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Abstract

Fire alarm system, fire control system including smoke and heat ventilation system
for the underground station and tunnels have been featured in many case studies. Because
of the injuries and deaths are caused by inhalation of toxic smoke, most of which are
composed of carbon monoxide, which causes dizziness, nausea, vomiting, unconsciousness,
and death. This research aims to study and simulate the flow behavior of smoke in
underground station. Also, study the effectiveness of the smoke exhaust before and after
the installation of the ventilation system. By simulating a fire, with 7 MW polyurethane fuel
and no flame spread at the center of the lower platform, the tunnel of the lower platform
and the center of commercial level for 7 minutes after the fire. Factors is used in
effectiveness comparison include temperature, carbon monoxide, visibility and the flow
behavior of smoke only. The simulation results after the installation of the ventilation
system estimate that the smoke moved to the evacuation areas likes walkway, stairs and
escalators slow down. The average temperature does not exceed 50 degrees celsius. The
average carbon monoxide density does not exceed 100 ppm (parts per million). Extension
time to have visibility above 5 meters, which can clearly see the signs, is about 1-2 minutes.
Maximum effectiveness occurs at the fire at in lower platform tunnel in case of ventilation
system installation. Therefore, installation of ventilation system can slow down the flow of

smoke. The passengers will have more time to evacuate and can evacuate more safely.

Keywords : Fire, Flow Behavior, Smoke, Underground Station, Numerical Methed, FDS, BIM, Pyrosim
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2.1 wmmaemaﬂuwuﬁﬂm (Enclosure Fire dynamics) [6]
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nrsiAanaslndlufunUeaiunsaia lanainualsan 1unN1TYUNUA NwaE N

- & da & - YY) a °
LSTIAMATBINUNTA STUUTZUIDINIA LWWoLNae Ludu feunisesulawaznisinass

as L o ar o E=9 v d

wnmsalfenaieissenfenisitasinisiiamg iwlniainnisnaaes NFSC2 Faduns
a o dly Aq dn‘ 173 [= = o o
naassnsiialnlundnglununda ngenlaainnismeasstiununveduuuinaainaanas
@ si" 8 d‘l’ nlq o 8/ [ o’a‘
(Plume Model) Tngmpuuaznianisnuyesiundaavgnyilliaiun saueaiumg nsain

wadunelula

Lﬁal.%amaamﬂmmﬁmﬂ"mw'fl,wﬁuamﬁﬂﬂ"fuaaaﬁaﬁuﬁq ﬁagﬂﬁ 2.1 ATuSoUY
aseftulngenduLsansfa (Buoyancy) amanduniniagsavaglvaduunud deniu
apuftugeauiaumeu mslvaveseiusznszaeilunnsanureinaunuuaiaiian
iiansUzneszriaiulsifumeny (Ceiling Jet) 13U 2.1 (v)

U 2.1 (n) wuusassnesmdmdainmawnlvl () Ysaingnisal Ceiling Jet [6]
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Wunageadalugennianieuen aavineaiuiouszlvasgneia (Steady State) lledn3
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NMB4LID HGL (Hydraulic Grade Line) imdpuiitagaalaniuuu [6]
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398 (Radiation) HuwaULaEKTS dmsumstrawmausaugriugunaInILasiuasay
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Ventilation-controlled Fire) [6]

msflasiansgninivenndslddesiidomauazyiinmoondiouilifisams nsl
maqmaa%ﬁuae\jﬁ’uL‘fal,wﬁmasgﬂi'ﬁwaaLmaiaﬁ”u,ﬁﬂlw (The Fuel and the Geometry of
the Fire Source) Wiy ndsgnRalnidanasazgnaunufedomnas Tussuuauaunis
szuwomadmiumaadlslazdmalitiuiaeendiauliifismenazannsafianismn
s vivamwadlwld smsnisantdosmmieuszgnauaulasUinuveteendiouiiiing

Jaulnuaanunin

Tugilessuussusemedmiulusunsu FDS (Fire Dynamics Simulator) fn @ %38
. . 2 o a i o | v A b
Global Equivalence Ratio 14 WeeTUI8I1TEUUSEUIEDINIARINEITEUILRINALA AN DA
1 1A I =t =
AIAARSaEU Bawanaluaunisn (2.1)
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wa  r A8 Stoichiometric Ratio [-]
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Mass Flux U94900aau d@1SULDUANNTEUUTEUIEINIALUUSTSUYTA (Natural
o U A
Ventilation) wazwuun1ena (Mechanical Ventilation) @naunsamuiadlaainaunisi (2.2)
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Mg, ={—= (2.2)
2 0.23pV  :Mechanical Ventilation
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2.3 LUUIIa09INBNEY (Plume Models) [6]

TngUszatAvauuuInaoInesniallliineaduigniIngeves HGL lnvofe

LUUINa09U89 Heskestads way Thomas

23.1 uwuudnaes Two Zone (Two Zone Model)
WUU1889 Two Zone AsuuuTaeensiisindsindargluinunle 5Un 2.3 wanq

WNANNUFINTRIRUUTIRRY Two Zone



Hot layer

Cold layer

d o ﬂ!) An 1 1 = 1 123 1 =l
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at « i i s < ! i dy
auniiauIny (Conservation Equation) %L{‘JumasuLdaul‘tl‘izw’;’laﬁaaﬁ’auu (6]

LUUS1ED Two Zone dnfuiiuiitnazgnutadiuassdiufie daudouuinmsuuy
wazdufurinaduan Msinvesiuiivsassduiiondousiaesi nmsmuaasvesiui
wansdniiirerdeauniseuinsuaunauivuuudtaeaaadinaans (Mathematical
Model) Wy wuusianinedinas 4anaIniuuus1aes Two Zone Sid1ansafuanmIAn Wy
gamgivesusiagiud awgemsstuatulffe (Hud

232 uUUARIN@INas (Plume Models)
Usngnisalvesndslmlanunsnesunela dagun 2.4
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flow
Entrained — -t
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Flame

JUT 2.4 uuudnasaneands wannsiiansaeefmyuvesnTuuazn1svaidnvesennis
lngsau [6]
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wuuitassneamdsgnuusiimunsaufuimanisalindslugdeneg Ae1aindula
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wuudaesiugunanluudmnsusafsy Ao Buoyant Axisymmetric Plume @4nanaiis
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233  wuudnaednaunigauai (Ideal Plume Model)
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ANWAEUDN Buoyant Axisymmetric Plume LLﬂmﬂ\‘lg‘dw 25
z Velocity - and

A temperature
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Air entrainment
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ANUUANATNTDY P _- O uanslugung Ideal Plume Model
3) Auduiussendegamgll (T) fuadada (w ddnumslugusedaadi (Top Hat
Profile) uenanilsauufli u=0 way T=T,, Wosguonuimimiiveanaunas

4) pnadwesnsivadivesenniadu (v) Ao v=ou iile oc=0.15
wuudnasIneundsgauAR i uivann1IAIUNmBLLeY (Continuity Equation) way

Aun1TLUANLAZLSIaBEA? (Momentum-Buoyancy Equation)

2.3.4 Heskestads Plume Model
Heskestads Plume Model Lﬂuﬁauwﬁwaam@amﬁmu"um Ideal Plume Model

TpedinnsUszand Aall

o a o v o a 5 5.5 P
1) eiulauailvezgnunuiidiegaiiiaaiiou (Virtual Origin) NAugs 2,

2) Boussinesq I¥gnaveaniielv p_» P



3) udnsnmsdanUaesanuiauainniswianuieu Q,
4) l¥5uuuuvesndi@eu (Gaussian Profile) a8uneunuguseslandn uag AT, Ao
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PUNHUNAUNUAUENANYDINBRNES (Centreline Plume)
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sUfl 2.6 Amsiimesildlumstannsiinsizininaleasves Heskestads Plume
Model [6]
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2,=0.08307-1.02D (2.3)
do & fe Sheimsuasudesanudousi (kW]
D Ao mnaduRugudnanveafnlaaln [m]

FmSun1smuiusasImMsalBenaain Heskestads Plume Model dsdnAtyiines
nsuAsANgLRdEveLUalnas A1aunis (2.4) Farugevaadannislauiain deal

Plume Model

1=0.253G07°-1.02D (2.0)

e L fa ANwgIRABYRIUAUNGS [m]
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foudwiomaundanungaydeainnisuniiddsegnfosay 20 fis 40 veandanunUanUdey

