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A study on the urban fire protection and evacuation
Behavior following the earthguake

B3E & (Chen Cheng-Jung)*' &% X (Chang Shang-Wen)*
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Abstract

On September 21, 1999, the Chi-Chi earthquake for rated 7.3 based upon Richter Magnitude
Scale shook Taiwan. Within 24 hours after the Chi-Chi earthquake, there were 66 fire events and
over one hundred gas-leakage events. 1995 Kobe earthquakes demonstrate the destruction
potential. while Hanshin resulted in the loss of 7,000 buildings. Upon above reports, the problem
of the large number of simultaneous ignitions exists. The suggestions and recommendations for
the post-earthquake fire protection strategic plan of cities wilt be concluded in this study. And
the planning of people's evacuation to a safe place after an earthquake will be studied also.

Keywords: earthquake fire, evacuation behaver.
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Introduction ETR

T he State Key Laberatory of Fire Scicnce  underconstruction by CAS
(SKL ES) is the onfv state research institution in the #1993, The completed project checked and accepted
N by the govermment '

3% 1996, Granted as the key disciplinary construction
“iteni of the “Project 2147 under the Ninth National- Five-
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Chalrmzm: Prof. MIN Guirong, Chinese ’\deemy ()i Space Technology, Member of CAS dnd CAE
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Vice Chainnan: Prof. HUANG Zhaoxiang, Chinese Academy of Science
Prof. FAN Weicheng, University of Science and Technology of China, Member of CAE

FH (Mg B RHET)
R o fl AR B 2 Prof. WANG Yingshi, Chinese Academy of Science

By p [‘LH 2 ""}”,(/k'j\"‘“” .;,( ¢ Prof. WANG Qingan, University of Science and Technology of Chind
Ziﬁt}]_’:!ﬁ BRI 6L Prof. LI Yinging, China Academy of Building Research

|§‘ 1 JEyE 3¢ it Prof. DU Lanping. Fire Bureau of the Ministry of Public Security

o ks p‘“f, s FFC 5 Prof. WU Zongzhi, State Administration of Work Safety

i 4% Chair Prof. CHOW Wanki, Hong Kong Polytechnic University

O Prof. ZHANG Mingchuan, Shanghai Jiao Tong University
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W K EEHRE Prof. FU Song, Tsinghua University

AR BRI BRI SE B Prof. SHU Lifu, Chinese Academy of Forestry v
VPR R AR RS Prof. GE Xinshi, University of Science & Technology of China
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HRAE
&kxmﬂﬁﬁw~
¢ nRYIER

KRBHEE

Fire characteristic at early stage

Fbh KRR B AR

Self-organization critical of forest fire

HAEREMUTE

Forest fire spread experiment

KRR R E %#ﬁ)z:@ﬁ?%k#ﬁﬁ& At KEZEES iﬁﬁs‘-%

Sketch map of fire detection Photomicrograph of combustion zone Smoke filling experiment of
propagating through an iron particle cloud large space
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Ressarch Areas and Goals

Areas:

# Fire dynamics
3 The occurrence and spread of fire on the surface of tl
cornbmttbles and in compartments
3% The' ;}roductlon and transfer mechanism of fir re smoke
md {omcs '~ i

DPIVS 24 FIE "B B
Principle sketch map of
DPIVS

BHRSYHR () MERAXES
w7 () BRgEEE
Parallel combustion picture of conven-
tional polymers (left) and retardant
nanocomposites(right).

Hly ORI YR .0y
Qrestpreg 7 DTG 1as
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~ A Experimental B ";E
- ——Calulated .20 3
2
- §.54 .'§
L N xmnwm« 33
T we ww em sm we e
Tessperstore{ C) .
~ —— S - B A KBS
- K - ME SRR A KREIEIE SRR RER Multiple flame structure of gas
Verification using LES for field-zone- Biologic decomposition kinetics mill dust
network hybrid modeling model
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. LLFS has been contributing to the national
ientific and technological innovation of
e fields of fire dynamicy theory and pro-
ogy. and has already made essential inno-
Butions to fire safety in China.

