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Localization Strategy of Building Fire Following Earthquake Risk
Assessment Method
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Abstract

In this study, in order to establish a strategy for developing an fire following earthquake risk assessment method that
can utilize domestic public databases(building datas, etc.), the method of calculating the ignition and fire-spread among the
fire following earthquake risk assessment methodologies proposed by past researchers is investigated After investigating and
analyzing the methodology used in the HAZUS-MH earthquake model in the United States and the fire following
earthquake risk assessment methodology in Japan, based on this, a database such as a domestic building data utilized to an
fire following earthquake risk assessment method suitable for domestic circumstances (planned) was suggested.
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(Table 1) Comparison of Ignition Model:
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Modeling Approach

Ignition Model Output Data (y) Input Data (x) Ignition Regresstion Model R?
Kawasumi Ignition Ratio of Collapsed Timber _ B
(1961) Timber Building Building Ratio ny = 0.684Inz = 5.807 0885
Mizuno Probability of Ignition probability of Total B 0.575
(1978) per Building Collapse Building y = 0.00289z 0.724
Kobayashi Number of Ignition per Ratio of y = 0.00356x —0.00031 or 0.756 or
(1984) 10,000 M Collapsed Building y = 0.000561nz — 0.00275 0.751
Scawthorn ~ Number of Ignition per B )
(1986) 1000 SFED MMI y =0.0152° — 0.1852 + 0.61 0.2
HAZUS Number of Ignition per B 5
(1999  Total Floor Area MMSF FeA y =—0.025+0.592 = 0.29¢ 034
Ren and Xie ~ Number of Average PCA B 11749+ 1.34 47622
(2004) Ignition per MMSF y =—0.11749 + 1.3453x — 0.8476x -
Scawthorn ~ Number of Ignition per _
(2005) Totel Floor Area MVSE PGA y = 0.028exp(4.16x) 0.2
Cousins and ~ Number of Average o
Smith (2004)  Ignition per MMSF MMI y=z-85 :
Zhao et al.  Number of Ignition per
PGA =0.0042+0.5985x -
(2006) 10000 m” !

58 23 mM|I3E ERH 935, 2023, 9



UEE XZSHRE Er771el =4st Tef

o
2]

HAZUS

- == Ren & Xie

i Scawthorn et al. 2005
— — Zhao, Xiong & Ren

o
-

o
©w

o
N

o
-

Ignition per million sq.ft. Building Area

o

o..2 o.'4 0:6
Peak Ground Acceleration (PGA)

(Fig. 2) Comparison of Ignition Ratio-Related Models

3= ¥ HoEe sl 24% HE(Table
D Fy A 5 ekl ¥ HoEE #85
APEGk= HYlo] ERfSHL.

sle E8c ke Yol AleE TloEe

AERIA] ot FRE LIERA ZIolth R3S AA| T
SIS Sall AFEE TIolE Alo]9] AMAE
LIERIE= ZHOR, FEMAS] HAZUS HElo] AL (.340]
M, O]QI0% Zhao et al & [5]2 At ARIO] Weibull
BIE m}Er 71E6H, Ren & Xie ZE[6]2 SHKY
Qlge AthEoZ FHsith= §8E HOITE (Table 1)
of RAlE HEs FARSH A=TI0[Eet EHH|OEIE Bt
dot Evte 9| Aik= (Fig. 200 HERAQICE 18
of AMAIE & Alo]9] Ait Xjol= =EOE o] HidE
o[mxIgt HEl HY Al aedE HE T9|9] Rjo|Z QI
S oE 201 He TAE AYHRE S8
Scawthorn H@[7]9] A I HEof| Hlol B &35t
s W Wl As E 4 Atk

AR 9 sy = HoHE E8d0 Eskes
Aok HEe B4 HolE 3 gH RZo] B
olo] TEXO] VIR0l iR IAL YRIGHA] Z=Th
ol 501 Li et a TE[8]2 sk ¥ HoE:
BHelsit AR 2 HlojEl= BAGHK] Lt

0.8

0.0025 -----------

Kobayashi(Y1)
— — Kobayashi(Y2)
Kawasumi
Aoki

=== Mizuno

0.0020

0.0015

0.0010

Ignitions per Building

0.0005

20%

10%

5%
Building Collapse Ratio [%]

Composed of Similar Data

LIERIAIE, iEojEet 2|
FeEthe BM6IL oks =ue]

TaAE AS=20 Hislo] =2 A5=0 Hig

=

o=,
Ol=, Q&
Mt w2 AbY BPHE(Table 3y FIDE i
4 HRahl QUL FEMAS] HAZUS HR9| 71Rto] Ei=
Hamada H@[3-4]& 7HH0] £ ¢ ER9| 7158
g0 Aal, SHi7F BRI oR gET 71
SITE A& Lt shjEhte E8]

ol

dio] Este HE F T RAE FR mde 2 T W A el e s ol ;
el OBl QREoR RS Eot ATIAY) = 37 9 24, WS HIgRZ Fogt= 3¢
= PUS sy B[S P20 Al ASStth Hamada Al HW& olaiat7] ¢
she HElS 1135IICE Scawthorn RE[9]2 RZZH0] T EQE] 22 AIUAS RlZat, xSkl

