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Aok AL E3H(t=0s)FE AFFE(t=300s) 7HA9] FHo= 9
y=3.5mol ] 25 5l z=18molAe] o]4tstetiel wxet JMAAYE M
o

Table 3 Dimension and location of shutter

shutter No. dimension location remark
1 9mx2.5m Om ~ 9m =Y
2 9mx2.5m 95m-~ 18.5m =Y
3 9mx2.5m 36m ~ 45m =Y
4 3mx2.5m 78m ~ 81m =Y
5 9mx2.5m Om ~ 9m =Y
6 Imx2.5m 18m ~ 27m ¥
7 9mx2.5m 36m ~ 45m =T
8 9mx2.5m 54m ~ 63m o) & &
9 9mx*2.5m 72m ~ 81m =Y

B2 AF A Table 42} 3HA| 7 2o} '3t Bl o] A Ao Fol| whet AlE# 0]
AL 33 4714 H-9-S Table 49F-%°] Case A, B, C, DE A3} th

Table 4 Combination of case

open comparison | fire size(MW)
C Shutter No.
ase utter No open half closed 15.6 7.8
R - half closed| 15.6
open 7.8
o 0 half closed| 15.6
open 7.8
half closed| 15.6
C 6,8 half closed 7.8
half closed| 15.6
D 56,7,8,9 half closed 7.8
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Fig. 4 Comparison of temperature variation at P1~P3.

(No.5 shutter open)
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Fig. 5 Temperature distribution at y=3.5m.
(shutter No.5 open)
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Fig. 6 Comparison of Carbon dioxide concentration variation at z=1.8m.

(No.5 shutter open)
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BE = Fig. 79 (@)~ (d)dA Be A Zo] Yepgth Azt A
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3.1.5 z=1.8m 7}A A9 #H3}

No.5 shutter’} €8 A& A5, z=1.8m2 x-yd A4 7FA AR = Fig. 8
oA Bl SRS AlZEe] Al weEt P1, P2= P3ETE ©AIZEel] o) 3 A

7HNAR Y] METE lEe o g AT

35
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visibility(m)
<
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[
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5]

=]
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time(sec)

Fig. 8 ~Comparison of Visibility variation at z=1.8m.

(shutter No.5 open)
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3.1.6 z=1.8m 7IA AT Y E=

No.5 shutter’} €8 U= A%, z=1.8m2o] x-yBHAA 7HAAT BE+=
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_24_



(d) t=150s
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o o o on on on on
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0s's
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056

Fig. 9 Visibility distribution at z=1.8m.
(shutter No.5 open)

_25_



3.1.7 Shutter 7§ # (half closed)?] W& 2%9| H|W
No.5 shutter’} €& AT 1.5m 23 U= 4 -$(T2), y=3.5m P1~
P3o] YA &%= ®W3HE Fig. 103 #Zo] yehdint. & W3y} glem <

sl 15m 23 Ao Hi

b

=g o] Fopdh

1200

T2P1

7] T1P1
£ —T1P2
E

—T1P3
:
E T2P1
=1

—T2P2

—T2P3

Fig. 10 Comparison of -‘temperature at P1-~P3.(shutter No.5 open)
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o 2
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1200
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(@) Comparison of temperature variation
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o
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(b) Comparison of carbon dioxide concentration variation
35
30
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E
= 20 Vip2
£
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10
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> e\ 2 P3
ﬂ T T T 1
0 100 200 300 400
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(c) Comparison of visibility variation

Fig. 11 Comparison of temperature, carbon dioxide concentration,

visibility at fire size.(shutter No.5 open)
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3.2 Shutter No.9 €3 4 uHlIg3)
321 P1~P39 2% W3}

Fire shutter No.9 7} €9 A& A%, P1~P3 fA A9 &= ®#H3}
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X
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£
g
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B TP1
g -
E T P2
o
- ——T P3
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1
a 50 100 150 200 250 300 350

time(sec)

Fig. 12 Comparison of temperature variation at P1~P3.
(15.6MW, No.9 shutter open)
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322 y=35m¢| &% £¥%

No.9 shutter’} €8 & 4%, y=35m HHANAM 2= EE= Fig. 139

JERTh w0 A5 Pelow 1ee] g7k SEEI 9ee mejETh

(b) y=3.5m t=200s

[l [n] (o] - on 2] =l ] L]
= [n] o =l 7] on = (3] ]
[} L) L) o o] ] o o [

ooz
ol

Fig. 13 Temperature distribution at y=3.5m.
(shutter No.9 open)
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3.2.3 z=1.8m¢] o|4lsletAd F& WS

No9 WsAEZE 48 e A%, PL~P3A A oj4tsigie] w5 ©
& Fig. 1401 Wlmstinh Azke] Aol weh Wie ojitsteha] s

BEE 2 A3} goom, WA Y8 FRIME ol4kstEae

¥

AGgFo] mXE Ao R UENGA, P3oA o)AkstErAe] U} Ao
A gebgt) o]4ketebae] X7} Figo 129 £59) Bl2% ez gal
=

Hu P1o] R 4 P2o) = wske TN

l

= HoFEH

012

01

0.08

carbon dioxide (molfmol)
5

0.04
0.02
4]
L8] 50 100 150 200 250 300 350
time(sec)

Fig. 14 Comparison of Carbon dioxide concentration variation at z=1.8m.