ratory has so far undertaken many impor—

etection ot Large Space Early-stage Fire
¢ System of Electrie Fire” won the 2nd
ward Tor Scientific and Technological

earch on “Computer Modeling of Fire and

e class Award for Natural Science by the Chinese

e

*ddemy of science (CAS); Research on “Theoretical
odel of 2-Dimention Parabolic and Elliptic Type Com-

bustion™ was honored with the 2nd class Award for Sci-

entitic and Technological Progress by the CAS; Resewch

on "Study of Boilover Mechanism and Predication™ and

“Computer Modeling of Fire Under Normal and Micro-

Gravity Conditions™ was given the 3rd class Award for
Natural Scientific and Technological Progress by the
CAS: Research on “General Program for Computational
Combustion™ was achieved the 3rd class Award tor Sci-
entilic and Technological Progress by the CAS. In
addition, the laboratory has received a number ol other
awards for progress in science and technology from state
and provincial departments. During the past five years,
405 papers written by researchers at SKLEFS have been
published, of which 132 papers were included by SCI
and 29 by El 24 inventions made at the lab have applied
of them have been authorized. The
lab has applied for 16 China Utility Models and 10) have

been granted. In respect of the fundamental rescurch in

tor patent right and 3

tire science, the laboratory is among the best in the world.
According to the statistics provided by SCI. the number
of wcluded papers written by staft at SKLFS in the past
3 years ranks the second anong (ire research institutions

in the world.
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20N 5% EAERE 39.7 %, K2 A RETEYERL,

P A QI T LUKCR B S OB R R TR
ffy R AN R W b B L2k 8S
NS R EE S W N 1 A N T DN o PG R
(1) QK S B HBORIFE LR FOAR 22 L S0y 9K 1997 4
[ B RS I Gl [ R KRR, PR KRR A
ASCFER R AT O, FEREREIK QN A A R 2001 S5
CEHUR R BTN BB B A BRI
T3 N P RIR R AR IR RS L AR, R4
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1
1
a
1
2 > 1
W TR Tharmal Physics Engineer
B pEEee Materiais Science
B RETIF Sataty Engwneering
Doctor degree = N internal Combustion Engi?
=B ESEME Polymes Materials
Master degree 8 e " Computar Saience
Ol SRk Fiuid Mechanics
Others B 4TIz Biology Enginzering
B oy Optics
O @R Aemote Sansing
B sskn Energetic Materials
L S4ries Analynucal Chemistry
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Personnel Development

T ey 5 e

SKLFS pays great attention to its person-
nel development. Now the laboratory has a re-
search staff of 28 persons, including one mem-
ber of CAE, one of the members engaged in the
“One-Hundred-Talent Program”, 12 professors
and 8 associate professors. 71.4% ot them have
senior academic titles and 75% (21 persons) have
doctoral degrees. The average age is 39.7 and
the staft come from 12 different disciplines.

The Jaboratory has the right to enroll gradu-
ate students for Masters and Ph.D. degrees in
safety technology and engineering, which fo-
cuses on fire mechanism, safety engineering and
fire prevention technology. There are 85
master’s candidates, 41 Ph. D. candidates and
19 postdoctoral researchers. The “Exploration
and Experience of Disciplinary Construction and

£ 304 LK Under 30 years old
A 31FEASHE  31-45 years old
M 46FE60%5  46-60 years old

.

Postgraduate Education in Fire Science™ won
the 2nd class National Award for Educational
Achievements in 1997, and the ‘~"C::zuering for
Key National Demand, Combining
Production, Education and Research with the
Interdisciplinary Construction of Fire sciende
and Developing High-Level innovative Per-
sonnel” was awarded the Ist class National
Award for Educational Achievements in 2001.
Oune person-time won the special award by the
president of the CAS, three person-times were
given excellent awards by the president of the
CAS, one person-time was awarded GUO
Moruo Scholarship of USTC and four person-
times were honored with Qtu-Shi Scholarships
at USTC.

