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Abstract

In this study, coefficient of variation for the seismic load effect on the segment lining
was calculated. The statistical characteristics of the soil property were analyzed for
the probability characteristics of domestic soil. In order to calculate the coefficient of
variation for the seismic load effect, the MCS technique was applied, and the
closed-form equation was applied to calculate the seismic load effect. As a result of
calculating the coefficient of variation, the coefficient of variation of the seismic load
effect on the weathered soil was analyzed in the range of 0.06~0.15, and the coefficient
of variation was judged to be used as basic data for designing the limit state of the
shield tunnel on seismic condition.
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Table 1. Closed-form solution (Penzien and Wu, 1998)

Equations (no-slip condition)
G”"L = pm QQ
. 771 2 Gf?l (1 + V"l)
Variables
V Rl(]() acce Ws
’Ymax = I/;/ 09
24F1(3—4v,,)
[0 —;
G, (1=v7)
Parameters = M
a+1
Adlmmg =t R—— T
24E;[Ad/7'm'nq s
= g —)(9=45°
Trax U0 s2(0+ ) (6 =45°)
Internal force
6E;[Ad/in,inq
Miyax T s2(0+— )(9 45°)

P> G, I, : density, shear modulus, elastic modulus of ground

m?> Tm

C. : apparent velocity of S-wave propagation
a, : the peak particle acceleration associated with S-wave
B’irelo acce

: maximum free-field shear strain

: the ratio of the peak velocity to the peak acceleration at the surface

A/ITL ax
d, t, [ and E, : diameter, thickness, inertia moment and elastic modulus of the tunnel lining
T ax» M, : maximum thrust force and bending moment for no-slip conditions
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Table 2. Soil material probability variables

Weathered soil 1 Weathered soil 2 Weathered soil 3
N £ 15) (15 <N < 30) (N> 30)
Sample 13 14 79
Mean 18.6 18.9 19.1
Unit weight

(KN/m’) SD 0.105 0.109 0.061
COvV 0.056 0.058 0.032

N Mean 8 23 40

COvV 0.25~0.50

START

[ Read Probability Variables for Soil Material ‘
T

¥

l Sampling of Random Variables ‘

[ Calculate Seismic Load Effect ‘
_,-'—"_F'_F'_F -'_-L -\_H_'_‘-\—.
— . . T —
NO — Simulation Number —
— ' -
—_  i>N
__H_H_w;__#—

‘ Calculate COV of Seismic Load Effect ‘

END

Fig. 1. Procedure of calculating COV (seismic load effect)
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Table 3. Review cases

Dia. of tunnel, D (m) Lining thickness, T (m) T/D (%)
Case 1 7.45 0.30 4.03
Case 2 7.22 0.30 4.16
Case 3 7.13 0.30 4.21
Case 4 7.90 0.35 4.43
Case 5 5.60 0.25 4.46
Case 6 7.30 0.35 4.79
Case 7 3.60 0.20 5.56
Case 8 3.50 0.20 5.71
Case 9 3.40 0.20 5.88
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Fig. 2. Bending moment
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Fig. 3. COV of bending moment
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Fig. 4. Bending moment
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Fig. 7. COV of bending moment (COV of N-value = 50%)
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Table 4. Results of COV and bending moment by variation of N-value (Case 1, Case 5, Case 9, COV of N-value =37%)

) Weathered soil 1 Weathered soil 2 Weathered soil 3
Bending T/D (N<15) (15 <N <30) (N>30)
moment (%)

Mean (6(0)Y Mean COoVv Mean COV
Case 1 4.027 74.019 0.121 62.137 0.141 55.525 0.153
Case 5 4.464 54.250 0.105 46.276 0.128 41.653 0.141
Case 9 5.882 37.288 0.061 33.811 0.086 31.335 0.101
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3 (N > 30)°llx19] AP A Tt -2 717F 55.525 kN - m, 41.653 kN - m, 31.335 kN - mo|™, g 7k}
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Fig. 8. The COV and bending moment by variation of N-value (Case 1, Case 5, Case 9, COV of N-value = 37%)
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Table 5. Results of COV and bending moment by COV of N (weathered soil 2)

Bending T/D COV of N=0.25 COV of N=0.37 COV of N=10.50
moment (%) Mean Ccov Mean Ccov Mean cov
Case 1 4.027 61.191 0.100 62.137 0.141 62.783 0.180
Case 5 4.464 45.691 0.093 46.276 0.128 46.618 0.160
Case 9 5.882 33.661 0.069 33.811 0.086 33.779 0.101

W25% W37%

W 50%

70.0

~— 0.140

oefficient of Variation

CASE1 CASE 5

(a) COV

CASE 9

Bending Moment (kN.m))

m25%

m37% m50%

CASE 1

(b) Bending moment

CASE 5

CASE 9

Fig. 9. The COV and bending moment by variation of COV of N-value (Case 1, Case 5, Case 9, 15 < N < 30)
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Table 6. COV of bending moment (COV of N-value = 37%)

Soil type Mean (kN - m) SD cov

Weathered soil 1 (N = 15) 74.019 8.935 0.121

Case 1 Weathered soil 2 (15 <N = 30) 62.137 8.788 0.141
Weathered soil 3 (N > 30) 55.525 8.472 0.153

Weathered soil I (N = 15) 75.339 8.746 0.116

Case2 | Weathered soil 2 (15 <N = 30) 63.53 8.736 0.138
Weathered soil 3 (N > 30) 56.885 8.480 0.149

Weathered soil 1 (N = 15) 75.85 8.653 0.114

Case3 | Weathered soil 2 (15 <N = 30) 64.082 8.709 0.136
Weathered soil 3 (N > 30) 57.429 8.478 0.148
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Table 6. COV of bending moment (COV of N-value = 37%) (continue)

Soil type Mean (kN - m) SD COV

Weathered soil 1 (N = 15) 105.952 11.258 0.106

Case 4 | Weathered soil 2 (15 <N = 30) 90.261 11.648 0.129
Weathered soil 3 (N > 30) 81.196 11.485 0.141
Weathered soil 1 (N = 15) 54.25 5.699 0.105

Case 5 | Weathered soil 2 (15 <N = 30) 46.276 5.923 0.128
Weathered soil 3 (N > 30) 41.653 5.853 0.141
Weathered soil I (N = 15) 109.525 10.247 0.094

Case 6 | Weathered soil 2 (15 <N = 30) 94.665 11.156 0.118
Weathered soil 3 (N > 30) 85.729 11.254 0.131
Weathered soil I (N = 15) 37.119 2.575 0.069

Case 7 | Weathered soil 2 (15 <N = 30) 33.159 3.148 0.095
Weathered soil 3 (N > 30) 30.506 3.352 0.110
Weathered soil 1 (N = 15) 37.23 2418 0.065

Case 8 | Weathered soil 2 (15 <N = 30) 33.499 3.027 0.090
Weathered soil 3 (N > 30) 30.927 3.262 0.105
Weathered soil 1 (N = 15) 37.288 2.259 0.061

Case 9 | Weathered soil 2 (15 <N = 30) 33.811 2.894 0.086
Weathered soil 3 (N > 30) 31.335 3.16 0.101
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