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Fire Evacuation Simulation Using FFM and FDS

Jae-Young LEE' - Min-Hyuck LEE' - Chul-Min JUN'*
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SYAoZ g3ty Sy o] WAl A FAbS vE s By FFdo] HrF ] QA 9]
i Ao obdA AwkS 7|Yishy] of#Hu) o]o] B dAFoME A FAS et
A& BAE = Qe sl diy] AlEEolAd 7RIS Aljbstth B AFA Ajbst
]Eiﬂol’q 71" FDS (Fire Dynamics Simulator) 2] 3] g4t dlolelE R w9 FEM (Floor
Field ModeD) ol ¥Fgste], Haxp7t st E Q1A|stal o] & wfgo® f-3lato] ket A== o
Jl= S AR AT WHElE FDS9F FEM ko] dlole] s 2 34 giks nds
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T AL S HEELY] AskE &1 4 Adith
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ABSTRACT

In general, fire and evacuation simulators are used independently to diagnose the safety
of building. Because this method does not reflect the movement of pedestrians considering
fire spread, it is difficult to expect diagnosis of safety with high accuracy. In this study,
we propose the simulation method that can describe the movement of pedestrians in the
fire emergency. Our method reflects the FDS fire spread data into FFM and explains the
situation in which a pedestrian recognize a fire and escapes to a safe route. This study
consists of data linkage between FDS and FFM and development of improved FFM.
Experiment of the proposed method is progressed using the EgresSIM. Simulation result
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shows that the number of evacuees on each exit is affected by the presence or absence
of fire and it was confirmed that the evacuation time increase and the bottleneck

phenomenon deepened by exit.

KEYWORDS : Fire Evacuation Simulation, Floor Field Model, Fire Dynamics Simulator, Indoor

Evacuation
M B

st HHAS ZJ “3}7] H?SH ?ﬂrzﬂ 1g‘n’ﬂolﬁ
o} thy] AlEHolHE SR &8skl S
k. oig] AlEgelEE Fa Ad B3R
Pdgt FazbA] dig)eh=d 285 E d9 T
AIZHRSET : Required Safe Egress Time)
= Axteta, st AlEdCIHE B8 A7t
BHPAEoA Y= 7IXA = 9] EAIgE
(ASET : Available Safe Egress Time)< 7
abste] F AIZE] Wl - R4S B8 e o
AA-E AdstHKim and Jeon, 2015). )<
FEu= ARl oy AEdEolHEE
Pathfinder, Simulex, buildingEXODUS %©]
Sl Al AlEElelEZ+= FDS, CFAST,
Smartfire 5°] At}

SHAIRE sk AlEElolE 9f tiu] Aol S
SYHOm o|gael dE s e
A Sre weE wARe 49
o] Q] 7] wFo] =& H3lo] ¢
HH JElsp) olsiek. A ol
Aol ol7] Ee sAlg e 829
Eqi A% }ﬂ?} AEE §3stA drh sHA Nk

AlEgol ¥ tiu] AlEHOIAS FHAL
2 FEsiths 28 A gte] digk BAkgl
Bz A9l BAPE AvEA oka R
FHES omjgitt. A om ojy] AlEdHo]
Aelx 2] BERbE oA AFEr gsto] st
Hete stlE A St 3RS Al

ENSHA] Q=T

ole] ¥ ATrelM= sk ke aEd B3
2] FA e BARE = ol s die) AlE)

o
_léi

olde AlketaAt gt 2 dTellA Al
sh = Al% 101*1 71‘%‘3 3HA *lgaﬂom
FDSe] sH4 2t diojBlE BaRsl FRMe]
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B3R St olo 5+ R}l FDS9F FFM
o] oy s 9 sk ke a1 FFM
e dEE, Alkeh el A v
AEEOTE EgresSIME ©]-g-8to] Zast3ick.
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1. Floor Field Model

FEME A2 A9 F7elx] BEzte] njA|
Aol 2AAS RAH3} Burstedde et al,
2001). By gEj= A kel wiAEv,
a7 13 o] ¥ 87 Ane] AsAES T
3 zpale] 91AE AAsta, olE WHste] &
AR 2 olFatAl k. B3t} T A=539
Aozrgolls A =79k A- Q4st 9
o)X HIAEHS A 247t ok Z47e
Qo EA P2 AAgsi)

SFF (Static Floor Field)+= Z+ Ao &7k
A Ashzd goldt JErt g o] o
A2 A #E o]E3stt}. DFF (Dynamic Floor
Field) & 7+ Aol Bafx= 11e] 5 zhgol of
Sk gro] ddEw ol AME 1] olEd aw
E omlsit}. O®l 2+ b dolEst H3xp
agar F FER o]Foxl FRME TrE2E
Epiitt, ®ex= SFFe| 3} DFF9] ko] <
e SEA AR fJA|ellA ofd Ar o]Edt
A= uH%ﬂ A%sA ®ok =3 FFMS
29 Fholl = serEE 2YTFoEHN
A2t T TS AStel gk AlE#E o]0l
7Vt (Nam et al, 2016).
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FIGURE 1. Movement of an agent

