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Abstract

It 1s well known that there 1s a number of natural caves or caverns around the
world. Some of these were probably man’s first dwellings. Geotechnical people,
however, define a cavern excavated 1n rock as an underground space. During
the last two-three decades there has been a rapid development In excavation
technics for rock masses. Simultaneously there has also been a rapid growth of

our citles, and an increasing awareness of the quality of our environment.

This has led to an almost exponential increase in the use of the underground
spaces. This 1s clearly demonstrated by the facts that during the 20 years from
1967 number of cities with subway system increased from 30 to more than 80,

and that the number of long highway tunnels(more than 3km) has doubled from

28 1n the period 1970-80 to 56 1n the period 1980— 90.

It 1s required to develop underground spaces 1n Korea, as well, looking account
of ever increasing urban population and shortage of surface area especially In
highly populated downtown area. Underground development in Korea 1s encour-
aged by the comparatively fare condition of rock masses and many openings are

used already 1n shalow depth.

For the reasonable and sound utilization of underground spaces, the technology
to control the environment and disasters 1s essentially requested. This research
has been carried out to figure out the general status of worldwide trends and

prospects, and to study fundamental and theoritical aspects of underground en-



vironments where humanbeings are to be exposed.

For these purposes, we observed many underground openings for public use both
in abroad and Korea. Three places of underground openings in Korea were cho-
sen as a model case and measurements of environmental factors have been con-
ducted through the year for checking whether the envrironmental parameters

fall below the permissible level or not.

The measured factors were ventilation air flow, air flow direction, concentration
of oxygen, carbon dioxides, Carbon monooxide, and dusts, temperature and hu-
midity, radon gas concentration etc. Finally the applicability of computer
simultion program has been tested which had been developed several years ago

for analyzing complicated ventilation network in deep mines.

The result of this research can be summarized as below ;

1) The public utilization of underground spaces will be encouraged
continuously.

2) The measured result of the environmental paramerters of three test sites ap-
peared below the permissible level.

3) The gas concentration of underground openings was higher than that of sur-
face all the time.

4) The concentration of carbon dioxides increases proportional to the number of
people underground.

5) (as concentration of underground spaces are directly influenced by the that

\ T3]



of surface arr.

6) Dust concentration in underground air which was taken through the dust
collector 1s same or slightly highter than that of surface air.

7) It was found that the simulation program developed for analyzing ventilation
network of underground mines is not applicable directly to the underground

spaces such as underground shopping area or subway platform.

The following aspects are suggested for better utilization of underground spaces

1) Basically, 1t 1s very important to maintain clean surface air to keep clean un-
derground arr.

2) The intake air to the underground should be taken from unpolluted point,
higher position than the height of people.

3) All the intake air has to be passed through appropriate purifiers.

4) It 1s needed to develop a new simulation program for three dimensional anal-
ySIS.

5) Total air volume in underground has to be decided based on maximum num-

ber of people 1n same time of the day.
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AT FHE7|F

Tolerable Level(mg/m?)

Gravimetric System

2 mg/m’ < 5% free silica
U. S. A. (50% recovery i 3.5
10/% of free silica > 5% free silica
/m)
1 .
| Gravimetric System 3 mg/m’ 1n blind raise
Great Brit- l
| (50% recovery mn 5.0 |8mg/m’ in coal face, roadway, transfer point of
ain
Lm ) l CONveyor.
Gravimetric  System | Img/m® of respirable dust — < 10% of
Japan
(<7.5/m) 4mg/m’ of total dust ! free silica
Gravimetric System ' > 10% of iree silica
(Total dust) respirbable dust 0 2.9/(0.22 Xsilica% + 1)
I Total dust : 12/(0.23 % sthca% +1)
Russia | > 70% of free silica : 1mg/m’
110% —70% © 2mg/m’
<10%  4mg/m?
0% : 10mg/m’
1 0% —10% of ash : 50—110mg/m?
10% —20% . 37—88mg/m’
Belgium, Gravimetric System I 20% —40% . 24—55mg/m’
Netheland | (Total dust) 40% — 60 % : 17-37mg/m’*
| 60% —80% : 13— 28mg/m?
80% —100% . 10—22mg/m’
Gravimetric System < 2mg/m* When > 30% of Free Silica
Korea

< 5mg/m*® When < 30% of Free Silica
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A et ot AdeIA7 FALE WA EAL (A7 33t A
EF Ma2EF HeHA g B HA H rdelgts Y Ay AE wWEIt=
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V-3-1. #AlAd 9 YA

AR 2= (Rn*)3 54, 73, Fv]8 A4 7lLolw F7]o v|3td
H]ZFo] 7,6650|t}. 2} EL ul7}r)7} 3.823o)v] AR A 7pA] A
2 olss s 4 A<=U(Biosphere)o 2 FFgrd. 296 #AFHE= 7A
2 B g glen o] Egl&(Thorium)S AdAA ¥ 5= uaAd 3
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) ¢C(RaCH2 2 o BIA B yAdolm] o159 F9lo] v} thg 7B

g HA "le] He AReoln.

IV-3-2. "WALAl 2] A of

4% == Adae 7F A% (Emanation Rate) 2> 2337t 37 %52
A, 715 €% Az EFY Sk, 78 AY AHEe Ad 5 AR
f9ld & de}xlic. FF A% 9= Working Level(WL) o] .

WLE 1889 F7|Fod E£3H e =E 718 AAe 3= =,
dHH A<l polnum(PO)e g F33te ke & 43 dlyA= 1.3X
10°MeV (Mega Electron Volt)olt}. 171 el 1WLE vHIAIAG| Lk EFFH = ZAS
1 Working Level Month(WLM) gk}, o} 2 oA H o s HdHE ofFHFS A
A= X3tz sy, vlFdAe {97k AWLME &332 3t gl
2o AsE 9 17047 e F1EeD el g P FA02 o
2t WLME -3t

CHeig FA5xFG Y A2H) x FF WL
4G Hof 38 AR

WLM/annum =

ozt w2 Hy dEF =4
Azt Adste 4+ D 82F/4
T A AlA . 50717/
3T WL © 0.33
I7HE Hd 88 #HgiAzkD 170417/ 4

(52 x40) x0.33
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A sE AFAEE BA stel 23)7F AW Mol wjE A7},

agolghge A7te]l £ dolst Loz ¥ 4 k. Lo} TAE
A A S Aoshs (AT g8 A7l= AAH 7rold ¥ 4
ol 27159 £3be &0 AAuGoz dirlstel] MEE o w4 gt
A3t R EE 236 o A o] nlAY FHAHE 3ol 3
o, o] Stz wEHs
o o8 &9 ZAH7 F$H

29 #=(l = Intensity)& B¢ 7kel HWAL EFaE 29 ojriA
F(W/m)e2 FAREY S99 DAL g3 2o

%, 127 #o)Z $5¢ Fu5

AL
ok,
g
°
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[ = P*(C)
1D &9 ZA=(W/m)

o 719 "Wx(1l.2kg,m?)

C: F71%F9 $%(340m/sec)
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= 3 < . 20—20,000Hz
5 ol 1 2x107°—20Pa
2.9 7t x I 100%—10W/m?

= 0—130dBe] .

