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The Application of Performance-Based Fire Safety Design on A
Concert Hall

Student : Shin-Chi Shen Advisor : Chiun-Hsun Chen

Department of Mechanical Engineering

National Chiao Tung University

ABSTRACT

Concert hall has the characteristics of large space, floor opening
connecting two or more stories, high atitude, large area and large volume

of occupants.In Taiwan » Thefire safty codes for this kind of building are

very hard to comply  with standard fire safty code.cause the
characteristics.It needs to-apply  the “performance -based design
method” to ensure the performanc e of fireproof-equipments to maintain

the goal of occupant safety.

This research analyzes the performance designs of smoke control
system and the evacuation respectively by utilizing the verification
procedures and steps of performance-based design method and numerical
simulation software, FDS (Fire Dynamics Simulator) and Simulex. This
research contains two cases. Case 1 islyric theater. It analyzesthefire
location and the start time of exhaust fan effects .Case 2 analyzes
Automatic sprinkler system that if smoke had been effect. At first, FDSis
used to simulate the smoke movement, concentration of CO, distribution
of temperature and the visibility. After that, a dynamic computer model,
Simulex , is applied to calculate of the state of evacuative people and the

available evacuation time ,to evaluate the safety of evacuative people.



From the simulation results, they are found to be able to comply with the

safety requirement for occupant evacuation.

Future work will change the size and location of the exhaust fan in

reasonabl e bounds.

Keyword : FDS; Simulex; Atrium Building; Movie theater; Smoke layer
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~ &3 * # K SFPE Engineering Guide to Performance-Based Fire
Protection Analysis and Design #7 &_#& 2 1 ic ;% K 342 5 [18][19] (£ 4
B o B AR AR [20][21F A 5 N BHZE - 4oF 3.3
d BlY v Fs 508 L
WA S F T A R (PR B P g i
£ R)
6% B A e b RSN PR A R R PR B

M NRPARE VT RANTT AT R oo

Sk

(1) ZT&3+% #F (Define Project Scope)

BEEER SR E O ERREHEAS TN VKR

Al R i 2 AR hE B a A R B o o7 R P ehATiE s 1
FEMARFE A FR LA LFENEDEEAS M2 S 3
FE TR ARTALTAL0E L (FUARTE AL T EHR)

(1) & iﬂ‘ #+1+ (Occupant characteristics )

(2) = {4 #F4 (Building characteristics )

(3) “% f= =¥ (Location of property )

(4) W B 4+ (Fire service characteristics)

(5) 2~ # 2k (Utilities)
% %% & (Environmental considerations)
(7) e (w8 ) ik (Historica preservation)

(8) i H 4 ehg 12 F > (Building management and security )
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(9) =@ S enig A 2 4 ¢ i@ (Economic and social value of
the

building )
(10) v 7wz R (Applicableregulations)

PR AT 2 204 o bl D2 AP F 2R
%%ﬂ%‘”&@% ?%@%"?%%i’*”&éﬁﬁ

THR-Z PP E D R R TP A F H A2 A AR
AR T TR S
(2) = P % (ldentify Goals)
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PfF N >R AR g Fag e ¥ 5 R o - A&

SN 2R R A8

COIN T E TR B EL R R

"

LA B G- BB I A o
(2) L Rl e NG A S B I I L
(3) R EEASIFEF T o
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¥l 2
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BARAER M T BHRPFLALT R oL S

B Er PR H A R ER L L KPR F R RS B
URF IRV ERSFLLLI PEFNHD

(3) =& P & (Define Objectives)
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(4) % B i & £ (Develop Performance Criteria)
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a 2 hxrek
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b. 2t4 &% 28 F

1 $REenslse D 5luber 2 B B niE 2 o FE51WR S 31 R
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R s PR PR G fF-EE R o
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Foo fE-E R 0 @B BEE LR F R A B
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5, $FERERBAVEY ST DT AT U L AL
HIErig S e 3 o

(5) #E Y LHFHR 2 &L L (Develop Fire Scenarios & Design
Fires)

FERR N LB I M2 g B A G R ehilidee 30T = 3R

(1) fI* 24225 T amd sl g @ R % 4 st Bax
&~ 45 (FailureModeand Effect Analysis, FMEA ) ~ % x4 45
(FalureAnalysis) ~ fEE T4 ~ 2P B4 ~ Ap B endigt
TRE S EE LR cFREARERY BiZe 7= AP
FUZAL R A EENE LR

