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The study on interval calculation of cross passage in undersea tunnel

by quantitative risk assesment method
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ABSTRACT: Quantitative Mokpo-Jeju undersea tunnel is currently on the basis plan for reviewing validation. As for the
cross section shape for express boat of 105 km line, sing track two tube is being reviewed as the Euro tunnel equipped
with service tunnel. Also, 10 carriage trains have been planned to operate 76 times for one way a day. So, in this study,
quantitative risk assessment method is settled, which is intended to review the optimal space between evacuation
connection hall of tunnel by quantitative risk analysis method. In addition to this, optimal evacuation connection hall
space is calculated by the types of cross section, which are Type 3 (double track single tube), Type 1 (sing track two tube),
and Type 2 (separating double track on tube with partition). As a result, cross section of Type 2 is most efficient for
securing evacuation safety, and the evacuation connection space is required for 350 m in Type 1, 400 m in Type 2, and
1,500 m in Type3 to satisfy current domestic social risk assessment standard.
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Fig. 1. Tunnel overview and fire point
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Table 1. Tunnel cross section type

Tunnel type Cross section area (m’) Note
Single track two tube - :
(Type 1) 57 Virtual tunnel on planning
Double track on tube with 50.4 .
partition (Type 2) (Diameter : 13.3 m) Green heart tunnel cross section
Double track single tube 97 Honam railway line

(Type 3)
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Table 2. Return year and fire occurrence frequency by scenario

Fire accident
Scenario occurrence rate Frequency per year Return year
(times/10° tr km)
Fire accident incidence (Ignition in train) 1.20E-2 7.05E-2 142
. Fire train proceed out of the tunnel (67.6%) 8.11E-3 2.38E-2 42.0
Fire train stops in tunnel (32.4%) 3.89E-3 1.14E-2 87.4
Fire extinguished (93.6%) 1.12E-3 3.30E-3 303.3
7 Fire spread (6.4%) 7.68E-5 2.26E-4 4426.3
—  Fire train point (25 km) 3.00E-5 8.83E-5 11,340

@) AdEeE ATEE B4z
7k AUzl eo] dig AL E 9 SV IHRY)
£ Table 201 el o1} 2ck sf7)712b Al

sk 715 Quishy 4 ()2 Alkeith
365n - L, ; {
B Arate . ( )
A7, n s AEAT Ly, - HERE, A AR
A, [, : AP B7]Egoln

Table 29¢f <5}
2,937,666 tr - km(A% 767
oA SAj7E S W=
o] 142¥o 2 et

TS & Ak o] oJsliA A7 EdlE 7
& 226E-47)yr2 39717k 44261 0 = 7L

A7 AFY7|Re HE
/day)o|™, “Jsll HEd
7.05E2 7/ 2 3)9)7|7t

3.2.2 A I CHmsfs mE

(1) A3 d

2 A= A8z 232l FDS (Fire Dynamics
Simulator, NIST, 20102 o]g5}o] sla}A] Z=ay5}
Aom, SRR 025 (W) x 025 (H) x 05 m (D

SHoitk HiehdEs 15 MWolal s dg=ae
Fig. 39]] YEelH vle} ZFelKorea Railroad Research
Institute, 2014).

FDSof| 23t shjjsfi4of &

23 Sk BT

252

h
1800

L
1200
Time [sec]

T
600 2400

Fig. 3. Heat release rate of train (KTXII)

2(Yco)Z} Soot HHAIS4E-2
x%ab_(j oA )z 2L o4
2% 0.161 kg/keFuel, 0.189
kg/kgFuel & O:‘I‘J(Tunnelhng and Underground

Space Association, 2009).

