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ABSTRACT
Received: November 1, 2023 The roughness of discontinuity significantly influences the mechanical characteristics of rock
Revised: November 6, 2023 masses and extensively affects thermal and hydraulic behaviors. In this study, we utilized

photogrammetry to generate 3D point cloud data for discontinuity and applied this data to
characterize the roughness of discontinuity. The discontinuity profiles, reconstructed from the
3D point cloud data, were compared with those manually measured using a profile gauge.
This comparison served to validate the accuracy and reliability of the acquired point cloud data
in replicating the actual configurations of rock surfaces. Subsequent to this validation,
influence of the number of profiles for representative JRC assessment was further investigated
followed by suggestion of roughness anisotropy evaluation method with application of it to
actual rock discontinuity surfaces.
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Fig. 1. Rock mass and target discontinuity surfaces used in the study to generate 3 dimensional point clouds
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Fig. 2. Schematic representation of rock image acquisition for photogrammetry: (a) variation in vertical position and (b) variation in
horizontal position
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Fig. 3. 3D point cloud data for 6 discontinuity surfaces
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Fig. 4. Schematic process of generation of discontinuity roughness profiles from both profile gauge measurement and digital point
cloud data using photogrammetry. (a) profile acquisition using profile gauge, (b) extraction of coordinates of profile after
digiting process and (c) extraction of coordinates of profile from point cloud data
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Fig. 5. Comparison of profiles between profile gauge measurement and 3D point cloud data. (a) DS-1, (b) DS-2, (c) DS-3, (d) DS-4,

(e) DS-5, and (f) DS-6
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Fig. 6. Correlation of roughness height (z) of profiles from 3D point cloud data and profile gauge measurement. (a) DS-1, (b) DS-2,

(c) DS-3, (d) DS-4, (e) DS-5, and (f) DS-6
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Table 1. Comparison of JRC measurement between profile gague and 3D point cloud data

JRC (Joint Roughness Coefticient)

Discontinuity ID
Profile Gauge 3D Point Cloud Difference
DS — 1 8.83 8.63 0.20
DS -2 5.48 5.60 0.12
DS -3 6.63 5.82 0.81
DS — 4 8.93 9.60 0.67
DS -5 4.85 4.47 0.38
DS -6 5.17 5.50 0.33
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Fig. 7. Variation of JRC depending on the number of profiles. (a) DS-1, (b) DS-2, (c) DS-3, (d) DS-4, (e) DS-5, and (f) DS-6
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1. Calculate Average 2D JRC 2. Rotate Point Cloud data 3. Ellipse fitting & Calculate anisotropy
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& Calculate Average 2D JRC & Execute first process for each data major-to-minor axis ratio through Ellipse fitting
Fig. 8. Schematic representation of roughness anisotropy evaluation process
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Table 2. Result of roughness anisotropy
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