(2) @il LR L& DRV s LI s
P kel R S TR A S s LR kT o R
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(6)

(Hazard Analysis) 14 2 h '~ +7 (Risk Analysis) = f&3 /% o
BE AT P NT A SR~ SRR N B
ARG AFRIEAT T BT F A T R T e
o ZRAFEE G o HG P ESEHRHEAR X THE
R EABHF DT E RS HETR Y R 47y
ZEZ B LS BN X S T T S
SRl ML PFE S KSR s BEE  R PR S PRRFRE
REFBBE S PR RINI R o A REES GRS
RIS F MR F RREFT (SRR F B A

o4 ) AR B HEE T EE -

7 B k%3 (DevelopTrial Designs)

FEEE A BT MIF ks (Sub System, SS) #rie A o
£ "'L”‘ - 7}@ AN 7f]a_/w\ % . SS1~S56 -

(1) SS1 i L i avg 4 ¢ 20 £ ((Firelnitiation and Development ) »

(2)

HpRIposlngd iz gl gaL (&5 0%

b

ALOEFERE) FEF on FREDPEOMET F AN
VRS (NS SRS E R R R 2 A

5B ent & o

= E R e dc 2 ¥4 (Spread, Control, and Management
of Smoke) > H B R 5 5d FLHIT F chid 4 B Bl § e

B % R FI LS R s g o A R

AL ] FER A S BT A MR B
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(3)

(4)

FIVER AR I DA R A MR LR o
SS3 i v i #ipl (FireDetection) > # ¥ x ¥ 1214 5/ {04
- ANERR P E S HERNLHES > T UG AR
PR E AP P IR T2 TAPHT pFR VKA
EREPFRIPrlanr i T - A 5V LEER S Pk
WELZHAS NI W (T b P AraRiT
Gl E o A il s AL AR R FRD

a1 0% o

S i b ¥4 (FireSuppression ) P enf st 3 B g (734
B L A £ o B g & i 4 o SSA ¥ SS3 ¢h

% L ES 226

FI# pode s E B PR BT A R L o FRhm R
% (Delay) #_ @i B d e Sodo iRk Seeni®ds ~ L
BED g B R d o B EF PR R T i S
LR o (L EHmERTpE ke ER LT

PTE RO .

(5) SS5 5 4 B 7% % {4 wit (Occupant Behavior and

Egre$) ’ B ﬁ’) ¢’\ /é Lé: ﬁ;}.ﬁ,l]\ V\K& ﬁ ;? _’_ ‘)\, :<< EEHE ;Z/a.‘l',?
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(6) SS6 :dds ;s & L (Passive Fire Protection) > B e 3t
P BN VR LR > S F A
T - LRGSR EUENTE I R X LR X
HPEE R VR BELE - F Y b ViR

R 2 IR A S 2 Rl IR e

BRERR  P F i

(7) $HZ? 27 b Sw B3 s 2
(@) > i#FE%*%:+ (EvauateTria Designs)

(b) E$#H % & i & R (Selected Design Meets Performance

Criteria)
% p & (Modify Design or Objectives)
(d) :E# & %% (Seect Final Design)
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8 5 pl4e Johnand Hall [22]) # ,]*a‘% A @ erdp M st o
H¥ kMg A S P F%$Hﬁﬁwnwa'zwp$%°

%330 sk Ant
TR En 3 4 R h s 3004 A g 8
% (High) ST & | 4 AFE>5 MR
Bt i 2
? (Moderate) B kL g 1RAT o <2 &4
Vo5 2N B
RARR <5 AT o
i (Low) S e ) 1 TSR <L A
RSB A <1 skt
7 & (Negligible) | ©F Aveebid A4 £ <1 AT R
-7 S
34 F AP F L L
$ TEFANF En
T 4P € & 24 (Anticipated)

F =T R

w44 >107 &

i % 2 (Unlikely)

10% & <3 2 455 <109 =& *

®E * ¥ i w4 (Extremely Unlikely)

10% & < 4 455 <10Y & *

%72 g% 4 (Beyond Extremely Unlikely)

