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Wiwan Assawasuhee 2009: A Numerical Study of Fire Evacuation in an Underground
Train Station. Master of Engineering (Fire Protection Engineering), Major Field:
Fire Protection Engineering, Interdisciplinary Graduate Program. Thesis Advisor:

Mr. Nathasak Boonmee, Ph.D. 180 pages.

This thesis presents a numerical simulation of a fire evacuation in an underground train
station by using a computer program called FDS + EVAC (Fire Dynamics Simulator with Evacuation).
The study performs for a fire evacuation of Ratchadapisek underground train station. The simulation
occupant densities are depicted during the morning rush hour interval (7:00 — 8:00 am). The
Ratchadapisek station is 25 m wide, 228 m long and has 3 underground floors where each floor height
is approximately 5.1 m. In order to simulate a worst case scenario, a 7 MW fire is placed on the 1"
floor. The simulations are performed for 3 cases where the occupant waiting times are 4, 16, and 30
minutes, respectively. In each waiting time, the calculations are carried for 2 cases: with smoke

ventilation system and without smoke ventilation system.

The study shows that when the waiting time is 4 minutes the evacuation times are 6 minutes
(with smoke ventilation) and 8.9 minutes (without smoke ventilation), when the waiting time is 16
minutes the evacuation times are 9.4 minutes (with smoke ventilation) and 8.8 minutes (without smoke
ventilation), and when the waiting time is 30 minutes the evacuation times are 12.5 minutes (with
smoke ventilation) and 11.3 minutes (without smoke ventilation), respectively. In all cases, with and
without smoke ventilation system, the simulations show that the smoke temperature and carbon-

monoxide concentration are well below the hazardous level.

Student’s signature Thesis Advisor’s signature



=) )
ananssulszma

4
v A

o = A (2 a4y v Yo (=
YDYOUNITZAM 0.A5.003ANA Yayil UszsrunssumsndTow #ldnganldmsnw

)

< 4

9
o o N a d @
Hagtus %uwf’lﬁ’mmuwuﬁﬂuuﬁmi%ﬁuyjsm

1 £
@

YDUDUNTLAMUIOIAIAATINGG A5. 7550 301015 1Wamtha1ndn Hdadalasans

v

Sanssutlestusanse sudulsz Tewilunmsdnuinazmsiiaulumaainssuldidlu

' a
DYNA

7 o a 1 Ay vq ¥ v ] Y o
51]'f]"ll’f]‘]J‘Wi$ﬂﬂlﬂﬁﬂiﬂﬂi$ﬁﬂﬂ1ﬂﬁlcﬁ1nﬂ‘lfnu ‘Vl‘lﬂolﬁﬂfﬂﬂz ANDAIUADAVIULAINUIN

Tasamsngemas lumsaaseilszaiuany

YoveuNszAMdaunsMNaiuayunmsany i lagaaon

Y 9
9y

YovounszAumMiin Iihvuduwnaruuialszmalne ioeiledoyalunmsinide

U
4 4

Tuassll aapavuimnauuaziious wau Inmsmivayudoya

Y oAy oy ALy 99 v @ =
YovounszAmginszaunnmui lildnanu a ainlaldmsmivayumsane
9 9

Tunsadl

71350 9AIgY

AUAWUS 2552



(D

asiey

Hin

GREAILY (1
GRESIITRERN )
GRESTITERIT (4)
A1 1
Jagiszasn 3
M3ATINBNAS 5
gilnsalazitms 38
gilnsal 38

M3 39
HaLayIngel 64
Ha 64

ngal 165
aguazdorauonus 167
GESL 167

Yol UBIUY 168
A5 AI81954 169
MANUIN 172
manan n Auanianguiunuiezsiauauazi 1 luuuuines 173
MIARLAIN U FuAeUMITLYa TIN5 (Flowchart) 177

1529amsAny tazmsiiau

180



MIN

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

=).

asUYAIIN

A lumsiauraudsievaazamasiemelullsunsy
FDS+Evac

uaasmdulszansmsanv
Fulszansmsawlrlutanwdnsazms1derms
HansdIFUTuAB UM ONEW

mmsoonuuudmiuszezna lumsinseunsnaoud

HAAIANNHUUUYDIAY ANUISMWazITzozN1e luaazfans sy

UAAINAMIANEIUDY JA(Wood) ez 1U58U (Bryan) weanssunsni

o A a Aa 9
nszitulomnamanas Tnd
LAAINANTTUYDIY1IBINYBLAZBINT M

A ]
waaanznasanulé

A YA a o A
LLﬁﬂ\?ﬁﬂTJ%‘lﬂﬁﬂJ'ﬁﬂﬂuqﬂﬂlﬂﬂ%WﬂuﬂﬁW‘H

HAAITO T IANIAAIINATUF I IHAADNIT WD UTT U

Jya a Y

HEAIEAMNZNAINTaNY laNnaINANN oY
Criteria times for reaching untenable conditions
HAAITZAUMIND T UIAE Yo F1in
[ 1 o 9 d‘ o A
paasdaaIuIUINg Iaa1smasesil) 2550
a A Y =~

vaneanasn 1y lulnsans luedse
HAAINTHUUDATINTIHN T3]
gaasd U luteaznsainmua lunuuiang
manugveiulauazniaia

Aq ¥ ~
gaaanan g lunsenensonaInanil

v

o ~ Yo ' ~
memmuﬂuwawawiﬂﬂ%uuqmmazmw HBTIUBIA

ee Ree

7

uaaasuaunenen las i launazdinduaeing lagans

1 4
= v Y

LLﬁﬂQﬁWﬂ’JMﬂMﬁﬂWEJ‘WVW]N’?]?Jﬂ‘IfMﬁM?%}W

ayUnaguuUNA ML 1 -8

2

15
16
17
18

20
21
22
22
23
23
23
24
27
50
53
56
69
85
85
86
86
100



A3VYNI9 (919)

4
M13197
a 4 a A o 1A
25 ajiwallsunamaeongnundwmian 1-8
a o ¢ 7o 1A
26 aqwatlSunamamsueuveuen lad Adwmian 1-8
4
MWD
@ 1 o 9 A o A
nl paasdaaIUIUINY Iaga1sma el 2550
n2 uaasiwaudadiug lasans s sudjeln
n3 uarassaudunu luuaagnsainimua lunuuiiaes

o

n4 uerasnuauiAvesdmunaaznguignivua 1 lullsunsy

U

3)

105
110

174
175
175
176



MN

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

=D.

aIvYNMN

4 a a 4
ueraargmsalmas Indneluaoiiso lWihldauuaz g T
yuazlsnveuypduaas lasns 199nau 3 2oy
HUIAAUBILTINTTINTEUNN
waaauIAnmMINmaY 3 21 l¥eFureusnsziseuing
waasgilivesauluTdsunsy SIMULEX
HAAIAAVTEHING 1 D 1024 NanInsorhneniaadmsy 2.3,5
NAsgINEINaveIrIaionen Ided1alaeane

9
naasdauTuaeumsay v (Typically stages of fire growth)
FIUB181nA N (Central Platform)

1 zﬂy A Y =
msutanui Isasenelugaill
Tulavazaiu ladeumeluaariisa lnih
vy 4
uladeu

[ < 1
Uszgianualaeas (Gate Availability)
saaaduneamsonenlusa lihldau

uaasina1ams 1¥anuT1s1nsy Pyrosim

waaaninaamdalulysunsy Pyrosim 2007 lumsmuavunansa

sanauuuaesnas1991n 115un5Y Pyrosim 2007 (LU IABIAULUUL)

waasiui N e b8y
uaawuuiaesmeluoimsaoi (twusiassduyy)
HAAAUUIIABINAINITUT U

WP AR IR
waRsLaeiTueTas Tagas
sanauuuiaesaniise IWihsyanwn

waasi i lauaz iy ladeufisuanuma

v Y

uaaaduruaiu latazaiu ladeunsuaneias lasais

4

12
14
25
26
29
30
30
31
42
43
44
45
45
46
46
47
47
48
48



MN

26

27

28

29

30

31

32

33

34

35

36

37

38

39
40

=D.

aSUYMN (519)

v

HAAIT I UANI00NUT VT U 1M
uerad e sganamas luduazdwmimoan
uaansINsdantaesndsnuuaznainnmamw lusd

o ] a Z o a o a
paaIdriImsanaeginsaliagangl Meyoandau (0,)

a [ 4 4 a ;/l
wazlSuamaasuenueuen lsa (CO) UTNUFUIIUSIAT

o ] a Z o a o a a
paaadriamsandsginsal iagungl Mmeoandau (0,) taziunm
[ 4 4 a lel Y
Mamsuonuouen lsd (CO) VSHUFUNEITAT Iaeas

a ¢

o 1 a Z o a a
uammgmmmimm’qﬂﬂim’mqmwﬂu NLDDNBIU (O,) wazlTunu

U

v
v 9 9

Memsvenueuon lsa (CO) UTHUFUIIUM
aaImsnszed ez mysensefiusnaty lauaziuladeud
Furnuanafina 30

yaRIMsnszaedaz mssenasenusnuTy lanaz iy ladeui
Furnanafinm 60 wf

yaRIMsnszaedaz mssensenusnuTy lanaz iy ladeui
Furnuanarfinm 120 wiii

LARININAIULY (Top view) LATAIUTY (Side view) dpvarzm3 1va
voanTudinal 180 Jundt

LARININAIULY (Top view) LATAIUTY (Side view) dnvazm3 Iva
voanTudinal 240 Sundt

yanImsowewruiAUTAs Tagans finat 30 5u
uaasmsenendLIRUTRs Tagans finat 60 3ud
uaasmsenendLRIRTAs Tagans finat 120 Sundi

memﬁﬂizmﬂﬁmagmssaﬂaﬂﬁu?nmﬁu‘lmmzﬁu"lmﬁauﬁ

FUFIUFIA1NIAT 30 UIN

&)

49

49

52

61

61

62

70

70

71

72

73

74

75

76

78



MN

41

42

43

44

45
46
47
48
49
50

51

52

53
54
55
56
57
58

=D.

