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Fragility Assessment Methods of Port Facilities for Port-BCP
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Synopsis

For making the port-BCP, fragility assessment of port facilities is needed. Without

fragility assessment, PRT (Predicted Recovery Time) and PRL (predicted Recovery

Level) cannot be quantified. On the other hand, detailed fragility assessment such as

finite element method requires much time and money. Against this background, this

paper developed and collected the simplified fragility assessment method against large

earthquakes and tsunamis. Many of these assessment methods were expressed as

fragility curves against seismic intensity or tsunami inundation depth. The figures of

these intensity and depth have been quantified in the earthquake and tsunami damage

estimations by national and local government. Compound damage of an earthquake and

a tsunami was considered in the assessment of the berth and the cargo crane.
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Table 1 Proportion of laden containers at Sendai

and Kashima Port

Proportion of Laden Containers
Port (A) 2010 (B) Storage at B/A
Throughput the Disaster
Sendai 0.719 0.436 0.606
Kashima 0.502 0.444 0.885
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Fig. 1 Estimation curve for container outflow
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Fig. 2 Reproducibility of estimation curve for

container outflow
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Table 2 Inception condition of outflow by tsunami

PGS 28T 70k, T LS

. Inception Condition
Object of Outflow References
Log Inundation Depth Goto (1983)
> Diamiter of Log
Car Inundation Depth > 0.5m Suga (1995)
Inundation Depth -
Track T tal. (2012
rac > Half of the Hight of Car peral Q1)
Trailer | yndation Depth > 1.43m|  MLIT (2012)
Chassis
Small Ship Current Velocity > 2.0m/s | Kawata et al. (2007)
at port
Small Ship| 1 dation Depth > 1.5m | Kawata et al. (2007)
at land
Lot for Current Velocity > 1.0m/s | Nagano et al. (1989)
Farming
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Table 3 Analyzed Earthquake and Damaged Port

Year Earthquake Damaged Port
1993 Kushiro-oki Kushiro, Nemuro
1994 East Off Hokkaido Nemuro, Kushiro
1995 Hyogoken-nanbu Kobe

2000 Tottori-ken-seibu Sakai

2005 | West Off Fukuoka-ken Hakata
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Table 4 Estimated probability of each damage rank of berth by earthquake and tsunami

JMA Seismic Intensity 5 Upper 6 Lower 6 Upper 7
Earthquake Rank 1 95~47% 47~5% 5~0% 0%
ql Rank 2 5~39% 39~25% 25~2% 2~0%
Only Rank3 | 0~14% 14~70% | 70~98% | 98~100%
Normal Tsunami Rank 1 53~26% 26~3% 3~0% 0%
Berth Inundation Rank 2 43~22% 22~14% 14~1% 1~0%
4 (m) Rank 3 4~52% 52~83% 83~99% 99~100%
Tsunami Rank 1 17~8% 8~1% 1~0% 0%
Inundation Rank 2 76~7% 7~5% 5~0% 0%
8 (m) Rank 3 7~85% 85~95% 95~100% 100%
Farthquake Rank 1 100~96% 96~57% 57~10% 10~0%
Oql Rank 2 0~4% 4~32% 32~31% 31~0%
Y Rank 3 0% 0~11% 11~59% | 59~100%
Quakeproof Tsunami Rank 1 96~53% 53~32% 32~6% 6~0%
Berlt)h Inundation Rank 2 0~42% 42~18% 18~17% 17~0%
4 (m) Rank 3 4~4% 4~50% 50~77% 77~100%
Tsunami Rank 1 93~17% 17~10% 10~2% 2~0%
Inundation Rank 2 0~75% 75~6% 6~5% 5~0%
8 (m) Rank 3 7~7% 7~84% 84~93% 93~100%
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Table 5 Estimated parameter of log-normal distribution

Estimated Gravity |Sheet Pile | Pile Pier
Parameter Type Type Type
Normal A 1.61 1.86 1.73
Berth C 0.095 0.176 0.131
Qakeproof] A 2.03 1.79 1.76
Berth C 0.207 0.103 0.194
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Fig. 11 Fragility curve for three types of berths
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