5.00 5.24 0.12 522 5.51 0.12 -

Multi-stage M6-8(1) 0~125  7.00 6.64 0.15 7.00 6.06 0.14 9.6

direct shear

st M6~82) 0~125 633 6.95 0.15 7.00 7.89 0.17 24.7
Reeg  MES® 0125 700 6.70 0.15 633 6.32 0.14 12.8

M6~8(4)  0~125  7.00 6.06 0.15 5.67 5.55 0.13 31.9

M6~8(5)  0~125  7.67 10.48 0.25 7.67 9.76 0.25 43.1

Average - 7.00 7.37 0.17 6.73 7.12 0.17 -
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Fig. 4. Shear stress vs. shear displacement obtained from the individual direct shear test
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F21-g22] 7] Foll 7|15, 5] Wt dejHoll A= Aol w2 Q4R whar]7p A712] ¢b7] whgel] YAget Mg 1
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Fig. 5. Shear stress vs. shear displacement curves from other studies(Lee et al., 2007, Jang et al., 2010)
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Fig. 6. Peak and residual friction angle obtained from the individual direct shear test
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