aSUYMN (519)

aaImsnszed ez mysensefiusnaty lauaziuladeud
Furnmnafina 60 wf

aRIMsnszaedaz mssenasenusnuTy lanaz iy ladeui
Furnuanarfinm 120 wiii

HAAIMNATHUY (Top view) HATATUTIN (Side view) ANHULTMS IHa
voanTuiing 180 Jurdt

HAAIMNATHDY (Top view) LAZAIUYIN (Side view) dnparms va
voanTuiing 240 Surdt
waasmsenendTLRIRUTRs Tagans finat 30 ud
waasmsenenaTLIRTRs Tagens finat 60 3uf
yanImsonewruAUTAs Tagans finat 120 3uni
nsmliaasnaLAuazna UM eWeWoBNI NG 3 N38
nsliEA e NILALIAZNA UMD NENDDNIINFUF LA 3 N3
nsmluaas ARz na UM e weNDDNINT LIRS Ao
W43 nedi

nsmaasinauauaznm lumsswenoonnnF i Edh)
W43 nedi

nsmaasinauauaznm lumsewenoonnnF i En)
W43 nadi

nsmuaasinuauazna lumsewewlasldmaeend 1 #a3 nsd
nsmuaasinuauazna lumsewewlasldmaeend 2 #a 3 nsd
nsmluaasinuauazna lumsewewlasldmaeend 3 #a 3 nsd
nsmluaasnauAuazna lumsowewlasldmaeend 4 a3 n3d

v
nsluaassuauazna lumMsonenesnNINTIHNG 3 N5

9 v
nswliaasduIuauaza luNMsenenooNMNFUBIUBIAN 3 NIl

(6)

79

79

80

81
82
83
84
87
87

88

88

89
89
90
90
91
91
92



MAN

59

60

61

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

78

(7

aSUYMN (519)

4 v
n Hin
nsluaasduauazna lumMsoneneNINFUVIBIAT Ineans
Y
11493 N5l 92
o o Y Y Y
nsluaasuauuazna lumMsenenesnNTUs 1WA (Hade)
Y
11493 N5al 93
asmluaassuautaznar lumseneneonnF U3 WAEHU)
Y
11493 N5l 93
asmuaassuauraznar lumsenenlagldnieesni 1 193 n3dl 94
asmuaassuauraznar lumsenenlagldnieesni 2 193 n3dl 94
v Y
asmluaassiuautaznar lumsonen lagldnieesni 3 193 nidl 95
asmuaassuauraznar lumsenenlagldnieesni 4 193 nidl 95
Y
AIMLaAQUNYNUTNINFUIIUIIN 97
v
nsmliaasgargIusTNUTUV e Taoas 98
Y
nsluaasgurgiiusnudFudum 99
v
511 Ea9lS UM FD O AFIUVTNIUFUIIUIA 102
Y
A uaaslSuamaesndauuSnusuaeiins laeais 103
a (4] a a 3 9 kY
51 aa9S UM BB AFIUDTIUFUIIUMN 104
a (%)) o Jd a lel
nsuanlSuna My UsUNeUDN kAUSNUFUIUIA 107
a (%) I d Aa 031’ 9 Y
s uaalSuamaasusuNaUsN IyAUS AT U UM 108
a (4] o Jd Aa naz’ 9 kY
asmluaaalSunamaamsueuneuen lsaus Ui 1L 109
uaasonsimMsvanilassnasau 110
o 1 H -7 1 d . . “qe
paasdwreszuunlEiamanuansa lumsveusiu (Visibility) 113
HAAIAIANLANTD TUMT VDU U N HUITZU X = 40
NIAUTIZTVVIZVI8ATY 114
HAAIAMIANUA NI TUMT VO UR LN IHUITZU X = 120

T EEA TR IEF AT R T, 119



).

MAN

79

80

81

82

&3
84

MNHUINA

U1

V2

aSUYMN (519)

aasannuannsalumsueufiufid sz X = 187
NTAUVTTVUTZU8AIU
yaasAnnuannsalumseafiufdumieszuny X = 40
nsal lidszuuszLen Ty
uaasannuannsalumseafiufid sz X = 120
nsal lidszuuszLen Ty
aasannuannsalumseufiufid sz X = 187
nsal hillszuuszuen iy

waeams mavesnTu nsdidszuusEUeATuRnaIE

waaamy mavesndu nsdl lWilszuuszen T unnaIaeg

v
Tunoums1oauTsunsy FDS+Evac

aailaenssulasunsy FDS+Evac

®)

124

129

134

139

145
155

178
179



o v v d o
MeBinadyanyamazf e

X,(z) Aunvvesa My i vl ¢

9 A o @
£.(r) 115950 U919NNTLRIRWUA LN
m, W78
(1) AMAVIWAUHIUYD T

< @

dX,/dt ANusveimNY i, V,(7)
ASET segznmnansoonen lnglaonns (Available Safe Egress Time)
RSET szoznmnsiiudesldlumsenenlalasasiy

(Required Safe Egress Time)

! tarm 520YNAINTIIVLAI IR DU (Detecting and Alarm Time) (3111)
L e ILOLNAUAUUMIINADUT (Pre-movement Time) (317

tmm,e ﬁzﬂznmmﬁmﬁau‘ﬁ (Movement Time) (3117)

treg immmmﬁui’ (Recognition Time) (3mﬁ)

tresp 2L INBUTUDI (Response Time) (3u1ﬁ)

I, nadaugiRamsn v lUaudazeznafins sy 166

ansasznaldnnmslduuuiiasemsnamaslud Guii)
us/’ 1 [ FU =R o A [ d!
t nadaans9su 1a Tlaudadyanaufouds e

Usznaldannmssina Guin)

z ' o 9 o 2 o v A A A
to nmmzmﬁmnpmummgﬂNm"lﬂ%ummmwﬂﬁu%mamz

MMsaeuaueds AuIN)

I a a a
l; sreznalumsduaIu nudum #agmas uii)



U

maansmsenenri lluaoiise Wi ldaudeszidiaudsm adnav

A Numerical Study of Fire Evacuation in an Underground Train Station

A4

NFPA 130 (Standard for Fixed Guideway Transit and Passenger Rail Systems)

IS v Aq Yo o ) ~ o
Wuwesgiuvannlsdimsuniseenuuulassaitedotl doilaonisu suUd1UIY
ANNazAINN8lueIA1T (Building  Services) 3Indamsenenauluszuuselvihldau

A P

NFPA 130 Idhnuaszeznailumsensnaindusiurarlidirudalidoseglugi
a A 9 J A d‘ [ [
szezna1 4 Wiinietiesnidt szezniai lnafige w 9alaq vuruyai ludgallasadis

doaliifiu 300 o (91.4 was) waglumsenenningan lnagavururarlldgailasasis

a a

=)

Y oy o Ay 1 v A o =

G]’f]\ﬁ/]ﬂﬂfﬂfﬂﬂ!ﬂfﬂ 6 UINHITDUDYNI ﬂﬂlﬁuluﬂim‘ﬂuﬂﬁﬂiﬂlﬂaﬂu§$ﬂ$L’mﬂuﬂﬁﬂ‘Wﬂ‘W
o a d a a -2

ADIINITIATITHNIAINT T (Engineering  Analysis) Tasn15Usziiun1onsn

msdaatdesndnuaiuiounniae jluuuanil nazszuuszuIweIMARNIAY

Y
szgznMeNeNIZiNadovIAveITiilaz I uegiuaussouzmstuvesglnyel

81ureAnuazaIna1q n1eluszuusa lidh1dau wu du'le dulagmiu fu'ladeu

A g

1 @ v o < o os/‘ d o
mnum Tagasonluda szuuszuieaiu fudu duiuglnsaiduieanuazainnielu

[

4 o ) Y 1 Aq ¥ L4 a 1 ' A A
szuurzdeaiimstigesnuinegluaninenldauldavinaogaasagaraaarndl

2

]
A A a

Y a = A ya J '
mﬂWUimﬁ 5'33Jﬂ\1ﬂﬁmmlﬂﬂlﬂﬁﬂﬂlﬂu Luﬂ\izﬂ']ﬂjgll‘]_l5ﬂIlﬂﬁ’ﬂﬁﬂulﬂuﬁzﬂﬂmuaﬁﬂﬁﬂ%u

e lnglinguamdh 1dusmsvatengu naneseery msenendsiinnudnyundnirla

] o Y a v 1 Aaa d?
Fanveihldinannudasansaediauinau

S
NuIe1 191151051 FDS+Evac (Fire Dynamics Simulator with Evacuation) Tu
MIANBITZEZIIAINTONEN dnyUEn1T Iavesaulunisenen wgdnssuveaniuli
o o Aa 1 o o Y a a v 9 o Y
nagiladeniinadomsenen Tasiraounamssinnslduimssn lidunamsvadesiln

mamssenosluamiinszeznanie Taelddoyavosaniiisa lwihldausvanmwn



511 115un50 FDS+ Evac (Fire Dynamics Simulator with Evacuation) g
awv o =] [ [ ] §
Tuanuddei liusariudnyazmsenen dnvazns mavesndu'ln uazwanldauise

° ~ A o a o Ay Y o
u1llﬂlfllﬂuﬂi?V\lLW’Ounﬂﬂi$ﬂﬂ‘]Jﬂ15W‘D15m1 W’d’dW‘ﬁ‘Vlllﬂ’(?ﬂlﬂit‘lun\ﬂﬂﬁgﬂ’ﬂﬂﬂﬁ’ﬂﬁ)ﬂuﬂﬂ

v
=t

2 P = "y v A gda = ¥ A
viaginsailsznoumsenen l5lunurdneusuuadminviednianunerde ey

o Y a v =K o Ja o Y a
suammnehldinannuasgmintianudidgvesmsenonluszuuso Wi 1dau wlvina

o 42
aNulaeanauINgIvy



U

d
Jagilszasn

1. efnyIszeznaImsonenved 1suinsszuusa i ldauuazladeni1d

v 4
nanlumsenewinuyu Taeld 11/sunsy Fire Dynamics Simmulator with Evacuation (FDS + Evac)
d' = a d' a
2. LW@ﬁﬂH]WQﬁﬂﬁﬁNﬂ'ﬁfﬂﬁIlﬁaﬂ]ﬂﬁﬂulu@&ﬂﬂﬂ15ﬂ15ﬂv‘mw

3. efnnganssums Inavesadulvaeluaoriise ludhldau
A o = Ay v ' = v Y A A o A A ¥
4. o wamsanyn 18 lhweuns lumsilneusudmhnusominauiineides

Tdnannudh lavazlinnuasgmindinnud g lumsenenunngsiu
dselaminmanelasy

1. awsodsedunamazniiudulsnalrsiivinansanlumsenenluszuy

so'lvvh1dau
) = a 1 1
2. snsmihwamsany ldszaeumsnasaneonuuu Iasamsaiuaevensy

o = o v Y Ada a v A
3. ﬁWNWiﬂuWWﬁﬂWiﬁﬂHW‘lﬂﬂUiﬂJ‘W‘Hﬂ\ﬂuLi]WWMWﬂcﬂiJf‘T’JuLﬂfJ’J"U@QGluLi'EN"’U’E)Q
NITONYN

o

o = A Y a Y o = 9
4, ﬁ‘ﬁlﬂﬁﬂ‘11!1Wﬂfﬂi?fﬂﬂ1h11JLWEJLLW3L‘W’E]11’iLﬂ@]ﬂ’JnJL"lﬂGlﬁ]LLﬂgﬁ§$Wuﬂﬂ\3ﬂ31ﬂﬁ1ﬂﬂl

o

ypansonenntelueinsdszanyguynyu odruru doriisa i laau vagninuanig

HosfuiioaamsnaanudsmsaorIauaznsndau



VO UIUAVDINUIDE

1. 1% Talsunsy Fire Dynamics Simmulator with Evacuation (FDS+Evac) Anp1szeza
lumsenen wganssums Inavesaulumsensn nganssuvesniuli vazilhioniinade