Lp = 1010810(P/Pa)2
= 10log,o(1/1,)(dB)
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V-4-4. 525 A

g Z7)e At dHE HEHA= X 63 2o A FFZHY
aas olEE HEHH 3R TR A A ot} e Wy Ee] g}
c}.

Z 6 A5 7F
Maximum Daily SoundTLevel(dB)
Exposure I Walshy-Healy U. S. Department
Duration(Hours) | Criteria of labour
8 | 90 85
6 i 92
4 95 88
3 97
2 100 | 91
1.5 102
1 105 93 |
0.5 110 94 |
0.25 115 |
1) 49 % L ag B H¥TE ol RE FAaARM, 257 F)

2) &g Azpubz] D EAE A5e ARARAA HYTE olE A F)

31—



V-5. =& (llumination)

AstF oA Y 2L T2 kA, AAAY R TERYE Id¥E F
= 82%F9 stuelt. A AgFole A4S LAY 2HEG= A
4 F%E Wol A&k g3z oul ¥{we] dHiabgo] Wi FA, 7,

757 Tl Yol FH7] did AErzxHRoh A 22T 2ot

ol 22 g2 += 3BY(Source)d ¥rr)el 3% (Luminous Intensity), %
do 2 iy dAAZ wiAlE = oy A ]l F<(Lumnous Flux), <o
FH =FdE W 1Y ZX(lllumination) R FH 2| ®EAL Fol| 9

el 7Fo] 7]+ v¥}7]ql 3 % (Surface Brightness) = o] 9]t}




i Efficiency | Brightness Life Time Order of
Light Source | (Im/W) (cd/m?) | (Hours) Cost

| (1:high)
Filament Lamps 10—15 10°— 107 750—1,000 e 7
Halogen Lamps | 2 %107 — 2,000 4
Fluorescent Lamps 35—85 | 5x10'-2x10° l — 30,000 3
Mercury Vapour Lamps 35—60 10°—10° 16,000 —24,000 | 6
High Pressure Sodium Lamps | 110—130 I 10° 12,000 — 24,000 | 1
Low Pressure Sodium Lamps 150 10° 10,000 — 18,000 5

IV-5-3. A[3}F-3ke] =9 7|E

International Commission on Lighting(=FA| 2 9]¢ 3])7} &3] 7]

& Acrgubrl QW 1 J1Ee ded 2ok 24 FH Asay
Z97|E= Bd X 83 Fr.

— E ko] ML R|FEFTE  eeereeeiiinennnen 0.05cd /m?

— AISE QA e, 0.2cd /m’

oM ZFQIA] e, 10cd /m?

— A G ZFQIA] eeeeeeereeiiieiee 20cd /m?

AN

F7ke)



E 8 25 71F

( Umt Lux)
Nations Shaft | Machine Loadin-g—-r | Mamtenance Workmg
Roadway | Otfice
bottom room point room face
Awirala | 20 | 20 20 | 100 |
Belgium 20 29 15 20 270 270
(Canada | o0 50 | 20 20
Czechoslovakia ; 15 20 D 20 5
Germany 30 40 15 4()
Hangary L 60 20 2 40) 20 10
Poland I 50 | o0 2 | 15 50/100 2
United Kingdom 70 30 30 60 50/150
United States 15

V-6. &3tE(Thermal Environment)
Ast AT 2542 gon e dale s LEsb Ay ool
Aol ahqlalylel AgHa LEE fAY Fash dA Dok

— AL E)
- B2 %

— A7), AT 47 o
— Aebe] b3l (=)

— Al &

|=
B
2 FE22%(Effective Temperature)2} Kata® 7}

ek o5 £E, $E U ¥ ¥ 997 dAF FPHoE AslE

a9 12 7E32E2F 4 7% 9 9= Nomogramo|th. H &% 7} At
A= 2HdsES AFEA Hed 2 A i3 dF AE 1d
% 29 Fr

s
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3 ] 179 143 | 1536 | Y7 09 | 967 | vz
4 | 170 0.67 704 | E°]% 0.91 928 | 59
5 4.1 1.7 | 418 | S l 1.33 327 | Uzt
6 7.7 0.53 245 | 5% 135 | 624 | F
7 7.7 1.02 471 | 37 0.8 370 | £
8 1.7 1.17 540 | 3 143 | 661 | 44z
9 | 77 0.55 254 | Eol% 0.5 231 | 3t
10 7.7 0.58 268 | 7t | 118 | 545 | 43}
11 7.7 103 | 476 | Eeol& 0.5 231 | Eol¢
12 7.7 0.55 254 |zt 0.63 183 | 47
13 7.7 1.9 878 | 7 1.3 601 [ 7}
14 45.4 095 | 2588 | izt 0.35 953 | 7t
15 45.4 0.85 2315 | Eo¥ 0.45 1225 | S9+%




£ 16. CAF 27 =4
D % 9 %%
G 94. 5. 26 11:00 | 94. 5. 27 11:00
L2 I E Y E I ] R e E e
" M/S | M2/Min M/S | M*/Min
[ 1 20.1 0.46 555 | 7t 2.0 2412 | &% |
2 17.7 | 045 | 478 | Eol% | 05 | 831 | 3
3 17.9 0.36 387 | Soj 0.36 387 | 7t
4 170 | 0.41 418 T sole | 043 L 439 | Uzt
5 213 | 04 511 | o] | 043 550 | Eo]g
6 77 | 093 430 | U7 045 | 208 | o7t |
7 | 77 035 162 | 3 032 | 18| vz |
g 77 | 042 194 | uzr | 037 171 | Uz
9 771 04 185 | 7t 033 | 153 | 47
10 77| 035 162 | 7t 054 | 250 | w7t
11 77 | 035 162 r U7} 105 | 485 | oz |
12 77 | 04 185 | 7 037 | 171 | oz |
I 3 | 77| o4 185 | v}z 092 | 425 | =02 |
14 154 | 04 1090 | v7 0.8 2179 | ozt |
15 45.4] 05 1362 | 4 04 | 1090 | vzt

2) 7= 5 R 2wk

w 1994. 5. 26(2 3 21) 5.3 s
23 10:30 | 11:30 | 12:30 | 13:30 | 14:30 | 15:30 | 16:30 | 17:30
0.(%) 209 | 209 | 209 | 209 209 | 209 | 209 | 209
CO(PPM) | 2 £ | 4 1 1 | 4 | 4 | s
CO.PPM) | 500 | 500 | 500 ! 550 | 600 | 500 | 500 | 550
= alw| 50 | 50 | 40 | 40 | 40 | a0 | 30 | =20
(rg/my (o] 70 | 60 | 60 | 50 | 50 | 40 | 30 | 30 |
e w|u| 255 | 256 | 267 | 262 | 261 | 261 | 263 | 256
(c) [o] 263 ] 265 | 274 | 258 252 | 257 | 242 | 245
% = |W| 696 | 685 | 628 | 655 | 661 | 627 | 606 | 576 |
cc) 9] e32 | 583 | 61.1 | 664 | 697 | 605 | 61.6 | 564
| Rn(mWL) i 087 |




