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A Study on the Performance Criteria of Smoke Control System

for Underground Spaces Through Numerical Analysis
Ahn, Chan Sol, Chae, Han Sic, Kim Hyeung Youl
Korea Institute of Construction Technology
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This study is intended to evaluate the characteristics of smoke spreading and the
appropriateness of evacuation time extended by operation of smoke control system
during fire within the underground space of the building structured in compliance with
the smoke control system performance criteria from the local fire safety standard in
Korea. As a preceding review of this study, the combustibles was categorized and
identified their heat release rates. For validate the estimated values, modeling a single
underground shop was carried out. And a numerical analysis both in case of smoke
control system in operation and the system not in operation was carried out of
underground space. From the viewpoint of securing the evacuation time, the results

were compared in an attempt to assess the appropriateness of the fire safety criteria.

- 356 -



L ME

N

sl A w Aok ey A4

3l Tl A= A

ols
) -

g

TC

=

Joll Slom 1 &

4

she

7}3

=

[

of 374 B3 #s He] stn Utk ol

AL 7F

pi

3

o] o

+

BR

N
=0

4

A7 B2

7 7}

o &

I
=

=

—_
o

37kel

S

It A9 A7z A

AA

297} 3

1.

h
il

il
—_
)A

RN =

AA R
beg 714

o

= 16719

A7t %

& =7)oP 7k 3m, Y

W AL} A5 E A

7FA Aol

=
-

o]

=

e

-
[<)

pi

B Ay

@ APomyy AAAT} gEa
Sk
sk A7)

[¢)
e NEHALYTH FY

stk shAF 2

S

J

A

of 77t 5A804
l

He HA A vl

©

f

3]

dold BAE Ak A
X

b 7ol 4

3}t
s}

[
e @4e A

%)
8

pud

pi
L

3

=

St sHA 7 SthE A shA) 7 2
A

[¢)

AT Ao GLE7E F3
Hl 3m, =°] 24med] 100x100x1002] AX2 T4

SERR
EE

s 4%

2

7hA A717F

[e]

F

o

)
T
on
el

n_mo

r

5

=

Rk

o 37)

o A4
3]

=]

H

£
gl 9

5
T

ARl Aot FAE T Tl B
ol 1070, 9% == 670, 47k W

o},

B

- 357 -



2008 % 7

Smokeviaw 4.07 - Mar 12 2006

mash. 1

Smokevisw 4,07 - Mar 12 2016

,0

16002

R

N

5

M
A

2 AlEE o] A Azl sl st
A7 ¢ 800FE V|FL=E 700~900% Ato]oll A 7.5~8MW 9]
ATH7F ©]F 900~1300F0 A ¥ 2MWe T ¢

1000 [
— ceiling1
— ceiling2 800
ceiling3
% ceiling4 % 600 -
£ ceilingd £
2 ceiingé b hallt
ceiling7 400 hall2
ceiling8 hall3
ceilingd 200 r
— ceiling10
0 : i i . . . i
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
Time (sec) Time (sec)
a. ¥E2:k b. HE2E
a7 2 AT AlZEold RERXE
9
8 9
7 8
s 7
£s 8
g£°
= 4
¢ E s
5 I
2
! 1
0 0
0 200 400 600 TImeﬁ[oso] 1000 1200 1400 0 400 800 1200 1600 2000
Time sl
=] = = =
a. AlEdolM b. A=3x| A H
=~ O
a3 MUY g SHEE

- 358 -




(=] (=3 (=3 o o o
=3 (=3 (=3 (=3 (=3
g |& =& 2 =°

[MW] "aH

OOOOOOOOOO

222222

1600 2000

1200
Time sl

800

400

400 600 800 1000 1200 1400
[

200

s]

Time

il

a. Al E8olM

HoFEn 9ok gBEE 700~800C7}HA]

e
=y
Al

ek

Ath(1E 2) AE3kA

[e]
A

L5 E 400~1,000C 7+A)

o 8% A

23 AEa oA 34 modeling©]

5

g 2500 M]3 ¥l ws

53
|

3
AT

o)
o

~ o

IIE

45

2.2. M HAMH|

Ho

~
o

Vel

X

T
o
JJo

P37k 3702 ofe] e AT R Wi of

S

1=% Hojglons A

S

ROz A4

FES A

16719 A

oy
Jlo
T

A

)
K

Pazbel Sl sha) k7]

S

N

o

Tl [oNREaN]
T o | =
i |8l S|B(8
o = ||| O <27
el I iy Py s o
Nar |32 AR
A REH Ll for iy iy
W ~|o|w
i (BB =S
20 | 22O <
S [RR| D[~
7 g[2[28]5
io(\ ||
Jo—~ olo|lolo
Jrr%OOOO
RS IRISIS|S|IS
e |SISIRSIR
IO|IHIS|H
““W( | ] —
Br
:rﬁ_l14323
B
3
21 NI SN
HEAT3N968
Ml |e|en
Frkanl I Fet o] B o)
~ B IRZIETS
7/1\900:9;1anby
%o || ed| e
. — || MO
N e e el Ll
ol IDIDIDIDD
X %0 | 2o 0| %o
Mo B | i | [ |
ﬂ o |ijo [1o [1o [0
NN |||