@ disiaEg

s malo s 27|dguA7ke] AR, A7t
7ol whebA tiulAbr) ke Ao, FA
)Tt TrOH7V\§]r7:‘(7W7%ﬂ CO, CO,, AbAsTE)
< 7ok, RS cbdste], diurE ]%O]——]‘
27} e o g HE] v 93 A =2 FED
(S2E-gHhH o7 Aslslo] Apgo]BE gutks)
74] L R LS v |= e PA P X B [ I A (Y
S0 Gajo} EAMIE 7] EAIYHEEAIZKL,)
PP A R ARKL)E Estel 7
SAI7Ht)E APl Simulexo] oJsfjA] gk
1S tlae] djurpE R 27]ad FHA AR

Hmﬂr

|

=2

O

e



AL EEAFD A A SFE B o3t AAEAER HR7HAA o] Bk AT
2 AHYSHIITHIES, 2004). whebA, Ared o A%, A W FARIAE Lesto] 8l
ué Pl ol w2 W 2714 EAI= 3630 o5 FDS (NIST, 2010)°] 23t 3H4j sijA1A] leu
1632 3027} W97 =, 2 BfollMl= Ay o2 wksto] hAfelAle =aysialck
tAmo 60022 1A} ES SIRPAZES 4~ 1402 Fig. 4= 2715 SHA] o= Aol SHFEE=
£ esglch tiujate] Haides Qe thujrl  2gAl EolollA ARRPHILe| ThE COFEREE
o] Wiz, AYtiujrie] Ae, ZpA Aol whE BEad  Epd Zoltk JollA Y= SRS S
EASEE el AltehE, 7P AR kS A8st o= PURROR ofFsle Ak Holal glom, A
o, tu&Ee] Hej= 1.4~0.3 m/soltt. arako 2 o= AT} B} 27} SR AARS Ko
APEAIG-= FEDLOl SJaiA 57z 394 a1 Qlok B3 $U3 ARRtelA COses TFo]
stglom, FEDO| g S7HPAa—= 7P 2 BAEdY B9t 7 5%74] Uehar gle

FEDO] 2J8t AFg2= FED7} 032 Z35h= 7
of AbgAtE ks, 54402 ( FED=0.3), 73%
(0.1 { FED=02)2 3}o] S7[4=2 2] (2)9} o)
Tk B Aol A a=10, b=10022 28313t

(SFPE, 2003).

1
Fatal., =npp > 03) T =502 < FED < 0.3)
10
1 @
+ 100 M0 ¢CFED < 02)
3.3 UHEPHY sjx 23

3.3.1 E|dCtHSElY x|siA Zo}
SR B S8l EAN 2ol dishAl
TBIROH, 27|15 S5 SES (Subway
B

Environmental Simulation)3 = T3] of 2|3} A]

25004

H, Type 13} Type 22| 73-¢ Type 27} Bt} H=7}
WA YehaL b=t ok= Type 271 G =0l7t
=7] giEos HotEch

71ARY|A] S-S T Type = 2.5 misof] 4
gt FEow A|dsh= Ao siglen, ojnf COs:
+ Fig. 50 Yok

a8 HEY s AlRto] Ayt
ol om, o]
Type 1-2 373 ppm, Type 2+ 350 ppm, Type 3
192 ppm 2.2 vERaL Qich o] 9ol thH o
744 2 Type 39| %97} COBE7} 7Kg v Ui}
I Qlek o= YW AldSo] 2.5 ms= FYUsto]
Hzo] F Type 10] Fo] S7IstaL o|= ofgt
s\ @Tpt 27k o mekErh Type 17}
Type 29] 9ol ThHo] 2H2 Type 29] H97}
L35|8 Fert Fashes RS Holil Sl o=

27y

ot

HS= ABRS Holal Q)

=)
H1
rlr

o

_rl

2500
2000F \ 2000F

1500 1500

€O [ppm]
CO [ppm]

1000 1000

s00F 500

] }1500 \\

Fagog N\ \
200
WA

2500,

2000F

15001

CO [ppm]

1000f —700
}]/2406‘
| S N
/1 AB00 ™ N
Y SN
I/ 4 /200"

AN 0 NN NN\
\\\\\\\ /4 l'/gfu\Lu T

500F

/) Y N T
R R 7 B 1 B 7 R e
Tunnel Length [m]

(a) Single track double tube tunnel

NN NEEEE N /”w
22000 -1500 -1000 -500
Tunnel Length [m]

(b) Single tube tunnel separated

0

1L
2

/s LT
B 1 B R R 7 R -1
Tunnel Length [m]

