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ABSTRACT

The fire safety design of underground station generally cannot meet the
requirements by building and fire codes, therefore, this research carried out the
case studies for track and public areas ©f underground station by utilizing the
design procedures of performanee-based design method and the numerical
simulation softwares, FDS ( Fire Pynamics Simulator ) and Simulex. It needs to
ensure that the performance of firéproof equipthents can retain the goal of
occupant safety. In another case; itris'toranalyze the smoke movement in the
underground railroad tunnel .for investigating how the smoke management
system affect its movement in tunnel.

In this research, two case studies were chosen. Case 1 was further divided
into three fire scenarios; fire sources were located at track (scenario 1),
platform (scenario 2) and concourse (scenario 3) areas, respectively. Case 2
concerned on the fires occurred in tunnel. In the process of simulation, FDS
was firstly used to simulate the fire growth and smoke movement, CO
concentration and temperature distributions, and visibility. After that, a
dynamic egress model, SIMULEX, was applied to calculate the situations of
evacuating occupants and the corresponding available evacuation time to
justify the safety level of egress. From the simulation results in Case 1, they

showed that the station area, including the platform and concourse, facilitates
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the sub-compartmental desmoke system so that can utilize the full capacity of
smoke exhaust fan for the particular region, such as fire origin area, to
enhance the smoke effect and to mitigate the smoke influence on occupant
traveling speed. Therefore, the evacuation time can be prolonged. As to the
train fires at underground station trackway, it was found to turn off the under
platform exhaust (UPE) and turn on the over track exhaust (OTE)
simultaneously, and start tunnel ventilation fan (TVF) later can effectively
exhaust smoke to keep the whole station attainable. Such installations and
desmoke procedure are very helpful for mitigating the fire/smoke influence on
the evacuation route that increase the escaping time from the platform to the
safe area. From the simulation results of tunnel fire, they showed that the
existing tunnel ventilation:facilities are capable of controlling the direction of
smoke effectively so .that the ‘available evacuation time in tunnel can be
increased. To summarize, all of the fire protection designs in the station are
found to be able to eomply with'the life safety requirements for occupant
evacuation. And the results of this research can serve as a proper reference for

smoke control system desigh and evacuation plan for underground station.
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Q=alt-t,) (2.1)
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Fires & X k= &1 F/x¥ % & = Ultra-fast~Fast~Medium % Slow =
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#&#2-1# (Ultra Fast) 0.1878 0.1778 75
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5. 28 k% (HVAC System)
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Mg REBAN ARV REBFE 2 s st p 3 L AP P 2
ERBA %*‘iﬁ#ﬁﬁﬁéiﬁém%%ﬂﬁﬁgﬁﬁiﬁéaﬁ
frisa 7

W R S RBEA AT AL A 5 PRRN AR L
BRI R 2R g O

e ROEFT 2 RAFEFZRDE R RIFFFT R
fe N2 o Blde 1R E ﬁi#i v iE‘J?ﬁff? E T E 0 Fip AE E T
EReoMuZREFPBRAP ORI PAERI RG> BT E K
A AR REEHEH MR 5142308 2 ;% (Engineering Calculation
Method ) °

)

ol

30



33 ZREMRAMN N RFTFR T

FABRRARG > A RS 2R R AR AT A
K 1% e R TP VEFRREE JPERE P P Fe ZHBET A
MR {4 &g R - TREP RO T 2P HEEERE » BT KF
i 2 E’T%%ma%?omﬁ‘é’ﬁ%ﬁm%m%mimWE

AERAEA BIA 0 - 2 HWIRE PRI © 5 PR RE PR
R RAARRRIAN R ¥ 2 FR T ERhP L L 2] 2 5%

@mﬁ*’hM“A NIV B OS  £ RRNE R (Aot i
FORE) F o2 S B—- e (P 2R ) RES F AREAS X
PRENCIREC—PEakBESELBARAEDREE (- L KRBT LIRS
DGRE AR BE R R ot B SN )8 g Lﬁﬁfﬁé (RN éluwﬁﬂ o T pt gt
24872 2 FIRAeR] 3.20 Fimi A

- Am g H g R ;@Nzéi-;‘ei s e AR L L
I A L o S i’% ik PR 2
BB pE o Bk RUE AR NG
TR TR R RARRE I R %“%Hﬁkﬁﬁf

GEIRRERLEE LS S T

w
Ny
il
A

S LFEE R

WELE > M, ﬁ:}iﬁv—{ L 2 EARA AR AR ) R g ’iﬁﬁﬁ%}% > 33

et

SEBEAFD VBB RTTED

—

'Gli
=
<k
S
=
ot
H
w4
N
m
"
1\7
T.