PNUA f9UTRTINN5UanUaRsAUSaUIINNITNIANUSDULAIVBULM LEASIIENNTS (2.5)
OC=0.GQ, OC=O.80 (2.5)
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(z < L) aunsasuindlaainaunis (2.6)

. . 4
mp=0.00560c = (2.6)
L
= . = ) a kg
13D m, AD 9RMIINS WaYRINDUNES [—]
s
= ol [ =4
Z 2R m'mqa‘wLﬂﬂm'ﬂwamwaammmau [m]

s £ £ 2 = A 1 d =3
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(z > L) annsasualaannaunis (2.7)
. > 148 5/3 43
mp=0.07'1 QC (z—zo) +1.92*10 OC (2.7)
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Heskestads Plume Model UU&13150ATUIUANTANYDINDUNEY QUNHUVILAUNIY
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2.4 WUUIapenanansonnne (Fire Dynamics Simulator : FDS) [7]

Luudraasnariansonas et dulUshNSUNIIRIUNAE @RS VDI NALTIATUIN
(Computational Fluid Dynamics : CFD) d1m5udnasenisindounvadinlaslysyidouis
USu1a5318@ (Finite Volume Method) Tunisufiaunisiaasuinvesvedlvadadunisivan

AU IFN

Tudruvesuuuirasunasindiwamansvasluaideriuins (Hydrodynamics Model)
d195u FDS isun1saiunlae NIST (National Institute of Standards and Technology)
Tneufauniseysnudasznaulume

2.4.1 @un1sunies-dland (Navier-Stokes Equation)

auﬂﬁau%’ﬂﬁmﬁ (Conservation of Mass)

]
<= Vpu=0 (2.8)
ar
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& a

aumsay%‘nwﬂ?&ﬁ (Conservation of Species)
i (pv)+ Vpvu=Vpp, +m]" (2.9)
aun1saysnelauugiy (Conservation of Momentum)
P i:f+ 61 |7)u+ Vo-pe=f+ T (2.10)
auNToUsNYNEIU (Conservation of Energy)

5 — d "
p (ph)+ Vohu= d—F: +q + Vklr+ szph,.D,- .- Vc_qv (2.11)

e P fa UMWY (Density)
u fi? LINMBIAULS (Velocity Vector)
Y; Ao LAwdulnenIaTeINIagee [ (Mass Fraction)

= a © aaa i = 1 4 G
m;"  Ap 993N ANTedeYTURsveNIaLeER ( (Mass Production  Rate

of | Species per Unit Volume)

D fio fuuszAnsnnsunsvesiagesil ( (Diffusion Coefficient)
f o usiaeuendinsgyihdeusdlua

T AD LILAULEDU (Viscous Stress Tensor)

h Ao wUMay (Enthalpy; Heat Transfer Coefficient)

g, Ao windmsuwsiisimmieu (Radiative Heat Flux Vector)

Usgandn13uIAN3au (Thermal Conductivity)

>
o))}
e

Q)

3D

T 8 ReunNil (Temperature)

Uy

nslglusunsy FDS Aesfitvualamuyedan1sAuIn (Computational Domain) way
AvauLn (Boundary Conditions) Iaglusunsuazyinisuuslamuesniiuuiuins (Finite
Volume) 9u1ALan3113ULINS8nIIN158319030 (Grid Generation) Tuan1izanee anelu
Unmsiisniia aggndnalagldaumstsuisisiuiuniavievuianiadldimunly
wuusiaeszdosldnanisiuniigndes waslinuiiinseunguisuidsyesnanlu
nMsAadeReuiaees (CPU Time) fiivinzan
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2.4.2 5208735 Large Eddy Simulation (LES)

TUsunsu FDS T4seideuds Large Eddy Simulation (LES) Tunisauie wuudnaos
Fadaed 2 sudeuismhuldRansan fe mepuvidn@waTs (Dynamic Viscosity) w3e
i leun s2108u3T Large Eddy Simulation (LES) uags¢tdeui3s Direct Numerical
Simulation (ONS) Tagszideuiaimnauiunissassndslnmidmiuiuiianeuenains
(Outdoor Fire Model) azld/s18u3% Large Eddy Simulation (LES) @14 Sub Grid Scale
Model ¥84 Smagorinsky dmsunissassaniiznsivanvuiutaludruvesnisiivgd
Weuddyauwaniafiliaunsavilias BeafivanefszdrasmgAnssunisienlndves
Wowmdaiuanniald wahenmsiinsieiues Smagorinsky AAUREARInaIENsIESUNY

gt
P 2 o 172
U, =P(C, £)[2(defu). (defu)- % Vu?’] (2.12)

Tng ¢, (Wurasiives Smagorinsky, 4 1urunues Filter waznaduvasguduiug
fuilendunisnszane (Dissipation Function) faaunnsd (2.12) @aduiladdunsnsyaredu
nsaneloundrusadluifundinuanudou lusalouds LES Arduussaninistiang
%91 (Thermal Conductivity) wazenduUseavsnisundaans (Material Diffusivity) dzdusiug
Auaamuwiinwuutiutau (Turbulent Viscosity) Tun1siusaagimualst Prandtl Number
(Pr) ug® Schmidt Number (Sc) fidnaafi Tun1551a8e FOS A1ATves Smagorinsky ¢
Avualididaiiu 0.2 paeannnsl

2.4.3  WUUINaaINIsdlEnduaNsHaY (Mixture Fraction Based Infinitely

Fast Chemical Reaction)

wuvd1aIn1siHlnsldadauaninay (Mixture Fraction Based Infinitely Fast
Chemical Reaction) tag FDS Ifuvuiassuuaufgiuiindasmaminiveadomasiy
mmﬂgnmuqﬂmﬂé’m’lﬁu?}’mw?mﬁ’umﬂwwauﬁu (Mixed Controlled) Lipindaagii
UfA3efiuanmegnasmia (infinitely Fast Chemical Reaction) léifufenén ausiiiiin
MM lndifianysal Tunsdreeanddludnieueneinns (Fire and Flow in Outdoor)

FDS atunsalidlauaasuiiniy e liinastaanndaaiuaniunisalaswnd sty

AINFNRUSsEnIedadiuresiatuasnasendtAuduiusanug (State
Relation) mnuduiusaniugiiinain Wadlwilunsuuusiuiey (Laminar Diffusion Flame)
Juilsiduuuudadudnhlugnsesususingmsalalnlag Snsinisuses wdsnuana
Youanusofunaldansnsimsldesndiauiinuenues Wadlwineld audguinisanad
filudndulaensetoniu uadlituegfuidemddiguuuuilurenisonsunindiuans

lanaauns
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PnEUNTUSIUENRUS amwms’lwmmawamaLwaa uazieandlad dunusaell

mm m?
— (2.13)
VFMF VOMO

ANuduRusan UEdMTUIEIIUATEN LavnaniueiaunTaeyius (Derived) lny
] oS = Al a &
frsanuisenanuaiveaomasislasaiveau

CHyt+ Nx+y/4)(0,+3.76N2)— max(0,1-1) C,H,+ min(1,n) xCO,

+min CT.,I]) (§)H20+ max@,r]-l) (x+ E)OZH’] 6(+y/4) 3.76N,
(2.14)

wisfnes N ferdaus o Fauansanniiluiidomdslifioondwuie o Fowanads
anmriiudesndiay warldiideinds msaudotuseing N waz Z annsamlglasnnsld
foves Z iemdndiunausdsaunts (2.15) fullsdneresaunis (2.14) wagdndiudana
yoswanAaailsanRauesaunIs (2.14)

Y(Y—'Ya) VoM
A" Win oDy (2.15)

s F+Yg VEMEe

Tinadvossnsnisvantasendsuauiou awnsaesyinslannaunisnmseying
LALAIUSUNNSANIULVDIDDNTLAU FIRTINTUABENAINLALS aw Ui TueednsT
A5 hToaNTLIU

q" =AH,m; (2.16)

Tay AH Aosnsainisvastassndenuainusouiisunudsunaeand@unlalunisw
InsigadienUszann 13,100 flagavsienlansy

INNTOUSNHTAVDIRONTNAY AD

— = VoW +m™ (2.17)