=\
nani 1 lumsenen

2. $rmeumgmsainaz lsdeyavesaniisa lihldausveaniwn Tasdondoyald
srnuglduTnmsszunlusiawnanswiud Aa17.00 w.- 8.00 W, Tusssuai Iaguiiaesn
3 n3dl n3diN 1 Swunwiemamssoneiszezinand 4 Wi uazduauauiiomansse

A a v Y = = = o w YA aa o
ApB(IEMsANInTade) 16 WIH 30 WA Mud1AY waz IdnnsansdiliszvusTz VAU

A 1A v Y v 1% ' Yo 4 '

uaznsdl lifiszuuszueniudle deyadenar 1dsuanwewnsizioinmsse Tdihvuds

ravuuralszmealne

3. $1apenouwasvuia 7 MW usnaldiulevaziiula@en (ST-4, Esc-4)
Tasf1UARIATRINBUNEIN 7 A151UNaT das1msianlasendsnuniudouaenun
M 1000 kW/m2 Noasimsaty 1luuusiai57 (Fast Growth Rate)

4. Smualidiuladeuiiauldandad (enduiiuladeu ESC-4) nagszuy

1Y a o v o A a v 9 ] Y Y
ﬂﬂlwa\?ﬁ1ﬂﬁﬂﬂuvlﬂla'ﬂu ESC-4 Lﬂﬂn’iﬁ]sllﬂall@\illllﬁ']u'ﬁﬂshf\ﬂuulﬂ

5. aSSeihdumsfinsanmsenenmeluae Tasldsulanaziuladouusing
aorfinglFusmsldlumsdyasamdnd 1ildTulaluuSioa Ventilation  Building

WNTN

6. szoznalumsasuausINITUININLVVTIae I T Tl T liszeznan

fananimsaeuaussisiaii uas zladimsdSuilgauuusiasslasdaniaudi-eondniii

P

N4 4 A1UDON (gﬂuuuamuwﬁqﬁwmiﬂ%‘“nﬂqﬂﬂﬂmﬂﬂwﬁumumi o) Wieau
Y] 3 ~ Aa v I

mnzaulumsssuanagaeTlsunsy daiuszoznaitlgoinmsisensaudiog

Y v v v
szaznmTuineg 19 lumsenewm iy



N13AIIVLDNAT

4 a ll

migmsainas ludaeluanifise i 1dau 118 umamsal lndfnatu Falu

a

v
= = k4

v v
oan Idinatundr lunareqszina Wasauuaz laldaur lundazassiinamg ldass

v

= 1 Aa < o 3 o Jda A = [ u’c?: v Ay y
ﬂ:1mmfmmmmmmﬂummummawqm‘wﬂﬁumj,tgmﬂ"lﬂﬂumamimum @N‘V]Ulﬂ
] ~ A a Aa 9}42’ A Ay ° ' ' o A A v 9
uﬁm"lﬂumwm 1 LllmﬂﬂmGJLWQQllﬁiﬂluﬁﬁ‘l/lG]EN‘VHE)?JNLSQﬂ’Juuuﬂﬂf]ﬁEIWfJWﬂu‘V]lﬁllﬂ"]f

sruuiieaninse Il ldauduszuvvudanasuvinalvg iawd lsanuduivoumna

Y Y

M ldmsensnaudiuiuuiniilasinni deserdeyaainsninnuianudilaluses

U

@ J 4 o a g o
aananguaszuutazaIuauaniumsel maildsunsuneuiuaes i ldlunmssiaes

' o

o v td  a & o aya v
'ﬁ@ﬂ']ﬁﬂlﬂ\iﬂa']ﬁﬂ11Wlﬁuﬂ']w53N6U9Qlﬁfﬂﬂ']5ﬂ!wﬂglﬂﬂauu °V|flﬂlﬂﬂﬂ'J']iJLGU']Gl‘MLﬁgﬁ13J1jﬂ

-

o 7a

uilerumamsaia limadauas iannsamam 1§ ezifaiuilela

MR U Ui aeamsenend U eswamanves ladesuaase Fire
Dynamics Simulator with Evacuation (FDS + Evac ) Tdsupsudananisznoudie 2 drundn
1&un dauveamsirasamaslug uazdmveamsenenduiluninaiuvesTisuunsy FDS
Tdsunsudandn1d5umswanedeaeiios Feilogiudulusunsugud 5 Tdsunsuy
FDS+Evac (Fire Dynamics Simulator with Evacuation) ﬁjuiﬂ’i unsg uﬁgﬂﬁmmmﬂﬁ RGN
a0y 1Aun NIST (National Institute of Standards and Technology) Usemaans 3 a3 1iu
é}ﬁlﬂmi FDS (Fire Dynamics Simulator) 48¢ VTT Technology Research Centre of Finland

Uszmafluvaud WudWannTusunsuludunsonsm (Evacuation)

TolsunsudanaruiiuTdsunsud 1ufia198e (Freeware)  aunsoariulnan1&d
http://www.vtt.fi/proj/fdsevac/?lang=en TdsunsuludIu FDS  (Fire Dynamics  Simulator)
TﬂEJiJﬂﬁﬁJ]uﬁi’%ﬂiuﬂ’cjnﬁﬂ%ﬂ?qﬁmﬁﬂy1waﬁ1ﬁﬁ§ﬂ1m'l1/\| (Fire  Dynamics) 11311
Tsunsuludruvesnsenon’1d §lrzdeadinnuanmirlalugaddeiiugiuves
Tusunsuluearu FDS (Fire Dynamics Simulator) Apuiefiizansade ¥ uaawadnEa i
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HISTORY OF SUBWAY / TUNNEL FIRES
The issue of fire in tunnels and subway stations is not a new problem.
There have been several underground fires in the past decades all over
the world. These historical events illustrate the prevalence of the issue,
and the importance of an effective emergency ventilation system.
Some of the past tunnel / subway fires include:
November,  Afghanistan  Tanker explosion, Salang
1982 Tunnel (>150 killed)
November, London, Escalator fire, King's Cross Subway
1987 UK. Station (30 killed, including 1 firefighter)
December,  New York, Electrical fire, tunnel near
1990 NY, US.A. Clark St., Brooklyn (2 killed)
July, Toronto Fire, Sheppard Avenue
1995 Canada Subway Station
March, France / Truck fire, Mont Blanc Tunnel
1999 Italy (39 killed)
July, Baltimore, Train Fire, Howard Street
2001 Maryland, Train Tunnel
USA.
October, Switzerland  Vehicle fire, Gotthard Alpine
2001 Tunnel (11 killed)
February, Taegu, Train fire (arson), Chungang-ro
2003 South Korea  Subway Station (=100 killed, =100 injured)

A 1 uaaangmsaimas ndmeluamiisa i 1daunaz g Tued

nn: http://go.rwdi.com

1. nqunugrdmsusuudraesmsensnnelulisunsu FDS+Evac

A4 A o S A4 A
M3AaUNUIAINY (agent) Tu 1151050 FDS+Evac 1ilu Tawaumsmsmaoun
Fuaazdunuiigudnsagiamgdagnagnt lumsnauniiveusazdunu uyudazgn
$reesmandeuilusziny 2 I8 VUUNUAIWBIIAT YIAYBILAAZARAIT N TAgIINAY

3 29 uaadlumnd 2 wuaeanunuluTdsunsy Simulex tlaz MASSEgress UH1AT WMBLAL

<3 A d' A = 1 1 Y d‘
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17: Fire Dynamics Simulator with Evacuation Version 5 (2008)

{ < { o A gll o w [ ' < {
Tunsdindesmsnnuiiiidrasninaings 3 aunsmhdgauniSuaamanuson

v '
gnas N uTdsunsu’la Taemstloumdguiivasaslugadidamsonsmn

319N 1 anuisHrlumadunaudsnavnarazuinasemelullsunsy FDS+Evac 4119

idurenawveai d, =R, — R,

Body type Ry R,/R; R.,/R; d,/R, Speed
(m) (-) (-) (-) (m/s)
Adult 0.255+0.035 0.5882 0.3725 0.6275 1.254+0.30
Male 0.270£0.020 0.5926 0.3704 0.6296 1.3540.20
Female 0.240+0.020 0.5833 0.3750 0.6250 1.1540.20
Child 0.210+£0.015 0.5714 0.3333 0.6667 0.904+0.30

Elderly 0.250+0.020 0.6000 0.3600 0.6400 0.8040.30

17: Fire Dynamics Simulator with Evacuation Version 5 (2008)
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17: Fire Dynamics Simulator with Evacuation Version 5 (2008)
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7: Fire Dynamics Simulator with Evacuation Version 5 (2008)

Obstructing
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Assessing
Person

= Circle
I centre
| Minirnumm

~ contact

distance=0

A 5 naasglsisvesanlullsunsy SIMULEX

17 Peter A. Thompson and Eric W.Marchant (1995)
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12 mslFnunazdesinavelisunsy FDS + Evac

Y
T15un5Y FDS+Evac  132nouaudiemimiuiansonegntaziuuinaodanig
warmansvedlva (Computational Fluid Dynamics ,CFD) TisunsuansamulaenaIu
myonenlagdsiearnnsarvianmsm vl la seluldsunsuilszneudienidiaen

= %

8@ TU1iA (Default) ANHUTINNIZVOWAAZYTZIANYANA 13D AN (agent) FINAUANHUZ

a
F4
=

MWIZHAZNAGNT IUMTHALY HUDIAI0IUANAINTY N1TIATDUYBIAILNUYNTI1ADITU
Tuszuvy 2 U8 LaAIUUUAUAI®IANT  ANNITAITIAAUNLAZLLVIIaBINTIAADUN
Tas Helbing et al. (2000) ¥ARIAY (Algorithm) ¥03 TUsunsutazmMsinauednyazyoIny