Q] A) * 1994. 5. 27(X 4 22) &, vhd | 0
2n 10:30 | 11:30 | 12:30 | 13:30 | 14:30 | 15:30 | 16:30 | 17:30
0.(%) 209 | 209 | 209 | 209 | 209 | 209 | 209 | 209
CO(PPM) 1 | 4 3 | 3 | 3 | 2 o | 3 |
CO(PPM) | 450 | 400 | 400 | 450 | 400 | 350 | 350 | 450
= alwl 20 | 20 [ 20 [ 20 | 20 | 20 | 20 | 20
(1 g /m?) ra]; 20 T 20 | 20 | 20 | 30 | 20 | 2 Tr 20
& EM| 237 | 243 | 249 | 28| 255 | 253 | 254 | 2486
ccy |9 213 234 | 244 | 224 | 242 | 235 | 232 | 233
& 5'4‘: 355 | 327 | 306 | 305 | 293 [ 309 215 | 298
(°C) lil 280 | 248 | 228 [ 22.2 i 265 | 243 | 21.7 | 22.1
Rn(mWL) 0.90
% 17. CR| 7 3=} &=A
1) 23 o 5%
' ]L_& T x| 04. 8. 4 11:00 94. 8.5 11:00 |
LY I E I ] EE E RPN Y ]
Tl M5 | M/Min M/S | M*/Min
1 | 201 | 15| 1628 | 5% | 113| 1363 | o3
2 I 177 | o075 | 797 | se1= | 101 | 1073 | uz
3 179 | o072 | 3| uxn 122 | 1310 | Sol%
4 17.0 | 0.78 j 796 | w3 142 | 1448 | oz |
5 4.1 1.4 344 | £ 1.23 303 | % [
6 77 | 068 314 | Soe 05 | 231 | So)%
7 77 | 045 208 | 7t 138 | 638 e
3 171 os2 | 286 | unp 09 | 416 | 9z
9 l 77 ] 088 | 407 l 44 | 065 300 | w7} l
10 77| 063 | 201 | mele | 075 | 347 | Selg
11 77| 042 194 | =oje | 1.22 564 | b7
12 | 77| o083| 384 Sele | 222 | 1026 | uz |
13 77 1 08 570 | oz | 217 | 1003 | So]e
14 45.4 04 | 1090 7} 03 | 817 Solg |
15 | 454 | 04 1 1090 | &% 0.4 1090 | v+




1994. 8. 4(#] A 21) %

12:30 | 13:30 | 14:30 | 15:30 | 16:30
0:(% ) 20.9 20.9 | 20.9 20.9 | 20.9 | 20.9 H 20.9
CO(PPM) 3 2 2 2 1 2 | 2
CO,(PPM) 500 | 500 500 | 700 | 600 | 600 800
- A EH{ 50 | 40 40 40 | 4() 40 40
| (pg/m? 1 9] 30 30 4() 30 40 30 30
& =iy 317 | 31.9 32.0 30.5 | 33.3 31.6 31.6
(C) | 304 | 31.3 31.5 | 32.6 33.0 | 334 31.9 |
-"‘é"‘—' Erﬂ 70.7 * 68.7 65.1 | 65.3 60.1 | 09.8 1 61.5
(C) o]l 67.8 | 65.3 | 66.3 | 60.5 07.5 09.2 | 64.5
Rn(mWL) | 0.43
A A} 1994. 8. 5(A| A 22) #2& -
| r . T
| i 10:30 | 11:30 | 12:30 | 13:30 I 14:30 | 10:30 | 16:30 | 17:30 |
0:(% ) 20.9 20.9 20.9 209 |  20.9 20.9 20.9 20.9
CO(PPM) 3 3 3 4 3 | 4 | 4 4 |
CO,(PPM) 500 | 000 | 500 200 600 500 | 600 | 600
- ?ﬂbﬂ 50 | 90 60 70 L 60 /0 | 80 | 50
(y g/m’) 9—] 30 o() o() o) 4() 40 60 4()
= ELH 32.6 33.5 32.7 | 34.4 | 33.2 33.8 34.8 | 39.1
(C) 9] 32.7 34.8 33.7 | 34.4 | 36.8 33.8 | 39.3 36.2 |
5y L LH 63.0 61.5 03.8 | 07.2 | 09.7 07.2 Lr 06.7 50.8
(C) el 575 | 09.3 | 04.6 00.1 47.6 | 51.3 43.3 42.1
| Rn(mWL) il |
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[memol] kkkkhkkkk %hk*%
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[memo2 )
[Surface node]:Total Number/number, elevation(m upward is plus )
62
1 5.0 2 5.0 101 5.0 102 5.0 103 5.0
104 5.0 105 5.0 106 5.0 107 5.0 108 5.0
4 5.0 5 5.0 3 5.0 8 5.0 6 5.0
7 5.0 10 5.0 11 5.0 109 5.0 110 5.0
111 5.0 112 5.0 113 5.0 114 5.0 115 5.0
116 5.0 117 5.0 12 5.0 13 5.0 118 5.0
119 5.0 14 5.0 15 5.0 120 5.0 121 5.0
122 5.0 17 5.0 18 5.0 123 5.0 125 5.0
19 5.0 20 5.0 21 5.0 22 5.0 23 5.0
24 5.0 26 5.0 27 5.0 28 5.0 29 5.0
124 5.0 126 5.0 127 5.0 128 5.0 129 5.0
130 5.0 131 5.0 132 5.0 133 5.0 134 5.0
31 5.0 32 5.0
[Underground node]:T. Numb./number, elevation(m upward 1is plus )
85
51 0.0 170 0.0 135 5.0 171 0.0 136 5.0
52 0.0 172 0.0 173 0.0 53 0.0 137 5.0
138 5.0 174 0.0 139 5.0 175 0.0 140 5.0
176 0.0 141 5.0 177 0.0 142 5.0 54 0.0
178 0.0 179 0.0 55 0.0 180 0.0 181 0.0
182 0.0 183 0.0 56 0.0 184 0.0 185 0.0
186 0.0 143 5.0 144 5.0 67 0.0 145 5.0
146 5.0 147 5.0 148 5.0 149 5.0 150 2.0
151 5.0 57 0.0 187 0.0 60 0.0 188 0.0
58 0.0 189 0.0 190 0.0 191 0.0 59 0.0
192 0.0 193 0.0 62 0.0 194 0.0 61 0.0
152 5.0 153 5.0 154 5.0 155 5.0 156 5.0
157 5.0 159 5.0 195 0.0 63 0.0 196 0.0
197 0.0 198 0.0 64 0.0 199 0.0 65 0.0
200 0.0 201 0.0 160 5.0 158 5.0 161 5.0
162 5.0 163 5.0 164 5.0 165 5.0 166 5.0
202 0.0 203 0.0 66 0.0 167 5. 168 5.0
[Nomal road]:T. numb. /nodelA, B,Resis (murgue),Temp(C),Area,Length,Conductivity
112
1 51 c.637 20.0 4.8 9 2.00
2 51 0.637 20.0 4.8 9 2.00
3 53 0.647 20.0 4.6 10 2.00
4 54 0.287 20.0 10.3 12 2.00
5 54 0.400 20.0 5.0 9 2.00
6 67 49.469 20.0 1.0 8 2.00
7 67 0.537 20.0 5.0 S 2.00
8 55 0.567 20.0 5.0 9 2.00
10 56 0.567 20.0 5.0 9 2.00
11 56 0.567 20.0 5.0 9 2.00
12 57 0.567 20.0 5.0 9 2.00
13 57 0.567 20.0 5.0 9 2.00
14 58 0.567 20.0 5.0 9 2.00
15 58 0.567 20.0 5.0 9 2.00
17 59 0.477 20.0 5.3 9 2.00
18 59 0.567 20.0 5.0 g9 2.00
19 61 0.567 20.0 5.0 9 2.00
20 61 0.567 20.0 5.0 9 2.00
21 62 0.567 20.0 5.0 9 2.00
22 62 0.567 20.0 5.0 g9 2.00
23 63 0.567 20.0 5.0 9 2.00
24 63 0.567 20.0 5.0 9 2.00
26 64 0.567 20.0 5.0 9 2.00
27 64 0.567 20.0 5.0 9 2.00