(c) Double track single tube tunnel

500 1000 1500 7000

with partition

Fig. 4. Mean Co concentration of tunnel type(Natural ventilation)

253



o
N

500 500 500
=300
1=600
=900
400 t;%%gu S 2100 | 400 2100 400
- ‘ S I ol
7 \ of
= 3000 "ﬂﬁ‘\ S = 3000 N = 3000
E: uvv,} \\, 1200 E: ! \ s E:
8 0ok AN 8 0ok \ i 8 0ok ey 12100
R0 \ //6_ 1500
\ \?00 1200
100 3 100 \ 100
\ \ a0
T = e e S e, L 3@\@%4#7“#3&—4,1’1121 ) L 320000 ‘\f“m e ey ]
Q 0 0 500 1000 1500 2000 Q 0 500 1000 1500 2000 Q 0 0 500 1000 1500 2000
‘Tunnel Length [m] ‘Tunnel Length [m] ‘Tunnel Length [m]
(a) Single track double tube tunnel (b) Single tube tunnel separated with (c) Double track single tube tunnel
partition
Fig. 5. Mean Co concentration of tunnel type(Ventilation)
3] =S L L) >
Type29] 497t gm0l wobA 719 s AE Uehls 2oz V)= ofF 8152 Ao vt

o] A7 Yeh}r] vEow gk

opge| COB=o| tigh A=A, Tirelt 52
3 73S0l Type 37} dimiebashao] 74 makaal
Aoz PekE, Type 39] 49, jdeidERo] 4
A7} 2ekeie, sl A Re] 4%)7h Sold Type
17} Type 29] 90l Type 27} thufbashzol
wrh &9 Ao oS,

3.3.2 CjujafAM o ApREXbg =XZ o}

Fig. 6 thujsfa] 23S Yeph7] 9184 Type
18] Bl dofA] 297 S7tofl A 3R 2pdollA] SHA7t
Ysk= A9 AldS alishA] dal o=
k= 5ol 94719 o]F Y Fztju]Ale] $]%]
AlZbol| T AR 5= UERH Zlojth

1ol 4 SMDS MAX, SMDS MIN-2- ¢17]9] £]

I:O

3000 500 91
VO MAN l()zl.l)
£Q FATAL o
FED MAX EVC MAN
o MEVC MAX 400 108
S()() - MENVC MIN
_ PINC MAX  peye mak =
= PINC MIN : PEVC MIN 300%40.6
2 - SMDS MAX = g"_' o
Q(XX) ™ SMDS_ MIN e —
% PSIN SMK - Py
é 2(){)_/\1 04
1500
100 40.2
PSIN SMK
N — P —
|000() 500 1000 1 S(Q) 0

Time [sec]

Fig. 6. Results of evacuation characteristics

254

7] AlAFet, Gapxisy ikl A A719] olF
S 937wl A7loll Z8E= et gle
L Fxto] Regnigko = thujshs thujrks dE7L
A7)of| Z3)=E k. PEVC MAX2} PEVC MIN-S tof
S Uil dA7le 2SE= o Ate] =
PSIN_SMKo| LERH AL, AJtof| whg s hmAt
9] == EVC_MAN©| Uelyct

2 SAtollAl= ofef e tiujsAle 4
YRS TSR, Table 32 vHAZS:
A9 Ao AFgA A0S L}E}ﬂd 7;1

oA & 4= Sl viel o] HEEER Zi
A7t AEA7E A,
Type 29| 79 HIZHA EdoA 9] 71eta o l
Sto] Type 13T} tfajeby Shiof] F344¢]
ATt

Type 39| 7% #it

Aol Frelee 2
2 Uehar Qlek

ﬁtﬂo] Az

= 74l

F219%(F

20 kmolAel
21919] 60%).0.

i

AEE
1:

Table 3. Estimated number of deaths by interval of tunnel
cross passage

Division|250 [m]|300 [m]|350 [m]|400 [m]|450 [m]|500 [m]
Type 1 9 10 21 29 47 57
Type 2 4 5 5 10 15 23
Division| 1.5 [m]| 2 [m] | 3 [m] | 4 [m] | 5 [m] | 6 [m]
Type 3| 32 219 219 219 219 219
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