TaglH9nand1u191ae Korhonen tazanz 1501 5aunu31a098190 Tag Langston t1azame
15U1AUA (Geometry)

a A | o a { 4
Use@nTnnues  FDS  92lUMaInnmMImuUavIAnsaNMINEaY 11199910
daué’nﬁnﬂmﬂﬁﬁmmiﬂﬂ%’ Poisson solver based UY Fast Fourier Transforms (FFTs)
Tuiema y uag z 4aN 2 uag3 ¥ealnsanie (mesh) Asaznnuuuesy 23"5" Taegn

o < R R 6 3.2 2,3
l,m, n AUTUIUAN 8NAI0E1ITY 64 =2 ,72=2"3 a2 108 =273

2 3 4 5 6 8 9 10 12 15 16 18 20 24 25
27 30 32 36 40 45 48 50 54 60 64 72 75 8O 81
90 96 100 108 120 125 128 135 144 150 1le0 162 180 192 200
216 225 240 243 250 256 270 288 300 320 324 360 375 384 400
405 432 450 480 486 500 512 540 576 600 625 640 648 675 720

729 750 768 800 810 864 900 960 972 1000 1024

NN 6 UAAIANAVTZHIN 1 D4 1024 Nasanenidesdmsy 2.3, 5

A17: Fire Dynamics Simulator (Version 5 ) User’s Guide (2008)
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Lﬁﬂﬂ?ﬂ’ﬂlﬁ/iMWLLMHmﬂQﬂS’MLﬁNNWﬂ"ﬁM
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Aldimua (co) TuTdsunsuguargalinisfiuist FED (Fractional Effective Dose) 414

U
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myaenduniantl 1 (Exit Route Selection)
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Q U

4 Y 9
v AKX o

@ vq 9 U Y Jq 9
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F2ULINTIVIVLAEABVEUDY (Detection and Reaction Times)

v v F4
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msys $Qﬂ€’lsl"]f (Applications)
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2 = 0 Y Y o [ Y
- HoUAANAUAT (Concert Hall) LLa%ﬁuWNﬂWW@W%%gﬂﬂ‘ﬁﬂﬁZ’fﬁNLL‘UU‘DWaE)\TVﬂUkﬂ

onaedoiinaluioemsiiruaglitnueslngaite (mesh) 1 i ls@mdeuyunin

o 1 [l a & ] = Yo 2 091’
- Swuyanade Inssitenisonen TaelnAwtia1asanie (mesh) ey Idnunitayu

Y999113 Tsunsugumgadnsousigau ldunga 10,000 aude il Inseie
- Tdsunsuguargaannsauendiuin ludiuvesmsewonwagmaw il la

2. HANMIINMTONEN

2.1 nagns lumsenen

v [

nyuadidgszsulsziulangldermsamnsoonenldedrnlasade une

a9 b

sraznansuudesldlumsenenlasanass (Required Safe Egress Time, RSET) @041108n1
v ¥ 9
seegnaiausoenenldlnetasasis (Available Safe Egress Time, ASET) ¥1iufdie

dg‘ =2 o w T yA U Y L A A ' Y 9 3
Tdgninldaudiaunsaiiduasieaedinoglueinis1a Ferrsnarnninanudisduiiu

waaa 1Al 7

I
p————— ‘Awailable Safe Egress Time (ASET)
' I
jl————— Pequired Safe Egress Time (RSET) _b'l
|

| | 1
kg larm time -Jepe- Pre-movement time e movIng Gme ey
i | I [

Y ____Y_

detect Ja-m fimish evacuating  buzlding lutation

MR 7 nassuanavesranaienen laedilasane (Universal Criterion of safe

evacuation time-line)

Aun: http://www.bs2007.org.cn/
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o v . .
seaznanidudeldlumsenenlasdaonsy (Required Safe Egress Time,

RSET) nwtgieszezataaua ldzniuldsudedldermannauonsnlidsgaidaoadis

F2ULIAININAINTINDITLHLIDIATIVI VAT AIT U1 (tam ) 52UL1701AT U

127

4 A 4 4 ] = 4 4
N1INADUN (l'p ) UAZIZYSIAINITLAADUN (t ) BN TSYSLIAUATIUNITILAADUN (tpre)

re move

UsznoualeszezIaImMIiug (treg )uazszaznmmsmuaum (t , ) AWTOUFAY

resp

Y
Tadaaumseao lail

RSET = ta]arm + tpre + tmove = talarm + (treg + tresp )+ tmave (2)
Taoh
ASET = szeznaid@mnsoenen lasdasany (Available Safe Egress Time)

RSET

1o o v .
segznansuiudeslslumsenenlasdasasie (Required Safe Egress
Time)

- 32E2NMINTNTULASUIUADY (Detecting and Alarm Time)

alarm

~ A =~ .
ore = JYLIAUATIUNITIADDUN (Pre-movement Time)

52H2IAINMIIAAPUN (Movement Time)

move

= 32021921155V (Recognition Time)

~ ~ ~ ~ ~
Il

= J2YLNIANMINDUTUDI (Response Time)

resp

A @ 9Jq 9 A a a 9 Y o Qs/l R
L‘W'f]ﬂ’ﬂiﬁ_]ﬂ'f]ﬂﬂEJ"U’ENEﬂ‘lf’fﬂﬂ15!JJ@LﬂﬂLT’WJLWﬁQ‘lT’iN%$G\ﬂ\Wﬂﬂ1§'f]‘WfJ‘WG]\iLLW“])"N

v ' ' ' 9 v '
nsuiimsyaaalil (gnition) Tlaudusunegiimawn lusimaudiu (Aounagdnyisnanszes 2)
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Fully-developed fire

&L
= Decay
a2
w [ Growth
w
=
2 [
-]
=
—
~
- L Flashover
Ignition
Time

MW 8 uaasdvuTuaoumsa'lu (Typical stages of fire growth)
111: George and Noureddine (n.d.)

A ' B AAY 1A
1IN 8 msutiszeznavesmar lugd nsdin lulimsaugull awnise

nu 1 3 99 1dun

Y Y
1) szezay 1l (Growth Phase) Tuszezdl mawn Inffvousomaszilulod

=

1 v 4
saa137 1ileanneengnuaieluieslogiuiumn duiudasimam ludve uFoinas

Y
=2 1

4 ' 9
VUBGAUTIUIUVOUTOINAY (Fuel-limited) da51M5Uandasendinuanuiouszmuiu
1 [ S @ § a a " v 1
a8 193205 W uNIguivnal 11NN IneasdlaemsHUFRINGI95d NUBas 1M Ianl)dey

9 Y 1
wasuanudeusznlsdulasassnunanivdwayemasyana lvl sndiaeaes susend

t-square fire Tag

0 =at 3)

Q fAedasimstamlasendsnuanuiouluniie kw
A 9 @ :j 1 A dy a A a ] a =
¢ Aenawesmswn lull TanivawanaiFomausugnaa I uniise Jui

a demduilszanimsarn I (Growth factor) Tumiiaeg kw/s’
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4 T
dulszansmyanlidlumiaannldanminaasslag

o =1055/(t,45, ) @

fioso 019 na1°ﬁL%?@LWSQ“1%’11“‘1Jg@u@i@ﬂﬁﬂ"lmuﬂizﬁqnﬁmﬂwﬁmmia
Hanilassndsnuanudeussnun @iy 1,055 kW (1,000 Btuss) l%ymwaqﬁﬁéfuﬂizﬁm#
msaw llgaziisasimsan Irge udesnnmsgada limawmn Tufzduidulledesiasa
(aigfinm, 2007)

NFPA 204 (Standard for heat and Smoke Venting) (NFPA 2002) ladadiay
¥098a31m15810 1 (Growth rate) auiduszaninsanieeniiiu 4 szd dawana

Tums19n 2

M3 2 uaaamdulszansmsainli (@) Tas NFPA 204

Growth Rate a (k\’Wsz) Time (s) to reach 1055 kW
Ultra fast 0.19 75
Fast 0.047 150
Medium 0.012 300
Slow 0.003 600
Source: NFPA, Guide for Smoke and Heat Venting, NFPA 204M, [22]

A Kayili (2005)

myihadulszansmsan T lFlunmseonuuumswn ludaiuise
A v L a v A o v A 2 '
Ansan ldnnromaineluiesnseanyaems 1Fnuvesomsmuasen 3 sudlua
F
uuzi Tagdszuanniiu Junismvuadasinisdaosndaauniusouase Ia1nssu
a 4 A A & 1 o v A
doonuuuvzdesimiasrvdevdTinauaziFomasiidul)1dneludesnouiimsdadule

g ldmdulsganimsanslvimla (aigdang, 2007)
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anvarms 1y dasimsan’lul
Vinatinenfy hunana
Tsausy, anmdoudn 590152
MasINaUA, aauiiumna 590152110
Tsa5eu, dninau 590157
T59UgATIMNTTU Tifvua

o

d’ U A(
N1 UFANA (2007)
9 Y] A Aa o 4
2) sz i luan1IzaId) (Steady phase) mmgﬂgmmwwuﬂﬂﬂanym

Y 4
(Steady State Burning Phase) M3zeziionsimstassndsnuanudonlusreiseiinumny

8n31M31a0enatnuANNTOUAIZIgA (Maximum heat release rate, D, ) $asimstaey

@ 13 1 dy o w a a Ao I Y
Wﬂ\iﬂuﬂ’ﬂﬁﬁﬂuiu%ﬁﬁuﬂggﬂﬂWﬂﬂiﬂﬂﬂiNWm@@ﬂ%L%uﬂN@gﬂ1ﬂﬁluﬁ@\1 51ensndszuna

a @, TaTesmsdnnuninaidanmswnndgaga (@igana, 2007)
@ o Y o @ ' @
3) 282U0AAY (Decay phase) IaeM Tdudimsmivuagasimsldesndsay
v A v v Ao o s = o aa o
anudeuienseenuuuszuuilesiudaise TaehiilsdennulasadsvesdimPundn
v v E4
i muammzluywadun Wes 10 w3e 30 Wi usnveamuAamaslwll fatims iz

Yy

lumal§iandrdnegluuinannamasvdars Idsumssremae lduiieenanuSim
Y v Y
wianiuneluszezmanil Idandivua auiwsideansamnvualioasinsiase
[ Y @ ] 9 o a S ¥ 1 < 9
wasnuldnediegluszezmawn luilugnzasdasuaumsimiizd 18 od19lsnamdus,
KX o dy a d’d 1 9 d‘ a a 9 uﬂ: d'
i uFemaniognielutesiinamas lud isiemnsadsznusznanvuai

4
masazan IndmeluiesldTagaumsdiua (aigdna, 2007)

t =t +t, =~ 6)
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t feszeznauiemsyada llveurends
t,  feszeznaiidemawn ludivualy
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Faszozna lumMsAunUMsnaANae 111l (Fire Discovery time) a@1315015zuna ldnaums
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v v
M5197 4 UAAIRIAUIUADUMTONIN

Event Calculation Method/Comments
1. Ignition Fire growth
2. Detection Detection
3. Sounding of alarm Detection and warning systems
4. Recognition of alarm sounding Recognition and response time (Table 12.2)
5. Start of movement of all occupants
6. Reaching of exits by occupants Minimum travel period
7. Passage of all occupants through exits Waiting period