28
29
31
32
51
170
171
52
52
172
173
53
174
175
176
177
178
179
55
55
180
181
182
183
56
184
185
186
57
187
188
58
189
190
191
59
192
60
60
60
193
194
195
63
196
197
198
64
199
65
200
201
202
203
135
136
137
138
139
140
141
142

65
65
66
66
170
171
52
172
178
173
53
174
175
176
177
54
179
55
67
180
181
182
183
56
184
185
186
187
187
188
58
189
190
191
59
182
60
193
194
195
62
61
63
196
197
198
64
199
65
200
201
202
203
66
170
171
172
173
174
175
176
177

0.567
0.567
0.0%1
0.091
0.212
0.121
0.121
0.121
0.034
0.121
0.121
0.121
0.121
0.121
0.121
0.121
0.034
0.034
0.040
0.057
0.057
0.570
0.057
0.057
0.057
0.057
0.057
0.057
0.057
0.057
0.057
0.057
0.057
0.057
0.057
0.014
0.014
0.014
0.014
0.014
0.014
0.014
0.014
0.057
0.057
0.057
0.057
0.014
C.014
0.057
0.057
0.057
0.057
0.057
4432.130
2730.880
3305.780
2277.700
4000.000
2277.700
1997.620
1284.670

~J.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

»

N}
e N N S Lt
OCOO0O0OOOO0O0OW

30

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00



143 178 2680.000 _o0.0 1.0 30 2.00
144 179 1834.110 20.0 1.0 30 2.00
145 180 2485.210 20.0 1.0 30 2.00
146 181 1600.000 20.0 1.0 30 2.00
147 182 1997.620 20.0 1.0 30 2.00
148 183 1284.670 20.0 1.0 30 2.00
149 184 1997.620 20.0 1.0 30 2.00
150 185 1284.670 20.0 1.0 30 2.00
151 186 4000.000 20.0 1.0 30 2.00
152 187 2386.000 20.0 1.0 30 2.00
153 188 2142.860 20.0 1.0 30 2.00
154 189 1408.000 20.0 1.0 30 2.00
155 190 1358.030 20.0 1.0 30 2.00
156 191 835.310 20.0 1.0 30 2.00
157 192 1522.490 20.0 1.0 30 2.00
158 193 970.490 20.0 1.0 30 2.00
159 194 2244.900 20.0 0.0 30 2.00
160 195 1408.000 20.0 1.0 30 2.00
161 196 2816.000 20.0 1.0 30 2.00
162 197 1834.110 20.0 1.0 30 2.00
163 198 2916.670 20.0 1.0 30 2.00
164 199 2047.460 20.0 1.0 30 2.00
165 200 1866.670 20.0 1.0 50 2.00
166 201 1209.830 20.0 1.0 50 2.00
167 202 7755.100 20.0 1.0 50 2.00
168 203 4800.000 20.0 1.0 50 2.00
[Fixed flow road]:T. numb./nodeA,B,Flow rate(m3/min)
0
fFfan]:T. numb.
34
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAg) at 0,1*Unit
101 135
5 100.00
102.0 112.0 113.0 90.0 25.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq) at 0,1*Unit
103 137
6 100.00
105.0 122.0 123.0 110.0 72.0 5.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq) at 0,1*Unit
117 151
) 100.00
100.0 122.0 121.0 100.0 40.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq) at 0,1*Unit
107 141
7 100.00
100.0 117.0 123.0 124.0 112.0 79.0 0.0
*NodeA~->B /Numb. Unit(m3/min) /Pres(mmAqgq) at 0,1*Unit
105 139
5 100.00
100.0 122.0 121.0 100.0 40.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq) at O,1*Unit
113 147
7 100.00
100.0 117.0 123.0 124.0 112.0 70.0 0.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAqgq) at 0,1*Unit
115 149
7 100.00
100.0 117.0 123.0 124.0 112.0 79.0 0.0
*NodeA~->B /Numb. Unit(m3/min) /Pres(mmAqg) at 0,1*Unit
109 143
6 100.00
102.0 118.0 127.0 120.0 98.0 30.0



*NodeA-~->B /Numb. Unit(n./min) /Pres(mmAq)
111 145
7 100.00
107.0 125.0 132.0 121.0 102.0 57.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAqg)
119 153
7 100.00
112.0 127.0 132.0 128.0 110.0 77.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)
121 155
8 100.00
100.0 108.0 117.0 128.0 130.0 119.0
*NodeA-->B /Numb. Unit(m3/min) /Pres{(mmAq)
123 157
8 100.00
110.0 121.0 131.0 135.0 128.0 112.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)
125 159

7 100.00
110.0 120.0 130.0 129.0 115.0 80.0

*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)
127 161l
6 100.00
101.0 117.0 130.0 128.0 102.0 48.0
*NodeA-~>B /Numb. Unit(m3/min) /Pres{(mmAq)
129 163
6 100.00
100.0 118.0 130.0 120.0 91.0 28.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)
131 165
7 100.00
107.0 122.0 133.0 128.0 118.0 92.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)
133 167
4 100.00
128.0 128.0 100.0 45.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAqg)
136 102
7 50.00
30.0 40.0 47.0 45.0 40.0 31.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAqg)
138 104
8 50.00
39.0 46.0 49.0 47 .0 43.0 34.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAqg)
140 106
8 50.00
39.0 46.90 49.0 47 .0 43.0 34.0
*NodeA-~->B /Numb. Unit(m3/min) /Pres(mmAq)
142 108
6 100.00
42.0 52.0 54.0 48.0 36.0 3.0
*NodeA~->B /Numb. Unit(m3/min) /Pres(mmAqg)
148 114
6 100.00
42.0 52.0 54.0 48.0 36.0 3.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)
150 116
6 100.00
42.0 52.0 54.0 48.0 36.0 3.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAqg)
144 110

at 0,1*L_ .t

0.0
at 0,1*Unit

15.0
at 0,1*Unit

96.0 35.0
at 0,1*Unit

81.0 12.0
at 0,1*Unit

0-0
at 0,1*Unit

at 0,1*Unit

at 0,1*Unit

48.0
at 0,1*Unit

at 0,1*Unit

18.0
at 0,1*Unit

20-0 0#0
at 0,1*Unit

20.0 0.0

at 0,1*Unit

at 0,1*Unit

at 0,1*%Unit

at 0,1*Unit



5 100.00
356.0 50.0 53.0 40.0 18.0
*NodeA-->B /Numb. Unit{(m3/min) /Pres(mmAg)
le2 128
5 100.00
35.0 50.0 53.0 40.0 18.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAqg)
146 112
6 100.00
35.0 45.0 52.0 45.0 28.0 0.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAqg)
152 118
5 100.00
40.0 48.0 43.0 34.0 4.0
*NodeA-->B /Nunmb. Unit(m3/min) /Pres(mmAq)
154 120
6 100.00
35.0 48.0 51.0 46.0 32.0 2.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)
160 126
6 100.00
35.0 48.0 51.0 46.0 32.0 2.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAqg)
156 122
8 100.00
5.0 61.0 59.0 54 .0 45.0 35.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAqg)
158 124
7 100.00
46.0 53.0 60.0 50.0 37.0 24.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)
164 130
5 100.00
50.0 7.0 52.0 38.0 16.0
*NodeA-—->B /Numb. Unit(m3/min) /Pres(mmAq)
166 132
7 100.00
47 .0 53.0 54.0 49.0 37.0 22.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)
168 134