[

dodruarsnaundulunungeysng Felaunauniseysnenissy Waduves
BWAINUaBDNTLAY

pz—f= Voo VZ (2.18)

@

anunsnideugulliduiinnivesdnsmudesndanuainiou lasldauniseying
YREIHEAN (2.18) UazAINFUNUSANILEYDIDBNBIAU Y,(2)

my =V (oo Zo ) S Vpp VZ=p (2.19)
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dusunvudnaaandsludlufiunnieusnaims (Fires and Flows in Outdoor)
o -y dl) A - s 1 U @l o B
Tunrsdranandslndluiunneusneians (Outdoor) fanwaugliunnsreiunisinasands
o A = s al s 1 o
Tuiin1elue1a1s (Indoor) wipsaniinatadiuls (Parameters) NAaT8HY WALUN1TINADY
=3 v o tJ qj - ul ﬁj q' :EOJ
waslwlineusnaimsanunsafmuansiedeuiivesaubiduldaninassidionugaiuy
o a & v ° ] o o a o
Ansvesavziindumulumeluluswnsy FDS aunsamuuaeulenineinuanusiau
Ielpeld@ds Profile Tuussyinueeds SURF §aaunsamvunsnwizvasaulagy Profile
i —_ v el o Y P
= ‘Parabolic’ agas1saunianvwaelAsINaunIsy (2.20)
u(z)=u, (z/2,)" (2.20)
) - = as ' al ' | a a -
Taeld u Ao AuiSraudseduanugenneqfimiielumnsdeduni, up fie
=1 1 1 =Y = = s 1 a =l 1 =
Anusraniimbhoduuasaediudi, z ﬂammqwadismummwau’l%wu'aaL{’Jumm, z, A
ANUgIITIAvaingiviaemes uae p Ao Waiduvesiuiiaing

2.4.4 aawusiInuqelunisdnaaawaeluil (Dimensionless Parameter in Fire

Phenomenon)

nslduunn (Az) Rwnzauueninnaysassmginssunisindouiivosdniuldud,
JUIATRINSATIMIYaNUENEIsRs IS Udoend A LS ouraunasviEs Ma and
Quintiere [8] l¢ildf FDS (Version 2) 41aeawginssunisinindivess1aln (Pool Fire) uagnis
inasuivesdaiulaeEue e R edususisunaveininwarsnsUdeendanu
anufouddeiumuannsee

* Az

R =——z (2.21)
(pocgﬁ)WS

oy R fio vuinveanialumensiudslsmiae, Az Aoruinvenin, Q AednsINTg
Udsewdanumuieu p_, T, uay C; Aspnmumuiuiu,gamail uaz Augaauieudmy
Ygs0nIAfigamaiives ey ¢ Aepnuisaiiesnnusiliudiedanian 9.81 waseduni’

Ma and Quintiere wui1 R" = 0.05 aglvinanisAmnuvesgamgilvesdiniuluyle
wWaalweiiles (Continuous Flame) fimmusiugigega Mdimsizvunnninanansniiaes
nganssunsalndassdad il agalsfmulunssrasunddlnlivesnisideilan /'
sananienslivnraniloeindedddsrevinatlunsfuaaann uarusnaninanisdiuam
faulaszedlutasdatu (Plume) dsaunsaldvunania Alngindals inssludasiidasul
yulngningandasiwsiasies (Continuous Flame)

2.5 NSLEINTUINNSA IMUNZaULAZTaR1NAYa I lUSUASH FDS [9]

n3m (Mesh) a1u1sauualdeanidu 2 Ussuanaeil Uniform MESH fia n3anda21a
ainauenielungosfiad1etu waz Non-uniform MESH fia nsandivuiaunnatenuniely

o

nassAwAsunaiety Ingussansnnuealusunsy Pyrosim 22diNau131nNN1sAINUATUIA
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a & ~ 1 o at (] L2 .
n3afmungay (esaniludiudrdvesnisaiuam lagld Poisson solver based on Fast
. = ﬂﬂd _y
Fourier Transforms (FFTs) Tu#iavnng y uay z 1602 wag 3 ¥89n3a (Mesh) AI59U19IN
A o s 1 1
wuuvladu 2037 5" laedi Lm,n Wudwudin sndaegadu 64=2° , 72=2°3% , 108=223"

2 3 4 5 6 8 9 10 12 15 16 18 20 24 25
27 30 32 3 40 45 48 50 54 60 64 70 75 80 81
90 96 100 108 120 125 128 135 144 150 160 162 180 192 200

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

d o 1 =f A o o al
gﬂ‘n 2.7 LARIAILaYIEMIN 1 09 1024 NaunsaUINlgnnIas 2,3,5 [9]

a

a P 1%
2.6 AMUNLNYIYDY

E Cui uag W. K. Chow lévihnnsinennisiedsuiivesaiunmsluviietnmeasiu aneld
Geulefifiuayldisruuszuivennma Taeldlusunsuduannamansvedlnaldediuim fie
CCEXACT Tngnnsshassyausniinisifuafudfiuiuas aszuussuigennieiitevinaan
dlannsinavesnfusufiuiiui fm‘ﬁﬂam‘qmﬁamﬁﬂﬁﬁmﬁqwut;ﬁxmammﬂuﬁﬂﬂL'ﬁa
Wisuiiisuuszavsamiumssiansyausn nadwsiilsainnissaesgminniieuiieuiy
i SaldaannIsaaeiass wudtanInnissiasslrarlndlAseiunisnaaesase fafu

o r-?{c! s = = A ar 14 L]
wUUsIasstRawITauunsAnNsiafsuAvesaiuneluielasuunalg [10]

b

melulsslniidhesadeuisidedaulaeldlusunsy Fire Dynamics Simulator (FDS) 41884
a v ol | a v oy 5w o &
wgnnseiwddnliaiirefign vinaesduhifundeauuuty 3 veseraslsalii ne

Fongni agvdna IdhinnsAnwimgfinssunsuwinszaeueseiuiiiaannindslnl

favummasiungiauin 10 50 way 131 MW Tasudanissnasndu 3 ndl Ao 91Aslifiad
syuumuauaiuldl enmsindeszsuumuguaiullaedtsssunni uazernrsfinnsszuy

=l

aunuaullaeisnana wasnmssraessnsdiiaaiedign fe nddlviivuin 131 MW wa
9nmssraeanuin lunsiiflenasladldfamsszuuauguaiuln afulilausaunsnszane
aseupquitLiviadunely 240 3unit vld§ujiRaeullassnenenesnainernnsld
funan gumniiaduatul 690 °C dmunsiiiorasiasassuuniunuaiuln aduly

{ [
o

: & & a A o =l -
FUNTOUNINITINYATBUAGUNWUNIN WQ‘UHJ’]']EJI‘U 475 U Faduszeziianuiuiene

dmdumsenenvesuftReu gamglindoaiuluimanaaiu 620 °C [11]

Yy
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AU Ununing ivinnsfinwaaumgiivesniulndruvunazaiugeveyies
o ) a o o v T
atulwlunsdrasundsinivetormsninisldvesunaililnvesdsenugaamnssuuvianis
v < v v 1 v da v v
Tneliruaulaluf 3 o liud Mesndinismudasnauvesvanlilnlaunse 2 Vies uagvies
P a da L = = o 2 s ' Ve wa
nilnszurunswanifinasldansusenienaianansenuiliifindunsgregufiRnumn
= L s o o ! . .
Hawedaads iWoeuisuravesnsinassseninalusunsa Consolidated Model of Fire
o l <l &
Growth and Smoke Transport (CFAST) uag FDS 91n11581899wudn Hadilanlusunsums

anadimlnalAanu [12]

g3ty Taudisn lavihnsfnwinisdtaesniudusiesedouiBilisiaas Large Eddy
Simulation (LES) #elTusunsy FDS iiefinwiuansgnuresuunania 0.05 0.025 uay 0.0125
IR AONATBINISAIUIUAIBLUUTIABY FDS WaefinmanssyuyaenuiIauuasvnnves
neundwioyuideavesdiniudes Inadrassnoandaruin 75 15 22.5 uaz 30 kW dauis
TuuuaseduAiaa1asa 0.59 0.89 way 1.15 m/s 3ANTsAnwInUIIvuIanaiinadonis
funa eI sulfigunainn1s91aeafuNaINNITMAG8IT8Y Oka kazame [13] uda
dmSururanin 0.0125 wing ailarmazdengean wuit Sanumaedeuluiiiiu 71.8%
duNansEUTDIAIEIaNLAE TR AN BsDsd ATy WUl levuinnes
wAsnsil yudssuesdiaTussusiununusian quLSHQLﬁmﬁummm"mﬁaauﬁﬁuﬁu
Tunensatudng demnuiiauast ypidusmesniuszsudsundufuinarenaunds yudes

a = a = 71
fAnanavienounastivuialugiay [7]

