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Experimental Study on the Interval of Emergency Exits in Long Traffic Tunnels

Yongho Yoo, Chanhoon Yoon, Sungwook Yoon and Jin Kim

Abstract The objective of this study was to analyze the smoke movement for the case of fire and to determine
the interval between emergency exits in long tunnels. Based on Froude modeling, the 1/50 scaled model tunnel
(20 m long) was constructed by acrylic tubes and tests were carried out systematically. From the strong relationship
between CO propagation time and distance through the tunnel, it was found that the optimal escaping time was
6 minutes in case of 20MW fire. But, regarding passengers' psychological state under fire, another one minute of
delay time should be considered. Therefore, the total escaping time should be estimated by 5 minutes. The interval
between the emergency exits for vehicle passengers was calculated by 250 m with respect to the 5 minute of escaping
time.
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QMW) Qn(kW)
5 0.28
10 0.57
15 0.85
20 1.13




A APA] BYEE COY BT A 2
gt ole SRIA] A zzdo] mAEhLbTL Ao
7] oiZolch wka thare] whERAQl A
of Qo x| 2iE Hgelq d7]9] A
BA517] 9Jste] Z4E COY HE whAE CO X
A2 o] AuishE dHlw hE o838tk

ke

e < i;j
= Ol'm mlﬂl N
S oorr

B
Rl o

3
=

=S
[]

EX
=

O

CO* = Measured CO Conc./Max. CO Conc. 3)

3.1 SIS 5 MWA| SI7|HE

3] = 5 MWA] 3hel AFRolAe] %9 CO &
L REE Fig 40 FAISHE 3 A & A&
2 e} Z7lste] B AFE= 9B S0 187.07CE
Fja1o)) 0|27 Fil, COE ojErt 23 o] 8% A}
Tof| £31(447.63 ppm)E UERACE o] 2:0] A
o TA CO = sl ARk

Fig. 5 34 A8 CO w29 ¥3ls Jephfii 9)
th. FAUAE SA0R HF CO &= A2 giA
o] FeiE vl Qlo, 3k 5 220] Farek ozt
A A F5 1009 m A Fefli= COZE AAEA] G
o e sk9] Akt dA A Co= Aatd e
2 Z7kshd, SR 2AgRe] COvt Zashy) AlRshe
820] At I A FHRE 7| Fol ko] A&
Aog FIjct lde] uuey 2% HE= Fig 6
I gk CO 5% fARH 3 MRS FHoR
el x5 yehdith Fig. 73 Fig. 8o Rol= v}
oF Zo] 3R 8 15 m X ' Fold o &
£ EH, dAREY] A9 Azte] 102 Akl wet
69.22°C7HA] F7F3tch w3t deE WAoo R Qlstod]

Temp. : Y =33.07579+0.68396 X-7.63225E-4 X*

200 . 1.0
CO : Y =-0.04574+0.00249 X-1.67579E-6 X* —
e AT TR,
et oy,
5 o A‘%ba “os
1 )Q/f A
A'A" —_—
5 7 2 %%sos g
& 10 I
1 & £
8 & toa B
E & =
o d _ <]
| e <5MW, none ventilation>| bng
504 o0 A Q
s O Temp. Loz @
st &A‘ Fitting of Temp.
) a co
----- Fitting of CO’
0 T T T T T 0.0
0 100 200 300 400 500 600

Time(sec)

Fig. 4. Temperature and CO concentration at the fire
location(5 MW)

ek

X ZrAe) B AP AT

AA7real Fohe S-S FAH e R stk 6.375 m
AL 2L 67.09CHAR] G438 A8, BHd
Z7HE B0 425 m AL 3525 TCAHEE VR o] 1
g 39 SASNA A Heis FAE G Ao
drh o] Bt 15 m 3401 30 m X[Fe ThHeE
£ o F7he] Zo| Fola] MAEIL 58127, =9
6.375 m XA 2% 46.967C, 7t =0l 425 m
M= 33.71C A=Y 2% EXE 2ok

3.2 SR 20 MWA| H7|7HE

edollA szt dshd shlolA] 3 agE Aris
YA LR By 45E we duEt Y Ay
o) nhEE QI dedle] w2 Yo SV A} o
73k Fig. 9+ 3H gRojAe] 2291 CO 5= &
25 mAsglch SR)v) dAstE Azko] Xsjef whet
HA7F ZHEo] 1002 T F 2007Ce) |24 H1
24027} A EHA] a1 2957 o) 0|24 Hr}. I &

&

1.0
—&— 0 sec
& 60 sec
0.8 4 120 sec
¥ 180 sec
ﬁ © ¢ 240 sec
8 o6 - < -- 300 sec
[ FERN
2 TN
[} i
g e
£ 04- SR
5 )/
‘Q y AN
o 7 N
02
v'/ N
’/,TQ e \‘\i-' . ~
ood_a-" _a " Fire ™~ ¥y- —
2 T f * T T T T v
50 106 50 0 50 100 150 200 250  30¢
Distance from the fire(m)
(a) Time : 0~300 sec
1.0
—=— 360 sec
® 420 sec
0.8 & 480 sec
—w— 540 sec
— ¢ 600 sec
3 0.6
=
o
o
£
@
E 04
(=X
Q
51
0.2+
& s
- L
0.0 T T F!re T T T ¥ T
150  -100  -50 0 50 100 150 200 250  30(
Distance from the fire(m)
(b) Time : 360 ~600 sec

Fig. 5. CO concentration with the longitudinal direction of
tunnel(5 MW, non-ventilation system)



el A3t

200
—&— ( sec
--@- 60 sec
: & 120 sec
150 ) w180 sec
v & 240 sec
% " < 300 sec
£ 100 \
g
£ .
50 - ; .
e —as-t-31 ~-nml -L* $fsss s
Fire
o L) ¥ T T T T T T L T T
120 100 80 60 40 -20 O 20 40 60 80 100 120
Distance from the fire{m)
(a) Time : 0~300 sec

200
g # 360 sec
& 420 sec
It 4 480 sec
150 - b ¥ - 540 sec
% 600 sec
%
£ 100
g
g
-
50 -
- e G '\;\’?/id c QT
Fi
o T 7 T T T T ¥ T T T T
120 -100 80 60 40 -20 0 20 40 60 8 100 120
Distance from the fire(m)

65

(b) Time : 360~600 sec

Fig. 6. Temperature with the longitudinal direction of tunnel(5 MW, non-ventilation system)
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Table 2. The emergency exit distance of the some countries

Max. distance lengths(m) Application
for people for cars Limits
USA NFPA 200 over 300 m NFPA 502(road tunnel)
NFPA 244 NFPA 130(subway)
PABT 350 over 700 m road tunnel
Germany EBA 1,000 railway
BOStrab 600 subway
Swiss 300 900 over 600 m
one way 750 over 750 m road
Japan
facing traffic 350 road
Norway 250 1,000~2,000 road
England 750 railway
Sweden 150~200 railway
UN 200~500 600~1,500 road
EU 500 1,500 road
PIARC 100~200 road tunnels in city
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Fig. 15. CO concentration at 225 m position from the fire
location

Table 3. The interval between emergency exits in tunnel

. escape speed(m/sec)
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0.85 1.00 1.19
240 204 240 285.6
300 255 300 357
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