NEHESALAEF L FHRALES IRV ENEANR D
TEAF D OCERY RN RERNEP T G oouE R 2 R e 4
3.2 #9791 o

ER D IS DA RERTE P £ PR R £ X
o~ % ﬁ@iﬂBJﬁﬁ“J‘ﬁ%ﬂﬁ%iﬁ%#l&‘%§&§$*
TR E BRI E I T HEERF RS T BRI
FEREREECHI N o a B ComEg >N Py Az 24723 (e
BB b s £ A M | * FDS~CFX~Star-CD % 3+ 5 ;548 4 & s 8 fke v
FAERPE TR S AR R CCOERR A ATREAEERAAFTIZ2BR
TR PR S > 2 (5 & 1% SIMULEX ~ Exodus % ¥F¥p% > Hst o ip i 4
Brsprrg i » S prper 2 B B R AT 2 P T Ap vt 0 AR
oA Bl g A pE s G BRI R o 2T ARV HE A
CORRFHHEFAPEL R 2 AR

32



%31 FrEAPFFVEFRT 2P ARBRLTEIPL ZEHAP

5w BN & TR LR
R B AT BEDIR - TR T
SRR AR R ). AR e U R
ARG VESE® L0 FERLE o

oo}
3
I m:
=
e
T
4
T
=
\_1'%;
N
o
=
Smi

S

A, ‘ﬁ?.ﬁﬁf‘
EHEELE ~mIE KTV-MTV - 2 £ 5
RN K ARE:
23t o B~ B~ AR~ B
SEY A el

‘r""}

\

WELTR Tk~ € 3R
ii':‘ "' \lj}‘\ﬂa ﬁﬁ &»‘%ﬁ&,‘fii;”ég\i
R HELHT o W LR

fpEzm.

Fk

g IR~ S

Tk
5]
BN
o
/4

=
et
S
‘\

£k

(8 AN ST 5.
Flpes R kR - P R

) N AR - P AT fEL
6~ p ¥ PRFRZFoT

T BEELEE -

#4

._\

L
i)
=
¥
e
g
:\:\:
A
ﬂ}
>~
=
¥
(\s
(™S
S
7.
T

£ fnEers ik~
£
[

g
BLiizETE -

33



%32 ZHAPFP VEFIELT IENKRFRLFIL T ERALZR

% R 9 M g R
% 70 i% ERP L SRl
= $T9F | BCEEERF L LR S
2 %7920 | BVt A £E B
I
N 5 83 i 114 ehlr X
@ 88 0F | AB R ITER P
o 519065, | PHRPRESEND AT
A
#ﬁ‘ e
Bl 5 00C1 5 BEHER SR TR
2
i % % O14E | walh ok o v TR
F g
5 ";
2 5 W02 LR
fa >
N =

% 93 ix

Pl E W P2 TEER

% 94 i%

LA (7 IR

% 08 %

GRS 3 AN N

% 100 1%

PUERE 2 RE

% 101 ix

POER 2 s

34
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* & 4 * % & SFPE Engineering Guide to Performance-Based Fire
Protection Analysis and Design #7 & 2. 140 3% 3K 3542 5 [34][35] 17 2 & FF 4
A8 e My SR ARA[36][37]F A 5 N B IR 4oB 3304 BlP OV F A
B X EPERE Y ¢ 30 BRI R (PR R s R
F) o BE BRI E S RFRA PR R R MR KRS E o S
REAER > TR AT EAT R B MR PR E A ST

1. @ &3+3F #F (Define Project Scope )

REFMACRTFE BREFFHEASFEFEL S VR DRA]
PR FED AR Fg a2 AR T R EE R T Bk
fod o FERL LA RFENE D EEASAM IR N ETT LT
Ve R TR0 (MR S j\.é/%'j.&i\g;‘)g\l)

(1) @ =* iﬂ” ¥+ (Occupant characteristics )
(2) = HA P 1+ (Building characteristics )
(3) #7173 ez % (Location of property’)
F p

(4) 'I» H =4F1% (Fire service characteristics )
(5) =z (Utilities )

