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Abstract

The several assumptions and design parameters to determine the ventilation rate in tunnel
ventilation system were examined, In longitudinal ventilating tunnel, the ventilation rate has been
determined by the critical velocity above which the smoke propagation to the upstream of ventilating
air is prevented, Based upon the examination of assumptions and experimental results, we suggested
the improved method to determine the critical velocity, In transverse ventilating tunnel, we found
that the ventilation rate has been determined in accordance with the custom rather than fire—smoke
dynamics such as the critical velocity in the longitudinal ventilating tunnel, It is because the
ventilation rate in the transverse ventilation system has been determined by considering only the
ventilation of contaminant by vehicle, To improve the ventilation design parameters based upon
the fire—smoke dynamics, we conducted model tunnel fire experiments, From the experimental
results, smoke propagating distance and smoke filling were suggested as the design parameter to
determine the ventilation rate in transverse ventilating tunnel, And tunnels in Europe designed by
the custom is found to have the dangerous nature in view of fire safety,

Keywords: Tunnel fire, longitudinal ventilation, critical velocity, transverse ventilation, smoke
propagating distance

2
59 7)Ao Beislol SR} AR B7180) BAE Hold Bad A g e,
S5 AN HE el QAR VAL e % NG TS BASAT, ofF = 54 248

s gl Wele AEdnte B ANSEE Yaa) Ao SRR g sl Sopi e
B AL BHFIA Snvh 45 glom wAoE AgHlo] £ AUS & 4 itk Bak ofule} 7]
R4 WA HAPNEA Bt ghe-S At S FA *l*E“OﬂHL FRANA “ 7]
O35 WAE 1 B 859§ B 2R glol TGl AHE) fhow, ol 28 Ha shjer|t
QB29) §7] 235 A2Elo] JERI shAFEE 20| ZelElgl] upolct, o=t BAIS A5 Sl
AE2 R Bl AAAGE A SIS 1545 AN, Sd 58 olgl #7]
HspAelo] PR AP ANE ANSET, oI5 olgale] 12 Btz A fHe| HaSe] 4gs
w) QrAge] BAVE 9182w

Faol: 5, FR4, dARS, R, dridutz

*| HM35Y HZ7|AATY 3
27 3]

FHOHHHATREl BXF (mbkim@kimm,re_ kr)
2 H|s]g, =7 [AHA H A+

Tunnelling Technology, Vol.6, No.2, June 2004 129



1. ANE

2 FEolM e =mEd AL EESA A HY
AA(smoke extraction) E= Hr} FHQ)sl ou 2 3}
A&7 (fire ventilation)?] FQAE Id3)] &3
t} Mont Blanc E|'99] HL Akalsof 37]-&52- onf

olAF ZZFA AL Wl olE} FA) A] GV|E BE&AO
2 AR 4 qlest Ede] )T S Sasigl
. ols} ool 49 2E Exede] e s
*é‘aéi gHsky] gfste] Bl 4 A% 5‘< 7

gPoto] 231 gk 2 Aol ot &

%

rlo
T o ox
fr g

ol P AN WS e L A
MRS 2B A Bk, ol Siste] F71A A
of thg EAlsk olol 0k 218 AAPS] T 7

2 1ieo] s,

7| dA Ao distels F74] (longitudinal
ventilation)3 3FA] (transverse ventilation)<-
HTsld T Ag WSS BAslET 7 29 S
HAESH 43t (PIARC, 1999), $185H0] &2 el
Helat WA Alaule] A7) ojpaiEol glgio.
H, 53] =AA A9 mEEte] oitEE= Edel
£ 254 Aadel Hgo| vlg AkElolr sl g
=h

37)-8Fo] APdE fleliA] Hagh ARk 7HPHES AE
SHEAL, F5A] AAA e 2 4l YA eritical

O -1
speed) AV52 918 B 7)0] BAle B, ol
sz B4 g4 e et weke Agdns
S AT BRAl A SO ALgE

gt AR @rXH% iz 94“17}%4_

O
(back layering) ‘%7\1% IRk #a 75 G4 e
a2} §lo] gr|-§5fo] 24w o] gkom, o|ZE ¥
do] a7 L gEHY | i AlAEe] g
gt SpAfgahal EAlo] Aoy wiZolrk ol &
AE s dshr] fi3k Almi 374 2o AAVd o=
Al A7)1A34 8] (smoke propagating distance)@}

