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Installation Standards of Urban Deep Road Tunnel Fire Safety
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ABSTRACT

Road tunnel lengths are increasing. Some 1,300 tunnels with 1,102 km in length had been increased till 2019 from 2010. There are 64
tunnels over 3,000 m in length, with their total length adding up to 276.7 km. Safety facilities in the event of a tunnel fire are critical so
as to prevent large-scale casualties. Standards for installing disaster prevention facilities are being proposed based on the guidelines of
the Ministry of Land, Infrastructure and Transport, but they may be limited to deep underground tunnels. This study was undertaken
to provide guidelines for the spacing of evacuation connection passages and the widths of evacuation connection doors. Evacuation
with various spacing and widths was simulated in regards to evacuation time, which is the measure of safety, using the evacuation
analysis simulation software EXODUS Ver.6.3 and the fire/smoke analysis software SMARTFIRE Ver.4.1. Evacuation connection
gates with widths of 0.9 m and 1.2 m, and spacings of 150 m to 250 m, were set to every 20 m. In addition, longitudinal slopes of 6 %
and 0 % were considered. It was determined to be safe when the evacuation completion time was shorter than the delay diffusion time.
According to the simulation results, all occupants could complete evacuation before smoke spread regardless of the width of the
evacuation connection door when the longitudinal slope was 6 % and the interval of evacuation connection passage was 150 m. When
the evacuation connection passage spacing was 200 m and the evacuation connection gate width was 1.2 m, all occupants could
evacuate when the longitudinal slope was 0 %. Due to difference in evacuation speed according to the longitudinal slope, the evacuation
time with a 6 % slope was 114 seconds shorter (with the 190 m connection passage) than with a 0 % slope. A shorter spacing of
evacuation connection passages may reduce the evacuation time, but this is difficult to implement in practice because of economic and
structural limitations. If the width of the evacuation junction is 1.2 m, occupants could evacuate faster than with a 0.9 m width. When
the width of a connection door is 1.2 m with appropriate connection passage spacing, it might provide a means to increase economic
efficiency and resolve structural limitations while securing evacuation safety.
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Table 1. Data for Traffic Accidents in the Tunnels and Underground Roads

Classification 2015 2016 2017 2018 2019
# of accidents 232,035 220917 216,335 217,148 229,600

Total Fatal 4,621 4292 4,185 3,781 3,349
Fatality rate 1.99 1.94 1.93 1.74 1.46

# of accidents 638 535 725 781 773

Tunnel Fatal 32 27 28 18 21
Fatality rate 5.02 5.05 3.86 2.30 2.72
# of accidents 251 227 463 1,763 2,614

Under-ground roads Fatal 10 13 11 53 72
Fatality rate 3.98 5.73 2.38 3.01 2.75

Source: Traffic Accidents Analysis System (KOROAD, 2020)
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Fig. 1. Route Map of the Experimental Section (Seunghak Tunnel)
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Fig. 2. Statistical Results on SMARTFIRE

Vertical grade 0 20 40

Travel time 396s

80 100 120 140 160 180 200 220 250m

0%,

Travel time 440s

250m e

B0 100 120 140 160 180 200 220 250m

Travel time 3985

150 m e ——

Vertical grade 0 20 W 60

80 100 120 140 160 180 200 220 250m

6 %,

Travel time 446s

250 m e —————————

20 40 60 80 100 120 140 160 180 200 220 250m
) ) Time of smoke diffusion (sec)
Classification
150M 170M 190M 210M 230M 250M
Vertical grade 0 % 396 406 416 426 430 440
Vertical grade 6 % 398 408 420 430 436 446

Fig. 3. Simulation Results of Smoke Diffusion Scenarios
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Z, IEARE 32523 UeR} AARRE oF 20%, IUSkEA]
oF 312%9] Zo)5 Kok wdddie] Zo] 12 mY wf &
T AAATE THHA AAARES S dEARES Fo] 2jo]
AR S FAA TS| Zo] 09 mY w] B} 2k Ao 2 e
A sAIAEYol A AR A7IERIARES 4718 AR} 250
me o] 4463 73R} 150 mY wi= 39830tk wddd
B2 7H40] 150 mel 7Aolle FdIET vRo) Adagle] B
I dekaAzo] G7IEAIARE Bt 2ol QBEk Ao 2 w9
t} FdAdER 7Fo] 170 mE Hi AuE]|Q o= deld
o] unjof] ggle] B wdgtEARte] d7|EkaARbE T 2
o] 93 Aoz ek