=4

e

(6) % ix

¥ (Environmental considerations )

(7)) e (%8 ) e (Historical preservation )

(8) ZEHJ g 12 i > (Building management and security )

(9) 2@ FngAH 24 € % & (Economic and social value of the
building )

(10) ¥ % {7 =% 4L (Applicable regulations )
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2. f&> P (Identify Goals)
P IR BB RFGLATR N NE 2R R AT hp L
2R F AN PR Bag e A R o - Ll (X 2
HEPEREF T4
(1) EZAPFPMER I NE JpARad b3 2 7
Vg aenA B~ #icp LB Mo
(2) WEMAX 2> BV LFdebpd A4 % 2 & o
(3) HEEAFIF B (7 -
(4) #X W1z ke 8 HBE T8 & Dbl U Bk - L
F\ o
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PR ERE AR LU RS R R WL AL L E 2
Bl - N Sy S S-S R, oL

3. Z_& P % (Define Objectives )
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4. 2 E i & £ (Develop Performance Criteria )
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5. B E LIS 2 KL L (Develop Fire Scenarios & Design Fires )
FERR N R T R B S S ehildee g T Z A3
(1) fI#* 222 ZH 07 g2 b LB LR * A0 8
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SR he o %
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(4)

(5)

(6)

SS4 % % % #r4] (Fire Suppression) AR B GE T
A IR NS e MR ML S LA NS S =Y f A o SS4 27 SS3 e

I MEERE o d pEERIFNAGFRNYHFE L

fI* pB S L h R PR G RPN R PR L

*\
(bl
=
>
Pl
o
3\
‘n'_\i
ki

4
-k
=
&
3

it & (Delay) ¥ @iz @ d o
BRI A B KA e B RO T
L Renlg o { BHERTN) P E - kgFR LI IF
TR R pE R o

SS5 5 A R 7 5 244 wig (Oceupant Behavior and
Egress) » R AR A R TR
il 4 3% et S e ARMETRR AT LA o N o 2 R
Fo ik FRR Re A R RSP RS e i 2 A
Gd pEOLRREREART I 2@ Rk R A
T hent g

SS6 L #h# N & & (Passive Fire Protection ) » P e 3t
FUH d LSRG R R TR LR
S AREE E SRR N ERY EX X
P EDE e R VRG] S PR F P O VR

v E AR AMDE LV F .

ST UFRE BT LN BRI M BT T

IR FRE PAA oo 0 mBRE TR Y eht s A BRE R

F

40



o
{w
o3
o
AN
S
]
:\
(\s
&
A
VT‘
=
F_L
@
bl
-
R
B
T
Tk
\_
g
T
(s
N
=
44
o
&
ASSY
Ty

7. twﬁ%r’ SV DA - R S S s 3
(a) =1 &5 % 3+ (Evaluate Trial Designs )

(b) EF & & Rkt (Selected Design Meets Performance
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I. ’E’:El_i‘}i
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—+V.-pu=0
ot P (4.1)
#e p ik A (kgm’)
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u - o ,gg‘, i3 (m/s)
U g (s)

p(i—+@ V))+Vp M+ f+Ver
Hep R4 (ntm’)
g €4 kA (mfs)
frobd (& sHokEZHERA) (nym’)
v AFT A %RE (nt/m’)

—(ph)+V - phu —%_Q V-q"+VKVT 4V - Zh
Be or= TUNP O )

h % (klkg)

Q : #fFxx (kw)

Q" ¢ st (kwimd)

k £ E %8k (kw/mk)

T ®A& (C)

h : 4 FE2 %@ (klkg)

D : #hiciidk (m'/s)

VR A F
T

6 ./”
E(pr)_i_ V.pYu=V-. (PD)4VYz +W,

Hewr: (p B H = Hpgs 5
l
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P=P,—p,09Z +P (4.5)
B o n 3
P, =pTRY_(Y,/M;)= pTR/M (4.6)

#ep i RRERA (nt/m’)
P92 * #E (nt/m’)
B CHEHRY (ntm?)

