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lim0

2.2

V,, = 9x{(0.089+ 0.0035)x 200/"* x (25 + 2.2%%)=198 m?/

V, = max(198-0,0)=198
0

AoomX(Hroom_ |_llim) 3OX(25_11)
t, = = =0.21
max(V, —V,,001)  max(198-0,0.01)
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O 0 O
89 1
3-14
3-65 3-66 2-30F
3-67
= 3-14
m? m MJ/m2
1024 2.7 560
904 2.6
1 6 2.6
3m2
2 5 2.6
0.4m3/min
1 16
2 16
48.64 2.6
4.9m3/min
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4-4 1.8m
2.5mx1.2m 1.8m

MOBEEBAMERS (3m?)

GELELL EEELU
RO ERERAGS im: &
.............. 5.

=]
1 ]
| 2500 ]
3- 68 1

1F 05 /mz 2-30F
4068 1F 356

3 4
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0.125
2-30F
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#F3-15

1 2
m2 1024 172.8 185.6
Auen 3-14
toart min 1.067 0.438 0.454
< 3-16
l, m 35 14 14
Y m/min 78 78 78
tava min 0.499 0.179 0.179
=< 3-17
p Im? 0.125 0.5 0.5
D PAL
128 86.4 92.8
/min
N 4 90 90 90
m 3-18
B m 6.0 55 55
o 3-19
t min 0.237 0.068 | 0.074

queue
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< 3-18

A, m2 904 | 430 | 430 1 2
1F
a, m2/ 0.3 03 | 03
> (A.la,) 301 | 1433 | 1433
A, m2 1024 | 718 | 718
> PAad 128 | 89.8 | 89.8 [90 /min m
B, m 0.9 20 | 20
B, m 2 2 2
B, m 8 16 16
/min
N, 90 90 90
m
== 3.19
o min 1515 | 0.672 | 0.687
q MI/m2 | 560 | 560 | 560
a 0.0989 |0.09890.0989
a, 0.014 | 0.014 | 0.014
0-14/\/(af+am) min 0417 | 0417 | 0.417
B... m 2 2 2
B,, m 00 | 15 | 15
B, m 6 2 2
> By m 60 | 35 | 35
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Laart + trava + Louene min 1.752 | 0.686 | 0.708
2
< 3-20
1 2
Aoom m2 1024 172.8 185.6
3-14
H.,oom m 2.7 2.7 2.7
V, m3/min 346.33 191.4 196.0
V, m3/min 0 0 0
t, min 2.661 0.813 0.852
3
F 321
2
taart + traver + Louee|  MIN 1.75 0.67 0.71
. min 2.66 0.81 0.85
OK OK OK
3-22
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7= 3-22

min min
1.75 2.66 OK
0.67 0.81 OK
0.71 0.85 OK
=< 3-23
Adoor m2 1174 1174
start min 4142 | 4.142
=< 3-24
m 55.2 47
m/min 78 78
min 0.708 0.603
= 3-25
/m?2 0.125 | 0.125
> PAre 128 | 896
( /mn m 90 90 3-26
m 1.8 4 2mx
4
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queue min 0.790 0.249
£ 3-26
> A m? 32
Avad m2/ 1024
90
D PAe 128
0.25> " PA, e 32
Bneck 09
Bg 0.9
N g _ 90 90
/min m
taart * trave +lquee | MIN 5.640 | 4.994
N 5 1 1
— — 2
% 3-27
1 2
Acom m2 1024 | 1024 3-14
H room m 2.7 2.7
Him m 2 2
(A m3/min 368.75 | 368.75
\A m3/min 0 0
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ty min 1.944 | 1.944
% 3-28
2m x2m X
Ay m2 16.00 16.00
\A m3/min 368.75 | 368.75
Him m 1 1
Avorridor m2 90.4 90.4 3-14
H corridor m 26 26 3-14
Ve m3/min 0 0
to, min 0.392 0.392
% 3-29
1 2
Pop m2 1.80 180 | 02A,
(A m3/min 0.36 0.36
1.8 1.8
H lim m
Aborridor m2 6 5 3'14
Hcorridor m 2.6 2.6 3'14
20.3 0 3-30
Ve m3/min
tg min 480.000 | 11.111
% 3-30
3m?
< 26
Hop 26
E m3/min 50.6
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30m A m2 16 3m2 16 14
h, 0.8
H, 2.2
A m2 14 3m2 16 14
V, m3/min 20.3
% 3-31
ty +Htg min  [482.336 |13.447
% 3-32
tstart +ttrave| +tqueue min 5.64 5.64
ty Hottg min 48234 | 13.45
OK OK
1F
2.
3 3-33
2
Acom m2 185.6 3-14
Hroom m 2.7 3-14
Him m 2
(A m3/min 208.7
Ve m3/min 0
ty min 0.623
*£3-34
A m 8.00 4m x2m

