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The Study on Fire Endurance Evaluation of Fire Compartment made by Glasses

or Shutters
Student: Huang Chun Advisor Chiun-Hsun Chen
Department of Mechanical Engineering

National Chiao Tung University

ABSTRACT

This research carries out the fire resistance evaluations of the glass partition
wall and the fire shutters used in building by FDS (Fire Dynamics Simulator)
and ANSYS software, a finite element software.

For the glass partition wall, it might be broken due to the temperature
gradient if it is not a flameproof-glass. From literature review, it shows that the
temperature difference between the two sides causing glass to break is ranged
from 250 to 300°C. A see-through glass elevator and its channel is the target of
this research. The FDS simulation result shows that the glass is broken in 75
second at the floor, where fire* occurs, and another one is broken in 145 second
at the upper floor when a Xtm, SMW fire is near the glass partition wall. In
this situation, smoke can spread to the upper floor through the elevator’s channel.
The vertical fire compartment becomes invalid. This situation leads to a
discussion with the present national building code.

On the part of fire shutters, shutters used in escalator room is the target of
this research. Three scenarios are specified. In The first scenario, the shutters do
not activate in a fire. The second, the shutters descend down to a position, where
Is 2 meter-height from the floor. The last one is that the shutters close completely.
The FDS simulations show that the upper floor is most seriously affected by the
fire in first scenario; the floor, where fire occurs, is the most severely influenced
by the fire in the last scenario. It shows that the environment meet the conditions,
which is not suitable for evacuation, in the second and the third scenario is about



30 second earlier than the first scenario.

The ANSYS simulation results show that the shutters expand toward the
fire exposure side in the second and last scenarios. The maximum deformations
are 319 mm and 630 mm during the simulation time. Because the shutters have
different boundary conditions, they have different thermal stress distributions in
the second and the last scenarios. The maximum stress intensities are 1.0 GPa
and 2.2 GPa during the simulation time.

Key words : FDS(Fire dynamics simulator)finite element ANSYS -~
glass~ shutter
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2.2 % FiR%¥
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FEg R F VR SR VR o R VRS 2R L Rind < 4
BRs B VR RS S R o G VR SR € Y
OV kgl e o B oo i K ERT AR VIR LS K3 - Klote [39])

ERMFE S L REE A G 2 BRI L R 5 500kw/nt
AYENFREATE o L B Fp L 225kW/ nfe AR S REA

PO RBEFRPF LR OVREEEARFEI P F LA RFIT AR
3+ % BOOKW/nT (44Btu/s-ft2) » 3t B 357 e 2 A 2B £ 5 =5 4
1%@%%@« Bl 7 4+ 4 53t % 225kW/nf (20Btu/s-fE) - @ 7k B4 2 L ik
R RBE AP SR FET RS EC) VR VIR PR
REE L 2MW > @ 3t A2 B P 3T B4 b VIRR S BMW o gt v —
o AR RG] 5 25MW e
2. z£f2 5 VR (Unsteady fire
% NPFA92B[40] ¥ » BIEER 5 % 5 BB L B R eg

TR L SR s i S RGO W AL A
mPs R frN A [41]) 0 4 ﬁ#‘u{#&—;“ (31) P ein B~ 2 74 x 7 e
ViR ERFRTEAL S 240 (3.2) T o8y YViR2E 3 - 52 ghis s
HA ik ¢ B enT 5 £ 10 4R 3.2(a) 3.2(b)yon e

Q=alt-t,) (3.1)

Q. w FeE g (KW)

a: g £ talie (KW/IS)

U B e 18 chpE R (s)

o 4 s LEEF (S)

Q=at, (3.2)
tg . qﬁ iiﬁjj')’%{%%é E‘fjpé:’ﬁf’l& (S)
WAL S "T-Squared Fires? NFPAQ2B @ * & £ P [ el » & & P&
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tg ¥ & 5 7 rEz 2 K 3 1,055kWi i 2 pERF > @ T-Squared Firesz %
ok iE Fx 7 R A = Ultra-fast~ Fasts Medium %2 Slow = f& = £ & & »
LAAN PR L GlE SRR Aok 315957 o F]V R (Fr A s
ZRHL o BAEFERFEALI-RABLL gint A BHERFE ST

G B AoB 33977 o ERAVIRFE AN E H L EF AP FAoR 3.4 47
% 3.1 ViR E BN Ak

WP = £ ¥ > £ pFR
T-Squared Fires A (kWI/s2) a (Btu/s2) & (s)
¥M% (Slow) 0.002931 0.002778 600
¥ i@ (Medium) 0.01172 0.01111 300
-:& (Fast) 0.04689 0.04444 150
& 2-:#  (Ultra Fas) 01876 0.1778 75

3. FHREPRIN L EdM

TENRBHERF DI NN PE PR ROR KR > TR LR
A T @ D UK e Fed IR g 4 e o

T oLV LE LY R4 Cone-Calorimetry Bench-Scale Test
& Full-Scale Test: = 2 F "2 2 p|7 W&y T2 A xS e F1F 58
4 0L EE o B 3.5 5 £ RF IR Foe 7 27 (NIST, National
Institute of Standards and Technology iz A 4+ v #7379 % 3 (BFRL) i&
ﬁ&z&%@w$?$’§W%%%U®%)*%@%L%%¢%§&$
= E b AR e
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3.1.3 @ 4EsE

