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Seismic Fragility Evaluation of Cut-and-cover Tunnel

Hp =3 Park, Duhee Fol- %<k %°  Duy-Duan Nguyen
o] ® ¥ Lee, Tae-Hyung uk-3 & Van-Quang Nguyen

Abstract

In this study, the seismic response of cut-and-cover box tunnels is evaluated from pseudo-static analyses and the
fragility curves are derived. A series of site profiles were used to evaluate the effect of soil conditions. A total of 20
ground motions were used. The fragility curves were developed as functions of peak ground acceleration for three damage
states, which are minor, moderate, and extensive states. The damage indices, defined as the ratio of the elastic moment
to the yield moment, correlated to three damage states, were used. The curves are shown to greatly depend on the
site profile. The curves are further compared to those derived in previous studies. The widely used empirically derived

curves are shown not to account for the site effects, and therefore underestimate the response for soft sites.
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Fig. 1. Response spectra of 20 ground motions
Table 1. Selected ground motion records
No. Earthquake event Station Year ’(\A’\jﬁ) [()EE;;] P(CS)A (frﬁ/\;)
1 Cape Town, S. Africa Capetown 1969 6.3 15.0 0.384 21.9
2 Chichi, Taiwan CHY-101 1999 7.6 8.0 0.183 39.3
3 Coyote, USA San Juan Bautista 1979 5.7 10.0 0.124 7.6
4 Duzce, Turkey Bolu 1999 7.1 13.7 0.727 56.4
5 El-Centro, USA Imperial Valley Distr. 1940 6.9 8.8 0.400 37.8
6 Hector, USA North Palm Spr. 1999 71 5.0 0.265 28.5
7 Imperial Valley, USA Elcentro array#1 1979 6.5 10.0 0.169 11.6
8 Kobe, Japan Nishi—Akashi 1995 6.9 17.9 0.509 37.3
9 Kocaeli, Turkey Arcelik 1999 7.4 15.0 0.218 17.7
10 Landers, USA Yermo Fire 1992 7.3 7.0 0.244 25.7
11 Loma Gilroy, USA Gilroy array#2 1989 6.9 17.5 0.170 14.2
12 Loma Gilroy, USA Gilroy array#3 1989 6.9 17.5 0.357 28.6
13 Mammoth Lakes, USA Long Valley Dam 1980 6.3 14.0 0.430 23.5
14 Nahanni, Canada Nahanni—Station #3 1985 6.8 6.0 0.148 6.1
15 Northridge, USA Beverly Hills 1994 6.7 17.5 0.217 9.8
16 Northridge, USA Canyon Country 1994 6.7 17.5 0.098 8.9
17 Parkfield, USA Parkfield—Cholame 5w 1966 6.1 10.0 0.357 21.5
18 San Fernando, USA Pacoima Dam 1971 6.6 13.0 0.209 18.9
19 Tabas, Iran MHUD—-Bajestan 1978 7.8 5.8 0.899 55.0
20 Whittier Narrows, USA Rancho Palos Verdes 1987 6.0 14.6 0.186 4.6




Table 2. Summary of site profiles
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Fig. 2. Selected site profiles

Site profile Vs, soil V3o Depth to bedrock Site period MPSS 2017 KBC 2016
name (m/s) (m/s) (m) (s) Site class Site class
B30 400 400 30 0.3 Sy Se
B50 486 450 50 0.4 Sy Se
B100 690 500 100 0.6 Sy Se
B150 7 550 150 0.8 Sy Ss

C30-1 200 200 30 0.6 Sy Sc
C30-2 349 349 30 0.3 Sy Sc
C50 328 301 50 0.6 Sy Sc
C100 412 250 100 1.0 Sy Se
C150—1 389 221 150 1.5 Sy Se
C150-2 518 281 150 1.2 Sy Se
D30 127 127 30 0.9 Ss So
D50-1 152 120 50 1.3 Ss So
D50-2 208 172 50 1.0 Sy So
D100-1 174 110 100 2.3 Ss So
D100-2 258 150 100 1.6 Sy So
D150 292 140 150 2.1 Sy So
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Fig. 3. Peak horizontal displacement profiles at selected sites
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Fig. 4. Cross sections of cut-and-cover box tunnel
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Fig. 5. Boundary condition and loads to the box tunnel (after Lee et al., 2016)
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Fig. 6. Proposed damage states and indices for single box tunnels (after Lee et al., 2016)

Table 3. Definition of damage states and corresponding damage

indices (Dls)
Tunnel type Damage state | Damage index (DI, M/M,)
None DI < 1.0
Minor/Slight 1.0 = DI <1.2
Single box
Moderate 12 <DI<20
Extensive 2.0 < DI
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