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A New Coefficient for Three Dimensional Quantification of
Rock Joint Roughness

Jung-Wook Park, Yong-Ki Lee, Jae-Joon Song, Byung-Hee Choi

Abstract Roughness of rock joint has generally been characterized based upon geometrical aspects of a
two-dimensional surface profile. The appropriate description of joint roughness, however, should consider the features
of roughness mobilization at contact areas under normal and shear loads. In this study, direct shear tests were
conducted on the replicas of tensile fractured gneiss joints and the influence of the shear direction on the shear
behavior and effective roughness was examined. In this procedure, a joint surface was represented as a group of
triangular planes, and the steepness of each plane was characterized using the concepts of the active and inactive
micro-slope angles. The contact areas at peak strength which were estimated by a numerical method showed that
the locations of the contact areas were mainly dependent on the distribution of the micro-slope angle and the shear
behavior of joint was dominated by only the fractions with active micro-slope angles. Therefore, a three-dimensional
coefficient for the quantification of rock joint roughness is proposed based on the distribution of active micro-slope
angle: active roughness coefficient, C,. Comparison of the active roughness coefficient and the peak shear strength
obtained from the experiment suggests that the active roughness coefficient is the effective parameter to quantify
the surface roughness and estimate the shear behavior of rock joint.

Key words Rock joint, Contact area, Roughness quantification, Micro-slope angle, Active roughness coefficient
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Fig. 1. Splitting rock sample to create a tensile fractured Fig. 2. Tensile fractured gneiss block.
joint.
Fig. 3. Aluminum mold and cylindrical molding frame for circular replicas of the gneiss joint.
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Fig. 4. Procedure to manufacture circular joint replica.

Table 1. Physical and mechanical properties of mortar specimen.

Curing - :Jm?;ﬂalt noh Young’s Poisson’s rati Brazilian tensile Basic friction
time COMPrEssIVE SIehg modulus (GPa) oIsson's © strength (MPa) angles (°)
(MPa)
3 days 74.03 30.31 0.27 5.67 31.93
4 days 75.00 31.10 0.24 5.04 31.96
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Fig. 5. Peak shear strength according to shear direction.
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(e) Micro-slope angle (a=90°) (f) Micro-slope angle (a=270°)

Fig. 7. Contour plots of the elevation and the micro-slope angles according to shear direction (GN-2).
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Total surface area: 8,991 mm' H
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Fig. 8. Areal distribution of micro-slope angles to shear
direction (GN-2).
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Fig. 9. Contact areas and their micro-slope angles estimated at peak stage (GN-2); the white denotes non-contact areas
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Fig. 13. Determination of active roughness coefficient Cr from the probability distribution of active micro-slope angle in
different shear directions (GN-3).
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Fig. 16. Relationship between the roughness parameters and peak shear strength.
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