130 E{@7|2 MR H235, 2004 68

H
L\

(b) E12A| 57| diA|

a3 1. Egel &) A[AH

714 (smoke filling)& ATt =429 H
d-g olgsto] A7|dubA el Hgt AP ARE AAe)
$aL, o5 o]8sto] 7|=e] LR HAE [ F
dEof 485192 ) b EATE 9SS HArh

Hyol e dul= A 4553, T4, I74
o7 iy, R4 3RS e 7IES 19
13 o) 37 T viEEE 3717t Y oAl "
ZE‘O]Ho]—_o]:-Q—i &Pet=rt (F7AD), Fe HE s

SR (ARl uie) ek, 9 )
£ 519 AR} sl 87]g st cfdilel 3
]
_]

A 7] AACIAME SAA] adEAke] ok
= 7] 93l T AARE Auul= Ao A7 &
&2 YA Rt AR ol 37 352 HY
el fAlsteiof sk, ofm AR7F A He s F



EREHENMY SR Aol et 27

&2 dARSolR Aok @A AlAR R S4B
2] Aa AHE Sistel WrAHe) Ho] ol gHn
=, U2 Kennedy (1996)2] Alof dfjgl Ao
ok, o] A& ohg 17 2xY Sl ske WA} vl
Farrke ol fmse

_ gHQ \' . i

V.= K ( v Tf) Fro o)
_ &9 _ 0.8

T, = o A vt T Kg= 1+0. 03747 2)

Tetzner (1999)+= 7]29] Kennedy Ao RAAS
(B2 Bolol AL A AbIch el it 3
HHez 2he u), SEgioliE By ghule] QR

A A7 7 A S A2 RE S wE gty BAA
3} g2) el BeloAe] “elEahaa/Eunh ol
a]—h Uﬂ;ﬂ v,]u].é’. 7}1}1;}.

HA¥ Kennedy 412 tl3d Zr},

= e HQ \Y
Ve = Kg( Boc,A Tf) Fr, (3)
S = 0.8
Tr= gocav, T K= 1+0.057147 (4)

Tetzner (1999)+= HAAlG= 01} 1 Afo]Q] Floy
(o] gkol 191 % Kennedy Alof] sigeh A5k,
& 5 ole 4o ueh FeiRA Hetl, 20MW
T ZAolx= 0.25~0.3 A= gh2 AjkekaL ot
2 datelMs RdARE S8 WA U At 4
s =27)7F Hgd Ao vlsf A om AL A
9 (~20MW), HAA (B)= 0.1~0.2 A ¢fd2
AJgkstaL Sick,

il

i

35

3.0+

Critical velocity (m/sec)

; * Model experiment
05 1 T T 1

T T T T T
0 2 4 [ B 10 12 14 16 18 20
Fire size (MW)

a3 4, 2FE RS

Tunnelling Technology, Vol.6, No.2, June 2004 131



RHAARE 2T dARES] AA ole o
2t

Wu(2000)= Kennedy A7} A8 o2 FH YA
5 2R Atk 15| A|QHAE Froude
similiarty 7]9Fe] 2}¥3l4] (dimensional analysis)
2 $ajo] ol A48 01 851] AR fitting?t 2

Toltt,

X 13

V =0.0400.2) "HLQ TV for Q"< 0.20 (5)
VE=0.40 for Q"= 0.20

of7]of1A

Vv " _ VC Q*: gz
v gT{ ’ PocpToV 8(7-1);

A7) 20MWe} B o] A Ak olalE

354 ¥.Wu et. al.
) S
‘E P25 SR
> 3.0 ’ B=0507 -
£ e
=]
g ennedy, p=1.00
W 254
o
.':"
[&]

20+ |

arch shape tunnel (A=49m?, H=6.5m), T=290K

1T T T T T T
(1] 10 20 30 40 50 60 T0 80

Fire Size (MW)

a8 5. 245 YRl Ho

21, YAIRLe| Hlw (EIE=0] H=6.5m, E/2EH

M A=49m')

