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Abstract

This study employed a 3-D numerical analysis based on the distinct element method to estimate the
strength and deformability of a Cretaceous biotite granitic rock mass at Gijang, Busan, Korea. A
workflow was proposed to evaluate the scale effect and the representative elementary volume (REV)
of mechanical properties for fractured rock masses. Directional strength and deformability parameters
such as block strength, deformation modulus, shear modulus, and bulk modulus were estimated for a
discrete fracture network (DFN) in a cubic block the size of the REV. The size of the mechanical REV
for fractured rock masses in the study area was determined to be a 15 m cube. The mean block strength
and mean deformation modulus of the DFN cube block were found to be 52.8% and 57.7% of the
intact rock’s strength and Young’s modulus, respectively. A constitutive model was derived for the
study area that describes the linear-elastic and orthotropic mechanical behavior of the rock mass. The
model is expected to help evaluate the stability of tunnels and underground spaces through equivalent
continuum analysis.
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Fig. 1. Geological map of the study area (after Son etal., 1978).
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Fig. 3. Photographs of (a) sample, (b) uniaxial compressive testing, and (c) triaxial testing.
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Table 2. Mechanical properties obtained for biotite granite from the study area

Mechanical properties Value Remarks
Density (kg/m”) 2,702
Uniaxial compressive strength, q, (MPa) 223.9 .

Average of 4 specimens
Young’s modulus, E (GPa) 572
Poisson’s ratio, v 0.29
Tensile strength, o (MPa) 19.0 Average of 6 specimens
Cohesion, C (MPa) 38.8 o
o Based on triaxial tests

Internal friction angle, ¢ (degrees) 57.3
Joint normal stiffness, JKN (GPa/m) 83.7 Based on compressive tests
Joint shear stiffness, JKS (GPa/m) 5.9
Joint cohesion, C; (MPa) 0.22 Based on direct shear tests
Joint friction angle, ¢; (degrees) 36.3
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Fig. 4. Different cubic block sizes used to investigate the mechanical behaviors of the rock mass in the study area.
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3.4m cube (as intact properties
of 7.2m cube)

15m cube

Y

Elevation(Z)

7.2m cube (as intact properties

of 15m cube)

0°(X) 270°(Y)

Fig. 5. Polyhedral block systems used by 3DEC modeling to estimate the strength and deformability of a 15 m cube in the
study area.
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Table 3. Mechanical properties used to represent fictitious joints in cubic blocks of different sizes

. . e Cubic block size
Mechanical properties of fictitious joints

34m 72m 15.0m
Joint normal stiffness (GPa/m) 6,250 4,500 4,000
Joint shear stiffness (GPa/m) 2,500 1,800 1,600
Joint cohesion (MPa) 38.80 21.13 19.33
Joint tensile strength (MPa) 18.96 18.96 18.96

Joint friction angle (degrees) 57.30 53.67 51.53
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Fig. 7. Plots of (a) y-strain vs. y-stress, (b) y-strainvs. x-strain, and (c) y-strain vs. z-strain obtained for a 3.4 m cubic block.
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Fig. 8. Plots of (a) y-strain vs. y-stress for different confining stresses and (b) the Mohr-Coulomb failure envelope
constructed for a 3.4 m cubic block.
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Fig. 9. Stress paths used to estimate (a) shear moduliand (b) bulk modulus.
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Table 5, Table 69 5~=5]0] Itk DEN A|2~E]Q] 2|t 273 5(S)= 3.4 m FEoA x, y, z Bkl whet 116.86~164.22
MPa ¥ 9]9] =313t 2| wo A4S Zh= 7 0 2 7}E|Q]et. DFN FH E22] 371717.2 m, 15 m2 Sl whet Z|dj

Table 4. Estimated values of strength and deformability parameters in the x, y, and z directions for cubic blocks of various
size

Block size Direction Cohesion Friction Deformation modulus E,; Strength S;
(m cube) (MPa) (degrees) (GPa) (MPa)
X 18.8 50.2 38.12 116.86
3.4 y 21.3 53.5 38.21 139.74
233 57.3 31.27 164.22
X 17.6 49.8 36.21 115.11
7.2 y 20.6 50.2 36.27 115.73
z 19.8 54.6 30.79 140.51
X 17.5 49.7 35.99 114.12
15.0 y 20.3 49.9 33.74 111.27
z 18.5 53.5 29.37 129.25
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Table 5. Estimated Poisson’s ratios for cubic blocks of various size

Block size X-Direction loading Y-Direction loading Z-Direction loading
(m cube) Vy VY Vyx Vy Vo Vay
3.4 0.260 0.291 0.255 0.341 0.245 0.322
7.2 0.268 0.263 0.253 0.264 0.236 0.281
15.0 0.265 0.266 0.263 0.252 0.244 0.266

Table 6. Estimated shear modulus and bulk modulus for cubic blocks of various size

Block size Shear moduli (GPa) Bulk modulus (GPa)
(m cube) Gy Gy, Gy, K
34 16.38 17.16 16.14 29.16
7.2 15.47 14.99 15.12 27.98
15.0 14.17 14.11 14.92 26.85
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Fig. 10. Effects of DFN block size on (a) block strength, (b) deformation modulus, (c) shear modulus, and (d) bulk modulus.
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