24%
B % Protessor
2 BIIE  Assoc.Professor

2

Lecture




SEHE IR

WA S, op ] CRBER L
Prof. & Director FAN Weicheny
Ph.D. Supervisor, Member of CAE
wefan@uste.edu.cn

TR R KR G R Be i B BB RIS R T
FYSCHEERIAL, dRERTR AR B I KRB IRGS, dok
LAPERRILB T A s KRR S E

Research Interests: Computer modeling of tire and combustion;

dual-nature (deterministic and probabilistic) model of fire
science; nonlinear fire dynamics: fire risk assessment; meth-
odology of fire safety performance-based design: fire
retardancy and detection.

BieiE iR

e S, TR R T

Prof. LIAO Gu;mgxuan

Ph.D. Supervisor, Deputy Directors
gxlino@usic.edu.cn

BT A ) Dok kKl Jy R URE B il i A s
ROK K EEE AR tPRHURE R AT,

Research Interests: Dynamics of industrial fire and prevention

methods; theory and technology of clear tire suppression; CAD
for thermal safety.

REX B, B8

PE-EA SR, SRR E AR

Prof. Dr. YUAN Hongyong

Ph.D. Supervisor, Deputy Directors
yuanhy @uste.edu.cr

ewacE AR DA, BRI AR
AR IS TR R AR BRI B R R

Research Intecests: Fire detection and alarm technology in large

k’r

space; image smoke sensing technology; on-line monitoring of

electric wires and facilities, etc.




e L ﬁfii ?5 et ,
me Dr. SUN Jinhua, Ph.D. Supervisor i eu_}h@;ustc du.cn

BT AT ARk #a&kﬁ%mh mwmw LAl HePE e A
fE MBHATEA .,

Research Interests: Dynamu:s of industrial fire: mk assessment of industrial
thermal hazards and prevention technology.

VIO C B S R

Prof. HUO Ran, Ph.D. Supervisor huoran@uste.edu.cn

WEFE Jy i BHUCKEY R S G, e R, Hagea
B KT,

Research Interests: Fire growth and protection mechanism in buildings; smoke
flow and control; performance-based design in buildings.

FEOREY M-, B MRS
Prof. Dr. QU Baojun, Ph.D. Supervisor qubj@ustc.edu.cn
WA 0] HMLMW&M%*MW%%fMH %%Vﬁﬁ%#ﬁ%
FEREIK S R H]

Research Interests: Halogen-free flame-retardant and Inorganic nanosized flame-
retardant pelymeric composites: photoinitiated crosslinking of polyolefing and
PP/EPDM thermoplastic elastomers and their industrial applications.

iy el #ag
Prof. Dr. LU 9h0uxi.mg .s,xlu@gs_t_g._gd_yw;g}
FFFCH ) KR RBGPFIN . SRACICE R, AT KRR T2,
Research Imensis Fire risk assessment; fire safety of shipping; explosion
dynamics of combustible gas
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Assoc. Prof. Dr. YANG Lizhong zxd@ustc.edu.cn
B ol RS RER AR KT e 0B BT A FBACRY o, 08K
F I AT,

Research Interests: Special building fire behaviors; fire smoke toxicity and its
harm to evacuation; early characteristics of fire.

@t WL, BEHR .

Assoc. Prof. Dr. ZHAO Jianhua zhaojh @ustc.edu.cn
HRFE: KKEFRS . B TR 2R i,
Research Interests: Fire smoke recognition; intelligent fire detection and on-line
monitoring of smoke component.

B4 4, #i8Ek

Assoc. Prof. Dr. QIU Rong rgh@uste.edu.cn

BER AW KRIESCH F Y R AR B R R AR 5.

Research Interests: Producing mechanism of toxicant in fire smoke and its harm
1o organisms.




F3CHE Pt
% Dr. WENG Wenguo weweng @uste.edu.cn

{JF’:YJJ"F? B KPS BRI MR IRV Rh g, Bk
Rcsean:h Interests: Backdraft and flashover; nonlinear dynamics of fire catastro-
phe phenomena; combustion diagnosis methods.