N George and Noureddine (n.d.)

t,=t +1, ©)

=)

Tag
Vv v ¥
. ununaaaamnamswn Tyl laudaszeznainasiaduldaa
ansndszanaldannmslduuusiaesmanamaslud Guii)
Vv ¥
o ununadwanisuld lludsdyaaudouds Feeinse

Usznaldonnmasiuin Guin)
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szgznalumsneuausd Aonadasdssduanaa 199U 1u launsena
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v K
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i$EJ$L’JﬁWﬁ\iﬂﬁh?ﬁﬁJﬁmmu&gfﬁlﬂﬁﬂﬂﬁﬁ 7
t =t +t, (7)
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Occupancy Pre-movement Time ty, (5)
Alarm Bell Non-directive P.A" Directive P.A_ "
Hospitals 480 300 180
Residential 360 240 120
Nursing homes 360 240 120
Hotels 300 240 120
Places of assemblies 300 180 120
Sports stadia 300 180 120
Shopping complexes 300 180 120
Shops 300 180 120
Underground stations 240 180 60
Offices 240 180 60

"P.A. = Public Address System

N George and Noureddine (n.d.)
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A13199 6 LAAIANUHUIUUYDIAY ANNSMazIzeEn 1 Tuuaazfiani sy

Activity of any Floor or Compartment Occupant Density Travel Speed | Distance in
(persons/uf) (m/min) 2.5 min (m)

Crowd activities

Standing space 2.6 26 65
Bar standing areas 20 39 98
Stadia and grandstands 1.8 44 110
Space with loose seating 1.3 55 37
Areas without seating 1.0 62 154
Exhibition areas 0.7 68 171
Lobbies, foyers 1.0 62 154
Bar sitting areas 1.0 62 154
Dance floors 1.7 46 115
Stages for theatrical 13 55 37
Spaces with loose tables 0.9 64 160
Restaurants, dining rooms 0.9 64 160
Dining, beverage etc. 0.8 66 165
Indoor games, bowling 0.1 73 182
Classrooms 0.5 73 182
Reading or writing rooms 0.5 73 182
Teaching laboratories 0.2 73 182
Training rooms in schools 0.1 73 182
Gymmnasia 1.7 46 115
Supermarkets, bazaar 0.5 73 182
Sales - ground, basement 04 73 182
Sales - upper floors 02 73 182
Showrooms 0.2 73 182
Sleeping activities <0.5 73 182
Working, storage efc. <0.5 73 182
Intermittent activities < 0.5 73 182

N George and Noureddine (n.d.)

2.3 wgAnssuMsAouanasne lWiazn Iy (Behavioral Response To Fire and

Smoke)
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TunszurumsfnyI9eildo NIz MTENINMIATIVNDIUNAHMANE Tnd
nuUszeznmRninOusumauNldamnamalinudiayaeiinvedldeinsiegluga
a A dq v o Y o = a
amguaziunlndifies 3a (Wood) (SFPE HAND BOOK, 1995) ldvimisdnmingdnssu

L4 a

o J
mMsaeudueveddldeints vnmsdunimaldiussaumanisaiwddInd 2,193 au

]
S 2

snmgmsalmaan 952 afe Taeniinaunnnitsnudusadse Merfumgnsel
wiaeluludengu aneauaud waznad numgAnssuMsaeuduesinULmITaNL T
Uszian'lddad myowen msdumas msirdamas nazmsudallgaminsnudumas
wonIntiy 138U (Bryan) (SFPE HAND BOOK, 1995) 1@ msdAnuInganssu
m3aeuauedvesrIansgouimainnguildernsszianiiederds vrnnisi
HUDADUDINIINAUTINIY 584 AU Dnigmsaimaslu 335 A%1 INMsANEveIa 2 AN
wudmgAnssuusniinseiuilefamamasludzudsfuame Funanees Iianudiiy
fumssumas Tuvasfimavdastuaseiunuas Ianudemdedoulumsensnesnain

9113

c; =2 4 [ a ~ o A
M3197 7 HaAIamsANE1v999a (Wood) 1az 1U50U (Bryan) wgdnssuusniinszinuile

a a Y
naranas nd

Actions British Percent U.S. Percent Py - P2 SEp, -p, CR
Notified Others 8.1 15.0 6.9 1.38 5.00**
Searched for Fire 12.2 10.1 241 1.51 1.39
Called Fire Department 10.1 9.0 1.1 1.40 0.79
Got Dressed 2.2 8.1 59 0.85 6.94**
Left Building 8.0 76 0.4 1.27 0.31
Got Family 5.4 7.6 2.2 1.1 1.98*
Fought Fire 149 10.4 45 1.63 2.76**
Left Area 1.8 43 25 0.70 3.57**
Nothing 2.1 2.7 0.6 0.69 0.87
Had Others Cali Fire Department 2.8 22 0.6 0.76 0.79
Got Personal Property 1.2 241 0.9 0.55 1.64
Went to Fire Area 5.6 241 3.5 1.01 3.47**
Removed Fuei 1.2 1.7 05 0.53 0.94
Enter Building 0.1 1.6 1.5 0.30 5.00**
Tried to Exit 1.6 1.6 0 0 0
Closed Door to Fire Area 3.1 1.0 21 0.76 2.76*
Pulled Fire Alarm 27 0.9 1.8 0.70 2.57*
Turned Off Appliances 4.1 0.9 3.2 0.85 3.20*

N =18 2192 580
*Critical ratio significant at or above the 5 percent level of confidence.
**Critical ratios significant at or above the 1 percent level of confidence.

1an: SFPE HANDBOOK (1995)
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Y A a =2 o Y A a ¢ A ] Y] Y ' o
NOININALVE AT YYI1ULIUADU Llﬂgﬂﬂ@.ﬂﬂiﬂllﬂiﬂﬁi% INVDYAAINANITTNITDIULUN
a 2 A 1% 9 a A d‘ ] 1% ]
‘Wf]ﬁﬂiiiJllﬂ 3 Uszian v Myonen ﬂﬁﬂﬂ‘]J!ﬁlﬂ‘lﬂ , MIANIYLWAN, IAADUNNIUAIU LASHU
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15190 8 LEAAINYANTTUVDIVIIOINGBLIAZ BIUT NN

British U.S.

Behavior Percent Percent Py — P, SEp,_p, CR
Evacuation 54.5 80.0 25.5 230 11.09**
Reentry 43.0 27.9 15.1 2.30 6.57*
Fire Fighting 14.7 22.9 8.2 1.74 4.71**
Moved Through 60.0 62.7 2.7 2.29 1.18

Smoke
Turned Back 26.0 18.3 7.7 2.01 3.83**
N=25 2193 584

*Critical ratio significant at or above the 5 percent level of confidence.
**Critical ratios significant at or above the 1 percent level of confidence.

7111: SEPE HANDBOOK (1995)

aanziansanyla (Tenability Criteria)
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4 4 9 [ 0 Aa 9 qszl a
IMO31H03 (Purser) Iaagszauunanynnmsw lniuazigueduaoumsiszitiuna
A a ] o ~ 9 Y o w d‘ o Y a K 1
nsznuNezmanuuyed 91015197 9 laudasdodinaanziildvuaad daunanuaie
A 1 d v 1 9 =2 [ 4 4
HazILAN0IRoIzUVYTE AN namaanaln 1dsudeseduaisueuneuuen laa (CO),
¢ a ¢ P ' oA 4
laTasiouleelua (HCN), songiau (0,), miveulasenled (CO,), AAnuToudeiium,

QUNYTINA LAZANUNLILULYBIATURDNT DALY

A1 9 annzhnansanuld (Tenability Criteria) (Buchanan, 1994)

Tenability Type Tenability Limit
Convection Heat | Temperature of the relevant gas layer < 65°C (time to incapacitation for
30 min exposure)

Smoke Visibility in the relevant layer should not fall below 2 m
Obscuration
Toxicity CO < 1400 ppm (small children incapacitated in half the time)
HCN < 80 ppin
0,>12%
CO, = 5%

(the above critical values lead to incapacitation in approximately 30 min)
Radiation Heat | Radiant flux from upper layer < 2.5 kW/m” (this corresponds to a gas layer
temperature of about 200°C; above this, the tolerance time is less than 20 s)

N George and Noureddine (n.d.)

i v 4 0 Aa
M3197 10 @ zia1mnsanu'ld (Tenability Criteria) IalfioannuRaiy

Chemical Products 5 min Exposure 30 min Exposure
Incapacitation Death Incapacitation Death
Carbon Monoxide 6000 ppm 12000 ppm 1400 ppm 2500 ppm
Low Oxygen <13 % <5% <12 % <7 %
Carbon Dioxide > 7 % > 10 % > 6% =9 %

N George and Noureddine (n.d.)



Y o v A a o s ' =]
m‘naﬁ 11 Llﬁﬂ\i‘laljﬂi]'lﬂﬂﬁlﬂﬂiﬂﬂﬂ’Ju“dﬁ\?ﬁﬂwaﬂ@ﬂ1ﬁll®\u'ﬂu

23

Location Minimum Visibility within Room
In a small room 2m
Other rooms 10 m

n. George and Noureddine (n.d.)

ci A YA a 9
M13190 12 LlﬁﬂQﬁfﬂ’J$'I/IﬁWiJﬁﬂ‘I/lullﬂmﬂﬂmﬂﬂ’NiJiE)‘Ll

Mode of Heat Transfer Symptom Exposure Level
Radiation Severe skin pain 2.5 KW/m’
Conduction Skin burns 1 s of contact (metal) 60°C
Convection Skin/lungs affected by hot gas in > 60 s 120°C
Convection Skin/lungs affected by hot gas in < 60 s 190°C

N George and Noureddine (n.d.)