6 50.00
14.0 45.0 42 .0 32.0 20.0 3.0
[Fire}:Fire node, Fire temp(C), Tiem after
5 600.0 0.0
[Surface temperature] (C)
20.0
- (don’t delete)

at 0,1*Unit

at 0,1*Unit

at 0,1*Unit

at 0,1*%Unit

at 0,1*%Unit

at 0,1*Unit

22.0 7.0
at 0,1*Unit

0.0
at 0,1*Unit

at 0,1*%Unit
0.0

at 0,1*Unit

Fire (Hour)
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ESurfaée_node]:Total Number /number, elevation{m upward is plus )
15
1 10.0 3 10.0 50 10.0 55 10.0 7 0.0
60 10.0 65 10.0 6 5.0 4 10.0 5 0.0
75 10.0 70 10.0 80 10.0 85 10.0 8 0.0
[Underground node]:T. Numb./number, elevation(m upward is plus )
43
105 5.0 53 5.0 58 5.0 106 5.0 54 5.0
59 5.0 63 5.0 51 10.0 52 5.0 56 10.0
57 5.0 6l 10.0 66 10.0 108 5.0 69 5.0
112 5.0 64 5.0 113 5.0 68 5.0 62 5.0
67 5.0 71 10.0 76 10.0 81 10.0 86 10.0
73 0.0 78 0.0 107 0.0 74 0.0 109 0.0
79 0.0 110 0.0 83 0.0 111 0.0 88 0.0
114 0.0 84 0.0 115 0.0 89 0.0 87 0.0
82 0. 77 0. 72 0.
[Nomal road]:T. numb./nodeA,B,Resis(murgue), Temp(C) ,h Area,Length,Conductivity
62
1 105 0.103 20.0 13.2 10 2.00
3 105 0.103 20.0 13.2 10 2.00
4 112 0.103 20.0 13.2 10 2.00
5 112 0.103 20.0 13.2 10 2.00
6 68 0.005 20.0 37.5 5 2.00
7 73 0.001 20.0 81.5 4 2.00
8 89 0.001 20.0 81.5 4 2.00
105 53 0.003 20.0 37.5 3 2.00
53 58 0.003 20.0 37.5 3 2.00
58 106 0.003 20.0 37.5 3 2.00
106 107 0.255 20.0 8.7 8 2.00
106 109 0.255 20.0 8.7 8 2.00
106 54 0.005 20.0 37.5 5 2.00
54 59 0.196 20.0 7.5 5 2.00
59 63 0.196 20.0 7.5 5 2.00
63 108 0.005 20.0 37.5 5 2.00
108 69 0.005 20.0 37.5 5 2.00
108 110 0.255 20.0 8.7 8 2.00
108 111 0.255 20.0 8.7 8 2.00
69 112 0.005 20.0 37.5 5 2.00
112 64 0.004 20.0 37.5 4 2.00
64 113 0.004 20.0 37.5 4 2.00
113 68 0.004 20.0 37.5 4 2.00
113 114 0.255 20.0 8.7 8 2.00
113 115 0.255 20.0 8.7 8 2.00
73 78 0.001 20.0 81.5 4 2.00
107 78 0.001 20.0 81.5 4 2.00
107 74 0.001 20.0 81.5 4 2.00
109 74 0.001 20.0 81.5 4 2.00
109 79 0.001 20.0 81.5 4 2.00
110 79 0.001 20.0 81.5 4 2.00
110 83 0.001 20.0 81.5 4 2.00
83 111 0.001 20.0 81.5 4 2.00
111 88 0.001 20.0 81.5 4 2.00
88 114 0.001 20.0 81.5 4 2.00
114 84 0.001 20.0 81.5 4 2.00
84 115 0.001 20.0 81.5 4 2.00
115 89 0.001 20.0 81.5 4 2.00
51 52 839.084 20.0 1.0 50 2.00
52 53 1869.384 20.0 1.0 200 2.00
52 54 1869.384 20.0 1.0 200 2.00
56 57 539.084 20.0 1.0 50 2.00



57 53 1889.162 _J.0 1.0 200 2.00
57 59 1889.624 20.0 1.0 200 2.00
61 62 839.084 20.0 1.0 50 2.00
62 63 1869.384 20.0 1.0 200 2.00
62 64 1869.084 20.0 1.0 200 2.00
66 67 539.084 20.0 1.0 50 2.00
67 69 1889.624 20.0 1.0 200 2.00
67 68 1889.624 20.0 1.0 200 2.00
71 72 471.267 20.0 1.0 40 2.00
72 73 890.892 20.0 1.0 150 2.00
72 74 890.892 20.0 1.0 150 2.00
76 77 371.624 20.0 1.0 40 2.00
77 78 616.144 20.0 1.0 100 2.00
77 79 616.144 20.0 1.0 100 2.00
81 82 471.267 20.0 1.0 40 2.00
82 83 890.892 20.0 1.0 150 2.00
82 84 890.892 20.0 1.0 150 2.00
86 87 371.624 20.0 1.0 40 2.00
87 88 6l16.144 20.0 1.0 100 2.00
87 89 616.144 20.0 1. 100 2.00
(Fixed flow roadj]:T. numb./nodeA,B,Flow
O
[Fan):T. numb.
8

*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)
70 71
6 200.00
105.0 112.0 108.0 100.0 80.0 25.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)
80 81
6 200.00
105.0 112.0 108.0 100.0 80.0 25.0
*NodeA~->B /Numb. Unit(m3/min) /Pres(mmAq)
76 75
6 200.00
60.0 77.0 82.0 71.0 12 .0 0.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)
86 85
6 200.00
60.0 77.0 82.0 71.0 42.0 0.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)
50 51

5 200.00
112.0 117.0 102.0 65.0 0.0
*NodeA~-->B /Numb. Unit(m3/min) /Pres(mmAq)
60 61
5 200.00
112.0 117.0 108.0 65.0 0.0
*NodeA~->B /Numb. Unit(m3/min) /Pres(mmAqg)
56 55
4 200.00
60.0 68.0 45.0 8.0