127




Vs m3/min 208.7
Him m 1.8
Avorridor m2 430.08 3-14
Hcorridor m 2.7
Ve m3/min 120.2 3-35
to, min 4,374
= 3-35
< m 2.7 3-14
H o m 2.7 3-14
E m3/min 300.5
w m3/min 792 1.67
H. m 2.7
V, m3/min 120.2
= 3-36
t, +to, min 4.996
= 3-37
tsart +ttrave| +tqueue min 499
tsl +t52 min 5.00
OK
3-38
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7< 3-38

escape S
min min
1 .
1
482.34 OK
3m2
5.64
1 5
13.45 OK
2
1F 2 25
499 5.00 OK
720 m3/min

1.67
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60cm
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Nest

=80
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' '

t = Aoom(Hroom_ HIim) t = Aoom(Hroom_ HIim)
* max(V, -V,,0.01) * max(V, -V,,0.01)
2t Dt
\ 4
min(}_t,)
4-9
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te = AroomX(Hroom— Hlim)
* T max(Vs—Ve,0.01)

AI' oom

room

lim

V, m3/
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room

Aroom

low

lim

t

S

t = Aoom(Hroom_ HIim)
* max(V, -V,,0.01)

& 4- 10

144




5 4-2

112

AR 2 R HLfr— i

& 4- 11

Vs = 9((0& + C(m)Aroom)% (Hlow% + (Hlow — Hroom+ H lim )%)

\Y/ m3/
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Aroom m2
|_llcvw
m
Hroom m
|_llim m
A ql
H room L L L
H, lim O H,
Vs
1/3 5/3
Vs :9{(af +am)Aroom} {H|0W +(H|UW_HI’00m+H|iI

& 4- 12
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%43

V, =0.2A,

V, =0.2A,

VS = 2.0Aop

Vs = max(vso _Vevo)
vV, m?3/
v, 3.45 mé)
Ve

1.8m
m3/
Ay m?
Ve
E
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1500m?

1.8(n) Hiin
(a) (b)
4-13
V. =min(A'E)
V. m3/
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A o{
A 0.4(

top

H«—1.8

Hiop—1.8

H¢—1.8

Hiop —1.8

|

j+o,6(1_
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E =min > max 19As\/E,76AS—HC_1'§
“[ 52
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A
30m
m2
h,
m
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E =mi n[z min{w,3.9(Hc — 1.8)}W% }
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30m

E = min(s,550As)
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EE EHIER

K44
Aom m?2 1024
A m? 1174
Lsart min 7.569
%£4-5
L m 55.2
v m/min 78
Lrave 1 min 0.708
%£4-6
" Ill m 16.8
Ny 29
m 487.2
v m/min 47
Urava -2 min | 10.366
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*4-7
l, m 2.4
v m/min 78
ttravel—?, min 0031
*4-8
ttravei min 11 104
% 4-9
0 /m? 0.125
> PA 128
N 29
3712
D PA.
N mn m 80
By m 2.4 1.2 X2
tqueue min 19.333
2 4-10
1F A m2 32 [16m2x2
N 29
A m2 928
D PAL. 3712
0.25) " PA,e, m2 928
Bneck m 1.2
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B