AAGLE ZHE Kennedy Al Ht} oF 329 ZriE|ojof
5, ©]i= Kennedy *101] HAA B2 wolsitly W
A=) Frol 0.25¢1 7ol sty

w
oldt
q

=4 EINAR

:

o
= o
N oo B
L i
o rr
5 H L
fllo
rlm i
re, ot
BN
lo o
Mo g
o(}g ©
- é
O
>-
O
O
o
©
N

ol
o

=il
J
i

by im
>
2

Hol digo] dashA Hrt -4l ek ojoksl= AR
2 EHm=Eo|H g ofsf| Hduol] A7t EA5HA]
Rt e 11 2 HaSleles Sfok gt o]F fs}
of &4 19 63} go] AV1ARAY (smoke pro—
pagating distance)= SO ZEE ¢7]9] Algto]
o] Sl= RS Anl= Aol
ZFA VAL A o) A s 2ARE] S8l
A HEed B golA theket 2704 2] 7o) 213
Ak, e AR AE el B4 iRt 2@
7] 9 917, 7 vi7|F) o] Hatol] uE dAr]e] AakA
= “aé}htﬂ HAZE Ak % =wolAles oleRt &
= B0l A=) 9
= A719] dat

—

Sire Size Critical Velocity Ve | & MAX| CHH] 7t
(MW) g =1 (8 MAR) g =04 g =02
1 0.93 m/sec 100% 1.24 m/sec 133% 1.54 m/sec 166%
5 1.54 m/sec 100% 2.00 m/sec 130% 2.38 m/sec 155%
10 1,88 m/sec 100% 2.38 m/sec 127% 2,77 m/sec 147%
20 2.25 m/sec 100% 2.77 m/sec 123% 3.13 m/sec 139%
50 2.77 m/sec 100% 3.23 m/sec 17% 3.49 m/sec 126%
100 3.13 m/sec 100% 3.49 m/sec 112% 3.66 m/sec 117%

132 E{g@7|2 MR H235, 2004 68



= 2E|HoMel BET AA] Bet BT

 propagating distance, L |

=

exhaust
O e e e S e s e e e e ol e O e i e e O e e ol ¥

L K R I R N R DT N N I R N N R O R
supply

a2 6. g7 (FutA2 JHET

3.1 dRFx o % ol 810moltk, Hgo| 4.6m 7Hzi o Mg
= 15.2em slitS $510] w717} Ho wpek of Zwe
H. Ao A= W2 Y Y (Brinckerhoff, 1996) Eslo] Z7)7F Hot B 2aud By o] Eldo] g
o] 4 mlo] ARGE|GIn), HEHd HES NS 9 g 7 RS 1/202 24810 AREon & 7o)
o ARl HERS Al B8 8m, ol 4.4mo] L iomolc). SRl chaAel B8] W] Bt
|« 12m N
l«— Smoke Propagating Distance —-‘ Exhaust Ventilation

—
e

A 6W Ar-lon Laser|  Ihermocouple Supply Ventilation

(a) Symmetric Case

. 12m N
| e—————————  Smoke Propagating Distance —D‘ Exhaust Ventilation—l
’_i o h  h A h h

a I [ | | [ |

— ——t———+——+——+ ——+——+—+ +——t—+—+

P e
| W [ - | # | W [ !\]v( | ] I |_!_|_!_,
\ Thermocouple Supply Ventilation

(b) Asymmetric Case

(c) ZEEE

Tunnelling Technology, Vol.6, No.2, June 2004 133



N

Aykoz et 71t Rele TS Sste] of
g AR, 19 72 A SamgEde) A
eholct, b ixjo] ThE Rk Aty 9t 3
o] Ejdo] Zofol Yx/at AR B0} T 2
ol $1x)gt BldiH wele] 9ol skl 4l
shaleh 53719 w71 vt Wae Estel
o] AH Y] ol2olHon, LEEHL
e vt & 20 Qddpt AxErh @) ds
Aejo} A% B17L 7hAEls}] 9lsted dlold el 7
AJEE S, Blom Jgk BalAE AL8SIY
ou] ABA] Q4TS AL AZsle] SAje] 271

