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Photo 1. Designated architectural monument located in
the middle of densely-built urban area
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Fig.1 Flow of event before the architectural monument
gets ignited in case of post-earthquake fire spread.
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Fig.2 Event tree for the occurrence of damage due to
post-earthquake fire spread.
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Table 1 Designated important cultural properties in the computational domain

Name of site Name of structure

Yasaka Jinja Ishi-Dorii, Honden™, Massha-Ebisusha-Shaden, Rohmon
Kodaiji Kaizandoh™, Kangetsudai, Karakasatei and Shiguretei, Tamaya, Omotemon
Hokanji Goju-no-toh™

Jishu Jinja Haiden, Honden™, Sohmon

Kiyomizudera

Hondoh™, Niohmon, Umatodome, Nishimon, Sanju-no-toh, Shoroh, Kyodoh, Tamuradoh, Asakuradoh,
Chinjudoh, Honboh-Kitasohmon, Todorokimon, Shakadoh, Amidadoh, Okuin, Koyasutoh

Rokuharamitsuji | Hondoh™

Ken-ninji Hohjoh™, Chokushimon

*1 structure of which burn-down risk was analyzed

Table 2 Burning and thermal properties of building

General building / Warehouse Sturdy building / High-rise building
Live fire load 30kg/m? 30kg/m?
Dead fire load 100kg/m? 30kg/m?
Width 90mm 120mm
Thermal conductivity 1.30 X 10°kW/mK 1.30 X 10°kW/mK
Wall Density 2,000kg/m* 2,400kg/m?
Specific heat 0.80kJ/kgK 0.80kJ/kgK
. . Exterior wall : 30min .
Equivalent burn-through time . No burn-through considered
Roof and floor : 20min
Width 3mm
Thermal conductivity 0.78 X 10°kW/mK
Door Density 2,540kg/m®
Specific heat 0.77kJ/kgK
Equivalent burn-through time 5min | 20min
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Fig.3 Location of designated architectural monuments in Kyoto

Higashiyama area.
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Table 3 Scenario earthquakes with uncertain parameters

Active fault / Earthquake ' Uncertain parameters
0 ()} (n
Expected Seismic Probability Probability Probability
ID Name Magnitude | Intensity (Japanese) of ignition | of extinguishment
in Higashiyama area of occurrence (reference) | at initial stage of fire
Pe o 15) 17)
Pign.o Pext
A Hanaore 7.5 6-upper ~ 7 0.000169 |
B | Momoyama-Shishigatani 6.6 6-lower ~ 7 0.000085 |
C Ujigawa 6.5 5-lower ~ 6-upper 0.000042 |
D Kashihara-Mizuo 6.6 4 ~ 6-lower 0.000042 0.2 |
E | Komyoji-Kanegahara 6.3 4 ~ 5-upper 0.000042 N
F Arima-Takatsuki 7.2 5-lower ~ 6-lower 0.000042 N
G Biwako-Seigan 7.7 5-lower ~ 6-lower 0.000085 N
H Nankai-Tohnankai 8.5 5-lower ~ 6-lower 0.000042
Uncertain parameters (continued)
(1V-a) Damage ratio of buildings'® (1V-b)
0) (1) 2) 3) 4) Weather
No damage | Minor damage | Moderate damage | Major damage | Collapse condition®

0.348 0.127 0.114 0.292 0.119

0.517 0.093 0.131 0.207 0.051

0.979 0.008 0.004 0.008 0 Time-series data

0.996 0.004 0 0 0 obtained from

1 0 0 0 0 AMeDAS weather data

0.970 0.021 0.004 0.004 0

0.920 0.064 0.008 0.008 0

0.996 0.004 0 0 0
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Fig.4 Season- and time-dependent variability for the
probability of ignition.
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Fig.8 One of the results of the fire spread simulation for the Hanaore-fault earthquake.
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Fig.9 Transition of wind condition and the number of damaged buildings in the same simulation shown in Fig.8.
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Table 4 Burn-down risk of architectural monuments due to post-earthquake fire spread

Active fault / Earthquake Burn-down risk due to post-earthquake fire spread R
1D Name AYerage Ya.s;fka Kohdaiji | Hohkanji | Jishu Jinja Kiyomizu ROI_(Uhi_i,ra Ken-ninji
(entire area) Jinja dera mitsuji
A Hanaore 0.067 0.003 0.016 0.083 0.009 0.009 0.096 0.056
B | Momoyama-Shishigatani 0.057 0.005 0.015 0.066 0.007 0.006 0.075 0.055
C Ujigawa 0.050 0.004 0.012 0.060 0.011 0.011 0.059 0.055
D Kashihara-Mizuo 0.039 0.006 0.010 0.048 0.007 0.007 0.045 0.041
E | Komyoji-Kanegahara 0.041 0.002 0.016 0.049 0.009 0.009 0.048 0.043
F Arima-Takatsuki 0.053 0.006 0.016 0.062 0.008 0.008 0.065 0.054
G Biwako-Seigan 0.078 0.007 0.024 0.089 0.018 0.018 0.093 0.083
H Nankai-Tohnankai 0.041 0.004 0.010 0.051 0.009 0.009 0.048 0.045
Average T Shijo St. Kamogawa River Kawabata St. Higa: N
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Fig.12 Burn-down risk of Hokanji with different scenario
earthquakes.
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Burn-down Risk of Architectural Monument Surrounded by a Group of Wooden Houses
in Case of Post-earthquake Fire Spread

Keisuke HIMOTO and Takeyoshi TANAKA

Synopsis

Burn-down risk of seven architectural monuments in Kyoto-Higashiyama area in case of
post-earthquake fire spread was analyzed. The analysis was conducted by the Monte Carlo simulation using a
physics-based urban fire spread model formerly developed by the authors. Factors of uncertainty considered
in the present analysis were the conditions on: (1) outbreak of fire; (2) firefighting activity at the initial stage
of fire; (3) structural damage of individual buildings due to seismic motion; and (4) change of weather in
time series. The result shows that burn-down risks of Rokuharamitsuji, Hokanji and Kenninji are rather close
to the mean value of all the houses in the target urban area. This indicates that no fire-stops are maintained
between these architectural monuments and densely-built wooden houses in their surroundings. Thus,
integrated approach involving entire urban area is required on implementing fire safety measure, in order to
effectively reduce the burn-down risk of such architectural monument.

Keywords: Kyoto, Architectural Monument, Post-earthquake Fire Spread, Urban Fire Spread Model





