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Comparative Study on the Applicability of Point Estimate Methods in
Combination with Numerical Analysis for the Probabilistic Reliability
Assessment of Underground Structures

Dohyun Park, Hyung-Mok Kim, Dong-Woo Ryu, Byung-Hee Choi, Kong-Chang Han

Abstract Point estimate method has a less accuracy than Monte Carlo simulation that is usually considered as an
exact probabilistic method, but this method still remains popular in probability-based reliability assessment in
geotechnical and rock engineering, because it significantly reduce the number of sampling points and produces the
statistical moments of a performance function in a reasonable accuracy. In the present study, we investigated the
accuracy and applicability of point estimate methods proposed by Rosenblueth and Zhou & Nowak by comparing
the results of these two methods with those of Monte Carlo simulations. The comparison was carried out for the
problem of a lined circular tunnel in an elastic medium where an closed-form analytical solution is given. The
comparison results showed that despite the non-linearity of the analytical solution, the statistical moments calculated
by the point estimate methods and the Monte Carlo simulations agreed well with an average error of roughly 1-2%.
This average error demonstrates the applicability of the two point estimate methods for the probabilistic reliability
assessment of underground structures in combination with numerical analysis.

Key words Point estimate method, Probabilistic method, Reliability assessment, Probability of failure, Underground
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Fig. 1. Schematic of the lined circular tunnel problem.
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Table 1. Parameters and values used in the present study.

Parameter Value Parameter Value
Tunnel radius 2.5 m Vertical stress 2 MPa
Density of Horizontal
ensity o 1,800 kg/m3 orizonta 4 MPa
rock stress
Young's Young's
modulus of 6 GPa modulus of 20 GPa
rock liner
. . Liner
Poisson's ratio 0.2 . 0.05 m
thickness

50 m
4 MPa

(a) Model grid

Liner
(t=0.05m)

Rock

Liner element number
ZIW

(b) Details on the lined circular tunnel

Fig. 2. FLAC2D numerical model for the lined circular
tunnel problem.
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Fig. 3. Comparison of bending compressive stress between
the analytical solution and FLAC2D simulation.
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variables.

Average error in mean value

Average error in SD value

[COViock, COViiner]
Rosenblueth's method |Zhou & Nowak's method| Rosenblueth's method |Zhou & Nowak's method
[0.1,0.1] 1.08% 1.09% 0.87% 0.89%
[0.1,0.2] 1.07% 1.07% 0.83% 0.87%
[0.2,0.1] 1.01% 1.01% 1.25% 1.22%
[0.2,0.2] 1.00% 1.00% 1.62% 1.25%

COVioek and COViiner = coefficients of variation in the Young's modulus of rock and liner, respectively; SD = standard deviation

N
W

—O— Monte Carlo simulation (5,000 trials)
—e— Rosenblueth's point estimate method

Mean bending comp. stress (MPa)

—t——t H
1 13 15 17 19 21 23 25 27 29 31

Liner element number

Fig. 4. Comparison of Rosenblueth's PEM with MCS with
respect to the mean value of bending compressive
stress (COVioek = 0.1, COViiper = 0.1).

—0— Monte Carlo simulation (5,000 trials)
—e— Zhou & Nowak's point estimate method |\

Mean bending comp. stress (MPa)

1 13 15 17 19 21 23 25 27 29 31
Liner element number

Fig. 5. Comparison of Zhou & Nowak's PEM with MCS
with respect to the mean value of bending com-
pressive stress (COVipek = 0.1, COViiper = 0.1).
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Fig. 6. Comparison of Rosenblueth's and Zhou & Nowak's
PEMs with MCS with respect to the standard deviation
value of bending compressive stress (COVioek = 0.2,
COViier = 0.2).
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