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Stochastic Finite Element Analysis of Underground
Rock Cavern Using Monte Carlo Simulation Techinque
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29k/Abstract
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WM FZRAG ZAYE et vmA FgeA 88 4 & Monte Carlo 7¥& Algslgion,
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In this study, a stochastic finite element method is proposed with a view to consider rock property
variations in the analysis of structural behavior on underground caverns. Hers, the Monte carlo simu-
lation technique, which has been widely used in probabilistic applications in many engineering fields, is
applied for the analysis -of the effect rock property distribution. Using the newly developed computer
program based on the above—mentioned method, the underground opening in biaxial stress field is an-
alyzed considering the effect of material property variation.
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Fig. 1 Random deviates generation of unit nor-
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random number by inverse transform
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Fig. 2 Flow diagram of stochastic analysis pro-
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Fig. 3 Analysis model of a circular cavern
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Table 1. Distribution of displacement around cavern({ce=0.3, Ko=1)

d Vertical displacement of crown point Horizontal displacement of point a
Mean(z) (mm) Standard deviation.(mm) Mean () (mm) Standard deviation(mm)

1.0 —2.487 0.228 —1.707 0.217
5.0 —2.500 0.394 —695 0.360

10.0 —2473 0.536 —1.756 0.498

15.0 - 2.577 0.856 —1.828 0.678

20.0 —2.672 1.082 —1.819 0.677

25.0 —2.688 1.068 —1.804 0.605

* —2.304 —1.594

* deterministic analysis
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Table 2. Distribution of stress around cavern(e.=0.

3, Ke=1)

45'(Element b, kg/cm?) | 22.5°(Element ¢, kg/om?) | 40.5'(Element d, kg/em?) | 58.5°(Element ¢, kg/em?) |76.5° (Element f, kg/cm’)
d Horizontal | Vertical Horizontal | Vertical Horizontal | Vertical Horizontal | Vertical Horizontal | Vertical
stress stress stress stress stress siress siress siress stress stress
10 |~22.26+3.66 —2.98+067 |- 19.36+2.58 —6.30:+0.94 |- 14.18+1.52|-11.55:£1,18| ~9.02:+1.00 |~ 16.72:£.2.07) ~4.2220.90 —20.96 +3.58
50 |-72.40+4.20 - 3.05£057 |-19.29+3.34 —6.35£0.04 |- 14164221~ 11492 1,67 —9.03+ 140 |- 16,72+ 253 —4.24+0.62 —21.31 1337
100 |-22.61 358 —3.10+047 |- 1953+ 2.94] —6.43+0.93 |~ 1426 £2.08- 1150+ 1.7 -9.11£1.28 |~ 16,78+ 2.68 —4.2T£0.63 -21.3243.66
150 |=22.1843.93 - 3073053 |- 19.2543.28 ~6.42+ 105 |~ 14.134:2.35|- 1145+ 1,98 - 9.07:+1.48 |- 16.65:+ 2.98) —4.26£0.72 —21.03+3.93
00 |—22.07+411~3.06£054 |~19.17+3.44] ~6.43+ 1.06 |~ 14,09+ 2,44~ 1151 1.87 - 0.07 £ 1.52 |- 16.77 £2.76 —4.28+.0.69 —21.08+359
%0 |~22.19+3.84] —3.07£051 |~19.26+3.25 ~645+1,02 |- 14.15+1.02- 1156+ 1.79| 9,11+ 146 |- 16.86:£2.59) ~4.30+.0.67 -21.34+3.29
* —22.55 —3.11 -19.57 —6.54 —14.37 -11.70 —9.24 —17.04 —17.04 —21.54
# deterministic analysis
(10%kg/em?)

: (10'%kg/cm?)
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Fig. b Distribution of Elastic modulus generat-
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A sjadet Ae SA e Jeun ok &
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Table 3. Distribution of displacement around cavern(d=1.0)

Ky=2.0 Ko=15 K10 Ky=0.5
o | Vertical Horizontal Vertical Horizontal Vertical Horizontal Vertical Horizontal
displacement | displacement | displacement | displacement | displacement | displacement | displacement displacement
(mm) . (mm) {mm) (mm) (mm) (mm) (mm) (mm)
0.4 |—0.866+0.505|—7.090+0.783|—1.756 £0.417|— 4.865 £0.557 | — 2.646 +:0.383| — 2.640 +0.342|— 3.535 +-0.417|—0.415+0.108
0.3 |-0.787+0.268|~ 6,690 £0.508|—1.637 +0.220|—4,587 + 0.355| — 2.487 +0.228| - 2.483 £ 0.214|— 3.337 £ 0.266|— 0.380 £0.133
02 |-0.728+0.147|—6.428£0.286|—1.555+0.121|— 4.403£0.196|— 2.382+0,123|—2.380 £ 0.113|— 3.209 2:0.151]—0.354 - 0.067]
0.1 |—0.694+0.067|—6.28540.133|—1.509 40,053 —4.305 £ 0.091|—2.324 £:0.054{— 2,324 +0.051|— 3.139 + 0.068|— 0.343+0.029
001 |—0.68140.006|—6.235+0.013|—1.493 +0.005|— 4.270 +0.009|—2.305 £0.005| - 2.305 +0.005|— 3.117 £ 0.007|—0.340 + 0.003
¥ —0.680 | —6.234 —1.493 ~-1.269 -2.305 —2.305 —3.116 -0.340
* deterministic analysis
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