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An analysis study for reasonable installation of tunnel fire safety facility
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ABSTRACT: Domestic road and railroad construction have been increasingly growing and for reasons of mitigating traffic
congestion, urban plan and refurbishment project, deeper and longer tunnels have been built. The event of fire is the most
fatal accident in a tunnel, and it can be very disastrous with a high possibility. In this study, QRA (Quantitative Risk Analysis)
which is one of quantitative risk analysis approaches was applied to tunnel fire safety design and the evaluation of QRA
cases and the cost comparison of QRA methods were carried out. In addition analysis of risk reduction effect of tunnel fire
safety system was conducted using AHP (Analytic Hierarchy Process) and the priority of major factors that could mitigate
the risk in tunnel fire was presented. As a result, significant cost reduction effect could be obtained by incorporating QRA
and it is expected to design fire safety system rationally. The priority of fire safety system based on risk mitigation effect
by fire safety system considering the cost is in order of water pipe, emergency lighting, evacuation passage and smoke control
system.
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Table 1. QRA results for safety reinforcement in capital and

Yeongnam area

Elevation (Cirazts-
Length | Gradient | .. sectional|  Risk
Tunnel difference
(m) (%0) (m) area Index
2,
(m°)
Capital | 656 | 04 1.0 589 | 9.93E-04
area 1
Capital |} 114 | 60 6.7 589 | 0.27E-04
area 2
Capital
4265 | -12.6 | -53.8 552 |28.90E-04
area 3
Capital | o540 | 93 -113 552 | 5.03E-04
area 4
Capital
4520 | -03 -15 6324 |15.80E-04
area 5
Capital
1,050 | 4.0 -42 6324 | 0.97E-04
area 6
Yeongnam | 5 oos | 50 74 | 7263 | 5.65E-04
Area 1
Yeongnam | 5 g0 | 50 74 | 7263 | 0.58E-04
Area 2
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Fig. 2. Schematic diagram for calculating the cost of construction
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Table 2. Design specification

for calculating the cost of installation of each safety facility

Classification

Design data

Tunnel length 1.0km | 20 km | 3.0 km | 40 km | 50 km [ 60 km | 7.0 km | 80 km | 90 km
Vertical gradient + 5.0 %
Tunnel cross section area 682 m’
Tunnel circumference 315 m
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16,000

m Ventilation (before applying Gyeongbu-QRA)
14,000
M Ventilation (after applying Honam-QRA)
12,000 Mechanical (before applying Gyeongbu-QRA)
B Mechanical (after applying Honam-QRA)
10,000 ) )
' Firefight (before applying Gyeongbu-QRA)
8,000 W Firefight (after applying Honam-QRA)

 Total cost (before applying Gyeongbu-QRA)

6000 W Total cost (after applying Honam-QRA)
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Facility installation cost (W mil)

2,000
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Fig. 3. The cost of Safety facility according to tunnel distance
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Table 3. Reliability assessment and weight decision of safety
facility through AHP decision-making

- Result after incorporating evaluation comment on tunnel life
safety AHP weighting

Emergency | Emergenc R
rofte Y i gh%in Y1 control | water pipe
e system
Emergency | o9 1.75 1.08 172
route
Emergency
lighting 0.57 1.00 0.78 1.31
Smoke
control 0.93 1.28 1.00 1.89
system
Water pipe 0.58 0.76 0.53 1.00
- Review of significance on AHP weighting evaluation
Emergency | Emergenc RS
gency | BMCTSENCY | oo ntrol | Water pipe
route lighting
system
Weight 0.325 0.211 0.295 0.168
Consistency Index 0.0038




B g geH AXE % BAE AT

6000
5000 Water pipe
4000

T el AR el 4 8o digt
TRES 7RIS APgsiglem, 11 B3kE viEe
2 g YAAEY S8 5EE ESsilti(deA] <

t (W mil)

S

CO:

2 2000 Emergency lighting
21, 2006). T, B WA Hx71% Felat

Wb 47151 918 AHPS] QIS Thsl g, ol

2, =y, Qv s3], EX1 59 67 Enzé ’ 0 20 40 60 80 100 120
A BEOR WESIHON, 1 IR, BpE, sty ok 0

Z_"%/‘\;_HL %4,\%@5]% /b]'-ﬂﬂ%—gi ZH@@’EM 51 Fig. 4. Safety-cost curve of tunnel safety facility

d AV S] AV A Rt 71 Al RS ==
steitk =EE oy Antel ARAe Bajstol
Table 3¢f YERH o™, 725 E Consistency Index”}
0.0038= EAJ=|o], Fojzl Axfof] thgh Al=ido] 3l
= o= BrhEh

Fig. 4= AAIE Q] 715219} A Au]-8-9] At
AE el glon, Awe] 718771 eiekes
ulgoe] Bt =& 2 vepdich 84 A 35
HEAE 7)o wE WA A= ) EE2 et
Hzrgol] vlgin] Ayt 7P 2 A os 1A
=] Qleh E3L ARUESHE AR e R oA
o) wlsl} St Aululgo] drkshA Lkt WAy

=9 HE YA 7IEAE S WA A S Seadelo) vlgie] Bt W3] "o
OlF T Azt BALS saslgltt YR E Aa A 20E wHEeln) ol AR TEA=
A e g AREAat F 8 S ARt s AdAlElo] ofof gk Axu]
0 kmE 7|Z0 2 slo] FAFAS YEO  §o] ¥7] uiZe|w, $ahdn]o) 8] At

Abgatar, WAjA L] 7sAlef digt FA7eA] 7P HolAle AoR BAE: QRAS 3% A

XZOo 7 Aslo] BAslglon, 1 ARE Fig 7l A8 Alolls 18 Aol vl ®AiAde] )]
49] Safety-Cost Curve A1%=9} Table 40] EAJEIGIcE 82 Aans & 4 S 202 o, 34

4.2 2 Y29 HEE gz

r

i

9

4

Hr
=

O

i
flo
)
e
re

M hoan &
)
o

Table 4. Economic analysis for safety facility of railway tunnel

Life safety Cost (W mil) Accumulated cost (W mil)
. s Accumulated
upper-level Work details Weighting weightin
standard Gyeongbu Honam Gyeongbu Honam ghting
Ventilation at blocked area 73.05 51.39
Emergency 445.65 214,79 0.325 0.33
exit route Fire door 372.60 163.4
Shaft ventilation 1,581.05 1,581.05
Smoke
control | Equipment room ventilation duct 32.01 - 2,113,71 1,850.84 0.296 0.62
system TAB 55.00 55.00
Emergency Auto control 677.37 67737 2,791.08 | 252821 0211 0.83
lighting
Tunnel firefight equipment 65.32 5.75
Tunnel equipment room fire 120.12 )
Water pipe piping ] 4,811.02 2533.96 0.168 1.00
Tunnel fire duct 1,766.33 -
Equipment room piping 68.17 -
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