AN

i
=

0:

o

do g
O g, o

ﬂrﬁ, 4>

£

e

sk HIsl7] 9isto] QLR shakel 2L 4

3.2 My

AR 12 RA SR RA 7] A, B9, T
Al Alge] BGS HojEr) HE niEdo R
o] F71EE v Aozl uiv|E, 18al s 4

tHael 8%

o714 skl 93171 Ede]
Ak Rt =E A dde] o
Attt didgde A B
I o] gt vzl 7]
ool F717t BE YRR FU=

il

jacd)
FERS
ﬂlmiulorﬁﬁ

(a) €7| Fot

134 E{@7|2 MR H235, 2004 68

oAl Hok, ol sfedofA]

g oJFoflA] Bkl el
e Y 52 ol7Iv B 2715 T 1l

= [e]
RS

2 wh} wh7| ey, 7)ol Hhy|eT) e
A9 ¥d o) Bt Ed o gue] B
fso] shlo R B SRR s Het ol 3

oM AR AVl ST 52 we HE &4

ol dupElHA A weh vy )En webd 5719
o Hi7|FHT @ AlLERE &7 7S HEEdT

2 Aol U=s A2 3 "o I12ER ey
A A} 7] FYEE woloR 3R o 4= Qlrh
Hi7|gfo] SV R W2 B A7V 2ol ol ¥
o] dAgt FoR AjtEe ogAd 5aE A
Hrh 2E 158 s SHCR b s
AMe] S S ARRIAl .

I 82 A, vi7|ERe] miste] uhE A dutA
2lE Hojeal Qlnt, 7RSS vl o dolw 2]

- Fire size Supply Exhaust
g 600 (KW)  If(min*m) ¥{min*m)
£ 550 =035 0.0 variation
8 5004 . + 0.90 0.0 variation
< " e 1.99 0.0 variation
5 4504 * - 3.34 0.0 variation
S 4001 \VA®
o Y
£ 350 o
[ " 4 .
o ] \
g 300 \ . Ty
o 250 o L
o - * - e %
o 2004 - Y, e
k- . a * o o
g 1804 L -
@ 41904 | Symmetric Case I

50 .

T T T T T
200 vl ) 400 500 &00

ventilation rate (liter/(min*m})

T
o 100 ToO

a2 8, d7|Torziet ii7] (alel #S)

| smoke propagating distance



EREHENMY SR Aol et 27

650

Fire size Supply Exhaust

5007 (KW} U{min*m) I/{min*m)

550 . m-1.99 0.0 wvariation
500 e 199 117.8 variation
™ * 1.99 235.6 wariation

4501 3 & 1.99 varation 2356
400 b \
350 - . Abrupt Spread Oceur
F oo g ’/ ({No Data)
3004

| Abrupt Spread Qccur " '
250 (No Data) = g
2001 LS

4 L

150

100 | Symmetric Case

50

smoke propagating distance (cm)

T T T T T T T —T
1] 100 200 300 400 500 600 700
ventilation rate (liter/(min*m))

a9, 717t @rI¥uAzol OlXl= & (HEo] #P)

2o Yehdith Hduilz 3717F FoiR)A] ok A
(Supply=0), Hi71% (Exhaust)o] S7FetHA Q714
A7} 7“\0}L sl F77t sk A A7

ofj-$

7
]

—

AspARe F7RE & 4 Qed] BYHoE B9 4
et Aol
% 9% /1% Wabh o dskA ] v o

TS HolFa Qo 7165 117.8 I/min - m 9] 7%
oF G717} Sl A= vlash A7|daAgrt ofs

23 A3l )E s 2 9gke u)x)R] kel o 4
Tt e {7l S7IshEA ol 2a Bkt
she e ARFo] e 4 At oleiE 371 43

wﬂi

o] 739 F7IEFo| w7t WolA™ (Wi7]EF 23
liter/min - m), 7|7} HY AA = HA dA71H08kAE]