I
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WTE kd A T H e BT 0 B RV BN Y AR T
2T pARR L BHCGREAZLE TR TR MR BRI E
A BEFEEOEA)T 0 L LR B RGRE IR 0L T T AR R L
REvE B R A R W EAR TR R R R R o )
TR R E VX 2R KT H YR ARDEL L E -7 iF
A d TRARN BT UGS BRI LD G R T
(Uncertainty ) » &]4cf2;8 & L3850 % @ % 058 07 FR o ﬁ%l N
ﬁ’{:ﬁ%ﬁ;ﬁ.g&\;—‘—g PR R L BB E R A o2 R
ii’%g%ﬁﬁﬁ%%n FEoo iREK &igw%§m¢%¢ﬁﬁ
fRER e Tl L PR A R R AOR T RIS R TR

%“L l;’f’llr':" Hé FJ:]F’ o

T

8. B Makzte 23 44 (Prepare Design Documents )
2R TR R R IR K8 k(S ﬁjf?ﬁ)ﬁiﬁ% A
Ry E REELIVBERERAF P VRO % g R

o A R 3+ 4R 2 (Performance Design Report ) & /f ¢-im 2 F §.7

IRREIE S i o Tl sk B = S AR o S R A L SR
e M b R AR T R L R T IURE IR L R i 3
K it o BLRRFIRE Y R E G TN

(1) P HFERFMmE

(2) +HPHE

(3)  #hg chihip & 4R
(4) LB ME R
(5) Bt

(6) Ty

(1) EFR

47



g #
object

9

MEEES R
Functional Requirement

3.
S

Performance Necessity

%
6l
3
#
3

i
4a,
Vi3
g e f’l‘ 75 i
v Design Methods 4bh
b BORT GRBL
X ; Rt
e SHE A kS
#, Calculation Methods
' Assessment Methods

T 3 W WE A=

23

Bl 3.1 Phdi st i REE R % 1

’—‘ HEs AR 4‘ B fEA-_ LSRR 20 - SR E R

‘ (USRS - KR HE TR SR e E D

| b At | TR
7 e

I TR R
| BT R, W)

% MR B S AR T e ;—

(b EEFDS - bodos - SirclexSZfoR®

Bl 3.2 #ELE 2HRES

| BSTEC-H TR TRE - AR
i : HIE




1. & &3t B4R

#

2.4 18/

#

v

JERAR

#

LREMESK

#

5 RAX LA &

#

4

6. 8 K st
|

To. okt & 8 4%

Y

Ta. W R o

Td. S

Th. 444 2 K it

#

8. B4 Xt

—

—» HE R R

RATTE AR EHAAK
1t

Bl 3.3 i 34K A& AT AZ R

49



AR RS

v

T, 3RAE RS

# -

'

Th. Sk st 2T B A
pr A PEAE 2 K 2

YESy

S PR NUEY e

YES

NO Tc. & R E

B S S

w7
NOy

Tb. A fF A MERE R K ey
RSt 9

YESy

Td. EEFEMERER
Wi 3k

NO

Bl 3.4 30 i

Tc. 45 iE PEAE
£ K

A2 B

|



¥R BRI A HI G ] AR
A1 L % B i 48 (FDS)

FDS(Fire Dynamics Simulator) » &_d % & B 73& 8 2 B 587 7 7
(National Institute of Standards and Technology ; NIST) % & 2_ fickt \ 3%
L EHR ot F L 2000 & 2 OB AT - KA E 2008 & 7
P Rg A& 522K o

FDS #_NIST % B> § Fflcel L35 n4 Hfel > & ut
Foar B LA v EE TS ML AR RIS
FURNESTS TR RV 8 S S5 SN S 1o R SR R
T RfEF R A A {8 T it Smokeview [14]) &3
FOAR Y B 2 F i i ) oFDS{E 0 BaE AL 2 T gk S 4
HEFT ke V2 i T a2 B 0 Tt FDS fi-
BTN gﬁ%ﬁ,i?-’? = x% B ooos TP H BRI AR

EENTT LA LR E

I

1 s
-t

-l
\111

iié* FDSPF ffLig »d - = 345 (" data) > 426 & 7 o2
3@%#‘ﬁﬂ%ﬁ‘*%*+‘ﬁ@$%‘ﬁif‘*%ﬁﬁ‘ﬁ
BET UL R EESE . L d FDSHMB 4ot 8 4 3 FDS & &
TG RRFT AR a0 FF &L {1* Somleview #idd k 3 B
FDS #73*- & &) 2 iy ke - ¥ e 17 24833 - B 4.1 5 FDSnde
Fl - § 4.2 5 FDS 2 Somkeview 2 ‘e 8% 4 -

