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Abstract

The roughness changes on a fracture surface were analyzed via a multi-stage compression test under
high temperatures to assess how the cracks in a rock mass affect groundwater movement. The analyzed
samples consist of coarse granitic rocks from approximately 40 and 270 m depth, and fine granitic
rocks from 500 m depth. The compression test was conducted on 20 x 40 x 5 mm samples using a
loading system where the pressure increases in 10 MPa increments to 120 MPa. A high-resolution 3D
confocal laser scanning microscope (CLSM) was used to observe the surface changes, including the
roughness changes, at each pressure step. The roughness change was calculated based on the roughness
factor. The experimental results indicate that the roughness of the fracture surface varies with rock
type under the stepwise pressure conditions. These data provide a basis for predicting groundwater

flow along rock fractures.
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Fig. 2. Coarse-grained specimen from the Daejeon area.
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Fig. 3. Fine-grained specimen from the Andong area.
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Fig. 4. Schematic view of the experimental setup.
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Fig. 7. Scanning microscope images. (a) Specimen at 41 mdepth from Daejeon, (b) specimen at 223 m depth from Daejeon,
(c) specimen at 40 m depth from Andong, and (d) specimen at 267 m depth from Andong.
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Fig. 8. Roughness observations. (a) Line roughness - 2D cross-sectional observation and (b) surface roughness - 3D
observation.
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Fig. 9. 3D roughness parameters. (a) Sq (root mean squared height), (b) Sku (kurtosis), (c) Sp (maximum peak height),
(d) Sv (maximum valley depth), and (e) Spk (height of protruding valley).
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Fig. 10. 2D roughness parameters. (a) Rp (maximum profile peak height along the roughness profile) and (b) Rc (mean
height of the roughness profile elements).
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Table 1. Comparison of the average variations in the 3D parameters of each specimen
Sq (um) Sku Sp (um) Spk (nm) Sv (um)
Daejeon (coarse) -0.13 -5.85 -10.44 -0.67 +20.68
Andong (fine) +0.48 +16.26 +20.45 +1.67 +20.02
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Fig. 11. Variation of the 3D roughness parameters. (a) Sq - Daejeon, (b) Sq - Andong, (c) Sku - Daejeon, (d) Sku - Andong,
(e) Sp - Daejeon, (f) Sp - Andong, (g) Sv - Daejeon, (h) Sv - Andong, (i) Spk - Daejeon, and (j) Spk - Andong.
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Fig. 11. Continued.
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Table 2. Comparison of the average variations in the 2D parameters of each specimen

Rp (um) Re (pm)
Dagjeon (coarse) -0.56 -0.64
Andong (fine) +4.46 +1.32
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Fig. 12. Variation of the 2D roughness parameters. (a) Rp - Daejeon, (b) Rp - Andong, (c) Rc - Daejeon, and (d) Rc - Andong.
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