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Research on Development and Application of Earthquake Risk
Assessment Model for Railway Structures

RIS - Zeir| - QuEr - Flols

Ji Hyeon Kim - Hyunki Kim - Mintaek Yoo - Ik-Soo Ha

Abstract In this study, a risk assessment model for railway infrastructures was proposed and applied to the railway
comprehensive test track in Korea to estimate the damage that can actually act on railway facilities when an earthquake
scenario occurs. For the development of earthquake risk assessment models, previous studies on earthquake fragility curves
for bridges, embankments, and tunnels were analyzed and, based on that research, earthquake fragility curves for individual
damage states suitable for railway facilities were presented. In addition, a process of deriving expected damage rate and
expected recovery time was organized using the concepts of replacement cost and replacement duration. As a result of
applying the developed earthquake risk assessment model to the railway comprehensive test track, it was found that a high
damage rate of 10% or more occurred in the embankment section and an expected recovery time of 9 days was required.
It is expected that, using the presented approach, seismic reinforcement and earthquake response measures can be prepared
for railway infrastructures.

Keywords : Railway infrastructure, Earthquake, Risk Assessment, Expected damage ratio, Expected required recovery
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Table 1. Fragility curve for PSC box girder bridge.

Damage state Median (g) Standard deviation (/)
Slight 0.246
Moderate 0.363
0.690
Extensive 0.490
Complete 0.853

National Disaster Prevention Research Institute [9]1%= H®= n&F XA FOFwEsko] A H1E 4=8)3}9 S, Table 22}
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Table 2. Fragility curve for railway bridge.

Damage state Median (g) Standard deviation ()
Slight 0.320 0.450
Moderate 0.620 0.550
Extensive 0.790 0.600
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Table 3. Fragility curve for railway straight bridge, obtained by numerical analysis.

Damage state Median (g) Standard deviation ()
Slight 0.312 0.756
Moderate 0410 0.789
Extensive 0.508 0.805
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Table 4. Fragility curve for railway bridge.

Damage state Median (g) Standard deviation ()
Slight 0.293 0.632
Moderate 0.464 0.677
Extensive 0.596 0.699
Complete 0.853 0.691
7
0.8

0.6

04

Probability of exceedance (%)

02

0 o1 0.2 0.3 04 0.5 0.6

Peak ground acceleration (g)

—Slight damage ~ —— Modlrate damage Extensive damage = —— Complete damage

Fig. 1. Fragility curve for railway bridge.
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Table 5. Replacement cost and recovery time for railway bridge.

Damage state Replacement cost (%) Recovery time (day)
Slight 0.05 0.6
Moderate 0.08 2.5
Extensive 0.25 75.0
Complete 1.00 230.0
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Table 6. Fragility curve for railway embankment.

(a) soft ground

Damage state Median (g) Standard deviation ()
Slight 0.120 0.800
Moderate 0.200 0.800
Extensive 0.340 0.800

(b) Stiff ground

Damage state Median (g) Standard deviation (£)
Slight 0.300 0.700
Moderate 0.500 0.700
Extensive 0.840 0.700
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Fig. 2. Fragility curve for railway embankment.
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Table 7. Replacement cost and recovery time for railway embankment.

Damage state Replacement cost (%) Recovery time (day)
Slight 0.05 0.9
Moderate 0.20 33
Extensive 0.70 40.0
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Table 8. Fragility curve for cut-and-cover tunnel.

Damage state Median (g) Standard deviation ()
Slight 0.538
Moderate 0.793 0.533
Extensive 1.075
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Fig. 3. Fragility curve for cut-and-cover tunnel.
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Table 9. Replacement cost and recovery time for cut-and-cover tunnel.

Damage state Replacement cost (%) Recovery time (day)
Slight 0.10 0.9
Moderate 0.30 4.0
Extensive 0.70 93.0
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Table 10. Calculated PGA value at each structure.