RRUEERIZ AT A G Z A5 NPERCY J it NP
BHAY S FPFEEIPIT EF > TEEREERGEGHARFEY R
ﬁ@&%ﬁaﬁ%ﬁiﬁﬁﬁ’—aﬁﬁﬁiﬂ%ﬁ%@WJ 5 £ 7]
PEARLS g S PR R TR AT L > BN B 4 RIY N L A R T B R
”ﬁ?ﬁ%%i¢~&ﬁ*ﬁ%i*%§@ﬁﬁ°NT$&¥&iﬁﬁ%
KAl A Wb izt [42]

1. &%

EFFANABLRAF P VB ERAPF L BT N B
VR RES AT RS T BRI AR A BEREL B S
RV -t SRR S LR T L B T ECE RO R
MR PR R E A T B A F R G 2§ Ll s ks B
B2 fEAENEREA] Y Big o gRF X UG B0 1904 g 4 2t p A L ERL R
L at g 1) 2750menk & § L pEdp [42] ¢

2. #&%

HFA N B RGkEeEg of

FRAFE AR B4Rk [43) - A % (7. 4mx6. bm):E {7 A

EER S0 VUEIS 20 4 4B AEROP A 2 BRI T A L
R RZREZLEASEEEEE VRFLAL AT @ P AR 0 B
BRI FRLLPVEAY  BREEHELI T T RH R REFFIE
R BEEAP VR r o AR  VEd Br R

CHBUEET AERVRPTEL > F VG R T O RTFFIRAR
A4 itz g aiti(plume) o M G AEEE R T A E AR L 5 TG G 4t



EEF R PRERG TR AP FP AR RRGS R gL BT
gk 0 deR] 3.6 ot [44] -

FREARZ VR EIF A HHe 3R LT A2 8% Bkl
BRERMMFTH > A Y GEPB RE VARG REILG M VEE R TA
FAEMTAG IV REEHFTHR Y [45]):

(1) %3 A (Solid Flame Helght)
EREFET VB2 VR R A EAGHER U
LRI RN R

(2) FiR V%3 B (&3 Yi%as A )(Intermittent flame height) :

NEF R et 2 Fang S LGB LEEOT RLE LS

FoRHAALEM 32 EABBAE FREELVER R W LY

UTH P AT A 2 Rl

(3) TN EE A
PR PR W ip B R 2 E o o
L2 B AR E A Mo (BB)E N (B.4) o 0 gt L sk O N 2 Ap B Rl

Bhek 3.24757 o

|~
my

L. =r@" D (3.3)

. Q Q
= = 3.4
N p.C,Ty\/gD® 1116D°* (34)

Let X% & (m)

D: ViRt & & & (m)

Q: i e (kW)
N:F®RkH

R:F%%#k

Qf: ViRF T & L
p, P FrEF BA
Cp:H»7% 54

To: 8>z 5 EA

g E 4wt R
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%32 Viag RFEAAM FE

R i 5 # g N r
Bael s | g
Ad 2R | 0.3<Q*<1.0 2/3 3.5 1.8
X R 1.0<Q* 2/5 3.5 1.8
LR - 2/3 4.5 2.8

3. g A

Wb gL B ER NE L G2 s T fF A A - &
BAZGEER T XA R E T R R st iEa F oL
BRMEZHET) o B AFRE O REAAZAS P RS RZT
PP Budf 512 1R TS 0 BRSfenat YR 5 PR -

Fi5 57 d ¢ F -4 % &S 4258 (Stefan-Boltzmann equatiof)# 7+ 4o
F(35)rw o A E R A AL 3 AT b gk > B G o PG 2 %
BR¥ 0* 35(3.4)% 7 > 2@ F 54 &% #ik(configuration factor) A f& % #iche
FE7)d FAR AR Sinak S AGG R 2B P Ak A KBRS
S de® 2.7 977 [44) § L g SRS X F oo B0 AR S 4 5t
=B 2 Ak hBcho® 2.8 #r7 [45]

E=¢c¢oT (3.5)

E: a2 #4554 (W/m)

S RIECE R e S R

o F F-A e ¥ #k (5.6%10° WinrK®)

T: $ 882 348 A (K)

q=Fe oT (3.6)

F 4] i 7 #ic(configuration factor)

a7

r
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t co#),cod)
e-|
0

T? “e 07 (3.7)

i NFPA 80:itdsr | @ dp 13- B @38 2 BRSP4 2L R L G 2

HEV L NEB8)E T R NABTEF t LEFIHMLEAEEAN
0412 062F275F05F* B2 R Ve 2 FigHE -

li=Ftl (3.8)

li @ 2R LG f5 54§

F : 4] i % & (configuration factor)

t @ #3y 7 % I (transmisivity of the glazing material)