Xue-Peng Jiang, Hua-yun JI, Zhi-Sheng Xu lLa¢ Xiao-Li Yang Lavinnnsfnwiuasy
$rasanrsarvaunsivaresaiulnsluglusdsalu einnisanlugifiaurusalnii
salwisvgaiiefinnudu -3% lnefiinauiimadriteduenead uagiinauiinnasentite
spUweINIAAY Large eddy simulation Hiilomigumvgiivesaiu asuaadiu waznis
nszanefvosniueuueuenlednelugluag Tasrmuannuidmsmemveinaud 1m/s,
2m/s, 3m/s Way 4m/s MUFINU NANISANEINUIT NITIENAANTLUIEDINIA 3m/s a5
sulaldidlasarsanunsaenewlfesaaondsenmgiiveiniuiigedeegaieldnanila

neliAnauEsneselasiaseglued [14]

F590 wadves way g3ty sainis LiviansAnwingAnssuimdalnduaznis
wwinsvaneaiuliaigluermsuianssunsdamsuasmsvieadien sminendeysm Ymin
gays Mmeuvuiaeunddininamaniveslvaiadiuan Fire Dynamics Simulator (FDS)
Tagsranamginssunsunsnsznsvesniuniglurmsilofiamadmiluuiinadas atrium
A VSUNBAUNAT 3 VUM AD NBUNAITUIA 2.2 MW 7.1 MW K@z 14.2 MW wud1 fiansedn
anzdunmeaninsmiveuteusnledenslifimusniuiiasdosindasruussuisn fuls
dwiuneundanuuia wiilefarsaniiguugiilugesnadulugmandlv asdifivanes
wasrun 2.2 MW wirdhidilisndudesfieseszuussuieatuly dmiunsdineandevuia
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7.1 MW 11 nsfindeszuussuisafunisnaifissegnafienfifisme diuneandsuunn 14.2
MW azfpsfindeszuuszunsatunsnasauiulednaiu Ssegiligumgieiulniaded
°ﬁaamaL'ﬁultl@jmwﬁlwfuamn%’uﬁqﬁmeil’wmfw 49 pemwaldea uaziilofiansanienis
WWINTENYVRIATUNUIN nn*umc-mmLwﬁﬁuﬁuﬁaaﬁmﬁﬁzwismaﬂﬁ’umwna JufuUe
fnatuuazainufuafuivginlitesmaiulugnmilnvemniuvasafe wagmnia

WLNANFTUREID1ATIIUAMALYIN 1A UaBAN BBV UANNSUNBUNRIVUIA 2.2 MW [15]
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UNN 3

ATAHNUNTTIAY

=l .. . . . dn‘ @ o s
walulad Building Information Modeling (BIM) LUwmalulagngnimuidmniunis
9 a ¢ ' v [ o
2ONLUUDIAIAYTLUUABNIILADSINOAIUANNTELIUNTTANY IVdBnRdoIuaz)nABINIn
a & U o a ° P
S97u NeluiF09URLUIAATBINITDDNLUU LIATUNITHIIUY NITAIVANAMNINUDNIIY TIND
YN i o & %) ' . .
nsUsEauUiUdINAegMAeUes Tusunsu BIM 1wy Autodesk Revit Allplan ArchiCAD
& aa o [ o s aler 9
Tekla Wundeuldfuunlunulpseadranarauaaitnenssy dalulassnuitedivdenly
TUsunga Autodesk Revit lun1sstassuvunazysunAuuvanidsaluirldfuinszidu
a ' 2 P & o 0 YY) @ =2
TWsunsuieuazazansoni1sidey dnastulvltanudmsuinESeulazunne

Auunsasianmdiasadiipuasmiunamansaaasit (Fire Dynamics Simulator,
= oo =§J =4 - nl ' 1 2/
FDS) Tasanuideiiidenldlusunsy Pyrosim imsigtdulusinsuidteuazagmansanisidau

Hn13msI9seau (Validation) ﬁﬂ’nﬁ:‘mﬁa [16]

0‘5 o _= gj’ A ] u‘j 1
Funoumssiunuimvuauansliluzui 3.1 Tasanuisauisesnidu 3 duneulug)

b

19
1. a¥edrassannisolwihlafiunaz nisisauuigiunmanaaediuusasnse

2. msesmanglulusinsa Pyrosim

Simulation underground station by BIM
(Building Information Modeling)
program

!

Simulation smoke by FDS (Fire Dynamics Simulator) program
: study the flow behavior, dispersion, and temperature of smoke.

_/é'mb_ Smoke control
=
no \Qntrol yes Metlhod

3. ANSANRITEUUTEUIEDINA

. ¥
[ Exhaust air J ] Make up air
'
Fans Make up air
requirements inlet
Effectiveness !

comparison

SUN 3.1 WEURITUADUATITANLTEUIY
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3.1 a5 euuudtassaaniisalwinldfunaznisnsauuAgiunimaassluudasnsid
3.1.1 wuudiassaanisaluinlaqu
1) dnyazvasanand

aondsalwildauiidenlflulassuidediuannduuurumategsiudis (Side
Platform) fauansluguil 3.2 mseenuuvaaiifulusmuumsgiuaina NFPA 130 Standard
for Fixed Guideway Transit and Passenger Rail Systems [4] ﬁ?faﬁimqﬂizaaﬁ‘uaammgmﬁ
AB
- elestudiidrunldszuy Ae sruuardesgnosnuuu feads LagAIBY A
Hostufidliszuvdshifuastunafomasvituiy fenduieddinailunis
anEnAINARAMAVIBIAgNIaUTIREITUSARNY
- amuanysaiveslaseadne and 919 waznvug asfespsegifiedidnldsyuy
Felaifuianfummmdsinidusudedddinarlunisenewangainmemieimg
anduiAefudedse
- szuvazgnliuselominuingusvasddneiuazdosanunsaussmsuns1ouse
aunsaldnulfnudeuly ssuudesiinrududetie sgdesnsaglufeseiud

aanuuuly wazausalgrula

5UTl 3.2 aanfluvuruanegdndia (Side Platform)

a0 ifuunAng1e 20 WAS 877 261 WA AINENIINRLAUY 30 WAT NufiTan
26,920 A131WAS n1adn-senvnannil 3 ms aantiudsesniu 4 a1 T Fududn
(Commercial Level) suenslagans (Concourse Level) TR ITUUY (Upper Platform
Level) uagamumnansuana (Lower Platform Level) ﬁqLLﬂmq’lugUﬁ 33 uay 3.4

19



A Ve v i v v
JUT 3.3 vuavesarassalnilafiu (n) guuesmuuu (Top View) (v) yuaewumu

(Front View)

Lower Platform Level

Upper Platform Level

Concourse Level

Commercial Level

Ui 3.4 annfludseendu 4 du ldud duihu dunednslagans smwaduuy

LAZTIUTIANTUAS
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2) aneuzNIskEeIUeIAns (Occupancy)

) ¢ @ al A [ o v a a
Taqusvasavdnvesannd Aedlasasuiduagvieenmnldusmslussuulasuniae
v - o A ;23
Lildnanuuwiumiuindulunissenss waziioitnunlussuunalaglngasnIMUEoanaN
a v oA = o v P a al v
gondl duglnsarsvidilioindivandivansudiszeenananil Jagduaniilsalwitlafu
' YRS Iy | v W oA ¥ a % - v W <
wangusuenanliuInIsaunIsvududs Falinnsliuinisiiud deidndulute
nsuead (Metro Mall) USIautu Commerdial Bneie wazusaeIAsLAastuazidIuved
Winw (Staff Area) snyiuuugy Commercial Baludruiazlivunfiansaniunisdiaeansg

Y

a v at 1 1 1 a 5 v = n’fv 1. /80 ] [ [l
LW?NULWN LuaamﬂmulummﬁﬂlwaL‘U’lqummﬁlm NS 1$UUTERUANULALLUIEAAIUNUDYNY