st m 1.2
N o Imn m | 80
tstart + ttravel + tqueue min 38.006
% 4-11
Aoom m?2 1024
H room m 2.7
(A m3/min 368.75
H door m 2
Hiim m 2
Ve m3/min 0
ty min 1.994
= 4-12
m2 16.00 2m x2m x4
Ay
\A m3/min 368.75
A:orridor m? 904
H corridor m 2.6
H door m 2
H lim m 1
Ve m3/min 0
ts, min 0.392
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= 4-13 2
A m2 1.80
Vs mé/min 0.36 2A,
A:orridor m?2 5
Hcorridor m 2.6
H door m 2
Him m 1
Ve m3/min 0.16
tg min 40.000
F4-14
Hy m 2.6
Htop m 2.6
E m3/min 0.4
w m3/min 0.4
H, m 2.6
Ve m3/min 0.16
x 4-15
— 2 —
ty +ltg min 42.336
- 2 —
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7< 4- 16

Avdom m?2 1024
H oom m 2.7
\A m3/min 368.75
H oor m 2
Hiim m 2
Ve m3/min 0
ty min 1.944
2= 4-17
Ay m? 16.00 | 2m x2m x4
\A m¥min | 368.75
Avorricor m2 90.4
H corridor m 2.6
H door m 2
Hiim m 1.3
\A m3/min 0
te, min 0.319
7= 4- 18
Ay m? 16.64
Vs mé/min 3.33 0.2A,
Avorridor m? 48.64
H corridor m 2.6
H door m 2
Him m 1 H oo 12
\A m3/min 1.9
ty min 56.296
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Hgy m 2.6
Htop m 2.6
E m3/min 49
w m3/min 49
H, m 2.6
Ve m3/min 1.9
< 4-20
ty ot min 58.56
2 4-21 1F 2
Aoom m?2 185.6
Hroom m 2.7
\'A m3/min 208.7
H door m 2
H lim m 2
Ve m3/min 0
ty min 0.623
*x4-22 1F
A m2 8.00 2m x2m X2
(A m3/min 208.7
A:orridor m?2 430
Hcorridor m 2.7
H door m 2.6
Hiim m 1.3
Ve m3/min 187.0
t, min 27.707
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< 4-23

Hq m 2.7
Huop m 2.7
E m3/min 4674
w m3/min 792
He m 2.6
Ve md/min 187.0
F<4-24 1F
i m2 16.64
Ve m3/min 3.33 02A,
A:orridor m2 4864
Hcorridor m 26
H door m 2
Him m 1 Hy, 2
Ve m3/min 0.0
Ls min 19.00
=4-25
1F 2. ~
ty ot min 4733
4-48
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< 4-26

2 = 1
0.4m3/min 42.34 OK
4.9m3/min 5
o 38.01 58.56 OK
1F 25
- 47.33 OK
187m3/min
1000m?
2 4m3/min 0.4m3/min

4. 7m3/min

1.67
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5 5-2

10 Friedman, R,. Survey of Computer Models for Fire and Smoke second edition , Factory
Mutual Research Corporation, Norwood, MA, 1991.
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Thomas’
Flashover " MQH 12

ASET®

" Thomas, P.H., Testing products and materials for their contribution to flashover in rooms,
Fire and Materials, 5, 1981, pp 103-111.

12 McCaffrey B.J., Quintiere, J.G., and Harkleroad, M.F., Estimating Room Temperatures and

the Likelihood of Flashover using Fire Test Data Correlations, Fire Technology, 17, 1988,

pp 98-119.