R =S s

i NFPA Q2B ¥ 1&gk ViRr2 #uigd® 3h 0 = 2> ViR Y w2 4
RzZzREFEFIP VAKMZRERALZ BEHE L 9740374 (3.9)% 74(3.10)
ST 0 B9 B at A F R e REEA) 43¢ 0.2~0.62. FF - NFPA 92Bz

H 03 T L -l R Bigstas F 2 LMl FE L2 T OUE E

r

FITNS

10KW/nT » % 255 F Seiplie s % @ 0054 o

1/2

Q
R=| —_
" 3.9
47, (3.9)
R: &GS BELMI VRS o 2 g (M)
Q s g (KW)

n

q @7 R IsEgaE (KW/MP)
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Q =<1Q (3.10)
Q : st dE (kw)

Q: vimsmas (kW)

CZ D # g 54 5 (radiative fraction)

3.14 Fed| ok R aE2 %t

ol s AR Y o VR F G A e o AL LAl LR
%*ﬂiﬁ*%ﬁﬁ‘kﬁ%ﬁi?%%%?’%kﬁz#ﬁénkif
B — SR L L RS T R "R FERAKRE 0 R
Bue ¥ g MM A § NIRRT AL LA Z AR AT g MRS
¢ (flash over) @ aTp 808 Bl af b 2 4o flo bt iisg B
FRXEAF P T RSP S TR 2GR AP F FEP -

dofe LA AT o N W2 AR T R NS Vs 2 A e R
FIV L RS FALDHEE2 TR AP R AATREI L
MR VR > AL L F A S TR AR E R VK AL LR X
K2 LBEEP VR EEPE L 2 3 F T
1. A 8%

VRIS A RS R R R G HE T ERT S Kb
Hav oom SRR R PR R R R B e > T L XA A 2 B
BEAR > R EF VR E RPN LG R .

2. L ERD

N SR e Hﬁp FREHAR ~MARZZ B &40 R
R o B F R TANERIUP L IR R U A
Yok F B BRE o FERE

o
F_*
™

S
G

N
hS
™

/\—4
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R RS S R U R T
3. v

TR LRET R T2 - o FILEHWEASF L VLR GRS 2
B Y B RGeS R KR 2 BTN A RIS
B F AT P o A BIR Rl TR Ay R AR U T R 2 R
@R -
4. PN OEHEEREET S AL
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3.2 'k § ¥kt ¥ 8 (FDS)

FDS(Fire Dynamics Simulator) #_d % B B 74k ¥ & £ B2 7 97
(National Institute of Standard and TechnologyIST)# & 2 fic#t v 33+ 5 4t
9 o 2bF < 2000# 2% BB 4 % - ko Y E ~ 2010# 107 B F £
% I % (5.3.35%)-

FDS-Z_NIST =

bl

LTS (S RN e | eI A N -4
P EE T NF AR BT EA S E S ]

ﬁ\%@ﬁ%@?ﬁiﬁ%%ﬁﬁféﬁﬂog
S A {8 RS2 ik Smokeview[41]) iR HT AL G A B
Ak mﬁi%l A1 18 A fic k8 Smokeview s 3t d ~ 2010# 10 BB 4 % T K
(5.6% ) FDS { ¥ s i N2 AT % 3 FOKEEE N R HE i

A s ML R EFEY R F R A afe R oo

&

Bt FDSPF & JiR Bt B A7k s ORI~ ViR ) s BT
WR CATF T A RR HEREE R A e R AR
- 2 Ffh(*data)’ £ 4 FDSHMF 40328 - d 22 FDS & £ 32§ #-in
At Fa  tE & L A1 Somkeviewdr 4 % if B~ FDS #73- & 1 2 #icdy
kit - Hena i dEt o B 3.10 5 FDS nAz® > B 3.11 5 FDS &

Somkeviewz_ .B_Fk e

| few

FDS#ri¢ * 2 ficit > j2 20 1 1 & endifpr= A28 4ot T 21 4
321 nEE4 F2 i el

1. FE=4

0
a—fmmou:o (3.11)

He o a (kg/n)
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u et &R (m/s)

t: R (s)

p(au+(uDD)u)+Dp:pg+f+DD‘ (3.12)
p

H ¢

H : B4 (nt/nf)

g4 it B (M)

frohd (& g@oksas e ) (ntn)
T ARFT R4 EE (nt/nT)

3. nETE

%(ph)+DEbhu—%:Q—Dm"+DkDT+DDZh((pD)kDY[ (3.13)
DP 0 e (
—?—!"E—E*‘UDDP (23 4c)

h % (kJkg)
Q: #fxF (kw)
q" : fgstEE E (kw/m?)
k & @E % (kw/mk)
T “®RE (C)
h : a2 % (kdkg)
D #Eiciad (ms)
Y, UL R A K

4. 5

a ’ m
a(p\(é)mmo\(gu =0eD),0Y, +W, (3.14)
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P :Po—poogZ + P (3.15)
s Ao m 3
P, = pTR>.(Y,/M,)= gTR/M (3.16)