2. Fire Dynamics Simulator

FDSE "E=3s 14 National  Institute
of Standards and Technology)°lX A=
gt dojuf A7l st siAS flal v s
A AEHelEoltH(Kim et al, 2013). A&
olde T8t flEiMe g A wzt g
Al R, A AR, b, 7 )8 T
stet2l ), Ad A H4GE, dHE 4
AL &), w7 =A@, 37188, 48
AR (2P Ee)), @A FetilE 5o a4t
golElojol @t (McGrattan et al, 2013).
4 - d7]9] #xke CFD(Computational Fluid
Dynamics) & 7IHEO.2 AXFslH, ool oigt 4
44 T A4 s 28l SmokeViewet
= 73 B3 fds2asciis o]g3 24 Ax}
| 5-3Hc) (Rie, 2008).

3. =fxll tiz| Al=Z2fo|M
o] AlEeEolE ok 3 AlEEl|olHE o]&-s)

v A9 WA T AlElE ] A el
w2} =723 Non—coupling), AAHZH
(Semi—coupling), #1&% (Coupling) ]2

A thHKoo, 2017). w=AER WA AEelA
AF8F %0l Al AlEdE oA} tid] AlEd o]
As A4 F3gste] SPA AL ASETH
RSETS E&3}o] Blu - #A4eh= wPHo R =
Hellx] drbA oz &-8¥ a1 Itk (Choi, 2011).
AuAZE B2 s Gk ®Eate] o]
S Aol FRlsk= ol sHANE Wed)
st GAakat Razke] SIS HA Edst

My
ol

o

Static Floor Field

_ f’?‘f@”’ Dynamic Floor Field

Pedestrian Agent

Building Structure

FIGURE 2. The structure of floor field model

v Ao®, sl Bzt we] d¥Fe v
A Frste] AAZAR] o] HALe] $HAZF Qlvk
(Koo et al, 2017). AEH ¥ sHA7F 2
ALl dsol Y= Fol AAl dhule} fAFsH
HEzpe] din s Fdsh) gadl ALY W
2)9] AlE#olEl 2 buildingEXODUS, FDS+
Evac 5°] Atk

FDS+Evace RAe] olgel] g3 mA
T 8AES WY FH9 Jdow xdstar, o
£ ARtete] ®mazte] $29E yEhl= SFM
(Social Force Model) & ©]€3%Fc}H(Korhonen
et al, 2008). FDS+Evace FDS9 34 #4
A 5 A7) sEE olgste] B AL E7M
ist 7kA] of Bl whl HolX| ¢ks &5 HiA
sh= & A duglES ARSI (Korhonen
and Hostikka, 2010). ©}%l, SFM¥} FDS&
A ET} ot Algdold diE E55|
744 @l AlIZke] AQEE wHEe] gltk(Nam,
2012). Wb F Rd& AM-Sk= FDS+Evac
2 A AR B2 AFATE AluE] e A E
A FAol e/ Algto] Qs

4. 23H AFLlol AHEY

2 Ao M= FDS$F FEME o] 838 AZ

w210] A iy AlEo]ld ZHE A|Qksit)
FEM:Z H3 ofo]dEZ} QIFst 871 Arks a1
st olsS AQsr] wlite] Aatk S w
2t} (Helbing et al, 2000). &A%k o] 3}A4)
(@ - A7D7F A AR FaksEr]) A7
oo]HET} g dEE AT & glrks &4
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o] H7|% 3H(lee et al, 2017). olof] & <
T 718 FEMS B8 ofo]dET} shAjef
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Ak dlolEiERE opet F BEle] F31 o]y
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NAE FFEMelli= 28 olo]dEr}L sAlE
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FIGURE 3. Data linkage in FFM and FDS
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(a) Spatial data structure of FFM

(b) Spatial data structure of FDS

FIGURE 4. Spatial data structure

Sk 23 dlidE Sl AR S s
w3, sk At dlolels slid AlRE 1HAe] nh
e} 54 S92 AR Aas dehdoh wet
A A AlEElA ARl thske] shA] 24t
geolef7k N AT, S A AEs
NH 731,

