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Stability Analysis of Concrete Plugs Using a 3-D Failure Criterion
Youn-Kyou Lee, Won-Kyoung Song, Chulwhan Park, Byung-Hee Choi

Abstract A new failure criterion for concrete, which takes into account the effect of the intermediate principal stress,
is proposed. The new criterion, which takes the advantages from both the Mohr-Coulomb and the Willam-Warnke
criteria, is linear in the meridian section, while its octahedral section is always smooth and convex. Fitting the
triaxial compression data with the proposed criterion shows the high performance of the new criterion. A new formula
for the factor of safety of concrete is defined based on the new failure criterion and it is employed in the stability
analysis of the concrete plugs installed in the pilot plant. The new formula for the factor of safety measures the
degree of closeness of a stress state to the failure surface in the octahedral plane. Finally, 3-D finite element analyses
of pilot plant were carried out to obtain the stress distributions in the plugs. Then, the stress distributions are
converted to those of factor of safety by use of the proposed formula. Based on the distribution of factor of safety
in the concrete plugs, the stability of the tapered and wedge-shaped plugs is evaluated.

Key words Failure criterion, Intermediate principal stress, Concrete plug, Factor of safety
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Fig. 1. Mohr-Coulomb failure criterion
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Fig. 2. MC-WW failure surface circumscribing the Mohr-
Coulomb surface
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Fig. 3. MC-WW and Mohr-Coulomb failure criteria on (a)
the octahedral plane and (b) the meridian plane
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Fig. 4. Effect of the intermediate principal stress o, on the
triaxial strength o, in the MC-WW and Mohr-Coulomb
failure criteria
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Table 1. Summary of the nonlinear regressions for the best fit strength parameters

Best fit strength RSD (MPa) RSD (MPa)
Rock parameters, ¢(°) and o.(MPa) a a
ock type for M-C for MC-WW
M-C MC-WW
‘ 5=30.6 5= 28.
Yuubari shale ¢=30.67 ¢=28.00 5.86 3.47
o, =104 o, =94
Solnhofen limestone ¢=3511 ¢=27.38 16.23 8.94
o, =326 o, =325
Shirahama sandstone ¢=39.43 ¢= 36'0.4 4.44 3.54
o.=85 0. =176
=4T7. =43.64
KTB amphibolite ¢=47.09 ¢=143.6 27.29 21.92
o, =324 o, =296
Dunham dolomite ¢=36.55 ¢=3052 22.10 10.10
o, =387 o, =374
‘ . — 30.36 51
Mizuho trachyte ¢=30.36 ¢=25.10 11.32 5.91
o, =188 o, =193
Orikabe monzonite ¢=36.99 ¢= 3299 32.97 15.85
o, =512 o, =499
Westerly granite ¢=52.00 ¢ =498 14.51 11.54
o, =328 o, =286
Manazuru andesite ¢ =49.40 ¢=43.49 15.46 8.19
o, =284 o, =296
. =40.62 h = 39.86
Inada granite ¢ . ¢ 26.65 15.44
o.=538 o, =477
. h = 41.8: 5= 36.01
Yamaguchi marble ? 83 ¢=36.0 8.10 4.76
o, =111 o, =111
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Fig. 5. Estimated and experimental triaxial strength of
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Fig. 6. Estimated and experimental triaxial strength of
Solnhofen limestone
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Fig. 8. Finite element mesh for the pilot plant with tapered
plug
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Table 2. Mechanical properties of rock mass and concrete

Properties Rock mass | Concrete
Unit weight, v (kN/m?) 27.2 25.0
Poisson’s ratio, v 0.14 0.2
Deformation modulus, £, (GPa) 9.5 15
Friction angle (°) 42
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Fric. angle=42 Deg., UCS=40 MPa FS(MC-WW)
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(a) MC-WW failure criterion
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Fig. 10. Distribution of factor of safety in tapered plug
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