#Hep e RRA (nt/nt)
p.0Z * #E (nt/mf)
F &R 4 (ntnP)

6. #ir LES(Large Eddy SimulationgZ)

s = p(cSA)Z(Z(defJ) e o) == (4 mi)ij (3.17)
HoY C ! &5+ ¥

A FRERE R

® =7 Mu = 44| 2(defu Tdlef u) —%(D ()

)v au ow  av au  ow }

— a_u 2 @ 2 a_\N 2 il - 2 v i 2 - i 2
- 2(0X) +2(6y) +2(62) +(6x+0y) +(6y+az) +(az+6x)
2 0u o0Ov ow,,
—=(—+—+—)
{3 ox o0y 0z }
(4.8)
TE (D) es =S (3.18)
KLes = 'ULIEDS,Cp (3.19)

# ¢ pr:og a4 ¥ #k (Prandtl numbey

St 4% % #ic (Schmidt numbey
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322 A&7 A5

1. PRz 3r4c

¥HPF R 8 cngtd7 0 FDS# * Second order predictor-corrector schente
# B time-step B 4ocpFiz > p" ~ Y ~ 0" ~ H'& pp#a s @ ars FAFRAR
FE o P (n+1), N & EE (n+1) B time-steppF Az N T 5 0k hiE o
Ay LM o~ Y, fop, A1 * B lhank 2 (explicit Eluer step 7 3] >
Gl R ¥ d T NIEG

O™ =0 - 4O " + 0" (3.20

b.f%/& 4 1 Poisson® 42;% B| ¥ d
(Om"™ -(Om)’

. _
OH" =- =OF’ (3.2D
Fig- 3¢ 2 1@ 02 AW S ~ 402 74 91 - AR

™ i time-stepif 7

g™ =g" - &(F "+ LH") (3.22)
@ time-steps 7 & &

& < mm[%,%,%} (3.23)

C.oifm FE R BPFEEFp - V{rp#i™ - B time-step it
oo Gldo® BT A

o =%(,0“ + " — (@™ o™ + 0 m](ml)‘*)) (3.24)
d.i5#E2 3E s ke & K& 372t 5 R 4

2 4 = _ 2(D )™ - (O gﬂ)(nﬂ)e -(C)" 00 (e (3.25)

{0 B g A e
Un+1 :%[Un + u(n+1)E - d(ﬁ (n+1), + []H (n+1), )] (3.26)

32



2. 7 ¥ 2. 3it
TR gicE Y - kY 4 £ &2 (Second order central

dlfference) EREFE R - BAAE S MRS NE S F B
KA ELNX Y2 23 %o “TF SR ehE (4o

’Ii)é,’ii‘!:,ﬁi‘_l\i s K0 J«frk,@,\\l)
N time-stepfz g1

BT B o 5 e P
IS k&j‘!_rﬁ%}i o @éﬁjfﬁ@]{é‘ﬁ%m%\&%ao

323 pEHN
FDS 7 #% &8 &b #5078 ( Mixture Fraction Combustion Model
MFCM )2 4 "L F F iz 0 A 8 £ % a3 MFCM .7 § i 42 5 2 &

RPE R U RS LT U S o 2 R

fo P2 B R e
A& st ((Mixture-Fraction Combustion Model )

V. Fuel +V,0, - >V, Products (3.27)
HeV s+t R E K
HEEFTEFBD T

valsz v:\];o (3.28)

M, tisaFzEBEd (kg)

m A2 TR S (kgls)

& Z=% : s:\\/’FmF (3.29)
SRR I IR LS b SO

Ye P RORZ TR AT
BN BR O FRMEEIRFESAR- SRR QETASA LS

33



F s Tl VEG (Z)F Tk s

YOO
F o
e vy =W -72) 2<2, (3.31)
- 0 Z>Z, '

d Pt e B - BRI PR B R R T AT

CxHy +n(x+y/ 40, + 376N,)

- maxo1-7)C,H, + min(17)xCO, + min(],/])[%jHZO

+ maxo0,7 - 1)(x+ y/4)0, +/7(x+ y/ 376N, (3.32)
PR ez BBk QR F NS R
o" = AH, m{ (3.33)

HeY AH R4 H fi;frﬁi* W2 F TP d § F2FRETET
o

_rﬁg=m[pD ‘3;;0 DZ) dY°DE)oDDZ ,oD

AR B R B ﬂéu% T2 R 2N A RE TR
PR SRR Rl A S A
Ve,u,CxHy +V0,0; = Veo,CO, +Vyy 0H 0 (3.35)
B R g 0 E - BB F A F RERERS
dkE:UJ:_BkXHyFk%Pé%% (3.36)

# ¢ B : F ¥ #(pre-exponential factor for arrhenius reaction )

E : & its (kd/mol)
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324 #gFht2 B fe

FDS 2 #4554 18 seif= 4250 4o #7on

SI0,(x9 =k, 15s(} =1 (x 5], n=1.N (3.37)

;d: v Ib,n = I:n (/1 min’Amax)a-T4/7T (3-38)
N

1 x,8)=> 1,(x5) (3.39)
n=1

| iR s R (kw/m®)

k @ BT frii

A& (m)

o ! ¢ % »—p % & ( Stefan-Boltzman constant )

$o0 g 2 #0554 FDSH t 2 @ A be

(> - ;
IW(S):‘glbw-i-7 IIW(S)
S'hw<0

Ao |, a2 4F EGE B Ckwim?)