Dr. LI Yuanzhou yzli@ustc.edu.cn

& WEISH ) R ERIA P KIS i ST sl KRR 2 A Kk
Research Interests: Smoke movement and control in large space buildings; fire
visk assessment for big and complex buildings.

AL WEARBDEHI IS4 5 172 TF

Research Interests: Thermal analysis kmenca of flame-retardant materials.

[ TR M E OTBEM, s W B, FARRE
Engineer LI Petde Engineer CHEN Jun Engincer YANG Pingyue
pdi@ustc.edu.cn junchen@ustc.edu.cn yangpy @ustc.edu.cn
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e smoke toxicity and its effect
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CHEN Xiaojun, studies on spe-
cial building fires
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DENG Zhihua, studies on char-
acteristic of fire
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ZHU Dongjie, studies on intelli-
gent fire suppression
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WANG Haobo, studies on perfor-
mance-based fire safety design
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USTC/PolyU fire test atrium
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Kinetic model of thermal decomposition of biomass Proi WANG QmU—an
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Modeling of forest fire behaviors Prot ZHOU hanjun
BRI RATR R B L i R R AL LE, XSy L

Smoldcr propdgdtion and the transition to flame

Dr l iu Nd! -an

ERPRCRCR ALY B LS U PRI At S AN
Sdf organized criticality of forest fires i hﬁf S FE ( B ) kTR PR B A LAk
BRI PR LR YR 2R B SR, B, Dr. & deputy director ZHU Jiping, studies on fire
Nonlinear dynam’u, model of special forest fire simulation based on GiS
TR B ARSI IR R R A, KB LIS, BN EA KK RGN E
Forest fire decision-making system based on GIS '{‘f Dr. SONG W;,wuo, studies on self-organized crxmaht af
AREEREIT- LR (A, EEBRRS N AR R A &

HIFF }?-»EL-&M Dr. ZOU Yanghui, studies on emul
spread on surface of materials. :
BEARCAE ), B BEH R B B 8 2 BRI AR
Lu Chang, studies on smolder in forest ground fire. '
HZHEM L), BN EABMACR K RIS
{81, Dr. XIA Yunchun, experimental study on forest fir
4K HRES(fi—) ZHANG Linhe
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lation of surface fire

HENENTRE Simulation and Modaling
HERAE  Research Areas HEBAR  Staff
WFFEA K S BT BT A A B B AR 2 AR B A B A R
ARSI, ARG RIUERE, T A SUHERARC A, €
B SRR IR A ey Tl W EAERI A

ADLBIS R, BB G 3Rt Joctuypee o SRR L

fL. BRI - 1K - RIR A UL PRERJCRBETERIBE et phscaimsr, RH
LR AR SS SR RIS ARG I BB A s 2 A, MR 1A, M-t L AL Fids
PAIALAR, This section has 13 researchers. There are;
cluding Academician FAN Weicheng, Dr. & de
tor JIANG Yong. Dr WANG Jian, Dr. QIU Rong;

B BB DNS W ERHL R U
Direct Numericul Simulation Smoke movement in the
of the reactive plume Yaoqiang international airport

Studies on numerical simulation of fire and combustion in-
cluding governing equations, models, numerical methods, chemi-
cal dynamics, computer program and their applications in sci-
entific research, engineering field, environmental science and
disaster research. We are interested in advanced methods for nu-
merical simulation of reactive turbulence, numerical predic-
tion of building fire, simulation for fire by field, zone and net-
work as well as their hybrid numerical methods, studies on com- BEE Wb
plicated non-linearity in fire with dual-nature (deterministic and Dr. JIANG Xi
probabilistic) and virtual reality.