FDS #7i& * 2 #cig > /2 ENE S KTl Al LI RIS O
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411 ;nE 4 B2 st f2 il

1. FE27E

op
—+V.pu=0
ot p (4.1)

He p gz A (kgm?)
u - R (m/s)

t: Ry (s)

p(—+(u V)j+Vp pg+ f +V-1 (4.2)
#¢p &4 (nt/m?)

g:F 44 (msd)

frobd (& sEekE2ZAEE ) (n/m)

CARET R4 ER (n/m?)

a

%(ph)+v- phu—%?:Q—V~q”+VkVT+V-Zh¢(pD)[VY[ (4.3)
2

g0 22 _CLuvP (FE S

Dt ot
h % (kdkg)
Q: #Af gy (kw)
q" : fEsEE R (kw/m®)
k @& @ E G (kw/mk)
T ‘®& (C)
h g2 e (KIKg)
D : #icitadc (mis)
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VoL FEAS

4 FIE
a .”f
_t(PYz)"‘V‘PYéUZV‘(PD)zVYz +W, (4.4)

CRAVERES L ET T EEE
5. > Az 5t

P=P,—p,0Z+P (45)
G g s 3

P, =pTRY (Y, /M,)=pTR/M (46)
He p b RRA (n/m?)

p,0Z * #E (n/m*)

P #HERA (n/mD)

6. #5437 LES(Large Eddy Simulation) $3

1/2
Mes = p(CoA) [Z(defF)-(derJ)—g(v-G)ZJ (4.7)
Hoe C ! 55%¥ &k

A RREEE R
O =1 -vﬁ=u(2(defﬁ-defa)—§(v'a)j

={2(ZX) AT e G Sy B2 s a—W)Z}
2 .0u 8v oW
‘{5(& & 5)} (48)
& (pD)) LEs = HEES (4.9)
KLes = HLE:CIO (4.10)

He proo ARy #ic (Prandtl number)

S & A B (Schmidt number )
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4.1.2 % & 3 f7;50
1. PRz 34t

¥ pE 58 engsc - FDS 4 % Second order predictor-corrector
scheme - A& i time-step B 4o fFiE » p" ~ Y "~ 0"~ H"¥7 pl3s i ¢

o TR R A P (n+]), R & EF (n+1) B time-step FF AR

FOFE e Ak eiE o
aBMPILIE p ~ Y fop, A * ek 2 (explicit Eluer step )
B3 o 1}1{1\?7%));? d T ;\?;1 5
P =03 VP -+ VT (411)

b. f2/& 4 = Poisson = #2.;% B ¥ o
VL — (V U)(ml)e —(V- U)n

—V-F
5 (4.12)
Fig- 8¢ 77 % & S AR AR E AN - g2 4 38 o R R
™ i time-step 7F iz

a™e = g" —St(F"+ VH™) (4.13)

@ time-step % 7 # &
St < min(S—X oy S—Zj (4.14)

u v w

Caitd FB 2 (8 BPILIEFp ~ Y fop, BT - B time-step

N 1 n - o UE M N M.
p 1:_2(p +p "D (U VO + oY) (415)

d#Ez nipe ks REFTHERA

2(V-0)™ —(V-0)" —(v.0)"
ot

VZH (N, - _

~V.-F" (4.16)
{ I i B AeT

1 _
gt = E[Un £ g™ _gt(F (Y 4 yH (D )] (417)
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2. 7 B2 3aT

g 3 B AT R - b ¢ & £ 42 (Second order
central difference) - B 3+ ¥ chfe Bl E - BALE > WA 2]
SR o & BRELAEG o H i~ Jﬁfrk/,,\vjl | % 4 $BEe X S Yz 23 % o
3 AEE (dep R ) PALRRBT B bl PR £
LENE timestep 20 ~ I s Kjmenp B o v £ E P BBl

- 2

Feo MEo
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FDS® 3& iR & v P4 5¢ ( Mixture Fraction Combustion Model;
MFCM )2 3 " 5 &5 Bt 0 A & £ % 33 MFCM & jf £ 5 2
LSS SN FERHAERY 3 REFFE R
SR Ry v C BER o

