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The probability approach for the personal risk calculation of
the passenger due to a tunnel fire
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Abstract

The land transportation is the most common way to transport passengers as well as freight
among other mode of transportations and consequently more likely to be constructed for faster and
convenient travel In this regard, the demand for tunnel constructions will be increasing and the
safety inside the tunnel will be considered major concern more than ever. In this paper, we show
probabilistic methodology to calculate the personal risk of each evacuee starting from a different
location in a tunnel on fire. Passenger evacuation time and smoke spread time are both assumed
to be continuous random variables having specific distributions. The evacuation of passengers at
each location and the safety facilities inside the tunnel are also crucial factors to calculate the

probability of death.
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Fig. 1 Distribution function of passenger death probability
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Fig. 2 Tunnel fire model
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Table 1 Fire perception time

T Zonel Zone2 Zone3 Zoned zoneb
2 0A17H) 60 90 150 210 210

3.2.3 1| A3t
THIAEE v S AAska whEshs
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Table 2 Ready time

A28 Fhov,

T Zonel Zone2 Zone3 Zone4 zone5
2R RKF) 30 60 90 120 120

324 B3N P F 2F AT

BN FA0] QHAF A

E£% 09m/sE ZAHE

O Eds-y

A rket

of =W HY U Ao A EH SEE 12m/sdetst 2 E A ER
Ath A9 BRIyEEHEE 7} zoned] FIH{IA A ZF OlHEZFA] EEe] AQFHE F
M Table 3¢} Table 49} Zt}.
Table 3 Escape time(1.2ny/s)
T Bl B2 B3 B4 B5
Zonel 298 715 1131 1548 1965
Zone2 - 358 775 1191 1608
Zone3 - - 448 865 1281
Zone4 - - - 538 955
zoneb - - - - 538
Table 4 Escape time(Q9v/s)
T B1 B2 B3 B4 B5
Zonel 367 923 1478 2034 2590
Zone2 - 427 983 1538 2094
Zone3 - - 517 1073 1628
Zoned - - - 607 1163
zoneb - - - - 607
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3.2.5 Flash—-over time
FRPFon ol WA AxwHo] Yolhn Al Harde] o
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Table 5 Flash-over time

ShA PR flash-over time(%)
20MW 180
30MW 600
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Table 6 Smoke speed of travel

A7) A £
o Satg
H e A Gl R R
20 MW 1.2 m/s 1.4 m/s
30 MW 1.8 m/s 2.0 m/s
33 AvdEe 74
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Table 7 Fire scenario
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Table 8 Smoke arrival time
T8 A7 A EEEI}

3} )| 7 = iﬂ B1 B2 B3 B4 B5 Bl B2 B3 B4 B5

-

1.2m/s | 388 805 1221 | 1638 | 2055 40 80 120 160 200

1.4m/s 358 715 1072 | 1430 | 1787 30 70 100 140 170

1.8m/s | 388 735 1013 | 1291 | 1568 40 70 100 120 150

2m/s 358 662 912 1162 | 1412 30 70 90 110 140
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Table 9 Escape time@one 1)

. A gE A X3z
HY 2| 79
Bl B2 B3 B4 B5 (Bl B2 B3 B4 B5
1.2m/s zonel 298 715 1131 1548 1965 30 70 110 150 190
09m/s zonel 367 923 1478 2034 2590 30 90 140 200 250
zonel®] ABEAYE H 7 gy 22 tid st 549 AFGEHES Table 102} 2t}
Table 10 Passenger death probability zonel)
Bl B2 B3 B4 B5 At et s
sl - - - - - 0.0000
s2 0.0354 0.1985 0.2887 0.3402 0.3721 0.2470
s3 0.0766 0.4971 0.6521 0.7173 0.7572 0.5401
s4 0.3348 0.8364 0.9177 0.9388 0.9526 0.7961
sb 0.5787 0.9654 0.9907 0.9933 0.9960 0.9049
sb 0.0354 0.1985 0.2887 0.3402 0.3721 0.2470
s7 0.0766 0.4971 0.6521 0.7173 0.7572 0.5401
s8 0.3348 0.8364 0.9177 0.9388 0.9526 0.7961
s9 0.5787 0.9654 0.9907 0.9933 0.9960 0.9049
s10 - - - - - 0.0000
sll 0.0354 0.4177 0.7856 0.9094 0.9491 0.6195
s12 0.0766 0.7033 0.9382 0.9809 0.9904 0.7379
s13 0.3348 0.9499 0.9965 0.9992 0.9997 0.8561
sl4 0.5787 0.9889 0.9996 0.9999 0.9999 0.9134
s15 0.0354 0.4177 0.7856 0.9094 0.9491 0.6195
sl6 0.0766 0.7033 0.9382 0.9809 0.9904 0.7379
s17 0.3348 0.9499 0.9965 0.9992 0.9997 0.8561
s18 0.5787 0.9889 0.9996 0.9999 0.9999 0.9134
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