*NodeA-->B /Numb. Unit(m3/min) /Pres(mmiAq)
66 65
4 200.00
60.0 68.0 45.0 8.0

[Fire]:Fire node, Fire temp(C), Tiem after
5 600.0 0.0

[Surface temperature] (C)
20.0

. .. (don’t delete)

83 -

at

at

at

at

at

at

at

at

rate(m3/min)

0,1*Unit

0,1*Unit

0,1*Unit

0,1*Unit

0,1*Unit

0,1*Unit

0,1*Unit

0,1*Unit

Fire (Hour)



¥ 20, CAIF 9Yg 2E

[memol] #*xxkkkdkk xkk

R4 —

memo2
ESurfage_node]:Total Number /number, elevation(m upward 1s plus )
15
1 10.0 2 10.0 3 10.0 50 10.0 55 10.0
60 10.0 65 10.0 4 10.0 5 5.0 14 0.0
70 10.0 75 10.0 80 10.0 g5 10.0 15 0.0
[Underground node]:T. Numb./number, elevation{(m upward 1is plus )
42
103 5.0 53 5.0 58 5.0 116 5.0 54 5.0
111 5.0 59 5.0 110 5.0 63 5.0 52 5.0
51 10.0 57 5.0 56 10.0 117 5.0 68 5.0
115 5.0 64 5.0 69 5.0 62 5.0 61 10.0
67 5.0 66 10.0 8 0.0 9 0.0 73 0.0
78 0.0 74 0.0 79 0.0 72 5.0 71 10.0
76 10.0 77 5.0 7 0.0 6 0.0 83 0.0
89 0.0 84 0.0 88 0.0 B1 10.0 82 5.0
86 10. 87 5.
[Nomal road]:T. numb. /nodeA,B,Resis (murgue} ,Temp(C) ,Area,Length, Conductivity
59
1 103 0.049 20.0 20.1 13 2.00
2 110 0.063 20.0 18.0 13 2.00
3 110 0.063 20.0 18.0 13 2.00
4 115 0.110 20.0 17.0 20 2.00
5 69 0.003 20.0 48.6 5 2.00
14 73 0.001 20.0 87.9 10 2.00
15 88 0.001 20.0 87.9 10 2.00
103 53 0.002 20.0 48.6 4 2.00
53 58 0.002 20.0 48.6 4 2.00
58 116 0.002 20.0 48.8¢ 4 2.00
116 54 0.002 20.0 48.6 4 2.00
54 111 0.002 20.0 48.¢ 4 2.00
110 111 0.005 20.0 32.4 5 2.00
111 59 0.002 20.0 48.6 4 2.00
59 63 0.002 20.0 48.6 4 2.00
63 117 0.002 20.0 48.6 4 2.00
116 9 0.046 20.0 18.6 8 2.00
116 8 0.046 20.0 18.6 8 2.00
117 68 0.002 20.0 48.6 4 2.00
117 7 0.046 20.0 18.s8 8 2.00
117 6 0.046 20.0 18.6 8 2.00
68 115 0.002 20.0 48.6 4 2.00
115 64 0.002 20.0 48.86 4 2.00
64 69 0.002 20.0 48.6 4 2.00
73 78 0.001 20.0 87.9 5 2.00
78 9 0.001 20.0 87.9 5 2.00
9 74 0.001 20.0 87.9 5 2.00
74 79 0.00Y 20.0 87.¢ 5 2.00
79 8 0.001 20.0 87.9 5 2.00
8 7 0.001 20.0 87.9 5 2.00
7 83 0.001 20.0 87.9% 5 2.00
83 89 0.001 20.0 87.9% 5 2.00
89 6 0.001 20.0 87.9 5 2.00
6 84 0.001 20.0 87.9 5 2.00
84 88 0.001 20.0 87.5 5 2.060
51 52 303.450 20.0 1.0 30 2.00
52 53 442.440 20.0 1.0 60 2.00
52 54 442.440 20.0 1.0 60 2.00
56 57 810.350 20.0 1.0 g0 2.00
57 58 1918.760 20.0 1.0 250 2.00
57 59 1918.760 20.0 1.0 250 2.00
61 62 906.900 20.0 1.0 &0 2.00



50
7
70.0

66
7
70.0

70
8
55.0

86
8
55.0

60
4

100.0

56
4

80
8
68.0

200.00

92.0

100.0

200.00

92.0

100.0

200.00

72.0

83.0

200.00

72.0

83.0

200.00

117.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAqg)

103.0

200.00

100.0 117.0
*NodeA-~->B /Numb. Unit(m3/min) /Pres(mmAq)

103.0

200.00

87.0

102.0

98.0
*NodeA~->B /Numb. Unit(m3/min) /Pres(mmAq)

98.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAqg)

88.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)

88.0
*NodeA-->B /Numb. Unit{(m3/min) /Pres(mmAqg)

30.0

30.0

108.0
*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)

82.0

82.0

81.0

81.0

104.0

62 63 1532.560 _.0.0 1.0 200
62 64 1532.560 20.0 1.0 200
66 67 303.450 20.0 1.0 30
67 68 142.440 20.0 1.0 60
67 69 442.440 20.0 1.0 60
71 72 203.450 20.0 1.0 30
72 73 193.800 20.0 1.0 30
72 74 193.800 20.0 1.0 30
76 77 203.450 20.0 1.0 30
77 78 481.680 20.0 1.0 70
77 79 481.680 20.0 1.0 70
81 82 203.450 20.0 1.0 30
82 83 481.680 20.0 1.0 70
82 84 481.680 20.0 1.0 70
86 87 203.450 20.0 1.0 30
87 88 193.800 20.0 1.0 30
87 89 193.800 20.0 1.0 30
(Fixed flow road]:T. numb./nodeA,B,Flow
0
[Fan]:T. numb.
8

*NodeA-->B /Numb. Unit(m3/min) /Pres(mmAq)

50.

50.

70.

70.

90.

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

rate(m3/min)

0

0

0

O

0

76
8 200.00
68.0 87.0 102.0 108.0 104.0 90.0
[Fire]}:Fire node, Fire temp(C), Tiem after
5 600.0 0.0
[Surface temperature] (C)
20.0
¥ toecec s (don’t delete)

0.0

0.0

50.0

50.0

60.0

60.0

at 0,1*Unit

at 0,1*Unit

at 0,1*Unit

0.0

at 0,1*Unit

0.0

at 0,1*Unit

at 0,1*Unit

at 0,1*Unit

5.0

at 0,1*Unit

5.0

Fire (Hour)
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Node pressure mmAqg