S DT]MdQ (3.40)

S:Hirwd
£ T EFF
o © A 2 AR S5 R (kw/m?)
FaksniEo gy VAR L5 BRE- e 2 HHRAR
IR S R ST R
()= ] s (x50 (3.4)

Flph il B AR Y Bp R A [T T N

- 00, (3 = KU (x) - 47,(X)EU(x) = [ 1 (x sje (3.42)

ivrg
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325 #RiEw
FDSﬂﬁ”mﬁéJ% B %‘ﬁﬁéﬁiLﬁ%\Z%iﬁﬁ
BREY 2R u.g()\3z§‘n 31']’;117}3_\; 4%&)%_:{1]);4,11%3_
’}{l%tﬁi—gj_ i%ﬁlb“i{ A dl g § ’ﬁ £ MR R BN 0 A

*?%ﬁ#ﬁﬂéﬂﬂi%@%é_iﬁv B s @ie- ot E 0 SRS A

’::\' m,‘ir/.ﬂ- °

-\

t LES 3+ 5 03¢ ¢
QU =hAT 5 h= ma{C|AT|% 0037L[|L</|Lj P%] (3.43)
AT DB R g e+ F28 2(0)
C: p R4t hlc(Cg sk ¥ i LI Y TR Ak T 5 PFC =143
Z% & C=095) (kw/m?)
Ltk 2 (m)
VoA e (ms)

1 #52 BERE > H air ek

aT azT N aT ." ."
PCy Theipd T g o dr g (3.44)

He po B g R (kg/m')

Cot B £ (kIkg-k)
@ ERa R (kw/md)
@ it R (kw/m?)
T, AfSEER (C)

2. BEAF AR (BRERALE FALEWE > » 2353 4 6

|



dTs _ ge+ar (3.45)
da p.Co

2o AR E R (M)

3. i s A
’f*’%ﬁi‘/mﬁ”ﬁ‘ii% PR s - il PR REEFRET M -
TRt A o F F 2 & & % Clausisus-Clapeyrof # pF > #-:iE T =k i -
hM; ( 1 1}}
Pec = Po €XP - (3.46)
{ O (T, T,

T, © R AR R
FDS & dfz e b 2 8ufm s F258 ~ SHERIN ~ Fufg s s\ w2 F R iE

et b w g AR G HCER 2 ((Large Eddy Simulation LES k8 02
LES ;2 £ 42§ %l 5 R (grid-scale ¥ =t 4 = & ( sub-grid
scale: SGS )i R > o % RIS & LES ¢ ® 4&d Navier-Stokes
FARRfE S A A RE AP PEE > B R G2 EES T
J =t e ¥ 03N (( Sub-grid Turbulence Modek) 7w » & & 3t 5 3547 fk
$io Vx> G FDS™4% 27 DNSz 3+ 532 > ed >*DNS2 2+ 29
%?ﬂﬁﬁﬁﬁaﬁiikﬁ4ﬁiﬁ§% 2RI REKH o Tt G

FHPEEFS)E > AT Y FDSHErE P Pz ki
SH: » DNSZApM 2 #3V ) TR AFIEN Ape @ oo

Y
%-P
RS
4%
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3.3 #i-3)2E > fic ¥ PyroSim

PyroSimi_- B3 A& = g v 5 L U d 4 28 5ol (FDS)
iﬁ%&?°&£ﬁﬁﬁ%ﬁf%ﬁmW%v FEfRR » FDS2 ¢ B33

FRCEY LE R o H R A E ) H R0 o PyroSimde -
ﬁiﬁﬁwﬂzﬂ%’v o U BBREESH AR
2 AR o

AR E N B mjlbiﬂg%c LI G R o (a2
L
il

f:i
A
<l
Ry
e
N
ok
(s
3
oL
)
0))
i
?‘.\
L
ey
3
|
#
N
@
@
prsy
i Y
%
W

ii?i@%%ﬁ’%lﬁﬂﬁ%wfﬂﬁa’w o
EEREER IS A E TN ML Ay - BT

MR BRI K E B
1. 2= = & @ ¢t B (Obstruction)
& PyroSimig Blen/i o ® > 7 E 452 = 3D -3 LA 2D 4

?,%1 1@—@] F'&iﬁm s ’L.I— 2D E’ﬁﬁfvjr#ﬁf_‘;(tﬂ ’ ?%‘-%Li*‘;@i\il%]

WA E o L2 fhE 4N de bmp, dxf, gif, jpg, png, tgaz tif 5 4f
fe2 EHRTEF2D 2 NEFRE B o

