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A Study on the Effect of Underground Openings on the Stability
of Surface Structures Using Scaled Model Tests

Jong-Woo Kim, Seokwon Jeon and Young-Ho Suh

Abstract In this study, scaled-model tests were performed to investigate the effect of underground openings on
the stability of surface structure around the abandoned coal mine areas. Four types of test models which had
respectively different depths of openings and different ground reinforcement conditions were introduced, where the
modelling materials were the mixture of sand, plaster and water. The model with deep openings were turned out
more stable to the structure than the model with shallow ones, because the crack-initiating pressure of the former
was 2.5 times as much as that of the latter. The models with ground reinforcement were also turned out more
stable than the model without reinforcement, because the crack-initiating pressure of the former was 2.4 times as
much as that of the latter. Subsidence profiles were analysed to find the characteristics of slope and curvature,
and the model with large reinforcement were turned out the most stable.
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Table 1. Physical properties of sedimentary rocks
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Fig. 1. Schematic view around underground openings

Rock Bulk density | Uniaxial compressive strength Young's modulus Number of region
(g/cm) (kgt/em) (10° kegficr) (Number of data)
Sandstone 2.64-2.71 828-2200 4.75-11.96 7 (157)
Shale 2.66-2.83 603-1101 2.10-7.01 8 (137)
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Table 2. The scale factors of models

Physical properties Dimension Scale factors
Length L] 1/292
Time [T] 1/17.08
Mass M] 1/41900000
Density [ ML %] 1/1.69
Strength [ ML7T % 1/492
Young's modulus [ ML~ 7] 1/492
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Table 3. The details of four different models

Model Depth of openings Grouting
30 m
! (103 mm) N/A
100 m
2 (343 mm) NA
3 100 m 30 mX36 m
(343 mm) (103 mm X 123 mm)
4 100 m 60 mXxX36 m
(343 mm) (206 mm X 123 mm)
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Fig. 3. The biaxial testing machine for scaled model tests
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Table 4. Crack initiating pressure and final pressure

Model | Crack initiating (kgf/cn) Final (kgf/cn)
1 0.8 1.2
2 2.0 4.0
3 4.8 5.6
4 4.8 5.6
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