2. =X =4bE et F
FEMellA w3 ofo]dEx <l
st FARITE o= AAHE
Aol H7|% AN FhAjol 21
sb7] A7k sHAE QIAE 4 gtk BAA
SAZE E7]% vk SFRAH ﬂ A2 gt §
AEE Ol 33F dAlel dasthd, shAjel
AskA das sAlE aEd RIS Fdd
T A} (Zheng et al, 2017; Wang and
Wang, 2016). 3|5t o]zjst whH2 w3 o
OJHEZL AAA] Aoz i} #3hE Hiets

A FAol= s gulsta, ofE
wgndolat & 4 gtk o]l

‘W= olsstd AR A 2l
Axd, $-3 Ak Ay g M
Alstar, thee] F 7HA g

=
ks A i) s AR,

1 kA AR dugE
3hA o1#] &

Ry

ool AE} 34
T A s Axtets dagssol
ot oEd ek s A BE(Fire
Recognition Field) 24 "HEZ AlklE s, SHA)
A o] ZIJst B3 oo]HE: 3] =k
AestA #lok s 91X B9 AXk o
=9 =42 AYPEY, I7 55 o]F HASH
Holty, a8l I3 62 AAE A ik 2
o} 3 9l == ¥3sh= ¥ FEM
o] FxE yehdrh

Step 1. kA EAF HTofA

fr
o

dlo m\o o

>

a-7r =

i

%33l 1% [T
] SRk ey 3 Lot |36 |3¢ 3¢ |3 ==

x %% 3¢5

*Z L

FIGURE 5. A process of fire recognition field computation



FFIMZt FDSE °14

B A o] AlgEeld / elde - ol - R 17

Ash= B A %% Aot

Step 2. Agd A= 5 o9 g Ao o
st 8W3H(E, SE, S, SW W NW
2 A Be B 7]'
| Ao F7tgict

Step 3. Step 2% Step 194 A®3 BE=
Alo]] tsto] G383 wj7hA] yHTsich

Step 4. 34 FAF "= 73AIEE Step 1
S REESto] A Q1% FE% ZgAlsict

N

H:FL‘LHJL Building

Iﬂﬂ‘ ﬂ: J Structure

I:EI‘_LJ:H——LJ—_'_I Static Floor
ﬁ‘_ Field

Dynamic Floor
Field

Fire Recognition
Floor Field

e

Y

FIGURE 6. Structure of the improved Floor
Field Model

2) 73 daEs

ShA} Q1A A=e] XR1FH 1Y oo Ex ]
FQlst o)A}t Axste F7E 85t
g gt $3 duFe o)F wAlR Aow
e dole] TXE olgdh # ATolA
A AR FEME 712490 A diolelsh
1:1%01 H3) oo]HE A 23 duzEs 7

3] 1% 2= wolElE §A) ALge

29 delels 19 T3t o] A Heleis

AAR #AAE FAgsct Vi S AR T
oo g ®sh(Subdivision) dtar #akE zF F3b
< e wTvt Huh 28 Ikl fA|sH

AEL 3F T Juishs o) 9] A

- % T 7],/] 04@}\—]0
o] AP A=
.LESl s A e A

Parent

[ cen |

= [ chid |

FIGURE 7. Hierarchical data structure of the
improved Floor Field Model

A - <A77 EAGEHA Gt 25) kAL ghA)
E AAGEHA 1A FB)sk= F1tel| sldshs
o= 1Y mEefe] AAAC TeAE F
ofgtet. &, 19 83 o] I w= IHE
Adsk= Aol =Fst A-RE A= 9
3 Ikl SIAS oo AAS YERle
AAell= Arlet A 7FsX7F A7 s
1A Frefnt &35k Qx| T E wekal &
o, shA Fak e &3 A9 TFeAE
w?olth. ol S AHH R T A%
o} s Ao ® QIARE &= A¢E
a17) 9tolth wiolE Fdtthol] 7k ulg-
& ws gty Agst 7R 3 v
Hl-golg} & uf, x|9] tiy] H]8-2 shA| Ak
HEof upe} 7Y4lH ek
At dHeoly +x&
o

i)

oz sha) Q1A
st B3 oo HETF HANH, T
NOJHEZF A& wtF Al OR Slo] Tt}
OMEE} du|ES B8l Ha oy nlgo] A
T ETE 9t E9F a9, e
lOIXJ_EJ SFFE #E vk EA48ks
SFFE HAB} o] HA iy ujgo] AE
T ETE YoJHAES HAXE HAsHs A



18 Fire Evacuation Simulation Using FFM ond FDS

(a) Ordinal graph network

O : Normal node

O : Recognition area node
. : Fired area node

(b) Graph network in fire situation

FIGURE 8. Graph network
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FIGURE 10. The simulation on Case 2
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Time = 15s Time = 30s Time = 45s

Time = 60s Time = 75s Time = 90s

Time = 105s Time = 120s Time = 135s

FIGURE 11. The simulation on Case 3
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