13 Cooper, L.Y. and Stroup, D_W., Calculating Available Safe Egress Time ASET -A Computer
Program and Users’ Guide, NBSIR 82-2578, Nat. Bur. Stand., Gaithersburg, MD 20899, 1982.
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CCFM™

14 Cooper, L.Y. and Forney, G.P., The Consolidated Compartment Fire Model =~ CCFM Computer
Code Application CCFM. VENTS-Part 1: Physical Basis, NISTIR 4342, Nat. Inst. Stand. Tech.,
Gaithersburg, MD 20899, 1990.
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CFAST"

5 peacock, R.D., Forney, G.P., Reneke, P., Portier, R., and Jones, W.W., CFAST, the
Consolidated Model of Fire Growth and Smoke Transport, NIST Technical Note 1299, Nat. Inst.
Stand. Tech., Gaithersburg, MD 20899, 1993.
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5.1

53
flash over
5-3 1972
Heskestad®
Q=a- t" 51
Q kW

16 Heskestad, G., Similary Relations for the Initial Convective Flow Generated by Fire,
FM Report 72-WA/HT-17, FMRC, Norwood, MA,1972.
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a kW / s2

5.1 n

"T-squared fires”
g
1055kW 1000 BTU/s
Ultra-Fast Fast
54
5-2

T-square
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50 0]

4 0 Q]

300
( Kw)

5-4  T-squared

SFPE
Paul's'”  Bryan's'®

7 Pauls, J., Section 1/Chapter 15, Movement of People, in SFPE Handbook of Fire Protection
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Nelson Maclennen20

Engineering, P.J. DiNenno, editor-in-chief, Society of Fire Protection Engineers, Boston,
MA, 1988.

8 Bryan, J.L., Section 1/Chapter 16, Behavioral Response to Fire and Smoke, in SFPE Handbook
of Fire Protection Engineering, P.J. DiNenno, editor-in-chief, Society of Fire Protection
Engineers, Boston, MA, 1988.

19 Julliet, E.Evacuating People with Disabilities, Fire Engineering, 146, 12, 1993.
20 Nelson, H.E. and MacLennen, H., Section 2/Chapter 6, Emergency Movement, in SFPE Handbook
of Fire Protection Engineering, P.J. DiNenno, editor-in-chief, Society of Fire Protection

Engineers, Boston, MA, 1988.
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22

10

2t Performance-Based Goals, Objection and Criteria,

Primer #1, NFPA, 1997.

22 NFPA'S Future in  Performance-Based Code and Standards, NFPA,1995.
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Zone
model Field model ~ Zone model
NIST
BRI Field model
Field model

NIST National Institute of Standards and
Testing Zone model , CFAST
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multi-compartment

CFAST
CFAST
FAST
CFAST
CPLOT
CFAST
HAZARD
Field model
National Institute
of Standards and Technology Building and Fire
Research Laboratory FDS Fire Dynamics Simulator
FDS Large Eddy Simulation LES
LES Grid Scale Sub- Grid
Scale, SGS LES Navier-Stokes

LES

FDS
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NSP

5-9
NSP 167807 m2
2 . 24
2
26468 m2
98.8 m? 10650 m?

5-9 NSP
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100 m
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water front

100 m

100 m

20m

service

20m

service

30m 9000 m2
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BRI-2

CCFM.VENTS u.sS.

CFAST u.sS.

CFIRE-X /

COMPBRN-II u.sS.

COMPF2* u.sS.

DSLAYV
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R-VENT

Sfire-4*

CiFi BF3D u.sS.
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RECTST:SQCON;
TCSLBM:WSHAPS
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TASEF
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u.s. EXIT 89;HAZARDI (EXITT)
EVACS
EESCAPE

EXODUS SIMULEX
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u.s. DETACT-QS
DETACT-T2
LAVENT (includes ceiling vents, draft curtains)
TDISX
PALDET
TASEF
3}
UK. PADISM;SPLASH
/ FISCO-3L
TASEF
U.S. SMACS Smoke in HVAC system
ASCOS Smoke control
MFIRE Mine ventilation network
UFSG Upward wall fire spread
SPREAD Wall fire spread
/ FIREX-1.2 Hydrocarbon fires
WALLEX Window fire plume
RISK-COST Life and cost-multistory buildings

217




bk —

60

ASCOS Analysis of smoke Control Systems
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AST Version 1.3
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