B v a4 N ((Mixture Fraction Combustion Model )

V. Fuel +V,0, =)V Products (4.19)
A R R L = s
%“?ﬁﬁﬁ%ﬁﬁ

I” n

mg _ M
VATV (4.20)
M tiAF2 BB EE (kg)

m:isFZFRPEF (kals)

S\f%\é ). uwm,

T P = 4.21
~ SY+Y VoM. (4.21)
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Z(X,t):Zf ; Zf :W (422)
F o

o y.(2)- Yr(-2/2,) 2 <z, (4.23)

-0 0 Z>7Z, '

g PiE R A - B E AP T B R BT T AT
CxH, +n(x+ y/4)O, +3.76N,)
— max(0,1-n)C,H, + min(Ln)x CO, + min(Ln )(%)H ,0

+max(on —1)(x+ y/4)0, +n(x+ y/4)3.76N, (4.24)

Boader o2 B @Rl §F RS ke

qW—AH rn(r)ﬂ (424)
He AH, RAE Ry HEPmasfas 2 d 3 f278
TR OE
. dy, dy, d Y
-my=V| pD—2VZ 4.25
g - v] o0 e 2 |- 5 (4.25)
R A R EREEN B —n%’#"\{—t"’ BT o> 33 g fUag F
FOREH- Y RIE T 52 ARV AR e
Ve,u,CxHy +V5,0; = Veo,CO, +Vy oH,0 (4.26)

R FF g 3 E - HALF it Rz e KRR RS
dickH, |

dt
#¢ B : F ¥ #ik(pre-exponentia factor for arrhenius reaction )

—BlcyH, Flo,Pe R (4.27)

E:&ita (kJmol)
4.1.4 Fuigf stz wifp f2 3

FDS 2. #u 45 & & sufr = 425840 #77 !

S V69l 093] n=1. 1\ (4.28)
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54 o = Fo (i, e Jo T4/ (4.29)
I -(x,s):iln(x,s) (4.30)
| qts,bfé:;)i (kw/m?)

k @ BT thdc
AR (m)
c @ ¢ F »— & (Sefan-Boltzman constant )

Hordho 2 BAE s > FDSE* 2 FiF 24T

1_ ! !/
IW(S):SIbW_*_T8 J.IW(S)S 'nW‘dQ (4.31)
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"
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-
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dls _ Ge*dr (4.36)
d p.LCo

#2980 B R E R (M)

VERER R A AR SRR G- Sl TR RAEFIRAT
B oo % RtEd g % F 2 A BRE Clausisus-Clapeyron /& 4 p&F » #id T
ko o

58



Pec = Po exp{— M(i - iﬂ (4.37)
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% 4.1 Smulex & &2 4 §8 = +

8.5 R(t) [m] R(s) [m] S[m]
A 0.27 0.17 0.11
e 0.24 0.14 0.09
T 3o 0.26 0.155 0.10
% 42Smulex £ 57 o A FHV2 F 4 0 F &
AERC T 35% 7 1+ % R ER 23 %
PENF R 30 40 30 0
* %z 30 30 30 10
M 30 20 30 20
i 10 10 10 70
% A 50 20 30 0
AR e 0 100 0 0
“rd s 0 0 100 0
2rF 523 0 0 0 100
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1. Naming the Job

2. Setting Time Limits

3. Setting Globel Parameters

4. Defining the Computationa) Domain
3. Setting the Grid Size

6. Prescribing the Goometry and the Fire
7. Creating Obstructions

8. Designating Vents and Surfaces

9. Choose Output Files
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1.80
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o &6 ©6 © o o

o

Walking Velocity (m/s)
&

Obstructing
Person

Zero velocity when people are . 7

packed as tightly as possible ~
7 (inter—person distance is <
4 equal to body depth) ) .
N In this graph, interference

threshold is set at 1.6m
1 inter—personal distance.
— Velocity is unaffected
i above this point.
. . — _— Male — 20yrs age
L7 —— Median Values

7 L Female — 55yrs age

71 7 71 T T T T ' T ¢ T T T T T
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Inter—person Distance (m)
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Angles of directon 6 a6, allow the Assessing
Person o overtake the ng Person
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