* _
(a) Supply ventilation rate = 0 liter/min - m

= 2%+ g
(Exhaust=235.6 1/min - m)3}1l SV #3171
Auas A 20l 2 et itk 37130 &
= AV1abA s A wislslA] Attt F7)%0]
W7 |tk Bl A9 o7\t /18 E1% 2
5] Ao Bl AA = ShitEo] Bd AAof FutsAl |
o, AL 28] (b) 9} (2) 5 Hlulsto] B F7]9e] S7t
7HEd ] @rgHAte] Al Gk & 4= Uk A%
o] A shdskaL g71el ot WRrF FAEIL 9l
O 3719 717 Al olRolxe MERA (ull
transverse) 3H/|A|AEQ] 7
of PHol A FHH R4} %
Hi7 )52 oA 288 FA= Q1 ko] m A H&
o % sk

ofHRt FEE WlEE 1A

HlHEl HR
of7|o i B $1XI7) Ede] 3
of @7k vlsEr el Aol
Aauke Ausich g Pakel 4
o 552 oA Felel A9et e 1
agE 7)) B3t B A9
B7E B WRE feEe] T Ao
o Bd 24155 askA ek of 4
ol A YA e
o 347} 717}

Ll L
€ 9% FAE = qlokd A

_1[)1'
1)

w o 9

o —{o o
oly _{O =
oEZ — o il oN
ot T 1% =

= :\- o

o N
S N fo 9

=2,
sy
>

o
>
miﬁﬁéoﬁ

o 4o iy off o

4z 1o

(o4
g

Lo i opr
>

o
O.
-
:

(c) Supply ventilation rate = 117.8 liter/min - m

AREL 2, S700 218t B2Uel HI[=t

(d) Supply ventilation rate = 235.6 liter/min - m

(CHE!, HH7|2* = 235.6 liter/minm)

Tunnelling Technology, Vol.6, No.2, June 2004 135



minimum attainable distance

- smoke propagating direction T supply and exhaust ventilation
— longitudinal velocity due to ventilating air ~ —-—  Stagnant zone

a3 10, Hy[xntet SUE E7|S50| W

o SjE Folck, AA B B HEoZRE sm M of 2 3le] o8k ke B718%0] B
o BRIl BHBAT, A PARE 2 WG F Polol S ssp] ol oA
Pl FRSA mels T oleh shelofd Wt A7) A Ede] A el AA 95 A7l 85e
L omony mua 040 ol Uy 298 TE  FO wolch olela Yelo] elalel v]a|d @
AEy HPHoR WjEr HEoRE T BY of AlmARL Al Welel Aio] vlslo]
A TR 940 g 1 BRE 2 940 2 37 Bk sk Bl SRRl dojuta] ¢

ol7|u} AspsEA AgHOR WIEet Folgol vyl W, ElY dolgakos wUskl Wlsle iR 3
gch e 4o By o] Zvk EY oRe g Aase] A9, )] 225 mcmz 7t
slo] ZapaF g40] Wizl AvjakL) e A0e]  ZoRle g Aulsls HA el Fue A}
o 2 ARk uehd shely] ASE ur)e
o] s7)aHr) gre Ao} vije] HEe et —

7% 18 A, w7k bﬂﬁoﬂ w2 §2917] ol i riadaacti
R S EECR DI TED 1 e\ Bt - S et
WIs7A2kg e, 7i25e a9 dolg 18 RN A i

600 - RGN

= deEdeh BEWR G7h SRR e B
(Supply=0), vi7|7Fe] S7isldA Av|dsbA=7E 2
48kal, SRS AV7F SRR RS A=
SRS & < slh TEY ezl SobekeEke A

Z)ZAEA R Al oRIA] el 7R gro.s A
= A8 (4m HD7F 27T o] Hi7|3o] ZvlshH

5001
400 -

3001

200 -
Asymmetric Case

smoke propagating distance (cm)

100

BlY AHAHLS E3lo] A7) G4535] vlEE A 7] o 100 200 300 400 500 600

ventilation rate (liter/(min*m))

FBY SN BUOERH HY FHRE e E

3F fgro] MEAgEle] o= mhe) 7|7t AukE 7] %01 32 11, H7I™oalet 7] (HlchEe] #

136 E{27|2 MR H235, 2004 68

T
700

2)