M13197 13 Critical times for reaching untenable conditions

Type of Zone Critical Time to Reach Untenable

Conditions in Means of Escape (min)

Unprotected fire zone
Normal sized room (< 100 m?) 2-25
Larger compartments or room (height > 4 m) 4-6

Partially protected zone
Natural smoke expulsion
Pressurization or extraction system 10

N

...o..w..;;-

Fully protected zone

Natural smoke expulsion, no lobby
Natural smoke expulsion, lobby
Pressurization or extraction system

=
]

N George and Noureddine (n.d.)
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Researcher(s) Visibility range Optical density

(m) (OD/m)
Iin (1976) 15 - 20 (unfamiliar occupant) 0.045

3 - 5 (familiar occupant) 0.17-0.3
Kawagoe (1967) 20 0.45
Wakamatsu (1968) 25 0.43
Los Angeles Fire Dept. (1961) 14 0.076
Rasbash (1967) 4.5 (dash to safety) 0.21
Malhotra (1967) 4.5 (dash to safety) 0.21

n: George and Noureddine (n.d.)
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4. deauyAgIu Mruavuavesnounaslaelyllsunsy FDS+Evac

Tunpydiaeslddmualiifnamqamas ludusnaldtulanayiula@ou
o dy a Aq Y o dyd [ ] [ 9
Tagdmuaiemasnldlununiiaeiife Polyurethane A1Mstanlassndnuanuion

(Heat Release Rate) 1111 7 MW (11@5311 NFPA 92B Edition 2000 18811 uavu1anounaa

Y '
o

@ "W dy A Y o A a Y 1w Y1 Y
YUAUNINY 2.1 MW) ‘WM‘VI‘HHWW]ﬂLﬂﬂﬂﬁLWWUlWiJ MINY 7 M1519was wazldainnuion

Aafuimi 1,000 kw/m® 1 1Wdn 1d1nmsudaslaeld TUsunsy Pyrosim 2007 nilousm

Y

a § o a a o [ <
WomauioMvuavnaveundasiaessns lunuusiaes szydasimss lumswn luduuy
< o & o ¢ o A g o
599157 (Fast Growth Rate) loufidetimuagilnsainsrnduivedamsIdszuuszuieniu
Y v H
Tugortiiiau lunuusiasstidsauydgiuldssuuszuiontuluaoiitinu Tdaunidl

4 4 v Y
msaem A lunsabfamaquas ludusnausumnumnaiiaaugae1nf(Exhaust) NFusuaa

v Y v
wauneunuiaannFueing lasa1siiutinoae1n1a (Supply) MauyATIUAINE1IN

nsonaslugamdeueTUsunsy FDS+Evac TagldniiiasuesTdsunsy Notepad

M319h 16 vinaneawaanlyluTasams luede

Local Projects in Asia Fire size (MW)
Airport and Train terminal hall Up to 7 MW
Shopping mall 5 MW
Atrium Up to 7 MW
Trian compartment 1 MW

111: Walter Wah Yuen and Wan Ki Chow (2005)
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&VENT SURF_ID='BURNER', XB=85.00,87.8,31.7,34.2,0.4000,0.4000/
&OBST XB=85.00,87.8,31.7,34.2,0.00,0.4000, RGB=0,204,0, SURF_ID='INERT"/

o Q:I wa & a d' o
uam‘xgﬂﬂ1mqmauummwmwmﬂ‘i’ﬂmmumam

&REAC ID ="'POLYURETHANE'
FYI ='C 6.3 H 7.1 N O 2.1, NFPA Handbook, Babrauskas'
SOOT_YIELD =0.10
N =1.0
C =6.3
CO_YIELD =0.02
H =7.1
0) =21/

saasgamdsmsimuamimslaalassndsnuanadounenuiitniyu 1000 kW/m® uaz

AMONTIM SN 3] HUVTIASI (Fast Rate)

&SURF ID='"BURNER',
COLOR='RED/,
TMP_FRONT=250.00,
HRRPUA=1000.00,
TAU_Q=-386.00/

saasgamdamshivualSinasmssznagaimanazmsinemadnluszuy

&SURF ID="Exhaust Vent,
RGB=26,128,26,
VOLUME_FLUX=18.08,
PART ID="Hot Air'/

&SURF ID="Supply Vent',
COLOR='YELLOW',
VOLUME FLUX=-12.76,

PART ID='"Cold Air'/




52

° o dos o ° o
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&HOLE XB=84,86,31,32,1.5,1.8, DEVC_ID='Dev_h1"/

&DEVC XYZ=86.00,32.00,1.5, ID='"Dev_h1', QUANTITY='TIME', SETPOINT=30,
INITIAL STATE=.FALSE./

&VENT SURF_ID="Exhaust Vent', XB=46.00,172.00,36.00,36.00,3.50,3.90, RGB=0,204,0,
DEVC _ID="Dev_hl'/ Exhaust Vent

&VENT SURF_ID="Exhaust Vent', XB=46.00,172.00,29.20,29.20,3.50,3.90, RGB=0,204,0,
DEVC ID='Dev_hl'/ Exhaust Vent[1]

&VENT SURF_ID='Supply Vent', XB=58.00,171.00,26.70,27.10,8.80,8.80, RGB=255,0,51,
DEVC _ID='"Dev_hl1'/ Supply Vent

&VENT SURF_ID="Supply Vent', XB=58.00,171.00,38.95,39.35,8.80,8.80, RGB=255,0,51,

DEVC _ID="Dev_h1"/ Supply Vent[1]

6000
$ /
Ultra-fast Fast / ,/
5000 A ; /
3 - ’
= g .
< 4000 A H Medlum//
® ; /
x /
[ N 7
@ 3000 A . s
L) //
[} K s
X 2000 - K g
® a s
Q ,/ .
T Slow _..—~
1000 - =7 et
0- e T . .
0 200 400 600
Time from Ignition (s)

PNA 28 uaasoniMsdaatlassndsnuuas L’Jaﬁ]WﬂﬂﬁLWWll‘Viﬁ

nu: Bwalya et al. (2003)
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mseh 17 l,!,ﬁﬂ\iﬂﬁl,!,‘]jﬂélﬂﬂf]ﬁm?llﬂfl}

Growth Design Fire Scenario Value of o | Characteristic
Rate time, t, (s)
Slow Floor coverings 0.00293 600
Medium | Shop counters, office furniture 0.0117 300
Fast Bedding, displays and padded work-station 0.0466 150
partitioning
Ultra-fast | Upholstered furniture and stacked furniture near | 0.1874 75
combustible linings, lightweight furnishings,
packing material in rubbish pile, non-fire-retarded
plastic foam storage, cardboard of plastic boxes
in vertical storage arrangement.

11: Bwalya et al. (2003)
5. adngamdalumsewonlaslylysiunsy FDS+Evac

5.1 Wimsmruavuialnsaiensenen(Evacuation Mesh) 14wannis@enny

AUMIMNUA TATIVIOVDAUNA (Fire Mesh)

HAAINMIMHUAIAIIVIEHSUMTONN (Evacuation Mesh)

FUB 1NV (Platform Level)

Main EVAC-mesh for z=1.0 m level

dx=1.0m,dy=1m

&MESH 1JK=135,12,1, XB=41,176,26,38,0.5,1.5,EVAC_Z OFFSET=1,
EVACUATION=TRUE.. EVAC_ HUMANS=TRUE.,ID="EMesh_0"/

Funeiinslaga1s (Concourse Level)

Main EVAC-mesh for z=6.0 m level

dx=10m,dy=1m

&MESH 1JK=182,25,1, XB=23,205,20,45,5.5,6.5,EVAC_Z OFFSET=1,
EVACUATION=.TRUE.. EVAC _HUMANS=.TRUE.,ID="EMesh_1"

¥
v Y k4

YU I1UA (Retail Level)

Main EVAC-mesh for z=11.0 m level

dx=1.0m,dy=1m
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MESH IJK=182,25,1, XB=23,205,20,45,10.5,11.5,EVAC_Z OFFSET=1,
EVACUATION=.TRUE..EVAC_HUMANS=.TRUE.,ID='"EMesh 2/
&MESH 1JK=91,25,1, XB=23,114,20,45,10.5,11.5,EVAC_Z OFFSET=1,
EVACUATION=.TRUE..EVAC_HUMANS=.TRUE.,ID='"EMesh 2L/

&MESH 1JK=91,25,1, XB=114,205,20,45,10.5,11.5,EVAC_Z OFFSET=1,

EVACUATION=.TRUE.. EVAC_HUMANS=TRUE.,ID="EMesh_2R'/

o va 1w sq Y o 14 v 9 T g
5.2 mwuﬂﬂmfmmlﬂJmﬂqumzmu‘nﬁlﬁﬂmmumamllmm ﬁiﬁi‘llu AN tLag

AUy Tasimruamanuansolumsasadsuunamas Indn 1-15 Ju1h Taenasanan

pupdraeunds Ind uaznaiEuiimsensweg 5-25 3u1i ndenasedula

saAININHUARMaNTAveINgNALI US04

&PERS ID='Adult,
FYI='Male+Female diameter and velocity',
L NON_SP=0.3,
DEFAULT PROPERTIES='Adult,

PRE EVAC DIST=1,PRE MEAN=5,PRE_LOW=1.0,PRE_HIGH=10.0,

HUMAN_SMOKE_HEIGHT=1.5,
COLOR_METHOD =0,

TDET SMOKE DENS=0.1,
FED_DOOR_CRIT = -30.0,

TDET SMOKE DENS=0.1 ,
HUMAN_SMOKE_HEIGHT=1,
OUTPUT_SPEED=.TRUE.,
OUTPUT_CONTACT FORCE= FALSE.,
OUTPUT FED=TRUE.,
COLOR_METHOD = 4,

DENS_INIT=1,/

DET EVAC DIST=1,DET_MEAN=10.0,DET_LOW=5.0,DET_HIGH=15.0,
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&PERS ID="Male’',

FYI='Male diameter and velocity',

DEFAULT PROPERTIES="Male',

PRE EVAC _DIST=1,PRE MEAN=5PRE LOW=1.0,PRE_HIGH=10.0,
DET EVAC DIST=1,DET MEAN=10.0,DET LOW=5.0,DET_HIGH=15.0/

&PERS ID='Female',

FYI="Female diameter and velocity',

DEFAULT PROPERTIES='Female',

PRE_EVAC DIST=1,PRE_ MEAN=5,PRE LOW=1.0,PRE_HIGH=10.0,

DET_EVAC_DIST=1,DET_MEAN=10.0,DET_LOW=5.0,DET_HIGH=15.0/

&PERS ID='Child',

FYI='Child diameter and velocity',

DEFAULT PROPERTIES='Child',

PRE_EVAC DIST=1,PRE_ MEAN=5,PRE LOW=1.0,PRE_HIGH=10.0,

DET_EVAC_DIST=1,DET_MEAN=10.0,DET_LOW=5.0,DET_HIGH=15.0/

&PERS ID="Elderly',

FYI='Elderly diameter and velocity',

DEFAULT PROPERTIES='Elderly"',

PRE EVAC DIST=1,PRE MEAN=10.0,PRE LOW=5.0,PRE HIGH=15.0,

DET _EVAC_DIST=1,DET_MEAN=20.0,DET_LOW=15.0,DET_HIGH=25.0/
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Uszinnueg 3 1 N3 2 NI 3
Aldrau AusnUnA 4 Wil | ihamssense 16 W17 | 1NANI50ADE 30 U7
Adult 107 333 625
Child 1 1 2
Elderly 2 8 14
59 110 342 641
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&EVAC ID = 'Platform1’,
NUMBER _INITIAL PERSONS =30,
XB =90,140,27,30,0.5,1.5
AVATAR COLOR ="'ROYAL BLUE,