Label Length (m) Distance from epicenter (km) PGA level (g)
Bridge No. 1 70 2.5 0.149
Bridge No. 2 380 1.2 0.153
Bridge No. 3 60 2.5 0.149
Bridge No. 4 80 4.0 0.143
Bridge No. 5 440 4.0 0.143
Bridge No. 6 25 4.5 0.140
Bridge No. 7 272 4.7 0.139
Bridge No. 8 35 5.0 0.138

Embankment A 600 3.0 0.148
Embankment B 1000 2.5 0.149
Embankment C 2000 1.0 0.153
Embankment D 300 1.5 0.152
Embankment E 300 2.0 0.151




Table 10. Continued.

Embankment F 300 2.3 0.150
Embankment G 300 2.5 0.149
Embankment H 500 4.8 0.139
Embankment I 200 5.0 0.138
Embankment J 500 5.0 0.138
Embankment K 2000 3.0 0.148
Tunnel No. 1 551 2.0 0.151
Tunnel No. 2 229 2.5 0.149
Tunnel No. 3 1,245 3.0 0.148
Tunnel No. 4 80 3.5 0.145
Tunnel No. 5 440 4.0 0.143
Tunnel No. 6 1,020 5.0 0.138
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Table 11. Earthquake risk assessment results for bridges.

Slight damage | Moderate damage | Extensive damage | Complete damage Expected Expected
Label expectancy expectancy expectancy expectancy damage ratio | required recovery

(%) (o) (%) (%) (o) time (day)
Bridge No. 1 9.62% 2.32% 1.80% 0.58% 2.27% 3.34
Bridge No. 2 10.12% 2.47% 1.94% 0.64% 2.45% 3.63
Bridge No. 3 9.62% 2.32% 1.80% 0.58% 2.27% 3.34
Bridge No. 4 8.71% 2.05% 1.57% 0.49% 1.97% 2.84
Bridge No. 5 8.71% 2.05% 1.57% 0.49% 1.97% 2.84
Bridge No. 6 8.35% 1.94% 1.48% 0.45% 1.86% 2.66
Bridge No. 7 8.20% 1.90% 1.44% 0.44% 1.81% 2.58
Bridge No. 8 7.98% 1.84% 1.39% 0.42% 1.74% 2.47
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Table 12. Earthquake risk assessment results for embankments.

Slight damage Moderate damage Extensive damage Expected Expected
Label expectancy expectancy expectancy damage ratio required recovery
(%) (o) (%) (%) time (day)
Embankment A 25.00% 20.35% 14.83% 20.42% 7.63
Embankment B 25.02% 20.57% 15.20% 20.83% 7.81
Embankment C 25.05% 21.00% 15.96% 21.66% 8.16
Embankment D 25.04% 20.90% 15.77% 21.46% 8.07
Embankment E 25.04% 20.75% 15.52% 21.18% 7.96
Embankment F 25.03% 20.65% 15.33% 20.98% 7.87
Embankment G 11.74% 3.54% 0.68% 2.12% 0.56
Embankment H 10.19% 2.85% 0.51% 1.70% 0.44
Embankment I 10.03% 2.79% 0.49% 1.66% 0.42
Embankment J 10.03% 2.79% 0.49% 1.66% 0.42
Embankment K 11.47% 3.41% 0.65% 2.04% 0.53
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Table 13. Earthquake risk assessment results for tunnels.
Slight damage Moderate damage Extensive damage Expected Expected
Label expectancy expectancy expectancy damage ratio required recovery
(%) (%) (%) (%) time (day)
Tunnel No. 1 0.49% 0.04% 0.01% 0.06% 0.01
Tunnel No. 2 0.46% 0.04% 0.00% 0.06% 0.01
Tunnel No. 3 0.42% 0.03% 0.00% 0.06% 0.01
Tunnel No. 4 0.39% 0.03% 0.00% 0.05% 0.01
Tunnel No. 5 0.35% 0.03% 0.00% 0.06% 0.01
Tunnel No. 6 0.28% 0.02% 0.00% 0.04% 0.01
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Fig. 7. Earthquake risk assessment results.
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