Assoc. Prof. Dr. WANG Jian

Dr. LIAO Gai
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o KR FLSIHCE R G IR ARBEF
Sensor Fe(.hnolou ies for Fire Detection and Alarm
» LR WA TR R AR
Long Distance Communication and Monitoring for
Fire Safety
o Bl R AIERIT A
Automatic Fire Suppression and Control
* B IRIR R R4
Communication and Command System for Fire
o KR BEEREEJCOR A

Remote Senmng for Large Scale Fire Monitoring

KR

fire detection and suppression in large space
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lling, optimize design of industrial thermal safety systems,

focus on: simulation of typical industrial fires, diagnostic
r thermal disasters, mechanisms and techniques on clean
Fective fire suppression, CAD for thermal safety, etc.
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Prof. WU L()nzbuo

studies op fire detection and signal pmccs‘%inu.
o DI E A RNBGRECE ), BUEMAEE S B,

Ass. Prof. LIU Shenyou,

studies on awtomation and inteiligent building.
LSRR (e M g2 B sk = B

Adv. Lab Ass. MA Yun studies on automation.
o REAR R, BRI LB,

Post Dr. SU Guofeng, studies on carly fire detection.
o OV IERRICAE T, WRST LR BN S Ab R,

Lecture L1U Binghai, studies on long distance communication

81l

and signal processing.
o FAERE(A ), BFFTAT R ) M BT KK E R R AT
WANG Jinjun, studies on fire safety design in special space.
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The section has 18 researchers till March,
2003. There are 4 staffs, 1 visiting researcher, 2
post doctors and 11 graduate students. The di-
rector of this section is Prof. LIAO Guangxuan.

Fif HE A5 $#  Prof. LIAO Guangxuan
"%*iﬂl— fx [ Senior Engineer QIN Jun
i : - Dr. WANG Xishi
i S U Engineer Li Peide
DXL ML KT Post Dr. LIU Jianghong

: ':}'}'f

Post Dr. LU Ping

Graduate student
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There are three professors, one associate

prolessor, one senior engineer, 12 PhD students and
18 Post graduate students in this section. The director
of this section is Prof. HU Yuan.
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ABS! Hi-h AR frETH TEM B )y
Figure of TEM of ABS/clay
nano composites

Studies on polymer modification, fire retardancy of
polymer
nanocomposites, etc. Main research interests include: 1) synthe-
sis of novel flame retardants, flame retardant polymer materials,
polymer nanocomposites; 2) studies on effect of flame retardant
additives on the properties of various polymers; 3) investigation
of flame retardant mechanism and structure of flame retardant  ® H
polymer materials; 4) analysis of toxicity of combustion prod-
ucts of the materials; 5) studies on photoinitiated crosslinking of  ® K
polyolefins and PP/EPDM thermoplastic clastomers; 6) prepa-
ration of radiation curable halogen-free flame-retardant coatings

polymers, fire extinguishing technology,

and reactive hyperbranched polymers, elc.
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55 E Research Areas
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To develop theoretical
models and numerical meth-
ods on human evacuation in
typical fire cases and to ana-
lyze the evacuation rules; To
study the statistic theory on
small sample fire events and
to develop an approach of
fire risk assessment based on
coupling Fire Dynamics and
Small Sample Statistics
Theory.

hgur& of TEM of ABSfclay nano »
composites

Fire Risk Assessment Approaches and Application

Prof. HU Yuan
5 R
Prof. QU Baojun
o SR R
me QH[ Wenfang
AR EERE (4
Assm Prof. WANG Zhulwhou
ol TR (-
Senior Engineer ZONG Ruowen
WO AT, APKRE A
Dr. GUI Zhou, studies on nanocomposites
& Wb R -—), MREEHR
Post Dr. SONG Lei, studies on nanocomposites
o JU 0 ROIETD) S Ak

YOU Fei, studies on nanocomposites

U

F5BAE Staff

researchers, 2 staffs, 2 post doctors and 3 Ph.D. candi
Pha B BOZ (FiFHE A7) Prof. SUN Jinhua
_7) Prof. LU Shouxiang
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Post Dr. SUN Qiang
KRR BT BRI
Stability of architect
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KEBHAKGHEETE
USTC/PolyU fire test atrium

PORERCHE S (Y

Apparatus of heat release rate

K FARWE AR

Fire emulator/detector evaluator system
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Fire science is.a new and interdisciplinary rescarch field
which'is short of standard experimental-and research equipment.
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Five-floor model building