=2 ox

BN e,
ol

—_L

lo

-2

Ky

rl\.l% r]r

i)

lei




EREHENMY SR Aol et 27

900
e Fire size Supply Exhaust
’é“ 800 (KW)  I{min*m) I/{min*m})
S e 1.99 0.0 wvariation
© 700+ o199 117.8 wvariation
2 . & 199 235.6 wvariation
L o004 % 1.99 variation 2356
0 Abrupt Spread
= {No Data)
2 500 A 'j,_.
= \. Abrupt Spread
g, = - Rl (No Data)
2 400 = 2 . o
= - [
s 3
& 200+
o
=
S 200
E Asymmetric Case I
100 T T T T T T T T T T
o 100 200 300 400 500 G600 700

ventilation rate (liter/(min*m))

o 12, 717t 7|2l olxls S (HFe

9 . T;Lﬂ%h% gm o Eﬂh EH%J?‘%
Ap) 7390} A 2 Q7] AskA ol 2 RS )X

ol IKe) \:[:1 ]]:HXI ?i:]/l]-oﬂ/ﬂE EHX]B‘HO
A vk 2 37 1] v |sRaT) Boldl s A ¢
717t 2718 3719 w4 ’5] Aof Bd A= gk o

d A 5 ek
= Al (full transverse) 27]
Ao 25 N Y 24 318 B

120
4 Fire size Supply Exhaust

110 (MW)  (m'fsec) (misec)
'g 1 w062 0.0 variation
—100 < #— 1.61 0.0 wvariation
L] E 356 0.0 variation
2 a0+ @356 0176 variation
= » 3.56 0.351 wvariation
D g0 ©- 356 varialion 0.351
= ] *—5.97 0.0 variation
=]
£ 704
= 1
©
o 60
©
=%
© 504
o 1
1] -
2 40
r3 ]
£ 30 X
0 Symmetric Case I

20 T

T T T T T T T T T
oo 0.1 0.z 03 0.4 0.5 06 0.7 [N 0.9 1.0 11
ventilation rate per unit meter (m%sec)

a8 13, AA oMl H7IFTAR| (HEe] BS)

&8 G2 vlE 4= o, A HTi Aol EAIgle]
SHA7] dutke] I M= 3 -A a4t A gle
o, F7)gko] Hi7)Eke HolAy 288 Bl ok
o)A H& & 4 QtKFederal Highway Ad—

ministration, 2000),

fio

Ax EfZolMe e17|Faal &
FEEEREERES BRSCeE.
Aol J3) AR elAle) wEu

2 % 9lek. Froude AARolA] Zids Ei‘é

o wan 949 WAL bt 7

oA

] %Froude
7|FoR o&
BEEERS

M‘l

.—‘M;r

1

ook

QM _ ( LM VM _ ( LM
QF LF VF LF

o] A oz Y dEEd oAl =7
4 3G, ArdmAEE mAe 1Y 13, 149
2} A R 5.97MW, $37) 0, vi7] 0.351m"/sec
of| A A7) at Az, NG ol A= 60m, Bty &
Aol AE 85mYe & & & ik

:‘E%ﬂﬁ%#ﬁay% 4] 317) gafa 2t
011*1 S8t Wl% mar o}, v AgArel gt

}‘WIHFE @] Qs e 7122 3
B AArta )& Aol Hoke 4 gl
we] EAbA2l Aoleh, ol S B718% W A

@
-]

Fire size Supply Exhaust
(MW)  (m%sec) (m'/sec)

@
o
1

w— 0.62 0.0 wvariation
-+ 1.61 0.0 wvariation
—a— 3.56 0.0 wvariation

140
& 3.56 0.176 variation

» 3.56 0.351 wvariation
@--3.56 wvariation 0.351
+— 5.97 0.0 variation

120

100

@
=1
Il

.

\3
.

5,-:@-#

smoke propagating distance (m)
s
1

Asymmetric Case
T T T T T T T T T T T T T T T T T T
00 01 02 03 04 05 06 07 08 08 10 11
ventilation rate per unit meter (m*/sec)

"~
=]

a8 14, AR EZolMel HyIELEl (HHEe 3

Tunnelling Technology, Vol.6, No.2, June 2004 137



2 83 £ TZEY9| |82
Bl Zol/&718tA Z871Y cHelzolg 8719
Memorial Tunnel 0.81km/S ly and
- B1km/Supply 0.078~0.31m’/s
Experiment Exhaust
Monte Blanc Tunnel
’ 11,6k | Exh t 3 2
France, (Before Accident) .6km/Supply and Exhaus 900m®/s 0.078m?/s
Monte Blanc Tunnel, 3 2
France (After Accident) 11,6km/Supply and Exhaust 2000m’/s 0.172m*/s
Gotthard tunnel, Swiss 16.3km/Supply and 2150m*/s 0.132m%/s
Exhaust
9.25km/S | d
Seelisberg Tunnel, Swiss -25km/Supply an 3540m®/s 0.382m?/s
Exhaust
1 K |
Frejus Tunnel, France 3.5km/Supply and 2880m°/s 0.213m%/s
Exhaust
100m Propagation with 6MW Fire at
M | |, KIMM | Exh t
odel Tunnel, Supply and Exhaus 0 17m’/sec Exhaust