= 1 0.00 2 0.00 101 0.00 N= 102 0.00 N= 103 0.00
= 104 0.00 105 0.00 106 0.00 N= 107 0.00 N= 108 0.00
= 4 0.00 5 0.00 3 0.00 N= 8 0.00 N= 6 0.00
= 7 0.00 10 0.00 11 0.00 N= 109 0.00 N= 110 0.00
= 111 0.00 112 0.00 113 0.00 N= 114 0.00 N= 115 0.00
= 116 0.00 117 0.00 12 0.00 N= 13 0.00 N= 118 0.00
= 119 0.00 14 0.00 15 0.00 N= 120 0.00 N= 121 0.00
= 122 0.00 17 0.00 18 0.00 N= 123 0.00 N= 125 0.00
= 19 0.00 20 0.00 21 0.00 N= 22 0.00 N= 23 0.00
= 24 0.00 26 0.00 27 0.00 N= 28 0.00 N= 29 0.00
= 124 0.00 126 0.00 127 0.00 N= 128 0.00 N= 129 0.00
= 130 0.00 131 0.00 132 0.00 N= 133 0.00 N= 134 .00
= 31 0.00 32 0.00 51 6.27 N= 170 6.58 N= 135 95.60
= 171 6.74 136 -35.92 52 6.83 N= 172 7.13 N= 173 7.09
= 53 6.66 137 100.27 138 =35.13 N= 174 6.07 N= 139 100.18
= 179 5.20 140 =-37.66 176 4.48 N= 141 100.54 N= 177 4.09
= 142 =-45.,79 54 4.64 178 6.62 N= 179 6.32 N= 55 6.06
= 180 6.07 181 6.29 182 7.67 N= 183 8.22 N= 56 8.66
= 184 9.71 185 10.06 186 9.42 N= 143 104.38 N= 144 -41.60
= 67 6.02 145 104.09 146 ~-43.25 N= 147 102.77 N= 148 -40.84
= 149 107.13 150 -—-38.38 151 104.41 N= 57 7.12 N= 187 7.76
= 60 6.33 188 6.52 58 5.38 N= 189 4.38 N= 190 4.12
= 191 4.62 59 5.79 192 6.22 N= 193 6.35 N= 62 6.28
= 194 6.39 61 6.31 152 ~=37.62 N= 153 104.70 N= 154 =-44.75
= 155 107.27 156 =-44.66 157 109.53 N= 159 108.98 N= 195 5.96
= 63 5.41 196 3.59 197 1.96 N= 198 1.05 N= 64 1.12
= 199 0.77 65 1.59 200 3.24 N= 201 5.32 N= 160 -42.37
= 158 -=39.14 161 106.43 162 ~-47.38 N= 163 97.65 N= 164 -49.28
= 165 102.29 166 -44.52 202 7.06 N= 203 7.86 N= 66 7.38
= 167 97.16 168 -=29.47
Airflow m3/min

= 1<-- 51 0.0 N= 2<-- 51 0.0 N= 3<-—- 53 0.0

= 4<-—- 54 0.0 N= 5<== 54 0.0 N= 6<~==- 67 0.0

= T~~~ 67 0.0 N= 8<—~~ 55 0.0 N= 10<-- 56 0.0

= ll<-- 56 0.0 N= 12<-=- 57 0.0 N= 13<-- 57 0.0

= 1l4<-- 58 0.0 N= 15«<-- 58 0.0 N= 17<-- 58 0.0

= 18<-- 59 0.0 N= 19<-- 61 0.0 N= 20<-- 61 0.0

= 21<-- 62 0.0 N= 22<-- 62 0.0 N= 23<-- 63 0.0

= 24<-- 63 0.0 N= 26<-- 64 0.0 N= 27<~- 64 0.0

= 28<-- 65 0.0 N= 29<--= 65 0.0 N= 31<-—- 66 0.0

= 32<-- 66 0.0 N= 5Bl<-- 170 0.0 N= 170<-- 171 0.0

= 171<—— 52 0.0 N= 5H2<-- 172 0.0 N= 52<-- 178 0.0

= 172<--= 173 0.0 N= 173<-- 53 0.0 N= 53<-- 174 0.0

= 174<—-=-= 175 0.0 N= 175<-- 176 0.0 N= 176<—-- 177 0.0

= 177<-= 54 0.0 N= 178<--= 179 0.0 N= 179<~-= 55 0.0

= 55<~~ 67 0.0 N= 55«<--~ 180 0.0 N= 180<-- 181 0.0

= 181<-- 182 0.0 N= 182<-- 183 0.0 N= 183<-—- 56 0.0

= 56<-- 184 0.0 N= 184<-- 185 0.0 N= 185<-- 186 0.0

= 186<—- 187 0.0 N= 57«<-- 187 0.0 N= 187<-~- 188 0.0

= 188<-- 58 0.0 N= B58«<-- 189 0.0 N= 189<-- 190 0.0

= 190<-- 191 0.0 N= 191<~~- 59 0.0 N= 59<-—- 192 0.0

= 192<~- 60 0.0 N= 60<-- 193 0.0 N= 60<-- 194 0.0

= 60<-— 195 0.0 N= 193<-- 62 0.0 N= 194<-- 61 0.0

= 195<-- 63 0.0 N= 63<-- 196 0.0 N= 196<-- 197 0.0

= 197<-- 198 0.0 N= 198<-- 64 0.0 N= 64<-- 199 0.0

= 199<~-= 65 0.0 N= 65«<-- 200 0.0 N= 200<-~- 201 0.0

= 201<~-—=- 202 0.0 N= 202<-- 203 0.0 N= 203<-- 66 0.0

= 135<-- 170 0.0 N= 1l36<-- 171 0.0 N= 137<-- 172 0.0

= 138<—~- 173 0.0 N= 139«<-- 174 0.0 N= 140<-- 175 0.0

= 141<-~- 176 0.0 N= 142<~-- 177 0.0 N= 143<-- 178 0.0

= 144<-- 179 0.0 N= 145<-- 180 0.0 N= 146<-- 181 0.0

= 147<-- 182 0.0 N= 148<-- 183 0.0 N= 149<-- 184 0.0



150<~~- 185
1563<-- 188
156<-~ 191
159<-=- 194
162<-- 197
165<-=— 200
168<-~ 203
Fan operation
101-—--=> 135
103===~=> 137
117~=-=> 151
107=—==> 141
105====> 139
113====> 147
115==-=> 149
109====> 143
111====> 145
119~=-=> 153
121~===> 155
123=w===> 157
125«===~=> 159
127==—-=> 161
129—-==-=> 163
131=--=-> 165
133====> 167
136~-~-~> 102
138====> 104
140==--=> 106
142==--> 108
148=~--=> 114
150=-=-=> 116
144----=> 110
162==-=-> 128
146===-=> 112
152====> 118
154==-=--> 120
160==--=> 126
156===~~=> 122
158==-~-> 124
164---=-> 130
166—-—--—-> 132
168=--=-> 134

nuunn

A A A

OO0 00O00O0O
OO0 O00O0 00O

300.85
428.06
431.05
374.40
390.07
419.45
542.56
509.87
418.81
375.66
360.85
454 .00
211.37
219.52
239.45
240.06
346.36
347.71
349.09
286.08
288.13
311.60
244.48
328.48
327.91
426.90
381.77
272.98
358.24
155.03

151 <~~~
154<—~
157<—~
160<—-
163<=~
l166< =

m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3 /min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min
m3/min

186
189
192
195
198
201

94.91
08.83
99.59
101.59
99.49
100.21
101.75
103.63
103.895
103.58
109.21
108.94
108.42
108.33
102.35
103.96
93.74
36.49
35.90
35.79
42.44
42 .27
42.11
41.81
41.54
43.03
39.00
42.01
42.09
42 .31
39.37
41.78
42.01
30.79

OCOO000O0
OO0 O0O0O0O0

mmag
mmaq
mmag
mmag
mmag
mmaqg
mmag
mmag
mmaqg
mmag
mmaq
mmaq
mmag
mmagq
mmag
mmag
mmaqg
mmaqg
mmagq
mmag
mmaqg
mmaqg
mmag
mmag
mmagq
mmag
mmag
mmagq
mmag
mmag
mmagq
mmag
mmag
mmagq

