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ABSTRACT

A Fire Safety Evaluation Module(FSEM), which quantitatively evaluates the risk of evacuees when fire
occurs in buildings or ships, is presented in this paper. The developed FSEM can be applied to
multi-room structure. Basic input data for the FSEM are prepared by fire model and evacuation model.
CFAST which is one of the existing fire models is used as fire model and MonteDEM evacuation model
was developed for evacuation model, respectively. MonteDEM evacuation model makes use of distinct
element method and Monte-Carlo simulation, and it can also take into consideration ground inclination by
ship motions in order to simulate the real situation of evacuation. Some typical situations are modelled

for illustrative examples and quantitative assessment of evacuee’s risk under fire accident is carried out.

1. M B
Aubol A o] AN ILE HEe| FusA LA &o] ujEetA T Algate] LAFo] WS &L EFE V)
A3 Qlou], B3| AZE7 VAN FAY Titol FEIE Auty EAA st Aol wE AS
O g & gl Akl 2237 41 dold 4T E Amg4 AAe g oy fgeze di
2 235} ¥ g2 gaase nZHE A7t 2AeY £ A5 FAAAAE A2 AE
&s 29 g A DAL ARz BFot AR Br LAY YL HAGA MY
e 24e BzEE A

mAse Aol 4% = 45D A5 53 714 o) e} el AAA &
o W) A 3 B2 9

=

SU

o
Sus)s) Sl Gd A7 F2 a%EokE 240

o
2 A9 gt D g dhek dmerAA H)
2 dejAe ¢4 o5 st F el e dFNE HESY SAMAEE HYstr] 4 A2}
g 5lojo} 319, FARTOE o] 285 A7+ AFHog dMar] 93 WiEy e Fastt
B E=RorE shaol i d-etdAel A HrE 8 gARdH dymdz 74" FSEM
(Fire Safety Evaluation Model)% Adstn AF g AGSES ARt WHES AAGFAT A
3} e Ao onteDEMo] 7|

Y2 E CFASTZE o) £5® digjw 2= Monte-Carlo 554
A" MonteDEME &6 @429 ZAHE 98] multi-room ol%= H&&
Sl 9@ vpekel AAe aed,

wE MonteDEMS o] &3ted 7hat3t A& S& HEENY uyr] T2 FHol i daAtd w4
k1

‘%‘
, B =FoA AAlg FSEMS o] &3t multi-roomel| A vlete] HALE

‘h’m
o *
n
£ =z

2
lo

Mukol §E8

» Q- edetn 2HAFT oI ug  AEEY ZANYRY PR
orr QLS ZH NG TE T iste s BN F 71goa+¢ EDCER ]

241-



2. Fire Safety Evaluation Model (FSEM)
21. FSEM2| 742

FSEMell A Alitste APREE2 722187459
Ao giE] AN 7I™E AL
Tavair, ©) A 225E A T,

By 2 o
o4% 4 e
g = TaL'ai[. - Treq, < 0
Tovait, & A 43 L Aol of&) "dho)7}

g elelael A9
Srhzolng 2 ATdAE SAYAZUS
= 433

A= <

8 fofolA o
A4keith. FSEMol A9l Al el A& "tlazt s &He AlzE
FA sheprar s

R

7Rl YAz

27 E9AZF SE vehdd dwdos #A2 A% 9

B T, E U7t #2577 AZkeE s 7A A7

£ 3598

2o Ager, Foa @

Mol 71z8ke] ohg 4 (D3 o] A

AR A7 FAsted dels Al

o8k AA7]&o0] i zle] T

ol

A E2 72 4 glonz FSEMAA AMREE A (1)9] sHANeAe 2xoz ten 2gP

g =S-D-R—-E £ ¢

22 FSEMe} #=¢i
AL A=A
gAE Dol S

74

o} gAZAANT DE
& dFoME nF
245t NISTOl4 7i2gl CFASTE o83
o e EuAE Re 718 dF mx 2ga
528  ol&3ld aEed, WAt =
MonteDEM t)¥] 2 Tato] thEHPL HALY
3 HAF gt dHd T Teete Aoz
AR =d MonteDEME thg 2
st

Reliability Solver= ©]€A #uvld 23 & o] &3}
of 2 (2)9] &AL FeR2e] thgt s S Adee
d, ol& #&liMe F2A=Y HM7]Hd Monte-
Carlo FEZH ol 7148 A A ZAEHR(AFOSM)
o] o]&grh" Figure 1& ol2]3t FSEMY #H#H
o FAzPe Al agolrt

= P Eds
o

S
% gov)

) O
'j—-_'a‘7

3. MonteDEM L}z} 2
3.1. MonteDEM CHE| 2@ ol 7M

Agolt At shal7h BAF A i3
A go] e A Hoy £33 dube] A 2400
F i Hge dalel ¥ A £o 5 2E A
o] Ry 4 %lq_.(mm

input Data & Tool

[ Evacuation Modelling

Computer
Model

L Fire Modelling

L Existing Data !

L J
I FSEM calculator

S =

Probability
[ D Je==|Reiiabitty| || of Death

{Fire Risk)
R o

L E =

Figure 1. Procedures of FSEM

242-



guede 7437 AsiAE dojrt olFolxle F2Ed did Aot Feasich MonteDEM iy 2™
AIAIE Fovlge srefet A EUTet 2ol i’é}ﬁ AEe] dFHE M A e AFAF
8] Figure 20149} Zo| coarse network& 7§41% extended coarse network& &3t 1zlm, of
gzkeh F3hel FEE AX st ¥ Abole] AstA FaAgol= Table 29 £4gko] o] &H UL

Region
/ Table 1. Wall Attributes

/ normal spring constant 6.86E+4 [N/m]

& oo ro

Room-— Modelling
compartment

preteteleleleseteleteleds

Tolete% s ot e e te%

DLLIN

o wai ) A, normal damping coeff. 4.58E+3 [N - sec/m]
Corridor- .
Con?;grtf;em ohiect = friction coeff. 0.2
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Eﬂrflxli E_E“f‘ﬁ‘
3 2h= Figure 39149 2o FAlol HFA=ke] fAlsta oA AANA R 7Py AAnAer A
deje 9% 242 RUHsh H3H S4A = Table 2004 ol HAgke] 2l (physical) ~Z ¥

il
sb AT ool 2HET 92 dgaAyd Hel dig dgH ARAGE 2

AR 3t7] 3 7MH(virtual) £~328
d 4 AAAS o] nednh
Table 2. Evacuee Attributes
N -
Height / k r_v \ walking speed 1.30 [m/sec]
mass / height 37.3 [Kg/m]
_ 5 K b \ self-propulsive force 32.1 [N]
Velocit H l physical radius 0.167 [m]}
Acceleration virtual radius 0.808 [m]
Contact Fo&ce / physical spring const. 50.0 [N/m]
Y virtual spring const. 8.18E+3 [N/m]
Evacuee N - _ physical damping coeff. 1.10E+3 [N - sec/m]
DiStirTCt E/|ement virtual damping coeff. 86.4 [N - sec/m]
physical friction coeff. 0.2
Figure 3. Evacuee Modelling for MonteDEM virtual friction coeff. 02
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Figure 11. Trajectories of Evacuees
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Table 3. Probability of Death (without ground - inclination)

AFOSM MC Simulation
Reliability Index 3.40684 3.36407
Probability of Death 3.286x10 ~* 3.84x10 ~*
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Figure 12. Egress Time and Probability of Death for Various Maximum Rolling Angles
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Figure 13. Trajectories of the First and the Last Evacuee
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