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Abstract

The ten standard roughness profiles suggested by Barton and Choubey (1977) were extended to make
three-dimensional (3D) joint models whose profiles were identical at any cross section. Replicas of
joint models were produced using plaster of Paris, and direct shear tests were performed to verify the
joint roughness coefficients (JRC) of the standard roughness profiles. Joint shear strengths measured
by direct shear tests were compared with those predicted by the shear failure criterion suggested by
Barton (1973) based on JRC, joint compressive strength (JCS), and joint basic friction angle (¢,).
Shear strengths measured from joints of the first and fourth standard roughness profiles were close to
predicted values; however, shear strengths measured from the other joint models were lower than
predicted, the differences increasing as the roughness of joints increased. Back calculated values for
JRC, JCS, and from the results of the direct shear tests show measured shear strengths were lower than
predicted shear strengths because of the JRC values. New JRC were back calculated from the measured
shear strength and named JRC,,. Values of JRC,, were lower than the JRC for the standard roughness
profiles but show a strong linear relationship to JRC. Corrected JRC,, values for the standard
roughness profiles are provided and revised relationships between JRC,, and JRC, and new shear
strength criterion are suggested.

Keywords: rock joint, shear strength criterion, joint roughness coefficient (JRC), joint replica, direct
shear test, back analysis
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Table 1. Standard roughness profiles suggested by Barton and Choubey (1977). The numbers within parentheses are the
exact JRC values

Profile No. Rock type Typical roughness profiles JRC
|
1 Slate ;’— —]I 0~2(0.4)
2 Aplite }~— ﬁ 2428

3 GHelS? ’_—____‘1__4—_'—\__‘___’_,1 46 (58)
(muscovite)
4 Granite }"A—‘\%—N““‘_H 6~8 (6.7)
5 Granite M 8-10(9.5)
Hornfels 1
° (nodulr i RS ety 10-12 108
7 Aplite W 12~14 (12.8)
8 Aplite | W 14~16 (14.5)

Hornfels :
’ (nodular) M 16~18 (16.7)

10 Soapstone 18~20 (18.7)
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Fig. 1. (@) Three-dimensional profile of a joint showing different roughness according to the scanning lines. (b) Joint
roughness coefficients (JRC) measured along 30 different scanning lines (Jang et al., 2010).
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Fig. 2. (a) Three-dimensional joint model produced by digitized values of the eighth standard roughness profile. (b) Joint
model produced by a 3D printer from the digitized 3D joint model.

Table 2. JRC values suggested by Barton and Choubey (1977) and Jang et al. (2014), and those measured from joint
models produced by 3D printer

Profile No. 1 2 3 4 5 6 7 8 9 10
JRC (Barton and Choubey, 1977) 0.4 2.8 5.8 6.7 9.5 10.8 12.8 14.5 16.7 18.7
JRC (Jang et al., 2014) 0.14 3.24 5.06 9.33 9.79 9.68 12.87 1358 1545 19.55
JRC (joint model) 0.03 3.35 5.18 8.34 9.61 1030  12.01 1447 1598 1935
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Table 3. Physical and mechanical properties of the plasters

Dry density Uniaxial Compressive Strength, UCS Young’s Modulus, E

Type of plaster Poisson’s Ratio, I/

(gfem’) (MPa) (GPa)
GM-10 1.55 34.3 11.5 0.25
Dental Stone 1.74 58.7 19.2 0.27
Diestone 1.93 92.6 25.1 0.29
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Table 4. Basic friction angles determined by the tilt test and the pull test

GM-10 Dental Stone Diestone
Tilt test (¢,) 36.1° 34.4° 33.6°
Pull test (¢,) 36.4° 37.3° 37.8°
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Fig. 6. Joint compressive strengths (JCS) calculated from direct shear test results for: (a) GM-10; (b) Dental stone; and (c)
Diestone. Symbols: ranges of JCS (bars); JCS averages within the same standard roughness profile (m); JCS measured by
the uniaxial compressive test (blue dotted lines); and JCS averages calculated from direct shear test results (red solid
lines).
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Table 5. JRC values back calculated from the direct shear tests of replica joint models

Profile No. 1 2 3 4 5 6 7 8 9 10

GM-10 0.1 1.0 39 5.7 7.4 8.2 9.8 11.5 12.3 14.0
JRC Dental Stone 0.2 1.0 34 5.8 6.7 83 9.0 11.2 12.4 13.7

Diestone 0.3 1.6 34 5.9 7.0 8.1 9.1 114 12.0 13.3
JRC,, 0.2 1.2 3.6 5.8 7.0 82 9.3 11.4 12.2 13.7

JRC (Barton and Choubey, 1977) 0.4 2.8 5.8 6.7 9.5 10.8 12.8 14.5 16.7 18.7
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Fig. 9. Relationship between JRC and JRCy.
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