KRBB RS
Experimental system for
characteristics at an early stage of fire

SRSFZ i MR HGE RIS &
Platform of full-scale HRR
(heat release rate) testing

s

MBS &
Backdraft apparatus
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HE SRR R B s
The Hmkhm, and Fire Research Luboraiory KR AR P
ZRREGELAL SP Fire Techuology
MDD Fire Protection Engineering Departiment

AF KRS
University ot Tokyo
BEARERESFTH
National Resewrch [nstitute
of Fire and Dn\ast::r

ETHEXF v .
Uni\c(\ity of Edinburgh - A
o R K 5§ ey &*“‘@
Utmcrsuy of Ulsk.r IOQ -
B R K RAF AP )

ire Research Sutum

CSIRO
KRAFHAAELEE
Fire Science & Technology

Laboratory

mkkrA%” F e
Fire Safety Research Institute - ,-%@.‘»\
of Russia s
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National University of

Universite de Poitiers Institnte of Fire Department NRC Fire Research Laboralory
Singapore
¥
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China and USA cooperate in solving scientific
problerus of the 911 event

a%&i?hAﬁﬁﬂ$%§ HERBBL ST

ALK 2002 b B A RA Ao [ E R4 R SR
Prof. Hirano won China International Science and Technology
Cooperation Award in 2002 foe his cooperation with SKLFS.
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Beijing Academy of Science and Technology
Chinese Academy of Space Technology

Chinese Academy of becstry’

National Center of Safety Séience and Technology
Shs,nyanu Fire Research Insmu,te !

Tsmvmm Umversxty
Zhejiang University
Chmd Umver\lty‘

Director CHEN liagiang of Fire Bureau
of the Ministry of Public Security

S

FEBEA — BT KK TR

USTC/PolyU Education Symposium on
Advanced Fire Research

“WETTHB A" RS W
Mit. Xiangshan conference on
“City Fire Safety”

55 B OF I T A 4 1
Cooperate with Shanghai Fire
Research Institute

K44 4-25
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S ince 1997 SKLFS ties up with mter uauondl sucntxsts of fire
sa,fcty Altoaethc,r a special fundof RMB £761 JOQ yuan has
beern Wwon (wer from the State Adnnmstrau R of For ign’ Expem
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A WRBFIEE (D-Fire)
A TH CKIBEE R R
To promote scientific innovation and technological

R—

breakthroughs. the laboratory has made full use of academic
committee and introduced modern management systems and
necessary equipment to construct a digital laboratory (D-Fire), in
which the laboratory strives to build up the innovative mechanism
and culture, and enhance its core competitive power and innova-
tive capability.
% Set up goals for research excellence and seize opportunities
for further development
% Academic committee directing research areas
+ Establish innovative mechanisms.
% Build up innovative culture
A Enhance teamwork and competitive power
A Strengthen management
A Build up a digital laboratory (D-Fire)
A Back up the “Youth Organization of Fire Science”
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Web-Fire
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Fully introducing SKLFS 10 the outside; real-

izing E-management of SKLFS

(D-Fure)
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Col[ecting res
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Forum-Fire
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Discussing science. technology, news, life,
teaching, etc. in the Forum; setting up corresponding

boards for cutting-edge research in fire science
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Put technologies transfer into effect and progress

@
LAy
AT

fire profession technology. The production has found

extensive engineecing applications in more than one

hundred important places which include the Great
Hall of the People and CCTV.

<2) BAHEA SO AR RIPEREAL BT SR S AL B A
EHLYA BTG

Promote fire risk assessment and performance-based design as

forerunner, The picture shows the evacuation assessment about the

waiting hall of Yaogiang international airport in Jinan,

@ Arihfe JORAE I A TR R BL RN,

Provide scientific basis for spot direct of ship fire.

@ HENH ORI ERRE . BRHE. AL
rm-;f FREAE.

All-round cooperate with domestic correlative trade and department

in the aspects of scientific research, technology exploitation, person-

nel development, etc.
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As an scientific and technological innovation base, the lab has
contributed to the macro-decisions in fire safety and safe production
made by the Ministry of Science and Technology. the Ministry of
Public Security and the State Administration of Work Safety, etc.
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