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Abstract

A quantitative risk assessment method for quantitatively evaluating the fire risk in
designing a road tunnel disaster prevention facilities has been introduced to evaluate
the appropriateness of a disaster prevention facility in a large tunnel through which all
vehicle types pass. However, since the quantitative risk assessment method of the
developed can be applied only to the large sectional area tunnels (large tunnels), it is
necessary to develop a quantitative risk assessment method for road tunnels passing
only small cars which has recently been constructed or planned. In this study, fire
accidents scenarios and quantitative risk assesment method for small road tunnels
through small cars only which is based on the methods for existing road tunnels (large
tunnels). And the risk according to the distance between cross passage is evaluated. As
a result, in order to satisfy the societal risk assessment criteria, the distance of the
appropriate distance between cross passages was estimated to be 200 m, and the effect
of the ventilation system of the large port exhaust ventilation system was quantitatively
analyzed by comparing the longitudinal ventilation system.

Keywords: Quantitative risk assessment, Road tunnel for small cars, Distance
between cross passages, Tunnel ventilation system
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(b) Fire scenario for passenger car for SB and ST

Fig. 2 Fire scenario for road tunnel only small car
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Table 1. Fire accidents rate for each vehicle

Vehicle PC Small bus Small truck Sum
Fire accidents (1/yr) 7,906 1,520 7,067 16,493
Veh - kilometer (10° Veh - km) 1,031,249 100,331 307,784 1,439,364
Fire accidents rate (1/10° Veh - km) 0.77 1.52 2.30 1.15
3.1.2 582} AU
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Table 2. Equivalent fatalities

FED range 0.1~0.2 0.2~0.3 >0.3
Equivalent fatalities 1/100 1/10 1
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Fig. 3. Societal risk criteria for countries
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IR=Yf; - Nb; - Py, 2

71, 1A Akl @ i o MABSLE, N, = ALl O] AR 4 Nb A ARl 0] Slelel B A
T, Py AR s AR BB,/ Vb)elch

Table 3. Expected value for each nation

Country EV
Austria, France, Greece 107 fat./yr tunnel
Fire 5.0 x 107 fat./km - yr
Fire + Explosion 2.2 x 107 fat./km - yr
Germany Explosion 1.0 x 10 fat./km - yr
Toxicity 4.0 x 10™ fat./km - yr
Total 6.2 x 107 fat./km - yr

4. Y= WIP|He| M4 Wt
4.1 Y= HoE(E Al

A A SIS B 284 WS S R g tho 2 913 WS st

REE g o] AU} wETRS Table 4 2 Table 501 YFEFATE SFA] A] ta]Qbao]] 21324 0 2 ke = A

Al 7| Al A8 et 715 A0lE Sl AE e Axjshe Ao slgitt HdddER o] e
97744 2 QS ] Esly] SelH AATHAL 150-250 m2 5}0] 25 m7HA 0 2 AEs|ch

>~

Table 4. Model tunnel specification

Length Area Height Gradient Diameter Perimeter
(km) (m’) (m) (%) (m) (m)
Spec. 5.0 35.7 3.9 1.00 8.079 31.652

Table 5. Traffics for model tunnel

Vehicles Sum PC Small bus Small truck
AADT/tube 30,686 26,635 461 3,590
Mixing ratio (%) 100 86.8 1.5 11.7
Car performance (10® Veh - km/Yr) 0.5600 0.4861 0.0084 0.0655
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Fig. 4. Accident rate and frequency, return year according to scenario
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Table 6. EV & IR according to interval between cross passages (tunnel length: 5000 m, slope: 1%)

Interval between C.P.(m) 150 175 200 225 250
EV x 10° TN - yr 1.172 1.209 1.944 3.119 4.191
EV x 10% km - yr 0.234 0.242 0.389 0.624 0.838
IR x 107 0.53 0.55 0.88 1.41 1.90

Table 62 WA A F =70 ihE EV-S LERH 21 0 2 mdAd- 5= 9] 1H40] 150~250 m&] 770l 1.17~
4.19 x 107 fat./yrO=2 eRtIL 9lom, mited A= 7FA0] 1503 175 mQl A-olli= 11 2to]7} of 2hont
200 m o3RI A 9oll= FAH F7 oh= A Holal itk Egt o] 2§32l 5171] 715107 fat./yr) .