15_ J—-
155<—-
158<—-
161<~~-
164<~~
167<=-

187
1390
193
186
199
202

]

OO0 0000
OO 0000



i 22. BRI A

Node pressure mmAg

= 1 0.00
= 60 0.00
= 75 0.00
= 105 5.25
= 59 6.26
= 57 =15.53
= 112 6.35
= 67 =-14.87
= 73 12.12
= 79 13.06
= 114 12.04
= 82 4]1.95
Airflow m3/min
= 1<--= 105

= 5<—= 112

= 8§<~--~ 89

= bB8<~-=- 106

= 106<-- 54

= 63<-- 108

= 108<~- 111

= 64<-- 113

= 113<--= 115

= 107<-- 74

= 110<-- 79

= 111<~-- 88

= 84<-- 115

= 52<-~- 53

= b7<-- 58

= 62<-- 63

= 67<-- 69

= 72<-- 73

= J7<~- 78

= 82<-~- 83

= 87<-- 88
Fan operation
= JO====> 71
= 80--—-=-> 81
= T6====> 75
= 86----> 85
= 5Q0«==--=> 51
= 60=-=--=-> 61
= 56---—-> 55
= 66-—==> 65

Absi A A 84 3}
= 3 0.00 N=
= 65 0.00 N=
= 70 0.00 N=
= 53 5.09 N=
= 63 6.77 N=
= 61 88.65 N=
= 64 6.19 N=
71 91.70 N=
78 12.25 N=
110 13.06 N=
84 11.89 N=
77 -6.03 N=
0.0 N= 3<——
0.0 N= 6L =—
0.0 N= 105<--
0.0 N= 106<—--
0.0 N= 54<-—
0.0 N= 108<--
0.0 N= 69<~~
0.0 N= 113<~~
0.0 N= 73<~—-
0.0 N= 109<~~-
0.0 N= 110<~-~-
0.0 N= 88<--
0.0 N= 115<--
0.0 N= bBH2<—-
0.0 N= b57«(~-
0.0 N= 62<=-
0.0 N= 67<~-
0.0 N= 72<--
0.0 N= 77<--
0.0 N= 82<--
0.0 N= 87<--
688.52 m3/min
688.21 m3/min
654.41 m3/min
653.93 m3/min
487.44 m3/min
492,70 m3/min
398.13 m3/min
397.97 m3/min

50 0.00 N=
6 6.02 N=
80 0.00 N=
58 5.14 N=
51 85.37 N=
66 =-45.04 N=
113 6.04 N=
76 -62.64 N=
107 12.45 N=
83 12.89 N=
115 11.86 N=
72 42.01
105 0.0 N=
68 0.0 N=
53 0.0 N=
107 0.0 N=
59 0.0 N=
69 0.0 N=
112 0.0 N=
68 0.0 N=
78 0.0 N=
74 0.0 N=
83 0.0 N=
114 0.0 N=
89 0.0 N=
24 0.0 N=
59 0.0 N=
64 0.0 N=
68 0.0 N=
74 0.0 N=
79 0.0 N=
84 0.0 N=
89 0.0
91.15 mmaq
91.18 mmaq
63.11 mmaq
63.18 mmaq
85.82 mmaqg
88.07 mmaq
45.22 mmadg
45.23 mmaq

55

85
106
52
108
68
81
74
111
89

0.00
0.00
0.00
5.40
36.28
6.78
5.98
.61
. 72
.61
. 92

112
73
58

109
63

110
64

114
78
79

111
84
52
57
62
67
72
77
82
87

7
5
8
54
56
69
62
86
109
88
87

L] & L

L » L L | a2

COO0OO0O0O0 QOO0 0000000000
COOQCO0OO0OO0O0OO0OO0OO0O00O0000O000O0

12.03
0.00
12.03
9.57
-45.76
6.63
38.29
-63.23
12.91
12.30
-6.67



23, CH| 4 FHulwrx

Node pressure mmAqg

Air

1 0.00
60 0.00
70 0.00

103 6.76
111 7.21
51 80.58
115 4.59
67 =-16.53
78 12.45
76 -89.75
89 11.84
86 =-70.56
flow m3/min

1<--= 103

4<-- 115
15<-- 88
58<-- 116

110<-- 111
63<-- 117
117<~-- 68
68<—- 115
73<-=- 78
74<~-- 79

7<—— 83

6<-- 84
52<~-=- 53
57<—-- 58
62<—- 63
67<—— 68
72<-=- 73
77<--~ 78
82<-- 83
87<-— 88
operation
50=~==> 51
66——=-=> 65
70=——-=> 71
86====> 85
60=-=--=-> 61
56—===-=> 55
80-——=> 81
76=~==> 75

2 0.00 N=
65 0.00 N=
75 0.00 N=
53 7.08 N=
59 6.58 N=
57 =22.09 N
64 4.81 N=
€6 —-80.44 N=
74 12.63 N=
77 =26.95 N=
84 11.79 N=
87 -8.12
0.0 N= 2K ——
0.0 N= 5~
0.0 N= 103<~--
0.0 N= 116<--
0.0 N= 111<~--
0.0 N= 116<~-
0.0 N= 117<--
0.0 N= 115<~-
0.0 N= 78<~~
0.0 N= 79<~-
0.0 N= 83<--
0.0 N= 84<K=-
0.0 N= B2~
0.0 N= 57<--
0.0 N= 62<-—-
0.0 N= 67<—-
0.0 N= 72<=-
0.0 N= 77<—-
0.0 N= 82<--
0.0 N= B7<—-
824.80 m3/nmin
8§22.00 m3/min
998.67 m3/min
994.99 m3/min
468.03 m3/min
467.30 m3/min

1000.55 m3/min
997.57 m3/min

80
58

= 110

56 ~7
69

8 1
79 1

88 1

110

78 .03
78 .48
70.07
70.28
78.17
78.44
89.92
90.17

0.00
0.00
0.00
7.43
6.85
7.45
.34
2.48
2.65
2.18
1.88

OO0 O0OO0OD0O0ODO0DO0O0OO0000D0D0OD0O0ODDOD0OLOQOO
QCOOQOOO0OO0O00O0OOQOO0O0O0O00O0DO0O0O0COO0CO0O O

mmaq
mmag
mmag
mmadq
mmaq
mmaq
mmagq

50 0.00
5 6.02
85 0.00
116 7.58
63 5.82
117 5.20
62 28.70
9 12.57
72 20.41
6 11.75
81 89.79
3<-- 110
14<-- 73
53<-- 58
54<-- 111
59<-- 63
116<-- 8
117<-- 6
64<-- 69
9<—-- 74
g<—-= 7
89<-- 6
51<-= 52
56<-~ 57
61<-- 62
66<-- 67
71<-- 72
76<== 77
81<-- 82
86<-- 87

55
14
15
54
52
68
61
73
71
83

eojojejoloBoeeleoRoloNoNeoNeoNeoNoNoNole
COQOO 0000000000000 Q0O0O0C0O0O

L

0.00
12.03
12.03

7.67
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