U

Qs =l = =
Faiau wanesgazdenliluguin 3.5 01 3.8

| — e | Unpaid Area

Simulation Area = Unpaid Area + Paid Area [___] Fntrance Are

sUfl 3.5 wAns Commercial Level iUy (Top View)

4

E Staff Area - Unpaid Area

Simulation Area = Unpaid Area + Paid Area [[L] Paid Area

U7 3.6 LeaY Concourse Level yuuasuuu (Top View)
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Staff Area
Paid Area

gﬂﬁ 3.7 ua@na Lower Platform Level yusasnuuu (Top View)

[ staff Area

Simulation Area = Unpaid Area + Paid Area [ raid Area

U7 3.8 uama Upper Platform Level yuuasinuuu (Top View)
3.1.2 mMsseEnuAgiuniImaaaslulsaznsl

nsisauRgiunsnnaesluudazimgmsalindsinidmivlassnuideisaulag
F19599nan1un1saiasainuiintunazilantaifintusgiuiuan Auandlun1seia 3.1

suvsRnsanlnAsmemsallunsdiiaiirenan dufeszuudumddiamnsavihaula &
WNIESEUUSEUNE AN uTannsarnauldung wazneslwldinisanulw
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= =1 & a 2
A15797 3.1 uanansaiinyanisalingalnal

nsaIANEN

- a a D =t & =
sl 1 : msinmaumasiniusianina19tu Lower Platform (fisyuuszungeinie)

e = = 2 o =t o s
st 2 : madamauwdslnliudnannaistu Lower Platform (lifiszuuseuigeinia)

o a a PN ¢ a
5N 3 : nMainmauwdlndusinglusAtu Lower Platform (H5zuussuigennia)

=~ a a v o P 1=l
N3l 4 : madawaudslndusnglusadu Lower Platform (ldfiszuuszuigenie)

- o a a a = & 2
N3N 5 : MaiamsndsbniuTimnnaty Commercial (Hsyuusyuieenis)

= a a v a = & ; 1=
nstiN 6 : nainmandalndiuiinaninarsty Commercial (ladilsyuuszuiweinie)

o =
1) NN 1 waznsain 2

annunisal : unisdrasanisiiamnndslnduiiananatatu Lower Platform u3ian
o 4 4 g ¢l a & v - ¢ da & o
tuladeudadumanisalnineieduuiudiluedn wsn1saliifinnudesegluseauliunang
P Y 2 vl a & a < v = o 18 o o
Wesnntulagtuduladeuldinisfafwuianaimeludduladeusiud uindeilena
a & MWy 1= o I ) o = < o a a 2l
Anduldeg Juhundunsddnulaonsdd 1 uaz n3dan 2 \Wumaiamemdsluinge
=l s 1 IQ o 1 ﬂld 1al o

ey winsiif 1 sefimsyhanuvesszuuszuigenig dnsain 2 Liinsiauvesszuy

o ' a 9 as o
sEU1geIN1E MINeuMdsTasnaanasnelulusinsy Pyrosim fauanaslugui 3.9

[ i i Lk - C s sy g o T T i Vet Com: i | Pt on B4 st P e o iy GAAET e
it B Medel Devin Outd 104 Vorw My

domd v uadXC AAKAK BRI E S VS
T BB RO N+ RN S e g

s v when R EER RSO D O e -

+
L

Tl zasEERNTL A S
i B A - LR

bl Ltk

FUT 3.9 uaRINITIIIUVUIYEINBLUNAIUTIINAINGNEY Lower Platform
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oo =
2) NN 3 Laznsen 4

4 [ [J a a o= 3 &

dnrunisal : 1unisdrassnisiiaumsndsingiuiiaunieluglusdvesu Lower Platform
-] @t aal s = = L3 a 0 = of = =
dwmdunsdln 3 dunsdln 4 Fadummnsalniuanasgiu NFPA 130 desdilsienisiinngs
InduSnamssalwdmsunseanuuu Tuefnnisiiamgndslnlingluglusdaziinan

s Y o o v = 3 W
awanislnduesisadnvianistndesvesszuulni anudssweangmsnilleglusedy
= Y ¥o & et aial a o ) =
unan eldhundunsdifinuilaensdin 3 seiinsvinuvesszuussuigeIna dunsiii
4 azlhifinasyheueesszuuszuinainia N1 undreInaunienglulusunsy

Pyrosim fauansluguil 3.10

v it o M st s e s Pt T e Purberes aen G

JAORARRvHAKIO-N- @
T W VOO A+ AN e S
At - RETP  SOEE LSS S s -

Fres T ven Mo

i =

5UR 3.10 HARINITIIMLAINYBINBANEIUSIIRLINATY Lower Platform

Y
cial P =
3) NIV 5 WAZNIUN 6

antunisal : Wumssaesnsiamgasindusininansdy Commercial Tagluilagiu
FufigananalatinaDalsusnisiufusuandie Wy Susmisemsuasiaiesdiy $1u
wduane Judu felanuidssdeudnannizfnuaumddudldieg Fudufinmesnsalfinw
Tensdid 5 uas nsdifl 6 sdumsinmadwigauieaiy efufingdd 5 sziimsieu
YBITLUUTEUIDINA WAnsaif 6 9¢lifin15991uTeass UUTEUIERINTA 1152196 UMV

nosmasnelulusunsy Pyrosim Aauanslugui 3.11
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e - Tt Cave Thap, Commencia Tt C amenersd W ot ol pom
Fie B Mol Dwicns Coipdd FES View Halp
Elad YL BN G AORRA R0 -84

Brw RO WO K+ & & 5 0 e

S ore sren CRER @ o ENEELSD DO RS r

]
+
L3

1]
7
TidzacsEnuny 43
Nog-Bhasy @

NRRRE T

= o 1 = a = & &
E‘U“ﬂ 3.11 LAAINITINEFLLAUIVDINDIWAIUTLIUNINA1NYY Commercial

3.2 nsaearnglulusiunsy Pyrosim
3.2.1  msthlvawuusiassaantdnluTulusunsa Pyrosim

yn1suwdasiig (Export) wuusiaaslulyusunsy Autodesk Revit Tviegluniuana
dweg MNTuDalusung) Pyrosim w@vinns Import uldaananatisnlulusunsy

Taseuideieasinissassmaianulnaigluanidsalndalifu Tneviinig
Uszananalaeldlusunsy Pyrosim lutaan 420 Aurit ndaiaimemaslnddedredaain
11755714 NFPA 130 Standard for Fixed Guideway Transit and Passenger Rail Systems
AINUIATFIY mmmaﬂumiawawh il

s 1 miawawﬂimjwumm]ﬂ'l,ﬂaﬁmiuwmw"Iawumumjuamlﬂa Ao
annsnenewlalunailiiiv 4 uim

asdidl 2 msewewUszrsuanasineaeluurumatuiuuiiuaunie Point of
Safety Aedipsanunsnonenlaluaanliiiu 6 und uasuiiin Point of Safety avAvamTey
syvugunsalynegnalivsyysuanansadssiineglietsasndy Wy ssuuenia szuy
fumdamnuiln sautvszuutaeTiavnedn Wudu [4)

Lﬁa’lﬁdﬂa&iamsﬂsvmawa%'m.ﬂﬁ'wwﬂaamﬁ'ﬂmmﬁuﬁamauaﬂmmim'}mumﬂﬁ
Uingauatemadi-senaniil wmimLamywqmﬂisumﬂwaﬂuaamulw nsUAELLUAs
v99gamgfl Usuiamisveusouanled LLavwﬂmaUn'ﬁummmmuu TnulFeuiiigy
Ui.,awsmwm'ﬁumamulﬂnauua MEINTAARITTUUSEUIBRINIARIMTUNSIARMRNEY

IniumnA iy
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3.2.2  AISNIRUATUIN Mesh

FINSTMUATLIR Mesh Tasikuusassaniil Iaeld Mesh aunm 0.5x0.5x0.5 LRg

3

= = ! < ' °
Falurunimnzausionsuszanana [16] Wedeudradlululusunsuud Wsunsuvins
- a a ! v - 3‘1 & 1=l 2/ ] °© L4
Uszananafivuianiasinanls Mesh faseunguituinludnisldanudiviuminuagyinly
m3Uszananavedlusunsudn Feviinisuiu Mesh Tinedtugunssveseimsaniiinedla

° I3 ° ' a ) 9 a o

Mesh $1u2u 1,909,113 wad wanin1sivuamlugud 3.12 uazn15uiu Mesh Tinediu
=l A o L Ei‘ =t =l Y

Tunaaanil Tugua 3.13 dwiugun 3.14 fia 3.18 wansorAsantsaludirlaiuanely

TUsunsu Pyrosim

Edit Meshes

Commercialt
C

ommercial2
Commerciald
Commercial4
CommercialS
Commercialé
Commercial?
Commerciald
Commerciald
Commercial10-a-mer |
Commercial10-d
Commerciall1
Concourse
Concourse1
Concourse2
Concourse3
Concourse4
ConcourseS
Concourseé
Concourse?
Concoursed
Concourse9
Upper Tunnel Left
Upper Tunnel Right
Upper Platorm
Upper Platform1
Upper Platform2
Upper Platform3

llnnar Diatfarmdi

< >

~

7Rename...