022 TI2 Hdoj Hisl Lol Aolsion, 1 9 »gl e = BT gt ASorH, A
stzzzimxstsix|_59



(Table 2) Summary of Previous Ignition Model

Regression Model Data-based Model
Method . L
Model R? Description Model Description
= Consider only Timber *  Theorem based on Real Incident
Kawasumi 0.885 Building Li etal = Predictable Fire according to Time
(1961) ' *  Unpredictable Number of ~ (1992-2001) = Lack of Related Data
Ignition and Time *  Unclear Scope of Investigation
* Lack of Related Data " Lack of Related Data o
Mizuno 0724 = Unpredictable Number of SERA = Unclear Scope of Investigation
(1978) ' pr , (1995-2003) =  Unpredictable Number of Ignition
Ignition and Time .
and Time
»  Utilization of Regression = A lot of Variable Data Considered
HAZUS . «  Utilization in Data of Real Fi
1999) 0.34 Equation based on Real Utilization in Data of Real Fire
( Earthquake and Fire Data TOSHO Department
it (1997,2001) = Prepare Simulation Model
Scawthorn 02 = Lack of Fire-Related Data Formation Data through Ignition
(2005) Ratio

Ofeh S0l FERE AMES) JZol: 256k Himoto/Tanaka HEI[11-12]01A4  RRSKE ¢
FAlE 7PgSh AR EqtAloh, siie gurogs It AE sh9l o 9Jst dgoz Fskoh=s A
0l Bl gEiE AEER F21E01 S oF ¥ 18 sl FEteR FHgsht HE U S

| SOl 9Jolo] ERE eVt AISEIR] Rt ol T8k ddap] Qe 2F, oy, sekEd SR
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(Table 3) Comparison of Fire-Spread Model

Model Related to Determination of
Fire Burned Ratio Fire Burned Ratio Type

Fire Condition =~ Method of Modeling  Unit of Analysis

g Completely, Same Blocks with
(1951 19;5) Combusted Area Partially, Few,  Spread Ellipse-Shaped an Samely Spaced
’ Not Combusted Structure
TOSHO . . Simulation in o
(1997, 2001) Velocity of Fire Spread n/a Real Time Building
System Earthquake
Risk Assessment . ) . .
(SERA) Probability of Fire Spread n/a Simulation n/a
(1995-2003)
Not a Serious Ignition,
HAZUS Area of Total Combustion, ng:ﬁlet?g‘:v Simulation n/a
(1997) Abutment of Population and Not Cor};buste;i and GIS
Building
Himoto/Tanaka Coii;igﬂfgg; Bl;ljf;?i'n n/a Simulation based on Buildin
(2000-2006) . Timeg & Physical Equation &

* n/a: Not used
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(Table 4) k,r coefficients according to

building structure and slope of flame
Timber Flre. Quas.l Flre

Degree Prevention -Resistive

Construction . .
Construction ~ Construction

0 K gl K gl K v

90 379 049 203 046 128 035
85 406 048 243 041 182 027
80 43 046 284 036 238 021
75 454 04 325 032 29 016
70
65
60
55

477 042 367 032 325 012
498 041 411 029 409 008
514 039 46 024 463 005
524 037 508 014 507 002
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(Table 5) Summary of Previous Fire Burned

Models
Model Description
Hamada Detailed Classification of Fire

(1951, 1975)

Condition
Fire Spread of Ellipse-Shaped

Hitomi / Tanaka = Not Deﬁned.Fire Condition
(2000-2006) = A lot' of Variable Data
Considered
»  (lassification of Fire-resistance
HAZUS Timber and Not Combusted Tomber
*  Based on Hamada's Model
Sczgvogéc))m Consider only Timber Building
»  Lack of Related Data
(19S9E£{21803) Not Consider Information and
Environment of Building
TOSHO = Utilization of Dynamic Simulation
(2001) based on Data

Sofl IO
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CIOEE ERoIt. 0F Sl d2 166719 &5t
o HOHE olgstol Aget SliAle AEsh

91
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(Table 6) Ignition Data in HAZUS

Number of
Earthquake Ignition Raw Data
Data
San Fernando .
(1971) 91 Unpblished data
Coalinga
(1983) 3 Scawthorn 1984
Morgan Hill
(1984) 6 Scawthorn 1985
N.Palm springs
(1986) 1 EERI 1986
Whittier Narrows .
(1987) 20 Wiggins ?988
Loma Prieta Mohammadi et al.
36 1992,
(1989) Scawthorn 1991
Northridge
(1994) 81 Scawthorn et al. 1997
Num@r of Total 3
Ienition Data

Y = 0.581895x% - 0.029444x
R? = 0.084

Ignition per Total Building Floor Area
(MMSF)
»

PGA (g)

(Fig. 3) Ignition Model for PGA
according to Input Data in FEMA-HAZUS
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Proximity Distance
based on GIS

(Fig. 9) Overview of Cluster-based Fire Following Earthquake Risk Assessment

(Fig. 10) Example of GIS Information
and Compustion Limit Distance Based

Cluster Configuration
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