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Reliability analysis of tunnel lining based on continuum model

WU Guojun', CHEN Weizhong"?, LIU Doudou™, TAN Xianjun'

(1. Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China; 2. Research Center of Geotechnical and Structural
Engineering, Shandong University, Jinan 250061, China; 3. School of Business Administration, Shandong Institute of Finance, Jinan 250014, China)

Abstract: Based on continuum mechanical model of rock mass, a new reliability analysis method is suggested to obtain an explicit
expression which can fit practical needs, the new method makes it possible to use commercial FEM code and it differs from
response-surface-method(RSM). The suggested method is applied to analyze a circular tunnel considering variation of mechanical
parameters. Mechanical parameters c, E, ¢ and lining thickness D is considered as random variables. The variation law of axial stress
in concrete lining with the variables is obtained; and multiple linear and nonlinear regression methods are applied to obtain the final
expression of the axial stress in lining with all the variables. The sensitivity and reliability analysis of a circualr tunnel is made with
the method. Some conclusions are drawn from the research work.
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Table 1 Mechanical parameters of prestressed anchors

and liners
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Table 2 Axial-stress of lining varying with a single factor

¢/MPac/MPa ¢/(°) o/MPa E/MPa o/MPa D/m o/MPa

0.10 -7.59 20 -7.59 1200 -7.59 040  -7.59
012 -7.53 21 -7.55 1300 -1.57 045  -6.76
0.14  -7.45 22 -7.51 1400 -7.56 0.50  -6.10
0.16 -7.38 23 -7.49 1500 -7.54 0.55  -5.56
0.18 -7.27 24 -7.45 1600 -7.52 0.60  -5.10
020 -7.23 25 -7.40 1700 -7.51 0.65 -4.72
022 -7.09 26 -7.36 1800 -7.49 070  -4.38
024 -7.05 27 -7.33 1900 -7.48 0.75  -4.09
026 -6.98 28 -7.24 2000 -7.46 080  -3.84
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Fig.2 The section element number of lining
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Fig.3 Axial stress of lining varying with ¢
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Table 3 Sensitivity S, varying withce, ¢ , E, D
¢/MPa S,  ¢/(°) So E/MPa S, D/m Se
0.10  -0.05 20 -0.11 1200 -0.03 040 -0.84
0.12  -0.06 21 -0.12 1300 -0.03 045 -0.88
0.14  -0.07 22 -0.12 1400 -0.03 050 -0.91
0.16  -0.09 23 -0.13 1500 -0.03 055 -0.93
0.18  -0.10 24 -0.13 1600 -0.03  0.60 -0.93
020  -0.11 25 -0.14 1700 -0.03  0.65 -0.91
022  -0.12 26 -0.14 1800 -0.03 070  -0.89
024  -0.13 27 -0.15 1900 -0.04 075 -0.85
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Fig.7 Sensitivity S, varying with D
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Table 4 Statistical nature of random variables

e HR T P R4 £ AR
Bl R Kpr
¢/MPa 6/(°) E/MPa
¥IMH 0.15 25 1500 1.0
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Table 5 Reliability and failure probability of liner with
different thicknesses

I D/m B R [/ %
0.5 2.26 1.2
0.6 2.62 0.5
0.7 2.87 0.2
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