Delete...

Description: |

Order [ Priority: N
(] specify Color: e
Mesh Alignment Test: Passed

Properties Advanced

Mesh Boundary:
MinX: |-74.0m | MaY: -12.0m
MaxX: [99.0m | Max¥: |9.0m

XCels: 346 @ Cell Size Ratio: 1.00
¥ Cells: |42 @ Cell 5ize Ratio: 1.00
ZCels: |18 @ Cell Size Ratio: 1.00

Cell Size (m): 0.5x 0.5x 0.5
Number of cells for mesh: 261,576
Total number of cells in model: 1,907,952

| Minz: 39.0m

Max Z:

&MESH ID="Commerdal', 1JK=346,42, 18, XB=-74.0,99.0,-12.0,9.0,89.0,98.0/
|

gUii 3.12 uaneswhsinadddlulusunsu Pyrosim lumsriwiua Mesh
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3.2.3  AISNIAUATUIAVDINDILWAY

dwiulassnideilldigamasdmsummndelvgd fie Iwdgsimu (Polyurethane, PU)
Feoundndundusndunsest Iudunszunn wanadnudsdddmsuvhgunsalBidnnseting
s L4 = <f I = ] =J = = ﬁi
Yapusznouli-wanafin ma arswiinde o ansindieuiiaaiesdu wdeulany laf uasds Live

Y 1Y ' a4 a a da v a - v v v

Ueatunsianseunavansiall Wweamdsdadfalwlddheuarsansin Welnliudaglvnnu
o W 1 oo w o e a v v =
founazatunruiuduiin addyAelifireivesnuimeliun lnoondu loleleeilua
lelnsiauloenlud wazaivsulaeonled Wusu [17] Judeniemaiaildmivmgngs

Infiveannsdl Falusunsuiinisnsivaey (Validation) dwiulvewndeillivng [18]

mvuanaandslidivun 0.5x0.5x0.5 1uns® U803 IN1sUdpendany (Heat Release
Rate Per Area : HRRPUA) i1fiu 7,000 kW Tagauylnlsdfinsanuln ﬁ‘jw%nmﬁgﬁmmmwaa
nsiAanansanifiuagnislugluad daunsgiu NFPA 928 Edition 2000 ldimuavuinnes
dadudify 2.1 MW dmiue1as uaznisssuisoinianigluglusdgnasnuuuli
anunsnsesiurunianaandsld 7 Mw Tneagdasruruaamaiinieluglusaliuiiiu 50 °C [19]
YUINNBAUNET 7,000 kW Faimnzaudonisnaasunnnsdl fuandlunisneit 3.2 dmue
Ramp Up Time wusifugna £ nisiamnnelulusunsu Pyrosim uandluguil 3.20

= = P
an5197 3.2 vueneandsildlulasanisiesde [20]

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
Train compartment 1 MW
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Edit Surfaces X
ADIABATIC A | SurfaceID:  |Fire

Exhaust e 2

Exhausted Tunnel < i L [

Color: S| Acpexrance: | @

Global1 . :

Globalo2 Surface Type: |Burner v

Global03

Giobal04 HeatRelease Thermal Geometry Partide Injection Advanced
Globalos

Globalos Heat Release -

Globald7? (®) Heat Release Rate Per Area (HRRPUA): | 1.4E4kW/m?
Globaldd

HVAC (O Mass Loss Rate: 0.0 kg/f(m-s)
INERT

o 142

JIRROR Ramp-Up Time: |t v| 10s

OPEN { Extinguishing Coefficent: 0.0 m¥s/kg
PERIODIC 1

Supply ‘

Supply Tunnel I

!
|
f J
T § ..
New.
Addanthary | p—— , i .. .
Y ' | 88URF ID="Fire', COLOR="RED', HRRPUA=1,4E4, TAU_Q=-1,0/
Delete.
oo | [T | come

UM 3.19 uamsntieneandslulusunsa Pyrosim lunisimunuuinnounds
3.2.4  NISAMNUARILULIAINTIVINAIRIGE

famsantarguvgll (fuunrgampiianinadenisusu 25 °0) iruidenis
voudiu (FvuasnirAdensieudiudmiuansund 30 m) Uiinumiveuneuenludds
Wuanmeuanvesmsdedinlneuanseandendunevesinedsinanlilumann n ez
Audaveseima wenaniistmunAEuiudmiunsdiessdiaguil 3.21 Tasfmuspany
qwaaqﬂﬂiaﬂmaﬁuﬁmmq& 4.7 whsanitudmiudu Commerdial ANLES 3.53 LA
gnfiudmiutu Concourse AMEN 4.1 wAsINTudmSutu Upper Platform ANLES 4.2
winsnitudmiudi Lower Platform warglusdtudanan msnsaainaiwieg luvdinalnd
et edpen I IUEIsaniivalfiAn Ceiling Jet nd1afie 1arfinfuunseny
IeNULAESYAETTY TeiganinsathluRTsam LI aNEmUNTIN STUULES
wiswdalugd ssuumuauiaslndsasfinsssueaiutasaufeulitndas suminisda

MIFRTI9INAIRNY wandluguin 3.21 fe3.24
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Simulation Parameters

Simulation Title: ||

Time Output Envirooment Partides Simulator Radiation Angled Geometry Misc,

[~] Ambient Temperature: 125.0 °C
[[] Ambient Pressure: 1.01325E5Pa
[] Ambient Oxygen Mass Fraction: 0.232378 kg/kg

[[] Ambient Carbon Dioxide Mass Fraction: | 5.956-4 ko/kg

[[] Atmospheric Lapse Rate: 0.0 Kjm

[] Relative Humidity: 40.0 %

[[] Ground Level: 0.0m

[] Maximum Visibiity: 30.0m

[] visibility Factor: 3.0

[ Initial Wind Velocity Xdr: [0.2m/s
Ydir: 0.2mfs
Zdr: 0.2mfs

[[] spedify Gravity x: fConstant 0.0mys*
Y. Esmtan{‘ | 10.0m/s?
2: [Comtant | [9.81mfs’

| BTIME T_END=960.0/
| SDUMP COLUMN_DUMP_LIMIT=, TRUE., DT_RESTART=300.0/
| BMISC TMPA=25.0, U0=0.2, V0=0,2, W0=0.2f

o] [ cmall]

UM 3.20 warantieneidslulusunsu Pyrosim lunmisfimuasBududmiunisdaes

AN X BAARKS “RAEOD-H- B\ d
Cwe XD BOD R+ AN T o i
A dren]  RED N, ACBFAAODE RA® -

"ildzasERash 4 S
hS-E B N E LA |

e B e i

P> o o o a1 = & i = & w [Y) |
Uil 3.21 nsiwussumisiansiaiadiuinatu Commercial lngfinfsiingvin G1-
G3 Uinassgmadiesn 1-3 uazinsiadnan C1-C3 Uiy
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B #rston ot i - e e Dyt 1w Unbargrwsnd T T et Comad Camaee, s Patboer oo L wer-Plabbummeiors. oty | oL smmar-Fisstomenriandl poiy COT7 puam
P b Model Desim Ovipt 705 View g
Eodad e4EaX T AORRY s HAO-R-
T TE ROE N+ R 5B e e w ; ¥
A vemane CBEED @ rEORRSRS DO R~

