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Abstract

Joints or weak planes can induce anisotropy in the strength and deformability of fractured rock
masses. Comprehending this anisotropic behavior is crucial to engineering geology. This study used
plaster as a friction material to mold specimens with a single joint. The strength and deformability of
the specimens were measured in true triaxial compression tests. The measured results were compared
with three-dimensional numerical analysis based on the distinct element method, conducted under
identical conditions, to assess the reliability of the modeled values. The numerical results highlight
that the principal stress conditions in the field, in conjunction with joint orientations, are crucial
factors to the study of the strength and deformability of fractured rock masses. The strength of a
transversely isotropic rock mass derived numerically considering changes in the dip angle of the joint
notably increases as the intermediate principal stress increases. This increment varies depending on
the dip of the joint. Moreover, the interplay between the dip direction of the joint and the two
horizontal principal stress directions dictates the strength of the transversely isotropic rock mass. For
a rock mass with two joint sets, the set with the steeper dip angle governs the overall strength. If a
rock bridge effect occurs owing to the limited continuity of one of the joint sets, the orientation of the
set with longer continuity dominates the strength of the entire rock mass. Although conventional
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2016) 5 E2 HAdS o= 43t tho] AUl P4 A 2 S/deiute] ofeh4] o dof| izt ofshE Al
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Fig. 1. Photographs and corresponding block models of friction materials for true triaxial compression tests: specimens

with a dipangle of (a) 30° and (b) 60°.
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AEUEAGL T 95 AR o] ek, A2 eln AAAnAE e e s eanAiKs), 4
2, gelnkazto] S-S wlolgick, wk, RVHAIGTHSAISA A Welo] A §)el] nhe ek AApare] 28
SHe 749k 2730] Table 201 ek} St SX/lAe 4

0.01 mm/s®] DASE AAZA0E LRG| L t7b) 5152 AststAry. ol A4 25 2 dejo] A

=9 717} Mohr-Coulomb 22 2 Coulomb &3 RE-2 A-235}3th
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Table 1. Mechanical properties of the studied friction material

Mechanical property Value Remarks
Density, p (kg/m’) 1,850
Uniaxial compressive stress, o, (MPa) 19.70 . .
Average of six specimens
Young’s modulus, E (GPa) 7.80
Poisson’s ratio, I/ 0.31
Internal friction angle, ¢ (degrees) 42.60 o
] Based on triaxial tests
Cohesion, ¢, (MPa) 4.30
Joint shear stiffness, JKS (GPa/m) 1.00
Joint cohesion, Cj (MPa) 0.07 Based on direct shear tests
Joint friction angle, ¢; (degrees) 36.30

Table 2. Results obtained from true triaxial tests and numerical analysis

Joint Confining stress (MPa) Block strength, o, (MPa)
dip angle Strike dir. Dip dir. Triaxial tests Numerical analysis

=0.8 0,=3.8 23.31 22.92
0,=3.8 03=0.8 23.03 22.92

B8 =30°
03=15 0,=3.0 2747 26.64
0,=3.0 03=15 26.96 26.39
03=15 0,=3.0 11.61 11.51

B =60°
0,=3.0 03=15 6.27 5.88
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-===03: Strike dir. (lab test)
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====02: Dip dir. (lab test)
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Fig. 2. Stress versus directional strain derived from true triaxial tests and numerical analysis for different o, and o3 direc-
tions: specimens with a dip angle of (a) & (b) 30” and (c) & (d) 60°.
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Fig. 7. Typical analysis domain in this study for rock mass with two joint sets; (a) without stepping and (b) with stepping.
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Fig. 8. Comparison of cross—sections for rock mass with two joint sets, both without and with stepping; dip angle, 3 = (a)

0°, (b) 30°, (c) 60°, and (d) 90°.
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Dn €m
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40 0.034 0.072 1.177 0.846
50 0.033 0.034 1.190 1.171
60 0.028 0.027 1.241 1.234
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80 0.038 0.042 1.137 1.094
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