PERS_ID ='Adult'/

&EVAC ID = 'Platform?2',
NUMBER _INITIAL PERSONS = 76,
XB =90,140,35,38,0.5,1.5
AVATAR COLOR ='ROYAL BLUE,

PERS_ID = 'Adult'/
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&EVAC ID = 'Platform3',
NUMBER_INITIAL PERSONS =1,
XB =90,140,35,38,0.5,1.5
AVATAR _COLOR ='TOMATO',

PERS _ID ="Child'/

&EVAC ID = 'Platform4',
NUMBER_INITIAL PERSONS =2,
XB =90,140,38,35,0.5,1.5
AVATAR COLOR ='KELLY GREEN,

PERS_ID = 'Elderly' /

saAIMIMHUARIHHIAEHAY 1nusazdsziamvesdaumulunsewan

o W a
NIV NIUN 2

&EVAC ID = 'Platform1’,
NUMBER_INITIAL PERSONS = 68,
XB =90,140,27,30,0.5,1.5
AVATAR COLOR ='ROYAL BLUE,,

PERS_ID ='Adult'/

&EVAC ID = 'Platform?2',
NUMBER_INITIAL PERSONS = 170,
XB =90,140,35,38,0.5,1.5
AVATAR COLOR ='ROYAL BLUE,,

PERS _ID ="'Adult'/

&EVAC ID = "Platform3',
NUMBER_INITIAL_PERSONS =1,
XB =90,140,35,38,0.5,1.5
AVATAR COLOR ='TOMATO/,

PERS _ID ="Child'/
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&EVAC ID = 'Platform4',
NUMBER_INITIAL PERSONS =38,
XB =90,140,38,35,0.5,1.5
AVATAR _COLOR ='KELLY GREEN',

PERS_ID = 'Elderly' /

&EVAC ID ="'Concoursel’,
NUMBER INITIAL PERSONS =24,
XB = 55,75,26,39,5.5,6.5
AVATAR COLOR ='ROYAL BLUE,

PERS _ID ="'Adult'/

&EVAC ID ="'Concourse2',
NUMBER _INITIAL PERSONS =24,
XB = 88,160,36,43,5.5,6.5
AVATAR _COLOR ='"ROYAL BLUE',

PERS _ID ='Adult'/

&EVAC ID ="'Concourse3',
NUMBER INITIAL PERSONS =24,
XB = 88,160,22,29,5.5,6.5
AVATAR COLOR ="ROYAL BLUE,
PERS ID ="'Adult'/

&EVAC ID ='Concourse4',
NUMBER INITIAL PERSONS =23,
XB =153,173,26,39,5.5,6.5
AVATAR COLOR ='ROYAL BLUE,

PERS _ID ='Adult'/
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&EVAC ID = "Platform1',
NUMBER_INITIAL_PERSONS = 139,
XB =90,140,27,30,0.5,1.5
AVATAR_COLOR ="ROYAL BLUE,

PERS_ID = 'Adult'/

&EVAC ID = "Platform?2',
NUMBER _INITIAL PERSONS = 326,
XB =90,140,35,38,0.5,1.5
AVATAR COLOR ="'ROYAL BLUE,

PERS_ID = 'Adult'/

&EVAC ID = "Platform3',
NUMBER _INITIAL PERSONS =2,
XB =90,140,35,38,0.5,1.5
AVATAR COLOR ='TOMATO/,

PERS_ID = 'Child' /

&EVAC ID = 'Platform4',
NUMBER _INITIAL PERSONS = 14,
XB =90,140,38,35,0.5,1.5
AVATAR COLOR ='KELLY GREEN,

PERS_ID = 'Elderly' /

&EVAC ID ="'Concoursel’,
NUMBER_INITIAL PERSONS =40,
XB =55,75,26,39,5.5,6.5

AVATAR COLOR ='ROYAL BLUE,
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PERS_ID ='Adult'/

&EVAC ID ="'Concourse2',
NUMBER_INITIAL PERSONS =40,
XB = 88,160,36,43,5.5,6.5
AVATAR _COLOR ='ROYAL BLUE,

PERS_ID ='Adult'/

&EVAC ID ='Concourse3',
NUMBER _INITIAL PERSONS =40,
XB = 88,160,22,29,5.5,6.5
AVATAR COLOR ='ROYAL BLUE,

PERS _ID ='Adult'/

&EVAC ID ="'Concourse4',
NUMBER _INITIAL PERSONS =40,
XB =153,173,26,39,5.5,6.5

AVATAR COLOR ="'ROYAL BLUE,

PERS _ID ="'Adult'/
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&SLCF QUANTITY="oxygen', PBZ=1.80/

&SLCF QUANTITY="oxygen', PBZ=6.90/

&SLCF QUANTITY="visibility', PBX=66.00/

&SLCF QUANTITY="visibility', PBX=162.00/
&SLCF QUANTITY="visibility', PBX=40.00/

&SLCF QUANTITY="visibility', PBX=187.00/
&SLCF QUANTITY="visibility', PBX=106.00/
&SLCF QUANTITY="visibility', PBX=120.00/
&SLCF QUANTITY='oxygen', PBZ=12.10/

&SLCF QUANTITY="TEMPERATURE', PBZ=1.80/
&SLCF QUANTITY="TEMPERATURE', PBZ=6.90/
&SLCF QUANTITY="TEMPERATURE', PBY=12.10/
&SLCF QUANTITY='"carbon monoxide', PBZ=1.80/
&SLCF QUANTITY='carbon monoxide', PBZ=6.90/
&SLCF QUANTITY='carbon monoxide', PBZ=12.10/
&SLCF QUANTITY='carbon monoxide', PBY=33.00/
&SLCF QUANTITY="optical depth', PBX=66.00/
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&SLCF QUANTITY='"optical depth', PBX=162.00/
&SLCF QUANTITY='"optical depth', PBX=40.00/

&SLCF QUANTITY='"optical depth', PBX=187.00/
&SLCF QUANTITY='"optical depth', PBX=106.00/
&SLCF QUANTITY='"optical depth', PBX=120.00/

Next line could be used to plot the evacuation flow fields:
&SLCF PBZ = 1.000, QUANTITY ='VELOCITY', VECTOR = .TRUE. /
&SLCF PBZ = 6.000, QUANTITY ='VELOCITY', VECTOR = .TRUE. /

&SLCF PBZ = 11.000, QUANTITY ='"VELOCITY"', VECTOR = .TRUE. /

&TAIL/

v
¥ A

o o a d o
5.5 ahlWavwana fds wszuranali Command Prompt Taeuf1dai5on

J { a J o o o
TWaninlasamnes udrnunaaida fdss.exe CHID.fds T¥ Taunsusira
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[Smokeview 5.2.2 - Jul 18 2008 Slice
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[Smokeview 5.2.2 - Jul 18 2008 Slice
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[Smokeview 5.2.2 - Jul 18 2008 Slice

3 rd FL

2 nd FL

1 st FL.

3.00

0.00

30 Sec

mesh: 1

Frame: 75
[Time: 30.0 [

(n)

[Smokeview 5.2.2 - Jul 18 2008 Slice

300

270
3 rd FL 240
210
180
2 nd FL. 150

12.0

9.00

1 st Fl.

6.00

3.00]

60 Sec 0:00

mesh: 1

Frame: 150
Time: 60.0 [ ]

v

H [ <3 { o 1
anﬁ 78 llﬁﬂ\jﬂ']ﬂfﬂilﬁ']u15ﬂ1uﬂ15Nﬂ\ilﬁuﬁﬁ“!ﬁu\jizuqﬂ X =120

aA g
NIUNISUVUISUIAIU



Frame: 300
Time: 120.0

[Smokeview 5.2.2 - Jul 18 2008

3 rd FL

2 nd FL

1 st FL.

120 Sec

24.0

21.0

18.0/

15.0]

12.0

9.00

6.00

3.00

0.00

mesh: 1

()

Frame: 450
Time: 180.0

[Smokeview 5.2.2 - Jul 18 2008

3rd FL

1 st FL.

180 Sec

27.0

24.0

21.0

18.0

12.0

9.00!

6.00

3.00]

0.00

mesh: 1

NN 78 (90)

)



121

[Smokeview 5.2.2 - Jul 18 2008
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Frame: 1500
Time: 600.0

[Smokeview 5.2.2 - Jul 18 2008

2 nd FL

1 st FL.

600 Sec

24.0

21.0

18.0/

15.0/

12.0

9.00

6.00

3.00

0.00

mesh: 1

()

Frame: 1800
Time: 720.0

[Smokeview 5.2.2 - Jul 18 2008

3rdFL

2 nd FL.

1 st FIL.

720 Sec

Slice

30.0

27.0

24.0

6.00

3.00

0.00

mesh: 1

NN 78 (90)



[Smokeview 5.2.2 — Jul 18 2008

[Frame: 75
[Time: 30.0 | ]

24.0

21.0

18.0

15.0

12.0

9.00

6.00

3.00

0.00

mesh: 1

[Smokeview 5.2.2 — Jul 18 2008

[Frame: 150
Time: 60.0 | ]

Slice

30.0

27.0

24.0

21.0

15.0

12.0

9.00

6.00

3.00

0.00

mesh: 1

H [ <3 { o 1
anﬁ 79 llﬁﬂ\jﬂ']ﬂfnllﬁﬁ\l'liﬂsluﬂ'liNﬂ\ilﬁuﬁﬁ“n’iu\jizu']ﬂ X =187

aA g
NIUNISVUITUIYAIU



125

[Smokeview 5.2.2 - Jul 18 2008 Slice
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[Smokeview 5.2.2 - Jul 18 2008 Slice
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[Smokeview 5.2.2 — Jul 18 2008 Slice
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Smokeview 5.2.2 - Jul 18 2008 Slice
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[Smokeview 5.2.2 - Jul 18 2008
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[Smokeview 5.2.2 - Jul 18 2008 Slice
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[Smokeview 5.2.2 - Jul 18 2008
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[Smokeview 5.2.2 - Jul 18 2008
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3rdFL

2 nd FL

1 st FL

Frame: 900

[Time: 360.0 |

27.0!

24.0

21.0

0.00

mesh: 1

2NN 81 (10)
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[Gmokeview 5.2.2 — Jul 18 2008

Frame: 1000
Time: 400.0

1 st FL.

400 Sec

Slice

30.0]

27.0

21.0

18.0

15.0

9.00

6.00;

0.00

mesh: 1

(1)

[Smokeview 5.2.2 - Jul 18 2008

Frame: 1200
Time: 480.0

1 st FL.

480 Sec

Slice

mesh: 1

2NN 81 (0)

(1)



[Smokeview 5.2.2 - Jul 18 2008

3rdFL

2 nd FL

1 st FIL.