Lo 7k Holi glony, DH7‘<>1(1 VF EVZES tjdAAE 27401200 mY W] 0.39 x 107 fat/km.yr=

q

500] 7 HILOHE 1/104-0.2 4] Lo ghe Hol 2108 BAHE|M QIck, o, 58440 Bes
12 3%, £ 55, SHERI 2702 o s A Ehd U] AR 2144109 B o1, o]

2-g510] 7114 1= (IR)& AP wtAZ-52 9] 7F20] 200 m?! 75911 0.88 x 107 persons - yr= H7}
], GukA o2 Q%= 10°~107 fat/persons - yro] H9o] =7
Fig. 62 E'd A%l 2 AHe]4] Qe By |&s Tohe ot a2 52788 B4 Aotk oA
& 4= Qli=nle} o] g I 2 333 m (B9 1% 1.0 km), 285 m (2.0 km), 230 m (3.0 km), 200 m (5.0 km)
A0, ZFZFO] EVEE 9 IR-2 Table 701 LFERY

L
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Fig. 6. Optimal distance between cross passage according to tunnel length

Table 7. EV according to interval between cross passages (tunnel length: 5000 m, slope: 1%)

Tunnel length 1.0 2.0 3.0 5.0
EV x 10° TN - yr 1.1724 1.2085 1.9437 3.1186
EV x 10% km - yr 1.172 6.043 6.479 1.040
IR x 107 13.29 6.85 7.35 7.07
Fig. 7-2 T\dA2 5271201200 mQl e 'dof thofjA] Al AAle) whE AFe) A e B S vepd

Zlo|tt. A EsH 2] (Only Jet Fan)Y} thuf7 ]+
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= A 95l 7
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Fig. 7. Risk comparison according to ventilation method
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Table 7- Zﬂﬁﬂoq‘jm o W2 EVEL % RS HERH Z1o]o, EVELRZ el |7 iAle 8ot Al B AR
ot ok /502 7420k, tiufl7) 7 + A B A2 ofe7| et 8ok ARt oF 125E 0 2 Zaehs
aziqaqzxq

r

Table 7. Risk (EV and IR) comparison according to ventilation method (tunnel length: 5000 m, slope: 1%)

Smoke control Jet fan Exhaust Jet fan + Exhaust
15.602 3.338 1.944
-3 .
EV 107 TN - yr (1.0) (0.214) (0.125)
EV x 107 km - yr 3.12 0.668 0.389
IR x 107 35.4 7.57 4.41
5. E %

B ATME 29 ARt 3 AR B e BH0 2 497 HEEdo] BF 5}
AAILTEL2, SPRSA ATRS Hgsh AL 5 SRR SR W RS AAISkEo P, mae e o
o A 91 B A4S WK AT, thet 2 AunE Aol

1. B'd SPE AR (5- 821 A H A, AFER) = SR whet Alitoal sAfeit], wE d=¢d A 2
&) L AAA ARl T2 A A RIS 112 4= LTS AIGE(Event tree) 7| Hol| 5 EESA) ALt
Q= AAIsHTh

2. SRR TBES Ar7 0] 2R ST SA) 9 wEekas o] FRAYAE -85l EAlsH e

], 25 ALY ES 0.77 (5-84D), 1.52 (AFHID), 2.30 (AFER]) 7/10° Veh kmZ A5 E}.

3. 975 km, HARE 1%, BHZA 35,7 m?2] P52 30,686 H/tube ¢l RHEE-S iAo 2 njdddE=
7HAH AFS)A QP WIS el A oA ZAE27EA0] 200 mY W Y Yk 7S v 4 Q)

=08 ZAHI

4. HE JE A4 rjdddz= e 4
km), 200 m (5.0 km) =4 =] Sick.

5. meE o] tis] AldgAlef whE =S v Ay, g7 EAE 285kl AlEwo] SJsiA] FLA]0]
= Tdske A, A AIEM A ED /102 Ak 202 ZAE9I.

rl

W
-
it

7} 333 m (B <994 1.0 km), 285 m (1.0 km), 230 m (3.0

i

AL =

H A I E WER(EE TSNS &Y 2014 A7 EATAI] (O E BEEY A E AlY
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