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Probabilistic Displacement Analysis Using Stochastic Finite Element Method

Sang-Min Na and Hyun-Koo Moon

Abstract Generally it is likely that rock mass properties are expressed not by a mean value but by values with
variation due to its characteristic uncertainty. This characteristic is one of the most important parts for the design
of underground structures, but yet to be fully examined. Stochastic finite element method (SFEM) is contrary to
deterministic finite element method in its concept as the former has been developed in order to take the randomness
of structural systems into account. Using SFEM, the response variability of structural system can be obtained and
it leads probabilistic stability of structure to be analyzed. In this study, displacement response variability of circular
opening with hydrostatic stress field are analyzed in terms of rock mass properties having a certain mean and a
standard deviation using the SFEM. The analyzed response variability shows that the necessity of probabilistic
stability analysis of underground structures using reliable mean value and standard deviation of deformation modulus.
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Fig. 1. Flow chart for program SU2.
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Fig. 3. The variation of the COV of displacement at A with
increasing correlation distance for three different COVs
of deformation modulus.
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Table 1. The ratio of maximum displacement to expected value of displacement with varying the COV of deformation modulus

and confidence level at correlation distance is 300 m.

nfidence |
W 90% 95% 97.5% 99%
10% 1.13 1.17 1.20 1.23
20% 1.26 1.33 1.39 1.47
30% 1.39 1.50 1.59 1.70

Table 2. The ratio of maximum displacement to expected value of displacement with varying the COV of deformation
modulus and confidence level at correlation distance is 5 m.

W 90% 95% 97.5% 99%
10% 1.08 1.10 112 114
20% 1.16 1.20 124 1.28
30% 1.23 130 1.35 1.42
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