7k 2% ol 84 QP A Bask a8 ol
oI 5719 718 B4l e 1R o
g 79 A iIRRE Sl Blke 9ol AR gt
o] o2 50~60% FiEolt, o5 £ QoA Sagt
SEEY AR | ms el Ao g ARA 3|
AH| G GMWAHIES] Z SO AE ¢ 2lnkA
2 ©F100m oA FEIATE AR 4 G A 7
13 9lee & 4 oleh A HY 3] 4dule) A7
S qfEE dubA o & 20~100MW7ZEA] o|E& ol&
5ol AR SR @7 AR e =g
o5 ot

N

ek

1. A 2R BEER] el Bl $54)
Alzsgie] ahgo] wiS- AgtEofok g

2. YRS AL 9Itk A5E AET A Kennedy
ahe Zoh e 2]
S Aol Tk

138 E{@7|2 MR H235, 2004 68

A ARgRle] el

o)) mRle oA S, 91%], )l
wislel W ol7|3ln AT BT At ohewt gL
A o

[¥5)

| BA7F e o] Fofo] ol ielx ofid - uj]
fepo] Z71lelE A7) HY FURIA AurE
o}, = vt BARle] M o) HatA R} 24
st
4. §3719) QL 21 o] vh7]e] et AR A A7)
apAelel 2 B 0] ekech e 37190l
W]k ol MR B it s 31
oI @50 32191 4o el el = A9
B Zo] AR WA e, o]k £ 2
Srlo]] 7k %x—.d gL 7
5. Froude APPHIZe] ofs) AlgdaE AEEY Azt
23 E A9, e WRW)A] sl eMw
o] 242 spAleks @717k 100m o4 A,
6. R4 E9o] sAely| A X7 B o
AABIE e BelE 27} Sl oEe)
2 Aol =ojgt el7|AuA el 719} wvjee]
1% 5ol ojgr a1 8eF A4S Agkat

r>4 o) L‘IE
01

-

['

U:



EREHENMY SR Aol et 27

L A
L EYo) A (%)
R

: YA Froude =

D AEEEe] SR
D HEEE o] S
o el g N R
LA

D AgEde] 4%

[«
e B

o

ek

s

1.Y. Wu and M, Z. A, Bakar (2000), “Control of

smoke flow in tunnel fires using longitudinal
ventilation systems a study of the critical velocity”,
Fire Safety Journal, Vol. 35, pp. 363—390.

.PIARC Committee on Road Tunnels (C5) (1999),

Fire and smoke control, 05.05.B.

.Bechte/Parsons Brinckerhoff (1996), “Memorial

Tunnel Fire Ventilation Test Program, Phase [V
Report”, prepared for Massachusetts Highway
Department, January,

.Prevention and Control of Highway Tunnel Fires

(2000), FHWARD-83—-032, U.S. Department of
Transportation, Federal Highway Administration.

.W. D. Kennedy (1996), “Critical Velocity: Past,

Present and Future”, Paper presented in the One
Day Seminar on Smoke and Critical Velocity in
Tunnels, London, 2 April,

.D. Tetzner (1999), “Critical Velocity — Comparative

Assessment of Test Results and CFD Simulation”,
Proceedings of the First International Conference
on Tunnel Fires and One Day Seminar on Escape
from Tunnels, 5—7 May, Lyon, France.

A

mbkim@kimm.re, kr

5z

SEI|AGTE SIRHREHATE
jschoi@kimm_re kr

ST7AATH SR HATE 2

T
SEI|AGTE SRHREHATE
cbisey@kimm. re kr

SEI|AGTE SIRHREHATE
yshan@kimm_re kr

Tunnelling Technology, Vol.6, No.2, June 2004 139



	목차
	Print