- 359 -



A7) 6 4,242.7 39 3 150,000 1,353.78 2,225,664

&7 7 4,566.8 105 6 280,000 1,713.88 1,549,464

23471 8 4,704.2 113 5 230,000 2,177.31 1,713,908

A 337 9 7,080.3 230 5 230,000 4,316.65 2,455,600

A 8147F 10 7,151.3 218 6 295,000 6,206.83 1,532,720

2837 11 7,640.1 286 7 345,000 7,751.77 3,007,648

A 247 12 8,315.2 162 6 300,000 2,352.32 2,387,308

A &H37) 13 8,830.7 224 6 300,000 3,021.31 3,248,546

A 5}47F 14 11,512.4 192 6 350,000 2,633.69 3,843,434

A 837 15 12,234.5 481 13 510,000 6,085.25 6,095,096

2437} 16 13,402.4 295 10 500,000 13,346.14 4,958,450
2.3. X|ta7} +%/50 4

BHBoR HRF 1679 ArtE FANA 37 As) 4 Askte Fes A
2712 2Agadn A7k URe AAs 2 4 e wAe Yxe vAIAG: 4 4
ot AFYT HAsE ol 2AT AARS YYAAL At B2 ¥4 @
AE AL WETE PYAAG AN 3 A2 S ol At Al
Herk BE Wgoz NAA ddn HA0RRE 4 274X Ha ANE Agste] I
UAEE 49990, JUAZE 09 Im IA0E Axhs FANNE 2Ree 5
2R JYPRE weh Qastavt FAEE AR FAGD ARCERE Lém =
o] ANAAN B WowH A Heet dartaz 8 FuRest AdHE A
e Z4shqr

- N
N,
Ol
o
o o
N
=

By AgH AXSgE HY eI} Zow AXE rectangle
multl block®. 2 T3} 3 multi-processorE ©|-&3le] W& ATt =3 F 71A
Aol P, A HAle AAMNE 7tEIA &

719 AAFPI AhTtzo AAujEe] o] FAAES AT,
A AddRE ]’%5& T2 ?J:Ili ﬂ'ﬂiﬂ«] Z} o%}j”} ALz ]’-’lgl Ap AR & o]
S 7

Smokeview 4.0.7 - Mar 12 2006

Wi

i1

W

i
A

a7 6. Xstavtel MMz e a7 7. ALTtA v EF L ZEX| M A

- 360 -



2008 A% A8t =Tl 3

9] 3 | =]
Hol e ATz 333 4 vk 1¥URe Aivtze] sEm wWiE Hel Aotk
ol ke RAFE F A9 Aol7t glon sdozRE HolALE xjolv}
BolA e AT Holi Utk o]AL Lo PSR AAMn e EFHs} Fasn
AL outh Axrtze] FaEn WHEs BAYS ) 167) At A FEH
o7 {AEE FEF 5L Holx] gou} ¥29} o] 57kA AL FEIAPYS W 2
29 2EE AL BFS £ AU Group 1S AQdAue FAEd) ud a9} gl
E xozA Az A IdAZre] A FRHFA el Aotk Group2,3e A
AMue] Her1FEe] o= AE FESA HEHD de ASolAT A} e A
e AQdue] FFEA} Holx] gomz ol JA AU AT IFAZHS
83 Fran YA 2 Aotk wekA Groupl 239l MBEE Ad3rte 45AA
ol o) EH2A AAdue] AQAY Bag Folgk & 4 9tk Groupss AA AA
Aule]l 7)ol FEF AEA AL AdA Bl HFE IS Fus Fu
2 Q2L AedAE] dedA Fe Aot
300 1,800
Seo | [T el R
Ezoo T 1,200
2 o %1.000
fwl M :
0

0 200 400 600 800 1000 1200 1400 1600 1800 1 11 21 31 41 51 61 71 81 91 101111121131
Time (sec) Distance (m)
I 7. MUY gUHEE #s O3 8. dAJtA HXAIZE B35t

E 2 HodMdule zSHnt
£

T/ A7t 4 A AR H A7 M A7
Group 1 Er R 1, 2, 6, 15 4
Group 2 0% o] 7~ 100% ulgk 3,4,5 7,9, 12, 14 7
Group 3 100% o)A ~ 200% w|gt 11, 13, 16 3
Group 4 200% ©] ~ 300% w|wt 0
Group 5 300% ol 8, 10 2

- 361 -



2008 % S8t =T 3t 3

2ol M A Al SAPATIE A AW ThEd B
et FAHH S FAstAoH Adake] b Bl

S} A we At
Mg Ave e 2o

AfAER FHH 5434 B0 Wol AAse e AR AARFL nelHA
R ABH NFS AEF A3 E A Akl dsiAE AQE Aol @
Qurtrel FPAD A} 24 FeL AU oL @AY AFHL A AR
Azl s FHR Qe AFAZEAN SAE BARAE W AL Aol F2F =)
AN Bus FA 2T b5l 98 vt meb ASRaSgA SA7 2
BHEE A AdAe

oo B N oW
tlo ol

A F2AQ BB B A e AR HAAF R AREHE Tt A
Qauel AY §FL AT o]F AA thA BISE WA 4% AAWS BN
295t ol HyAT Ao BuPh

ZAtel 2

o] ATt AMRE/NEH Il AQeE ARRD ATIHA AstE BAAM
2 PAANEAL Aol s FPE AT dunde *Un:

it}

gl

Ao
ek

L AR, DG, ABE, ABER AANE 24 2 A7, dBAF 7
stedra o g, A274@ A1E, 2007.10
e

2. 783, HEE, AVEE, F4F, “HEstALE S AT AAZZ2YvIEY AT

3 A Anrets] FA TR OS] ppl8T23, 2007.04

3. B.J. McCaffery, J.C Quintiere, Harkleroad, "Estimating Room Temperatures and the
Likelihood of Flashover Using Fire Test Data Correlations”, Fire Technology, Vol
17, No.2, pp.98,1981.

4. NIST, FDS(Fire Dynamics Simulator) User’'s Guide, 2005

5. NIST, User’s Guide for Smokeview, 2004.

6. SFPE, SFPE Handbook of Fire Protection, 3rd Edition, 2002.

- 362 -