2. # w LK 2 (Surface)
UEE RO & r]%*"(solld)'/ 23 b v (vent M 0 At o FAE 4

gl

BYEEPGE S AEREST AT AEAREANREREN
R E
@ﬁ@ﬁﬂ?@>%a?@i%¢a%~*%ﬁﬂ$u£%ﬁﬁ@

%WM%%& P A S RET R F R b T
(Vent)VE:f ® i"ﬁ J\%‘*;‘?/FJ poa KL ?@ﬁv—,ﬂfé";{%iyé ,;‘; ’ l}L

Pk A RIREEZIERR -



& P23k & (Devices)

o FDS B 2% 0 24T F A d Z AR SRR T BN el
FEERZAIER 4 CONER - LA CRBHEZEREE
dERZ R A E 2 EFTREFERIERE > BRI R

i % /Bl 2k (gas phase and solid phase

device): “ & PIZLK ¥ AT BT HBFF 2 £ 1 ki o

WA Z BN 247403k B 08 2 77 & PyroSim-T 53K @0 A= 45 0F 2 -

AR FERTIL LR A2 AZFH UL g F 5
CARN SRR =R I § U L

. Hé%] 4 (Meshes)
E@Nmmwﬁﬁﬁéiﬁﬂaﬁﬁﬁmﬁﬁﬁ*+?@%E—ﬁﬁ
(Uniform Meshes} 2“8 = % & (Nonuniform Meshes) & ik = B ~ 2
BAIp & H - e RAE S PRAE S FRES PRI EL &L L2
AATZFA 0 F R S A R A PR R E RS
iﬁ*i%ﬁf’@ﬁ%*%3~$%’%ﬁﬂ#%éiﬁi@’
BEZRENUA R A2 EREFH S 0 - ML VIRHITRE B F A
2 et o A et R RT AR Sk
. 3+ & % £ 2% 7 (Simulation parameter)

BT R EHAEY FDSE 22 Ra2 2 BERRA UG
5 £f& > 2% £ # Lage Dddy(LDS)st %_ Direct
Numerical(DNS) st & = ;3 2_ 7 et 4 30w — & 43 FDS$R 4 o
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34ANSYS § *TA4 2

ANSYS Mechanical 5 £ B ANSYS 2> 2 7 3 25 "T 4 » 478088 >
Pk AT A 5 ANSYS13.00 i1 & & 35 = BIfA @ w0 edZficle > & 47
TR Rt AR e o

RSEHC P R MR RG] R O R FF L R
R~ o

AR BEEA Y (FFREAT ~ LR L4 {rg R 2E
MELAT )~ E A B o s TEFAN BF A RTAFTNE F
g b A5 TR A IE A F s T 0 B4 RATR AT Z K
R T
B AT~ A A B 2 LGP (FF ISR 0

g]zlj’% ;\§Eﬁ .,|j\ 7,L, ;I:S:?_,‘J- -ael,lglz\ \rbé}ilﬂ/}\g?——'r‘ ﬁ;f] )

|9M*§—E ;‘Z"_—‘J-g *%'11\/51]5{‘&&?—]‘ ’}:9")% P——_r N ‘;EL_%F'—:F
)

341 ANSYSMechanical e £ 2 45 7 5%

4 F 6 0 ANSYS Mechanicabns 47 3]:% ¢ 7 7 #F i (static)>
17 ~ 4R B H- ik (modal)s 47 ~ §§ 24 28 (harmonic response)+7 ~ 4 3 (spectrum)
& 7~ Mg 3R B (random vibration) 17 ~ 45 ik # 4 & (transient dynamiey +7
By (buckling)~ 47 ~ #L3% 4 & (fracture mechanics) 7 ~ & i i* (optimization)
AT E o

L& @ F 2 5 - ANSYS MechanicabA 45 4] 54 ¢ 7 7 4% fi (steady-state)
A F7 ~ #7 i (transient)s 47 ~ $ @ # (heat conduction) # ¥ % (heat
convection)- #: {5 #+(heat radiation) 4p % i* (phase change) & £ & :f(mass
transportl o

% 18 & ¥-(coupled fields} & > ANSYS Mechanicabs #7454 & 5 7 4
-z H(thermal-structural) 47 ~ #- T (thermal-electricy 47~ & % (piezoelectric)
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& 45~ B8 % e (acoustic-structuraly 47 # -
342 ~ &A%

ANSYSz. ~ 2 A ¥ &~ 5 3D % 2D & * ﬁ’—‘L’rA\#‘ri‘%@% femEH
PRz ~R A Ay E* SHELL181~ % > 4B 3.12%75% » SHELL181
dor B o f KB LB SRR T8 2 £ AF > gt G Y 0
3D B F e B E.F,é!z‘!«(noder = B pd R A8 s TH(translation) % -
pd & UX~~UY ~UZ 2 > g (rotationyp 4 & ROTX -~ ROTY ~ ROTZ >

TR TR F A B ERM A, 47 0 SHELLL81F * 4 & (layered)E = %
B g &k 2 A7 &R R

SHELL ~% 3 ™ ™ 8 :