= ERUELT2E ST e L 4 o L Tb e[ ST o s 10167

— @ “@““©‘_©—‘©—"©m @=
@ @©:= :

1 2 3

e 0 e R ves

d o o e Qs 1 o 5 o~ 5 o/ as 1
sUR 3.24 msfvussumdsiinTvinaUnMEU Lower Platform lasfindinnsiainen
L1-L7 Uiy wagdansiadaen LTL-LT7 Usnunieluglusasall

3.3 NISANAYSIUUTEUIRDINNA

1M351U NFPA 130 lafmupuinsnismitesiudnaasie AAen1santanianaziin
dnady uazwnildannuiintufiszegluisdinn lngnisnvusauanvuziazhualdivos
W i - vas M 1A | s W A A a = -
fanuavguuuuvesenms Wy msdenlianiilhifnluie uaglifiaiudiealn Amanilny
wouiganaylddudou dn1sszureeiniatazaiulnesnniIelanssyursennia (Ventilation
Shaft) Gsamiisalwilffuasfivaewenanegynannd anilar 2 Udes (ueniniiearnnig
Juaaund) uazserinsanntwinmaniivingduiu 1 Alawns feedlvdesszuigenianay
MeenRNLaY (Intervention Shaft) [21]

szvumuRuATuAgluglusd (Tunnel Ventilation System) agyihaulaenanlu
glusf (Tunnel Ventilation Fan : TV Fan) uazwaaulAv1uY1aT (Under Platform Extraction
Fan : UPE Fan) vuna 70 kaw 30 gnunariams/Aundl muddu Seszuusenanszyinulu
nsalimndaliinieluglasd mmxsm‘hﬂagmaiuqimﬂmnawaim’mamu WIONTAUAANES
Insineluglusdunsaliaonegiianii viiszuumunuaiulrezauasiiensvesniully
Tuiemenssiudhufiunsenewnilisvesglaeans [21]

syuumunauAiunielugani (Smoke Control System) luaaniilagazyinnisaauna
wwaumummulﬂmmaﬂmﬂaaﬂﬂﬂuamu wiovnAudaIuANIzUUTALNTN (Operation
Control Center) mwmmnﬂ'ﬁmﬂm‘svumvmammﬂlmmw [21]
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3.3.1  N1529ANLNUSYURITEUUTEUNEINTA (Ventilation System)

o 1 A o s 5 ] =3 o 1
NNIINAUNUL Air Supply Fan @13uyNYU LLaﬂd'lugU% 3.25 019 3.28 Lagmunus
o W ° ° ' v oval v v -
Supply Tunnel Fan dwuiuglued Amuasmumislimiaeglusiiiudie wandlugui 3.28
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e (48 Modsi Dricrs Ouaput 0% Vors iy
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e e

v ere N e

gﬂﬁ 3.25 MINMAINLIUBY Air Supply Fan 4 Commercial
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UM 3.26 M39sumLaves Air Supply Fan 91 Concourse
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3.3.2  ANSNIRUATUIATDY Air Supply Fan wag Exhaust Extract Fan

Re

s

o = va o a Yo a
YRvenaNszueeInAluaiasaantsa lihlanunidenlddmiulasenidvil
a " " Aa o ' 5 - =t
#915041970 Specification Afismuremuviamain waruimsluneiauanslugud 3.33 @
= o o2 W ] Yt o v o = 3 a
venisanuiauiiludunsesonauld Faimualviinauiizung 1.0x1.0x1.0 was® A5
' =} . P
AU 7.3 m/s w58 16.33 mph (Mile/Hour) uanaluguil 3.34 uaz 3.35 Tagmanuisa
Y 1 Y ¢ o 9 o w1 1
ananeglusyau 4 geanmstunesn Wuauidamunsisgdudunans annsavilviiu Tulsd

3 o o =3 a [ 1 a
AsEAe sauanalivunaanuallaededasy

Beaufort Scale

Beaufort
number

Wind Speed Seaman's term Effects on Land
(mph)

Under 1 Calm Calm; smake rises vertically,
> : Smoke drift indicates wind direction;
1 13 Light Air vanes do not move.
4 Wind felt on face; leaves rustle;
2 41 Ught Breeze vanes begin to move,
: Leaves; small twigs in constant
3 8-12 Gentle Breeze motion: light flags extended.
Moderate Dust, teaves and loose paper raised up;
4 13-18
Breeze small branches move.

5 19-24 Fresh Breeze Small trees begin to sway.

e W Large branches of trees in motion;
6 231 Strolid/Sreeze 2 whistling heard in wires.

¥ ==y . | Whole trees in motion; resistance felt
e -5 Moderate Gale 2| in walking against the wind.
8 30-46 Fresh Gale L Twigs and small branches broken off

> trees,
° -l Stight structural damage oceurs; slate
9 47-54 Strong Gale p- kv T ol
/ oty Seldom experienced on land; trees

10 3962 YOI iz O aaaa ™ | broken; structural damage occurs,

A ‘ . “ | Very rarely experienced on land;
1 64-72 Storm ~ i " | usually with widespread damage.
12 73 or higher Hu;:riine Violence and destruction,

311‘7} 3.33 ynslunase (Beaufort Scale) [22]
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Edit Surfaces

ADIABATIC A| sufaceD:  [supply
Exhaust R I —— A PR
Exhausted Tunnel PRUErRRD, b . o -
e Color: /I Appearance: @
Global01 A0 :
Global02 Surface Type: {&ppty v
Global03 ;
Globaloé Air Flow Thermal Geometry Species Injection Partide Injection Advanced
Globalos
Globalos Normal Flow Rate — TR
Globalo? (® Spedify Veloity: 7.3mfs
Globalod : -
Volume Flow: 0.0 m¥s
HVAC O Spedify el
INERT (O Spedify Mass Flux of Individual Species
MIRROR : ‘
T tial Velodity: 0. :
oPEN angen! ty___ 0 O,mli’ 7_‘ (i(f mfs
PERIODIC Ramp-Up Time: | Defauit v |10s
SUPPlY |
Supply Tunnel Wind Profile: 'Tor.:l'lat (Defadt) 74
W
 New..
o e P GOV M (VAS B N ‘DAY RV R B 1 | i
Iy =/ | 85URF ID="Supply’, RGB=26.0,3.0,243.0, VEL=-7.3/ ,
Rename... 1
AR . =l L [

Dy [ &k Jlf concd

sUfl 3.34 uaneviisinamndslulusunsu Pyrosim lunisfiunvuinues Air Supply Fan
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Edit Surfaces X
ADIABATIC A | Surface ID: Exhaust
Exhausted Tunnel i
Fire Color: BN Aopearance: @
Global01 TSRS
Globalo2 Surface Type: | Exhaust v
Global03 -
Global04 Air Flow Thermal Advanced
Global0s
beam w ’:bw Rate - i ——————— S——— o —— —
Globalo? (®) Spedify Velocity: 7.3mfs
Global08 :
Specify Volume Flow: 0.0 m3fs
HVAC o ¥ i
INERT (O Spedfy Total Mass Flux:
’c'::fﬁ‘:‘“ Tengentia Veloctys 0.oms | [0.0mfs
PERIODIC Ramp-Up Time:  Default v 11,08
Supply ! =
Supply Tunnel Wind Profile: TOP Hat (Default} v
W
New...
A FIOMLDRary,,, | oo e e — )
T | 85URF ID~Exhaust, RGB=26.0,128.0,26.0, VEL=7.3/
Rename... !
8 B P |
Delete... ‘
aoply | [T 7] [ conce

Ul 3.35 wamanieendslulusunsu Pyrosim lunisimumauinnues Exhaust Extract

Fan
3.3.3  M5NNUAYUIATRY Supply Tunnel Fan wag Exhaust Tunnel Fan

\ii2991n Tunnel Ventilation System avdosgnldruduinaugaaiulunsdiia
widslwsl seduiaau sewmes anglwih uazgunsaiiiuatesdaindudesannsanugumyil
167 250°C {uiran 1 HaluslasliiRamnudsme vadunieamuionidluin Tunis
fmnmauiaiaay dadendnlunisimuaiieauasilvnarinle Tufudederarsegis
Wy vunglued szesvinvvesannt] wilnsadild vuaussyn AEasn asuse Sasnsvga
30 il AL NTBIUTIEINA SRTINSINEWAILSEUINTUAY AruTadlidn-oen
a0l andasedindnduhlumummunavesinaunaiimusiuinsgiu uaziing
ns2eaaulneldlusunsy Simulation Taslulasenissaluiinasddniuidls Tunnel
Ventilation Fan ﬁﬁﬁumm@ﬁ 70.0 m*/s wag Under Platform Exhaust Fan ﬁ’mummmﬁ
40.0 m%/s [19] dwdulasenisei auyRliAnaniun1snignidu MsszuisuazaIUAuAIY
via1ulu Emergency Mode wanssigazidentunianuan ¥ 3aimun Supply Tunnel Fan
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way Exhaust Tunnel Fan Midouna 1.0x3.3x4.0 1uas® A1u5@uwindu 70.0 m%/s lag
wandlugui 3.36 uay 3.37

Edit Surfaces %
ADIABATIC ~| sufaceD: |Supply Tunnel

Exhaust faa e e - —
Exhausted Tunnel ik - . R

Fire Color: B Aprpearance: @

Global01 :

Global02 Surface Type: | Supply v

Globalo2 - i
Global04 Air Flow Thermal Geometry Spedies Injection Partide Injection Advanced
Globalos

Globalos Normal Flow Rate -

Globalo? O Spedfy Velodity: 0omis.