(No.9 shutter open)
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324 z=1.8m?| °]4l8lgtAio T EX
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Fig. 15 Carb n lde ‘concentration - 1s o n at z=1.8m.

0.9 shutter open)
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Fig. 16 Comparison of Visibility variation at z=1.8m.

(shutter No.9 open)
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Fig. 17 Visibility distribution at z=1.8m.
(shutter No.9 open)
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3.2.7 Shutter 7§ #H (half closed)?] W& 2%9| vl
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Fig. 18 Comparison of -temperature at P1~P3.(shutter No.9 open)
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Fig. 19 Comparison of temperature, carbon dioxide concentration,

visibility at fire size.(shutter No.9 open)
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3.3 Shutter No.68 €3 % uIZ3]

3.3.1 P1~P39 2% W3}
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Fig. 20 Comparison of temperature variation at P1~P3.
(15.6MW, No.6,8 shutter open)
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Fig. 21 Temperature distribution at y=3.5m.
(shutter No.6,8 open)
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Fig. 22 Comparison of Carbon dioxide concentration variation at z=1.8m.
(No.6,8 shutter open)
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Fig. 24. Comparison of visibility variation at z=1.8m.
(shutter No.6,87 open)
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Fig. 25 Visibility distribution at z=1.8m.
(shutter No.6,8 open)
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Fig. 26 Comparison of temperature at P1~P3.(shutter NO.6,8 open)
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(@) Comparison of temperature variation
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Fig. 27 Comparison of temperature, carbon dioxide concentration,
visibility and half closed.(shutter No0.6,8 open and half closed)
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Fig. 28 Comparison of temperature variation at P1~P3.
(No.5,6,7,8,9 shutter open)
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Fig. 29 Temperature distribution at y=3.5m.
(shutter No.5,6,7,8,9 open)
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Fig. 30 Comparison of Carbon dioxide concentration distribution at
z=1.8m.(No0.5,6,7,8,9 shutter open)
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Fig. 32 Comparison of visibility variation at.z=1.8m.
(shutter No.5,6,7,8,9 open)
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Fig. 33 Visibility distribution at z=1.8m.
(shutter No.5,6,7,8,9 open)
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Fig. 34 Comparison of temperature 'at P1~P3.(shutter No.5,6,7,8,9 open)

_59_



348 A TE L half closed? 2%, o]4t3teta w5, 7FA A# Y Hlm

No.56,7,8,9 shutter’} €8 U= 4-9(TL,CLV1)S SAFEIF a4 =

shutter7} 1.5m 373 7 -9(T2,C2,V2)e] P1~P39] ¢ %]l A

wa ¥E, M ANE

2

Z] o
=

7

P3A o] 714 Apol7} d

<5, ojqks}

Fig. 352] (a) ~ (c)2} #o] Hlwste] yepity HE

temperature('C)

700

T1P3

—T1 P

T1P2
T1P3

time(sec)

—T2 1
—T 2 P2

—T 2 P3

(@) Comparison of temperature variation

_60_




C1F1

=
[= -
wm

C1 P2

C1P3

C2 Pl

carbon dioxide (molfmol)

C2 P2

C2P3

—f1P1

ViP2
W1P3

wisibility(m)

—f2 P1

— 2 P2

— 2 P3

u T T T 1
o 100 200 300 400

time(sec)

(c) Comparison of visibility variation

Fig. 35 Comparison of temperature, carbon dioxide concentration,
visibility and half closed.(shutter No.5,6,7,8,9 open and half closed)
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Fig. 36 Comparison of temperature at P1.
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Fig. 37 Comparison of temperature at P2.
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Fig. 38 Comparison of temperature at P3.
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Fig. 39 Comparison of carbon dioxide concentration at P1.
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Fig. 40 Comparison of carbon dioxide concentration at P2.
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Fig. 41 Comparison of carbon dioxide concentration at P3.
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Fig. 42 Comparison of visibility at P1.
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Fig. 43 Comparison of visibility at P2.
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Fig. 44 Comparison of visibility at P3.
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A Study on Refuge Safety of the Underground Space

in Crowd Facilities

Chang-Hwan Oh

Department of Safety Engineering, Graduate School of Industry

Pukyong National University

Abstract

The study copy out the fire with FDS(Fire Dynamics Simulator) being in
the undergound space at crowd facilities of 82mx16mx3m size, this
study came to the conclusion.of comparison between the temperture and

Carbon dioxide concentration, -visibility.

1) The comparisons of temperature for what the shutter is not closing
according to the fire shutter malfunction showed results that when the
shutter is not closing were more speed and higher than when the
shutter is opening for reaching the higher temperature. So, There were
importance about the maintenance for Fire Fighting Facilities and the

time for emergency evacuation.
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2) The Result of comparing temperature with the fire shutter is opened and

closed, It was difference the higher temperature and visibility. It was confirmed
that the higher temperature and visibility is changed according to the fire

shutter’s open and close.

3) The change for distributions of carbon dioxide concentration showed results

similar to the change of temperature in length of time.

4) A condition when the shutter is opening was shorter than. when the shutter
is closing in wvisibility. therefore, the time for emergency evacuation is important

variable of the stability fore emergency evacuation.

5) The fire shutter malfunction had an effect on the higher temperature
and carbon dioxide,-visibility- and the fire shutter except entrance door
is important variable, so that It requires that the fire wall is installed for

design process.
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