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ABSTRACT
Received: November 5, 2021 The existence of underground cavity should be considered in the assessment of georisk such
Revised: January 7, 2022 as ground subsidence. Even if the shear strength of the ground around the cavity is known, it

is difficult to accurately analyze the safety around the cavity due to the uncertainties related to
geometric conditions such as the cavity size. In this paper, stability chart representing dimen-
sionless stability constants was proposed based on the ground strength and geometric condi-
tions. Numerical analysis had been carried out accounting for the stability constants such as
the ground strength, the adhesion and friction angles, and the size and depth of the under-
ground cavity. The proposed charts can help estimating the stability of ground with under-
ground circular cavity.
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Fig. 1. Boundary conditions and dimensions used in the 2D axisymmetry model
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Fig. 2. Effect of element size on the Mises stress at the crown of the cavity
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Fig. 3. Mesh of 2D numerical model for three different geometries
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Table 1. Material properties of soil for parametric numerical study

CaseReduction Unit Weight (kN/m®)  Elastic Modulus (MPa) h/D Friction Angle(°) Cohesion (kPa)
Phi0-h/D0.5 0.5 0 5~10
Phi0-h/D1 1 0 5~10
Phi0-h/D3 3 0 10~50
Phi0-h/D5 5 0 10~50
Phi0-h/D10 10 0 30~80
Phi0-h/D20 20 0 50~120
Phi0-h/D30 30 0 100~150
Phil0-h/D0.5 0.5 10 5~10
Phil0-h/D1 1 10 5~20
Phil0-h/D3 3 10 10~50
Phil0-h/D5 5 10 20~70
Phi10-h/D10 10 10 45~100
Phi10-h/D20 20 10 90~170
Phi10-h/D30 30 10 150~230
Phi20-h/D0.5 17.66 % 0.5 20 5~10
Phi20-h/D1 1 20 5~15
Phi20-h/D3 3 20 10~40
Phi20-h/D5 5 20 30~50
Phi20-h/D10 10 20 45~100
Phi20-h/D20 20 20 85~170
Phi20-h/D30 30 20 150~250
Phi30-h/D0.5 0.5 30 5~10
Phi30-h/D1 1 30 5~15
Phi30-h/D3 3 30 10~30
Phi30-h/D5 5 30 25~50
Phi30-h/D10 10 30 40~80
Phi30-h/D20 20 30 75~150
Phi30-h/D30 30 30 125~200
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Table 2. Critical cohesion inducing ground settlement with various friction angles and depth of cavity (Unit: kPa)

WD ¢ 0 10 20 30
0.5 5.4 8.4 8.4 7.4
1 8.3 13.4 12.9 113
3 19.5 323 31.0 27.1
5 27.7 46.0 475 422
10 53.7 86.5 87.2 77.1
20 105.2 151.4 152.3 129.0
30 144.7 202.5 224 192.3

Table 3. Vertical stress around the cavity by numerical analysis condition (Unit: Pa)

¢ )
WD 0 10 20 30

0.5

s, 522

{Avg: 75%)
+0.000a+00
-8.3332+4+04
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-3.333e+405
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-5.000e+05
-5.833e+405
-6.667e+05
-7.500e+05
-8.333e+405
-9.167e+405
-1.000e+06
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Table 3. Vertical stress around the cavity by numerical analysis condition (Unit: Pa) (continued)
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Table 4. Stability numbers calculated based on Equation (2)

Case Unit weight (kN/m®) h (m) Friction angle(°) Critical cohesion (kPa) Stability number, /V,*
Phi0-h/D0.5 0.5 0 5.4 0.61
Phi0-h/D1 1 0 83 0.47
Phi0-h/D3 0 19.5 0.37
Phi0-h/D5 5 0 27.7 0.31
Phi0-h/D10 10 0 53.7 0.30
Phi0-h/D20 20 0 105.2 0.30
Phi0-h/D30 30 0 144.7 0.27
Phi10-h/D0.5 0.5 10 8.4 1.13
Phi10-h/D1 1 10 134 0.94
Phi10-h/D3 3 10 323 0.79
Phi10-h/D5 5 10 46.0 0.70
Phi10-b/D10 10 10 86.5 0.67
Phi10-b/D20 20 10 1514 0.60
Phi10-b/D30 30 10 202.5 0.56
Phi20-h/D0.5 17.66 0.5 20 8.4 1.32
Phi20-h/D1 1 20 12.9 1.09
Phi20-h/D3 3 20 313 0.95
Phi20-h/D5 5 20 47.5 0.90
Phi20-h/D10 10 20 87.2 0.86
Phi20-h/D20 20 20 1523 0.80
Phi20-h/D30 30 20 2224 0.78
Phi30-h/D0.5 0.5 30 7.4 1.42
Phi30-h/D1 1 30 11.3 1.22
Phi30-h/D3 3 30 27.1 1.09
Phi30-h/D5 5 30 422 1.06
Phi30-h/D10 10 30 77.1 1.01
Phi30-h/D20 20 30 129.0 0.94
Phi30-h/D30 30 30 192.3 0.94
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