6. #ir LES(Large Eddy Simulation)$i&#!

s :p(CSA)2(2(defJ)-(deij—§(V-G)ZJHZ (4.7)
Hoe C !5 &
A HELE R
d=7-VUu=u 2(defﬁ-defﬁ)—§(v-ﬁ)i
ou oW oV

- 28 BEEIEREY i ) + (5 2 +<‘2—“+@)2}

oxX oy oy oz OX
2 0u ov “owy,
— = (—+—+—F)
{3 oXx oy oz }
(4.8)
& (PD)l,LESZ'u;ES (4.9)
c
K g = LESTP (4.10)
Pr

# ¢ pr: ¥ a%4F ¥ #ic (Prandtl number )
Sc : 4%+ % #i ( Schmidt number )
412 £ 4350
1. PR 2 34t
¥ pF 8 end 4 > FDS 32 % Second order predictor-corrector scheme °

& 1% time-step B 4o cPpFiE > p" Y S 0" s HYE plia G e dro T AFR)LR
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E 0 PR+, R HEE (n+1) B time-step FFAZFCIE 5 Ok i

al B o
A B A LA T p Y, fop, L0 BERLEE J228 Cexplicit Eluer step) @ 11 -
PlAeR R T d TR E

(

pn+1)e :pn _&(L—jn V,On +,OnV' L—jn)

(4.11)
b.f2/& # ¢ Poisson > 4255 {1 ¥ d
V-0 —(v-ao)' o =
V’H" = V-0 V-0) ~V-F" (4.12)
a
Fig- e 7 10 > AAAEHT - FIE A - FRAI T B
time-step ¥f %

0" =a" - A(F" +VH") (4.13)

@ time-step & Jf {+ &
o mm(ﬁ t QJ (4.14)

u v. w

c. v it '%_:m7 8 RBIPILIE B Y frpy BT - B time-step R

& oo bldeid B BB

n+1

p :l(p” +pM AV g™V T ) (45)

2
d. HiB2 # I ke R R E AT R
N ) (HDe LD B
V2H (M :_2(V o) (V;) (V-0) _y. EMD (4.16)

{ @ igerig B ArT

g+l :%[Un + g _éa[(lf(nﬂ)e +VH (n+1)e)] (417)

2. 28T

T3 g IR cnBpRT e R 2 FF ¢ & £ 4% (Second order central

difference ) - & B3+ & m#ﬁﬂﬂ—\— BAE RS L hE - F BRE

P PR BN Jfrk/,,\&g]pqz\,*é X~ Yz 23 % oerPg‘;;x\,ﬂﬁqg (4c2 R )

?K{;}_ﬁg@ﬁﬂ‘ AR m]-&r'p'lk N4 e % N B time-step ¥ g1 NS ]

PR e B R b B 5 %
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4.1.3 EHC5
FDS ¥ # /8 & vt %0438 ( Mixture Fraction Combustion Model;
B 3t MECM 20§ i 4252 R
R FREF AR K

AT R

MFCM )% $ "Lig & F st » &
S EE IS EEYY Sl

otz CHF R o
LN ((Mixture Fraction Combustion Model )

R
V¢ Fuel +V,0, — >V, Products (4.18)
HYeV I isFitBF gy £ Gl
S g RS RS
m’F” my
= 4.19
VeEM: VM, ( )
M; DA Sz PR ST (kg)
m s+ 2 TR S (kefs)
SYF _(Yo _Yooo) V. M
F & = L s lete 4.2
TR SYFI+YOOO S VFMF ( O)
Aoyt § 5305 4 P E LS

ENUATE Bl - 2R Qg Tras iy

Fg o FI L iam (Z4)

YOO
Z(X,t):Zf ; Zf :W (421)
P Si-z/2,) z <z,
Y, (2)= { ) 757, (4.22)

PR AR - AL AR VB R BV LT N AT
CxH, +7(x+y/4)O, +3.76N,)

— max(0,1-7)C,H +m1n(1 17)x CO, +min(1, U{ZJH O
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+max(0,7—1)(x+y/4)0, +77(X+ y/4)3.76N,
Eprier e B TRl § RS R E
o,
BP AH RL2HEFE2 5 P2 2 d
o

2

dv dv a2y,
_m°zv(pD dzovzj_ az dz?