T HAE FHEAL 0 %] BAE ke od AlE#o)A
A= Table 49} Zom, vjdldfe] Wu|7}t 0.9 mY %
IIAZEE 7H4 250 moA] AHARRE 81.6%, IIAEAIRE
586 UERtom, A dE 2 744 150 mojr] AAATE
443z, IILEEARE 26022 VER} AAARES oF 372, F]det
BATES 326329] 2Jo|S HYrk HE FEE 12 mY ASo=
THAAFZ 7+ 250 molA] AAARE 44.1%, Ak ARE
545%% vepkon], sdddEs 1+ 150 molA AAARE
197%, Id8ARE 22722 e} AFARES oF 24z, o]t

i e &

Classification 250m- | 250 m- | 230m- | 230m- | 210m- | 210m- | 190m- | 190m- | 170 m- | 170 m- | 150 m- | 150 m-
0.9m 1.2m 09m 12m 09m 1.2m 0.9m 1.2m 0.9m 1.2m 09m 1.2m
Delay ti
© ézcime 556 | 374 | 531 | 328 | 548 | 303 | 567 | 271 | 350 | 187 | 335 | 154
E tion ti
Vac“é;g; me 645 637 | 599 | 590 | 551 543 482 | 469 | 442 | 437 | 341 323
Smoke diffusi
MOKC AIUSION | 46 | 446 | 436 | 436 | 430 | 430 | 420 | 420 | 408 | 408 | 398 | 398
time (sec)
Total result unsafe | unsafe | unsafe | unsafe | unsafe | unsafe | unsafe | unsafe | unsafe | unsafe safe safe
650 - 650 -
=—=. Evacuation time == Evacuation time &
600 - == Smoke diffusion time - 600 === Smoke diffusion time —
550 o 550 -
7500 B 500
Results graphs & 450 i L L £ 150 —
400 400
350 g : 350 F :
T, iny
300 sy B | | | 300 P e B et ot ot B
\‘\1501) 9 j 17009 19009 21009 23009 25009 Ué{’ji/”o-‘ 2 k2 2L S 25012

Cross passage intervals-width(m)

Cross passage intervals-width(m)
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Table 4. Results of Simulation (Vertical Grade 0 %)

SAAE AR 71l Rt

AP S AdE FHOR)

Classification 250m- | 250m- | 230m- | 230m- | 210m- | 210m- | 190m- | 190m- | 170m- | 170 m- | 150 m- | 150 m-
asstticatio 09m | 12m | 09m | 12m | 09m | 12m | 09m | 12m | 09m | 12m | 09m | 12m
Delay ti
© (zct;me 816 | 441 | 781 | 398 | 712 | 352 | 735 | 342 | 475 | 22 | 443 | 196
E .
Vacu(izg; tme | g 545 536 514 455 445 368 353 327 314 260 226
Ti f ki
IMeOLSMOXE | 440 | 440 | 430 | 430 | 426 | 426 | 416 | 416 | 406 | 406 | 396 | 39
diffusion (sec)
Total result unsafe | unsafe | unsafe | unsafe | unsafe | unsafe safe safe safe safe safe safe
n 7 Eyacuation time o 3 Evacuation time
550 — 550 —
Smoke diffusion time Smoke diffusior. time
500 500
-5 ?450
éwu %4““ ;
Results graphs £, om0 iy s OB
0 {/"‘—"‘" 0 /,_ :
k’* 250
250 Ny
o) :l 0 A# B = N . .
) B0r—< ey s t0ag 2008 249 35009 e (AL a012 a2 B2
" Cross passage intervalswidth(m) Cross passage intervals-width(m)

Table 5. Results of Additional Simulation in Border Section (Vertical Grade 6 %)

Classification Delay time (sec) | Evacuation time (sec) smolz ifjt?nfﬁj:izi (m) | smoke Erfriijs(i)jn (se0) Result

160m_0.9m 19.0 417 160 403 unsafe

160m_1.2m 139 381 160 403 safe
BARES 318%9] Hjol2 Btk A FEE 12 md w) BE  uf= “9jgno R wekEol, UAAER 74 150 m_ahekE
IFAEEE Hox ] AAAREY sdetEARRe: o] Ao FraF 1.2 m ofghs "o g ARt vdddE e 1+
= YA gddd R Yu)zh 0.9 m ¥ wEc e Aow 150 me} 170 me} ZAAT7191 160 molA] F7k2 Ao g
LRt oA E495 AL 0 %] B 7] gk k= Table 59 2} Ak fF&%0] 12 mQl 739+ “”,
2] 250 m ¥ wj 440%, 17184142 150 mY o 396zo]u} PHE f820] 09 mg] A=« o= eise], vddds

IAEZ 7FA0] 190 mE ZFsh= AU oME Tde
= urle} IAIgle] B wdbsARE G do] S3s ﬂi

Uehgek
A0 SIABER 22 20 mA FESIG] whiol

FIHHo 2 B < ] BAR Y= IdIETE 1H

of thelx] AREElo)ide aleTE T 6 %] &P+
160 m 7H2, AAF 0 %< EAE|M= 200 m 7HEd) tisiA
712 Aol stk 1 ¥ FEAL 6 %] &Y=
IAZEZ 7H4 160 m XeHE §8F 12 mQ) 73% AL
0 %2 BXRE= wdeddEa 7k4 200 m e §&5% 1.2
m7} o8 Aoz FHAHIch