13w 0247 B R RGE(IREEE B)2 3D 7 S -

2. B AR Y S A2 A F7 783 out of planez. %35 o

3. MW EAREFZLHMOEARH L - A)F &4 AR IR A2 EH

B o
343 RBHEHAH
R4 SRR
{o}=[pfe"} (3.45)
He
J}=[axayazaxyayzaxz]T Rt e #  deB 3.12%7 7
| : sE MR
p={e-{et)  EmE R 2

[0
{e

£)= [gxsyszfxy EE xz] el
e} B R %
~%¢3ﬁa€’m§@%?§'
{e"}=aT|a,a,a,000 349
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;4 (3.45) :x g =

{e}={e"}+[] {0} (3.47)
. UE, -v,/E_ -v,JEL, 0 0 O |
-v,/E, 1UE, -v,/E, 0 0 0
D] =| "V E, -v,[E, 1, 0 0O 0 (3.48)
0 0 0o G, 0 0
0 0 0 0 UG, O
0 0 0 0 0 1G,|
H e
E P X2 w2 4 = ik
HREERE A4
Vy - K gt
G, ' xy-Th 2 TR ik
[D] e gk 5 $Hfs = @ T AM AR
\' \' V V
I Yy Va Ve Yy Ve (349)
E. E, E, Ez ‘E, |E
HiENF 3.46~3.48% BN 347%E 7
\"Awe) \"Awe)
e =a AT +2IvTx T (3.50)
EX EX EX
\Ao) g VvV, O
g, =a AT -2 2+ L - 21 (3.51)
E. E, E,
\"Ae)
£z:aXAT—VXZUX 27y 4 9z (3.52)
E. E, E
g g g
E,=—2L g, =—" ¢, =2 (3.53)
Y GXY " GyZ ze
4 ¢
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o, X w2 g

X
£y XY T & T %
oy Xy Lo TR

F 2z %5 3.46~ 348~ 349 B+ 3457 #13 ¢

o :%(1_ (Vyz)z Ez ](Ex —O’XAT)+%(VW +V V E, (gy —O’yAT)+
y

% (vXZ +V,,V,, )(52 - aZAT)

o :%(sz Y )(gx _axAT)+%(Vyz +szny%](¢% —ayAT)+

X

W T Iy N o Tere
He

h=1 ( )zEy_( )ZEz_( )zEZ_Z z

= ny E_x Vyz Ey Ve E_x VXYVYZVXZ §
¥ T4 G, G, G B~ B R
E.E,
Gy=6,,=C,=
E, +E, +2v, E,

PRI SR R B M G
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g !} mew REW | =2uE ER
-3 ' S
(KW)
: : FFE(s)
FaFx =k e %19
Stage Growth Burning Decay
R A ey A
Fire behavior Fuel.controlled Ventilation controlled | Fuel controlled
ARRIT A AL 7=
Human behavior Escape Death
R
18 g Smoke detectors hIREE 2 NG
Detection 18R B External smoke and flame
Heat detectors
RN HORE
i $oardl =R T

Active control

Extinguished by
hand, sprinklers or

Fire Service

Control by Fire Service

S akay

Passive control

Bl

Flammability, [FARGINE X 1 NS
surface spread of Fire resistance, containment, collapse
flame

Fl31 s R G
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LR

Q=a-(t-1,)
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(b) BB KIRERREHR

Bl 3.2 L =i ARE
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25MW
=
#% B ~——FF[H] Epind
(MW =
SMW
P IMW
FefE (t)

B13.3 # k@RI L L dE & SE

z;ﬁﬁ(ﬁg‘ﬁ) 4 B A (4. 6m) i
VP E|P [yeds ! B e
A 'H{%’fﬁf’%ﬁu*ﬁ”%g 7% f,i‘(g 1.5m) S EL I () 1m) ggﬁjﬁ‘f

6000 —

5000 |—
B 4000 —
L1's

Z—;"‘ﬂ
7
Fast
e 3000 — Ultra Fast edice
(KW) 2000 —
1000 — Slow
0 400 600 800

Eﬁ t] (sec)

B 3.4 T-Squarel { = £ & 5
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Measured Heat Release Rate (K'W)

2000
1800 +
1600 +

1400

- A

Time(sec)

B 3.5 Kisok§ % & iplz_ L= £ & 5B (NIST,1995)
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B 3.7 #udg @A ik ik [17]
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A= ale ¥=ble

[ ox ( v ) v ( X )]
Fyo== fan-? + mmm—arr1 | ——————
-2 2;:Lr1 & X2 ‘Jl'-| b X 14 y2 14 ye

X=ab Y=db A=1jxE+ye

Fre = = llan/(17Y) ~ AYtam14]

R=rnin  L=hip  X={1 +12+R% — 4R2

1 ~ 1 N A 1+ 2— R ( Xtani0.5 cos! A)
Fm.z—_ﬁmﬂrﬁr-;[m1(¥“_ﬁz)— ¥ ‘a“‘(lﬁ-lﬁ'——:m—zﬁ)]