Gehalle (®) Specify Volume Flow: ?D.ﬂwxhii,fs

HVAC N

INERT (O specify Mass Flux of Individual Species

MIRROR . e

Tangential Velodity: 0.0m/s 0.0m/fs

OPEN ty_d_ _..7"4

PERIODIC Ramp-Up Time; | Default viilos

Supply F— Ty -

Wind Profile: 'l‘TopHat(Defadt) |
v
© Newar

7 P rerae e W e VNN NN AN S S S .
W | 8SURF ID="Supply Tunnel', RGB=26.0,204.0,26.0, VOLUME_FLOW=-70.0/

oty ST K7 [ Coned

5UTl 3.36 wanaiweinadhulusiungu Pyrosim lunsivueuiiaves Supply Tunnel

Fan

a1



Edit Surfaces X

ADIABATIC ~| surfaceld:  [Exhausted Tunnel |
Exhaust 8l —— B
i |
Fire Color: B Appearance; @
Globalo1 e, '
Global02 Surface Type: |Exhaust v
Global03 _ :
Globalo4 Air Flow  Thermal Advanced
Globalos
it Normal Flow Rate —————————————————
Globalo7 (O Specify Velodity: 0.0m/s
Riona (@) Spedify Volume Flow: 70.0 m3/s
HVAC
INERT () Spedfy Total Mass Flux:
MIRROR ; .
Tangential Velocity: '0.0m/s 0.0m/s
OFEN ty st ‘f__f-- 7 A
PERIODIC Ramp-Up Time:  Default v [10s
Supply -
Supply Tunnel Wind Profile: ‘Toq Hét(beflit) ¥
v
T = ey e g COWIN I YAV B B <02y S d VLAY IR GIVIR I ' e |
‘ &= | 8SURF ID="Exhausted Tunnel', RGB=26.0, 128.0,26.0, VOLUME_FLOW=70.0/
H-—"—""¢
|
e

(i | (0]t |

JUT 3.37 uanamtideendslulusunsu Pyrosim lunisiusuuinues Exhaust Tunnel

Fan
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UNN 4

Nan1satiun15Ie

vasnyhnsUszananalagldlusunsy Pyrosim Tuian 420 3unfl vauiawmgwddll

Ionaanmsveasdasasuilumdelngq la dail
woAnssuNIlnaveaiulv
wavosgaunniinglunuuiassaniisnlnilaeiu

1

.

3. uavoIUSutmsuauLavanlanneluuuIansandsalwilaay
ot a s =1 o = [ 2N

4. wavewiaudIdunisueaiunislutuudassaandsalnilafu

5

ans1MsUanUananadany

4.1 woAnssunsiuavesaiul
= o a a v a o &
454  nsdin 1 waznsain 2 : maiawewasludiusiaunenansdu Lower Platform
(Fszuuszuieainiduas laiiszuussuiwainie)

sumisvoatiile Tuladeuuazdeadadngg neluwuudaesuanduguil 4.1 dmiug
7 4.2 f9 4.6 uanansinavesetu deiimnawddlwififana1adu Lower Platform daduga
Asnansseminteanvasthilafiiouszwinetu Upper Platform uay Lower Platform gﬂﬁ 4.2
wanensdiit 1 fsvuusrursenma IissuuvhauiuiidAamsmddil suitfinat (n) 0 Juai
Lifiauluiiud a0 () 60 3wt afusseriuteulavestiulailidoutudu Upper Platform
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Temperature at Lower Platform Level
(Case 2: Fire at Lower Platform Level, No Ventilation)
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Temperature at Upper Platform Level
(Case 1: Fire at Lower Platform Level, Ventilation)
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No Ventilation-Ventilation

x100% (4.1)

Effectiveness=
ff No Ventilation
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Temperature in Tunnel
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Aunng (4.1)
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Temperature at Commercial Level
(Case 6: Fire at Center of Commercial Level, No Ventilation)
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Carbon Monoxide at Lower Platform Level
(Case 2: Fire at Lower Platform Level, No Ventilation)
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Carbon Monoxide at Upper Platform Level
(Case 1: Fire at Lower Platform Level, Ventilation)
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Carbon Monoxide at Concourse Level
(Case 2: Fire at Lower Platform Level, No Ventilation)
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Carbon Monoxide at Commercial Level
(Case 1: Fire at Lower Platform Level, Ventilation)
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Carbon Monoxide in Tunnel
(Case 4: Fire at Tunnel of Lower Platform Level, No Ventilation)
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Carbon Monoxide at Lower Platform Level
(Case 3: Fire at Tunnel of Lower Platform Level, Ventilation)
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Carbon Monoxide at Upper Platform Level
(Case 4: Fire at Tunnel of Lower Platform Level, No Ventilation)
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Carbon Monoxide at Concourse Level
(Case 4: Fire at Tunnel of Lower Platform Level, No Ventilation)
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Carbon Monoxide at Commercial Level
(Case 6: Fire at Center of Commercial Level, No Ventilation)
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Carbon Monoxide at Gate 1-3
(Case 5: Fire at Center of Commercial Level, Ventilation)
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Visibility at Lower Platform Level
(Case 1: Fire at Lower Platform Level, Ventilation)
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Visibility at Lower Platform Level
(Case 2: Fire at Lower Platform Level, No Ventilation)
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Visibility at Upper Platform Level

(Case 1: Fire at Lower Platform Level, Ventilation)
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Visibility at Upper Platform Level

(Case 2: Fire at Lower Platform Level, No Ventilation)
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Visibility (m)

Visibility (m)

Visibility at Concourse Level
(Case 1: Fire at Lower Platform Level, Ventilation)

0 60 120 180 240 300 360
Time (s)

~Q—-CC1 —@—CC2 —@—CC3 —e—CC4 J /CC5 —d=Ccce —e—CC7

o s a o =3 o ) alal
E‘U“ﬂ 4,57 Lt.amwmjaqmmaﬂmmmmuma'immumaawu Concourse N$8UN 1

Visibility at Concourse Level
(Case 2: Fire at Lower Platform Level, No Ventilation)
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(Case 1: Fire at Lower Platform Level, Ventilation)
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Visibility at Commercial Level
(Case 2: Fire at Lower Platform Level, No Ventilation)
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Visibility (m

Visibility at Gate 1-3

(Case 1: Fire at Lower Platform Level, Ventilation)
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Visibility in Tunnel

(Case 3: Fire at Tunnel of Lower Platform Level, Ventilation)
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Visibility in Tunnel

(Case 4: Fire at Tunnel of Lower Platform Level, No Ventilation)
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Visibility at Lower Platform Level
(Case 3: Fire at Tunnel of Lower Platform Level, Ventilation)
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Visibility at Lower Platform Level
(Case 4: Fire at Tunnel of Lower Platform Level, No Ventilation)
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Visibility at Upper Platform Level

(Case 4: Fire at Tunnel of Lower Platform Level, No Ventilation)
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Visibility at Commercial Level
(Case 4: Fire at Tunnel of Lower Platform Level, No Ventilation)
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Visibility at Gate 1-3

(Case 6: Fire at Center of Commercial Level, No Ventilation)
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