4.3 E7| Xz}
ek B ] ASPHZHEAL 6 %) TREeA vy kg

Bk, SIIEER 744 170 m AR F:E% 12 m 014

2 2H4 150 m_AHE §E3E 0.9 me} IHdE R 14 160
FEZ 12 mE 7|FEo 2 sl TdgkaAzlo] AU
3 SAA A7t deA ASTIAT
A 27 e Shapiro-Wilk 278E &3l it de A5
A3t freghEo] frola<t 0.05KT 2o} Aytds wEA] =
Z10 & LR} ofuf ARSE = Q= IR ES ARSSISITE
H A W 5 270 e AdiE|aA] ARgSl= Mann-
Witney 73S AR&3FICk
512 77 A71= Table 63} o, vddds = 7H4 150
FEZ 09 mE 7[Fo R g o $Fos E44
160 m_0.9 m, 170 m_1.2 me} Fdo 2 #2494 160_1.2 m&
T 2Ee] IdkaaRte] FAF R {23k 2o} gl Ao
2 yepitt dddd s 2 74 160 m_ 2Pk f-83 1.2 ms
71202 S W= 170 m 0.9 m, 190 m 0.9 m, 190 m_1.2
me IR FEe] IR ARTo] SAIZ R Fol3t AjolE HYlo

m_ 2R

mﬁx]— 1_71__‘

¢
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Table 6. Results of Statistically Significant Difference (Vertical Grade 6 %)
Classificati 190 m- 190 m- 170 m- 170 m- 160 m- 160 m- 150 m- 150 m-
asstfication 09m 12m 09m 12m 09m 12m 0.9m 12m
Result unsafe unsafe unsafe unsafe unsafe safe safe safe
L . . no sig. no sig. no sig. _
base 150 m_0.9 m | sig. difference | sig. difference | sig. difference difference difference difference base
L . . no sig. no sig. _ B
base 160 m_1.2m | sig. difference | sig. difference | sig. difference difference difference base
Table 7. Results of Additional Simulation in Border Section (Vertical Grade 0 %)
. . . Distance of Time of
Classification Delay time (sec) | Evacuation time (sec) smoke diffusion (m) | smoke diffusion (sec) Result
200m 0.9 m 479 434 200 421 unsafe
200m _1.2m 26.7 418 200 421 safe
Table 8. Results of Statistically Significant Difference (Vertical Grade 0 %)
Classification 210m_0.9m 210m_1.2m 200 m_0.9 m 200 m_1.2m 190 m_0.9 m 190m_12m
Result unsafe unsafe unsafe safe safe safe
base 190 m_0.9 m sig. difference no sig. difference | no sig. difference | no sig. difference base -
base 200 m_1.2 m sig. difference no sig. difference sig. difference base - -
H, 170 m_1.2 m¢} 160 m 0.9 m= EAIZ 0 2§93 xpo]7} 210 m_0.9 me= IdAEe] -L]‘Jrﬁ‘rﬁ/‘]ﬂ'o] AHo =z Folsk
S Fo ety dgdow oddidse 71 150 m aE 2ol E Hlem, 210 m_12 mE SAHCE o3k 2o} gl
B RES 09 mE WPIFOR ARG BN BERY AL e
52 wejstel JHAAEE 714 170 m e FEE 12 m 2EAOR IUABEE 717 190 m_peHE: HEE 09 mE

e IdAEdE =2 7H 160 m Ak
A& 5 3ok

QI o] BAREEAA 0 %) ] o) ek

FEH 0.9 m7bA] gy

Table 73} 2t} XpckE % == 1 12 mel 739+ Oﬂi ApHE
FEZ0] 0.9 me] ALE “YFo T Eo], AdddEw
¥4 190 m_2eEE {583 0.9 me} oddds 2 7H4 200 m =}
U $E5E 12 mE 7|F0 2 Fle] gdkEARle] AluEest
SAA Aol7t A=A A3 ATk

BAA A= Table 83} om, I dAdFE 14 190
m HE F2E 09 mE 7[Fo 2 P& v 210 m 0.9 m=
TdalEe] I dgtsaRlo] AR foJgt AJol& Halow,
210 m_1.2 m, 200 m_0.9 me} 200 m_1.2 me $AHo =

Jd x}om e o yekith oddds2 3t 200

Ao 2 s, A eI e 5/ 5= aLefste] v
HEEE 14 210 m_2AHE FE5 1.2 m7kA] g 28

IAABER 7H2o] HEFE wA) tfujd 5 ot A,
2AQ) BAR JAERE FEP) wiKel ) ol Tl
o] Zo] 12 m= Bl 0.9 m %9 799} le}oa
AR Ee] o WA izt 7bsd Hlelek AERIAS A%
A FAIBEA 1.2 mZe] AARS AT, I oS
RPN AAGE ol TAQ) QA shashs o]
2 Aol

ORIE Y] ke ek Hgaka, Bl Ul AlAlge
ofe] o= 7Pgalel AlEoltsle] TRt AakS el&sEA
S3RIc ela, HE 2jEse] SEdle] AY), 4 Bo=
Hi glo] 7kEe] Fkk, A A s ST TE AoR
APy 35 ATelie H71) azte] s dE s

—!J
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