L=nhr H= Afr X={1+HE+L ¥=(1 —-HE+L2

1 L L x=2n,  DAH=T 1, . [H=1
Fa-2 nHlan_1(vfm_1)+n{H\]xf_Yw1\,ﬂH+1] B Al e ]

X = bia ¥=rcla
1

1 1 1 ——
Fa=—s (Hﬂn“ (—] + Xtan- (—) —qlxE 4 Vzuan-l(
n¥ Y, X Tz 1 ye

1, (05 X0+ Yo[ X2 X+ Ve PRT YEQ 4 X2 4 Y e
+I,n[t UES G B CRRL N o L +:])

T+ X+ 79 |1+ XK+ 78| LT+ VopXE + 79

H= her

R E{m— H}

H=hir

Fio= 11+ HE

B 3.8 #udF 547 i ik
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L. Naming the Job

2. Setting Time Limits

3. Setting Globel Paramesers

4. Defining the Computational Domidn
5. Betting the Grid Size

6. Prescribing the Goometry and the Fire
7. Creating 5::,1.—.|:'I:|urﬁ

8. Desiznating Vents and Surfaces
9. Chooss Output Files

SmpEEVIEW =11 Houndary Harad 1531 PLIFLSLE
/ Taput ) // () // (b // (ox) / o) // W

Smokeview

Graphuic

1 3.11 FDS# Smokeview=2 ‘& #J¢ 47 1 1% 42 ]

i
¥

KL
Z
I
Y i J
¥ Triznguiar Option

inot recommendead)

B 3.12 =~ % SHELL181

53



B 3.13 &4 = & @

54



=3
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Smokeview 5.6 - Oct 29 2010 Stokeview 5.6 - Oct 23 2010 Smokeview 5.6 - Oct 29 2010

mesh: 1 mesh: 1 mesh: 1

Frame: 84 Frame: 167 Frame: 250

Time; 60.5 - ] Time; 120.2 - ] Time; 180.0 _ ]

Smokeview 5.6 - Oct 29 2010 Smokeview 5.6 - Oct 29 2010 Smokeview 5.6 - Oct 29 2010

mesh: 1 mesh: 1 mesh: 1

Frame: 334 Frame: 417 Frame: 500

Tie: zans [N ] RCEER e Tme zenn NS
Fl4.8 - Brfss LREA R
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Smokeview 56 - Oct 29 2010 Smokeview 56 - Oct 29 2010 Smokeview 56 - Oct 29 2010

mesh: 1 mesh: 1 mesh: 1

Frame: 564 Frame: BA7 Frame: 750

Tmeazos (N Tine:asn2 (N Ty - | Tine:sann [

Smokeview 5.6 - Oct 29 2010 Smokeview 5.6 - Oct 29 2010 Smokeview 5.6 - Oct 29 2010

mesh: 1 mesh: 1 mesh: 1

Frame: 834 Frame: 917 Frame: 1000

e zons Tie: zenz Time: 7200
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Smokeview 5.6 - Oct 23 2010 Smokeview 5.6 - Oct 23 2010 Smokeview 5.6 - Oct 23 2010

mesh: 1 mesh: 1 mesh: 1

Frame: 501

Tmeapoy

Frame: 167 Frame: 334

Time: 120.2 - Time: 240.5

Smokeview 5.6 - Oct 29 2010

Smokeview 5.6 - Oct 29 2010

Smokeview 5.6 - Oct 29 2010

mesh: 1 mesh: 1 mesh: 1

Frame: 667 Frame: 834 Frame: 1000

Twe 4z Tie:zons Tine: 7200
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imokeview 5.2.2 - Jul 18 2008 smokeview 5.2.2 - Jul 18 2008 smokeview 5.2.2 - Jul 18 2008

mesh: 1 mesh: 1 mesh: 1

rame: 503

we zec: NN

‘rame: 163 rame: 334
e 1217 ] e 2405

t=1204

imokeview 5.2.2 - Jul 16 2008

smokeview 5.2.2 - Jul 16 2008

smokeview 5.2.2 - Jul 16 2008

mesh: 1 mesh: 1 mesh: 1

rame: GBS rame: 832 rame: 1000

me sy (S ] me:scn (I ] e 7200 (I

t=480 =600 =728
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Smokeview 5.6 - Oct23 2010

Frame: 50
Time: 120.0

Smakeview 5.6 - Oct 23 2010

Frame: 200
Time: 480.0

Smakeview 5.6 - Oct 23 2010

Frame: 350
Time: 840.0

Smakeview 56 - Oct 29 2010

Frame: 500
Time: 1200.0

Smakeview 5.6 - Oct 23 2010

Frame: 100
Time: 240.0

Smakeview 5.8 - Oct 28 2010

Frame: 250
Time: 600.0

Smakeview 5.6 - Oct 23 2010

Frame: 400
Time: 980.0

mesh: 3

NV

Smakeview 5.6 - Oct 24 2010

Frame: 150
Time: 380.0

Smakeview 5.6 - Oct 23 2010

Frame: 300
Time: 720.0

[ I

Smokeview 5.6 - Oct 23 2010

Frame: 450
Time: 1080.0

mesh: 3

mesh: 3

mesh: 3
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