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ABSTRACT : In this study, the staged seismic performance evaluations were conducted to the 91 high speed railway tunnels in use
for checking whether to comply with the recent design criteria or not. In addition, the seismic fragility functions of the tunnels were
developed to allow the probabilistic risk assessment. The results of the staged seismic performance evaluations which consist of a
preliminary assessment and a detailed assessment, show that the tunnels comply with the recent design criteria. With reference to
the results of previous studies, a form of the proposed seismic fragility functions was set as a log-normal distribution by PGA, and
the parameters of the functions were determined by using the probability of damage for the design PGA level. The seismic fragility
functions were developed for each types (Cut & Cover, NATM) of tunnels. The seismic fragility functions from this study and the
existing research results (FEMA, 2004) were compared to evaluate the seismic performance level of the tunnels, as a result the tunnels
of this study were relatively superior to the ASSM tunnels on the seismic performance.
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Fig. 1. Process of SPRA (Kennedy & Ravindra, 1984)
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Table 1, Results of preliminary assessment

. Group of seismic retrofit
Classification - - Sum.
Core | Important | Observation | Reservation

Number of - ¢ 20 54 ) 91
Tunnels (ea.)
Percentage (%)| 7 22 60 11 100
Detailed Essential Not mandatory

Assessment (Conduct if necessary)
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Fig. 3. Results of the detailed assessment
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Table 2. Results of detailed assessment
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Factor of safety
No. Name Station Shape Lining type Construction method Construction year Wall Arch
(Side-wall) (Slab)
1 STA.15+000 Box RC Cut & Cover 1.08 1.01
T Tunnel #1 STA.15+420 Arch RC NATM 2004 543 8.62
T STA.16+480 Arch RC NATM 2.09 2.90
4 Tunnel #2 STA.64+000 Box RC Cut & Cover 2001 1.05 1.18
5 Tunnel #3 STA.94+020 Arch RC NATM 1999 222 2.65
6 STA.103+010 Arch RC NATM 3.90 438
T Tunnel #4 STA.104+290 Arch RC Cut & Cover 1999 2.35 3.13
T STA.104+330 Arch RC Cut & Cover 2.33 3.23
9 Tunnel #5 STA.126+330 Arch RC Cut & Cover 1999 1.65 2.66
10| Tunnel #6 STA.129+430 Arch RC Cut & Cover 1999 3.88 5.53
11 STA.129+800 Arch RC NATM 3.68 4.46
12 STA.137+180 Arch RC Cut & Cover 2.81 2.80
T M T stasran | Arch RC Cut & Cover 2000 3.01 278
14 STA.139+900 Arch RC Cut & Cover 1.80 3.01
——  Tunnel #8 2002
15 STA.140+340 Arch RC Cut & Cover 1.79 2.86
16 Tunnel #9 STA.146+607 Box RC Cut & Cover 2002 1.11 1.34
17 Tunnel #10 STA.170+140 Arch RC Cut & Cover 2002 2.56 3.02
18 STA.178+800 Arch RC Cut & Cover 2.46 1.39
T Tunnel #11 STA.179+420 Arch RC NATM 2002 3.07 2.84
7 STA.179+560 Arch RC Cut & Cover 1.52 1.49
21 STA.187+850 Arch RC Cut & Cover 4.80 2.10
7 Tunnel #12 STA.188+555 Arch RC Cut & Cover 2002 3.12 3.54
23 STA.189+205 Arch RC Cut & Cover 2.35 10.92
7 STA.189+540 Arch RC NATM 5.81 19.58
? Tunnel #13 STA.189+680 Arch RC Cut & Cover 2002 3.33 1.56
7 STA.190+350 Arch RC Cut & Cover 2.26 227
7 STA.190+780 Arch RC Cut & Cover 3.94 4.65
28 Tunnel #14 STA.194+350 Arch RC Cut & Cover 2001 8.29 2.46
i Tumnel #15 STA.212+385 Arch RC Cut & Cover 2001 5.02 425
30 STA.207+730 Arch RC NATM 18.67 6.73
31 Tunnel #16 STA.225+705 Arch RC Cut & Cover 2002 4.18 3.51
32 STA.230+500 Arch RC Cut & Cover 1.76 2.00
T Tunnel #17 STA.231+300 Arch RC Cut & Cover 2001 2.04 1.10
7 STA.231+340 Arch RC Cut & Cover 2.20 1.98
35 STA.232+020 Arch RC Cut & Cover 1.84 2.23
? Tunnel #18 STA.233+520 Arch RC Cut & Cover 2001 1.61 1.70
T7 STA.233+220 Arch RC NATM 3.06 422
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Table 2. Results of detailed assessment (Continued)

Factor of safety
No. Name Station Shape Lining type Construction method Construction year Wall Arch
(Side-wall) (Slabe)
38 STA.249+320 Arch RC Cut & Cover 245 3.06
— Tunnel #19 2002
39 STA.251+160 Arch RC Cut & Cover 1.82 1.02
40 STA.255+100 Arch RC Cut & Cover 5.82 3.40
— Tunnel #20 2003
41 STA.256+650 Arch RC Cut & Cover 5.94 5.80
42 STA.302+615 Arch RC Cut & Cover 1.51 1.90
43 STA.303+700 Arch RC Cut & Cover 1.62 1.09
— Tunnel #21 2007
44 STA.303+740 Arch RC Cut & Cover 1.06 2.59
45 STA.304+640 Arch RC NATM 3.73 3.57
46 STA.312+200 Arch RC NATM 1.54 8.19
47 Tunnel #22 STA.313+131 Arch RC NATM 2007 2.12 4.11
48 STA.316+400 Arch RC Cut & Cover 1.10 2.46
49 STA.336+100 Arch RC Cut & Cover 1.41 2.36
50 Tunnel #23 STA.338+250 Arch RC NATM 2009 1.14 1.49
51 STA.339+180 Arch RC Cut & Cover 2.15 2.45
52 STA.357+505 Arch RC NATM 7.38 4.80
— Tunnel #24 2009
53 STA.358+200 Arch RC Cut & Cover 1.65 1.19
54 STA.365+420 Arch RC Cut & Cover 1.00 1.89
55 STA.370+020 Arch RC NATM 1.96 12.00
— Tunnel #25 2008
56 STA.373+000 Arch RC NATM 1.42 5.70
57 STA.378+403 Arch RC Cut & Cover 1.63 3.28
58 STA.378+850 Arch RC Cut & Cover 1.03 1.62
— Tunnel #26 2008
59 STA.379+069 Arch RC NATM 1.00 3.05
60 STA.389+285 Arch RC Cut & Cover 3.46 3.44
61 STA.389+540 Arch RC Cut & Cover 1.85 3.16
— Tunnel #27 2009
62 STA.390+870 Arch RC Cut & Cover 1.75 3.24
63 STA.409+140 Box RC Cut & Cover 1.03 237
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Table 3. Definitions of damage state (FEMA, 2004)

Damage state Definitions
None (dsl) None
Slight/Minor Minor cracking of the tunnel liner
Damage (ds2) | (damage requires no more than cosmetic repair)
Daﬁzgzr?:fﬁ) Moderate cracking of the tunnel liner
Extensive Major ground settlement at a tunnel portal and

Damage (ds4)

extensive cracking of the tunnel liner

Complete
Damage (ds5)

Major cracking of the tunnel liner, which may
include possible collapse
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Fig. 7. Seismic fragility curves for Gyung—Bu line
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