PLE LR AV PHERT R B Ak 2 R 3

ol P Pl E TS g N AR 2 e

Ve, CxHy V6,0, Ve, CO, +Vy, oH,0

Hit BF i 0 Es b2 F N2 o i FE AT

% = _B[Cx H y]a [Oz]be_%T

= -

*

(4.23)

2B FET

H ¥ B ! F J& ¥ #ic( pre-exponential factor for arrhenius reaction )

E @& a (kKJ/mol)
4.1.4 #ig &2 i f3n
FDS 2 #u§§ & @ 5> f2 8 4o ™ #557 :
5-V1,(%8) =k, (¥ lp,(¥) (x5} n=1..N
29 Top = Fo(oins Ana Jo T/ 7
=n§;ln(x,s)

DA e R (kw/m?)

k © ¥zt #ic
AL (m)

D § F %—& % & ( Stefan-Boltzman constant )
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$0 4 5 2 Buig it o FDS 4R % 2 B F iE 2 4o
1 - ! !
IW(S):eﬂmV+—j;£- [1.(s")s" nwjdo (431)

S’nw<0

Hoe |, e 2 s (kw/mb)
S Hirw g
g 1 B
L, 455 288455456 2 (kw/m®)
PR RS T UM RS RS BT o 2 5% A
A 7 @i sl £ o

= [ s1(x,s)d (4.32)
GIEE ERERRIEs o L TN i
V-0, (x) = KU =4, (R = [Lx sl (433)
4z

415 # 7 i 1

FDS ¥ & w71 2 R i 2 i@ Pk (T gy LS R 2H TR R
ERT APEE L Sd 3ATURER 2 4B B e
ﬁ%“?ﬁﬂéﬂ&kéﬁmﬁﬁﬁ,ﬁgzkﬁﬁﬁ@iﬁﬁ,ﬁ

WA E R NERAAL P FRE S Bk P E AR T
@A R

7 LES 3+ & #5558 ¢

QU =hAT ; h= max[C|AT|/ 0.037~ [' C j ] (4.34)
T @AEF A+ F2EL(CC)
C tp AREHT (s ¥ B0 MY TR AR T R PFC =143

4% 5 C=0.95) (kw/m®)
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L4t 2 (m)
Vo # AR Gl (mY/s)

BB R s AT

oT o°T oT
C.— =k s k=S
pS S 8t S aXZ S 8X

2o opot AR HA (kgm')

(0.t)=q’+q (4.35)

C, @ B A& 4 (kIkgk)
q - (kw/m®)
qr : st (kw/m?)
T, - AR ER (C)

2. BAEFLEE (BRER A2 E FESE S » 2353 A1)

dT, _%c+ar (4.36)
dt p,C.o

4950 A REE R (m)

PR AR R WA S P R E TR W

B Rf & o Z& & 2 4~ B’ %% Clausisus-Clapeyron & # pF > B3 T ik g o
hM;(1 1
- SRLLAN Y 437
Pec = P eXp|: R (Ts T, J} ( )

T %0 8

T, © PORAER R

Gyt b iR At 475N FDS A dpirit AR o H PFRF 2 mJZ 3 * Second
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Order Predictor-corrector Scheme ; 7 % ¥ 78 Pl * Second Order Finite
Differences o %+ & = #2553 5 & * + /B /i ot /2 ( Large Eddy Simulation -
LES ) LES 2 & 8-/ 8PP 2 E % 4~ 5 ~ ¢ B( grid-scale )% =t 4% &
( sub-grid scale * SGS )& 3R> o ¥+ 2 2 B epf@E 4 LES ¢ 3 A4
Navier-Stokes = #2;% RfZ 5 @ AR BN L E > B 3 1
2% ‘Jf&? BV E om0 S e X 7Y ( Sub-grid Turbulence Model )% 7+ » & & 4
S EAHAER o T AR E gk LESPE S 2 1R R
FIE_DNS /2 £ 8 HHoasmil g 5 chdfic B % 25 "Wt B 5 i 1
FrR 7 £ %RFTATRE - F) > A7 3 FDS s p 1+

ER e 20 LES 3% 17 2 3 w9t B it o
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© - drd 4.1 AT oo A B2 A R ACB) 4.5 AT 0 B4R il RN S B
oo SRR REAE OGS 0 A P 2R e | i L3 Ed2
PR TLARHFRAEZ P X H@H > LR 16> bpE, L

Rg b Ranie e g iEHD > A 03 200 0T o (71 B B¢ R
MER AR FTIRG o RN T3 R 2 M T4cR 4.6 - Simulex » ¥ 4*
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2% Simulex Py ¥ 3R EgiE /27 ) (7 B RPE- A g 2 A
(T BB A 2 BT o R R R BA kR o F TR
BEE Y F L TenA B ik R e 3 is ok A B pE s {83k
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