Frame: 1500

600 Sec

Time: 600.0 |

Slice

3.00

0.00

mesh: 1
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[Smokeview 5.2.2 - Jul 18 2008

3rdFL

2 nd FL

1 st Fl.

Frame: 1800

[Time: 720.0 )]

3.00

0.00

mesh: 1

2N 81 (90)
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[Smokeview 5.2.2 - Jul 18 2008 Slice

30.0
27.0
24.0
21.0
2 nd
15.0
12.0
9.00
6.00
1st

3.00

0.00

mesh: 1
Frame: 75
[Time: 30.0 [ |

(n)

[Smokeview 5.2.2 - Jul 18 2008 Slice

30.0
27.0
3rdF
24.0
21.0
18.0
2 nd
15.0/

12.0

9.00

|/ [ e R N

6.00;

3.00]
0.00

| mesh: 1

1st

Frame: 150
Time: 60.0 [

v
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[Smokeview 5.2.2 - Jul 18 2008 Slice
i m
30.0
27.0
3rdFl.
24.0
e
21.0
18.0
2 nd Fl
15.0
o BRE
B
~ . 9.00
6.00
1 st FI
3.00
0.00
mesh: 1
[Frame: 300
[Time: 120.0 |
G))
[Smokeview 5.2.2 - Jul 18 2008 Slice
i m
30.0]
27.0!
3rdFL
2 24.0
-
21.0
18.0
2 nd Fl
15.0
S 120
[
- 9.00
6.00;
1stF
3.00
180 Sec
0.00
| mesh: 1
Frame: 450
[Titme: 180.0 |

\
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[Smokeview 5.2.2 - Jul 18 2008 Slice
m
30.0
27.0
3rd
24.0
21.0
2 nd 18.0
15.0
12,0
it 9.00
LstE LA NV
s 6.00
3.00
0.00
mesh: 1
Frame: 600
Time: 240.0 .
@
[Smokeview 5.2.2 - Jul 18 2008 _ Slice
m
30.0
3rdF 575
24.0
21.0
2nd 18.0
15.0
12.0
2.00
1 st 6.00
3.00
360 Sec
0.00
mesh: 1
Frame: 900
Time: 360.0

®
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[Smokeview 5.2.2 - Jul 18 2008 Slice
m
30.0
27.0
3rd Fl
24.0
21.0
18.0
2 nd Fl
15.0
12.0
9.00
6.00
1stF
3.00
0.00
mesh: 1
Frame: 1000
[Time: 400.0 |
(¥)
[Smokeview 5.2.2 - Jul 18 2008 Slice
m
30.0
3rdFl are
24.0
21.0
18.0
2nd F
15.0
& 12.0
2.00
6.00
1stF
3.00
0.00
| mesh: 1
Frame: 1200
[Time: 480.0 |

2NN 82 (710)
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[Smokeview 5.2.2 - Jul 18 2008

S —

1stF

[Frame: 1500

[Time: 600.0 |

Slice

30.0

27.0

21.0

18.0/

15.0]

6.00

3.00

0.00

mesh: 1

[Smokeview 5.2.2 - Jul 18 2008

1st

Frame: 1800
[Time: 720.0

6.00;

3.00]

0.00

mesh: 1

2NN 82 (710)
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[Smokeview 5.2.2 - Jul 18 2008

mesh: 1
Frame: 75
Time: 30.0 [ | ]
[Smokeview 5.2.2 - Jul 18 2008

30 Sec

mesh: 1

Frame: 75
Time: 30.0 [ | ]
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[Smokeview 5.2.2 - Jul 18 2008

mesh: 1
Frame: 150
Time: 60.0 [ | ]
[Smokeview 5.2.2 - Jul 18 2008

60 Sec

mesh: 1

Frame: 150
Time: 60.0 || ]

v
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[Emokoview 822 - Jul 16 2608

[Ereoven 522 - o 2008
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mesh | mesh 7|
[Frame: 300 [Frame: 300
[Time: 120.0 || [Time: 120.0 ||
[Smokeview 5.2.2 - Jul 18 2008
— i i
ca = i »
L = T
i = =i e L
=i} | T I i ’“‘Jﬁlj
i1} - - L ||
120 Sec
mesh: 1
Frame: 300
Time: 120.0 I ]

Q)

2NN 83 (710)



148

[Emaeview 522 - W 18 2008

[Emokoviow 522 - I 1 2698

[Frame: 450 e 1Frlml: &0 bk
[Tine: 100.0 — [rime 190.0 E— ]
[Smokeview 5.2.2 - Jul 18 2008
_— ; -
= |
—_— ‘M— ||
J |
180 Sec
mesh: 1

Frame: 450

Time: 180.0 I
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[Ewakeviow 5.2.2 - 1 18 2008

[Frame: 00
[Tene: a0 0 I

[makevicy 5.2.2 - ol 18 2008

mesh: |

[Frame: G0
[Time: 2500 |

mash 7

Smokeview 5.2.2 - Jul 18 2008

Frame: 600

240 Sec

Time: 240.0 I

mesh: 1

NN 83 (710)
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[Emakeviow 5.2.2 - Jul 18 2008 [Ermokevicw 5.2.2 - Jul 18 2008

\

N

mesh mesh 1
[Frame: 200 [Frame: 500

[Tioe: 3600 e [Time: 550.0 ||
Smokeview 5.2.2 - Jul 18 2008

360 Sec

mesh: 1
Frame: 900

Time: 360.0 | J

®
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[Emakeview 5.2.2 - Jul 18 2008

[Smokeview 5.2.2 - Jul 10 200¢

mesh: 1| ieshe 1)
[Frame: 1000 [Frame: 1000
[Tise: 4100 1§ [Tine: 400.0 |
[Smokeview 5.2.2 - Jul 18 2008
400 Sec
mesh: 1

Frame: 1000
Time: 400.0

PN 83 (70)

(¥)




152

[Ermekeview 522 - JUl 18 2008

[Frame: 1200

______ Saaa—

mokeview 5.2.2 - Jul 16 2008

[Smokeview 5.2.2 - Jul 18 2008

Frame: 1200

mesh 1) mesh: 1|
[Frame: 1200
[Time: 480.0 I
480 Sec
mesh: 1

Time: 480.0

2N 83 (A0)
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(Stkeview 5.2.2 - Jul 18 2006

rame: 1500

[Tim: 6000 L —

Swokeriow .23 - Jul 187608

mesh |

frrame: 3000
[Time. 232.45 I

mokeview 5.2.2 - Jul 18 2008

Frame: 1500

600 Sec

[Titme: 600.0 .

mesh: 1

2N 83 (A0)

()




154

[Emekeview 2.2 - Jul 16 2608

[Fram: 1800
____________=aaa—

maste 1|

[Smokeview 5.2.2 - Jul 16 2000

[Smokeview 5.2.2 - Jul 18 2008

Frame: 1800
Time: 720.0

720

mesh:
[Frame: 1800
fne7z00
Sec
mesh: 1

2NN 83 (70)
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Smokeview 5.2.2 - Jul 18 2008

Frame: 75
Time: 30.0 |
Smokeview 5.2.2 - Jul 18 2008

mesh: 1

30 Sec

Frame: 75
Time: 30.0 [

mesh: 1

(m)
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[Smokeview 5.2.2 - Jul 18 2008

Frame: 150

Time: 60.0 [ |

[Smokeview 5.2.2 - Jul 18 2008

mesh: 1

Frame: 150

60 Sec

[Time: 60.0 [

mesh: 1

2N 84 (A0)
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Ve §22 I T8 7008

[Emokoven 2.2 - Jul 18 2608

mest 1 meshc |
P vs -— [ 0s -—
[Smokeview 5.2.2 - Jul 18 2008
(UL Wi I i i
=] 11 i
i 1 1 LI
T = 1= : : !
il IT W WT
120 Sec
mesh: 1

Frame: 300
Time: 120.0 I

Q)]

PN 84 (70)
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[Ewakeviow 5.2 - 173 2008

[Emokoviow 522 - 3l 19 2098

[Frame: 450 " 1FFIMB S0 e
[Time: 100.0 ! [rime. 1000 !
[Smokeview 5.2.2 - Jul 18 2008
180 Sec
mesh: 1

Frame: 450

Time: 180.0 I

2NN 84 (70)
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i | e
Jrame. 500 frame. 500
frime 2400 — 1 [rime: 2400 —
[Smokeview 5.2.2 - Jul 18 2008
240 Sec
mesh: 1

Frame: 600

Time: 240.0 |

(@)

PN 84 (70)
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[Emaeview 522 - W 18 2008

me: 500
[Time: 380.0

=

=
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—
[Smokeview 5.2.2 - Jul 18 2008

Frame: 900
Time: 360.0

loar T
et | st
e st —
360 Sec
mesh: 1
]
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[Emaeview 522 - W 18 2008 Srokevew 27 - W19 7008

[ =

mesh: | mesh 1
fFrame: 1000
I [Time. 4000 I

[Smokeview 5.2.2 - Jul 18 2008

[Frame: 1008

——
\IH

NEE

400 Sec

mesh: 1

Frame: 1000
[Time: 400.0 . ]

(¥)

2NN 84 (70)
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Sk 523 - M8 508

[Frame: 1200

[Emokeview 5.2.2 - Jul 18 2008

Frame: 1200

Sk B 13- W 008
_,//
s mear: |
frane 1200
[Teme: 4200 I
480 Sec
mesh: 1

Time: 480.0 I

2N 84 (A0)
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‘Swokeviow 522 - Jul 13 2008

= o

Frame; 1500
Teme: 600.0

okeviow §.2.2 - ud 18 2008

mesh |

[Frame: 1500
[Fime: &00.0

[Smokeview 5.2.2 - Jul 18 2008

Frame: 1500

600 Sec

[Time: 600.0 .

mesh: 1

2NN 84 (0)
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inokevior § 2.2 - S 18 2008

o =

= =l

rame: 1600
e 720.0

koo 522 - RV 7008

mesh: |
ferame: 1800

S
mokeview 5.2.2 - Jul 18 2008

Frame: 1800

[Time: 720.0 I

720 Sec

mest 7

mesh: 1

2NN 84 (70)
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Body type Ry R:/Ris Rs/Ris ds/Rq Speed
(m) (-) (-) (-) (m/s)
Adult 0.2554+0.035 0.5882 0.3725 0.6275 1.25+0.30
Male 0.270+£0.020 0.5926 0.3704 0.6296 1.35+0.20
Female 0.240+0.020 0.5833 0.3750 0.6250 1.15+0.20
Child 0.210+£0.015 0.5714 0.3333 0.6667 0.90+0.30
Elderly 0.250+0.020 0.6000 0.3600 0.6400 0.80+0.30

101: Fire Dynamics Siulator with Evacuation FDS+Evac, Version 5. Technical Reference and

User’s Guide
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