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Received Abstract

31 December 2021 In this study, point-cloud data were obtained using a laser scanner for an underground limestone mine.

Final version Received A total of 581 discontinuities were extracted and statistically treated using the obtained point-cloud

27 January 2022 data, and a discrete fracture network was simulated and applied to the numerical analysis model. The
stability was evaluated for two pillars located in large underground openings using the numerical

Accepted analysis model. The evaluation results based on the safety factor and displacement showed that the

22 February 2022 safety factor tended to decrease as it progressed from the center of the pillar to the side wall. However,
the pillars showed a minimum safety factor of 1.0 or higher. For the displacement, a maximum
displacement of 9 mm occurred in a part of the pillar side wall. Nevertheless, the stability of the pillar
was achieved, as it was insignificant compared to the size of the pillar.

Key words : Laser scanner, Point-cloud data, Discrete fracture network (DFN), Safety factor,
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Fig. 1. Geological map of test-bed mine (Kim et al., 2016).

A5 A=



12 WEH - WA wg

Fig. 2. Large pillars in test-bed mine.
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Fig. 3. Laser sacnning and DFN modeling process.

Fig. 4. Laser scanner used in this study.

Table 1. Specification of X7

Range 0.6 m~80 m
Range Noise <25 mm @ 30 m
Laser wavelength 1,550 nm

Scan speed 500,000 points/sec

Max. field of view 360°(horizontal) x 282°(vertical)

Operating Temperature —20°C~50°C

Weigh 5.8 kg
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Fig. 6. Fracture orientation measurements obtained using
Facets plugin.

(c) Left side view
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Fig. 5. 3D visualization of point-cloud obtained from test-bed
mine. Fig. 7. Orientation distributions of fracture sets.
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Fig. 9. Generation of three-dimensional DFN model.

Table 2. Results of fracture characteristics around the large underground openings

Set 1 Set 2
. . Dip direction / Dip 290 / 80 070 / 73
Orientation
Fisher constant (K) 73.93 30.39
Distribution function Log-normal distribution Gaussian distribution
Length Mean (m) 5.57 1.66
Standard deviation 1.56 0.73
Intensity Py (m™) 0.2 0.15
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Table 3. Material properties used in stability assessment model of large pillars (Sunwoo et al., 2004)

Rockmass
Density Bulk modulus Shear modulus Friction angle Cohesion Tensile strength
(kg/m®) (GPa) (GPa) (degree) (MPa) (MPa)
2,730 7.63 4.8 39 8.33 1.25
Discontinuities

Normal stiffness Shear stiffness Friction angle Cohesion

(GPa/m) (GPa/m) (degree) (MPa)

3.13 8.13 38 0.04

Fig. 10. Stability assessment model of large pillars.
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