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Abstract

In the tunnel of domestic high - speed railway, the main fire - fighting facility, fire -
extinguishing passageway, is installed. However, due to the high pressure of the high -
speed train, frequent breakage and maintenance are caused by strong shock and long -
term vibration. In order to solve these problems, it is necessary to improve the fire
door, but in Korea, it is installed by submitting a certificate by simple KS F 2296
performance test. At present, it is developed as a simple test certification by producing
a real scale fireproof door without the theoretical examination in advance, so that a
high cost for improvement is occurring in Korea. Therefore, through this study,
structural analysis study which can preliminary structure review was carried out in
order to design the refuge connection passage fire door and to improve the performance
improvement. In order to secure the reliability of the result value, the official
authentication test (KS F 2296) were compared.

Keywords: Submarine tunnel, Fire door, Wind pressure, Net displacement, Structural
analysis
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Fig. 1. Euro tunnel (England to France)
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Table 1. Criteria for fire door design in Euro tunnel

Main contents Euro tunnel fire door

* The design criteria for these cross-passage are quite exceptional
and comprise
(a) 30 kPa design pressure limit
(b) Normally power operated, but must be operable by hand
Requirements against a maximum differential pressure of 3 kPa
(c) 2 hour fire rating
(d) Nomal leaking not exceeding 2.5 I/s at 1 kPa
(e) Clear width 1.8 m
(f) Height 2.0 m
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Table 2. Criteria for fire door design in high-speed railway tunnel

Main contents MTR high-speed railway tunnel

* Design pressure: low-speed — £3~6 kPa
high-speed — +6~15 kPa
* Size: clear width 1.8 m and Height 2.0 m
(in case of evacuator of more than 370 people)
* Normally power operated, but must be operable by hand

* 2 hour fire rating (BS/EN1634)
* Opening force: 10~20 kgf, opening speed: 40~75 mm per second

Requirements
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Maw!_tunnal 5 Senm?? tunnel ta Malq_tunnel

B7IEC = 7RI, Skl 4 Hlo] ExREYo] o Fol AW A7)

VEHE 23 A KTX Ale-F4t5
QI EelA 101 54 oF 709t H19] A2 Fajo] A H:. siA e S nEd7 x| = A2t A wH At
335

Journal of Korean Tunnelling and Underground Space Association



Sang-Heon Park - Ju-Hwan Hwang - Young-Hwan Choi - Sung-Joo An - Yong-Ho Yoo

AR ASEet =7 A, ofoff i=ate]] ot oAk siA e da aestte w 2|t 6,000 Pa
(Kim et al., 2017) HME LY w]7] dZofl R Eag0] ot et 54 0= It elE Ui ds dart &7t
wfse}, Za oA = Aol 1007t H ZEof et w=sto] 7hsid 787, °F 50% oVdel s Har
7] izl Wehe e Wi 452 24 2.0 ol S aleste] A= ofok et

5ol s S sl = 2] & A of| 4 2-8-5 AdA| 7155(Booth Industries Limited, 2010)-2 H}&-S.
2 7)d=]olof shH, e71E AEE §3 Wk A58 7E712 Table 33} 2] Alglotqict. koje] 7],
ok, ZisAel thsiAs AV A7 Feo & alefsto] =] 71Es A-8st.om, HEst el
tisiie =] 145 7ES 2853

FD

-
L,
)
ol
-

Table 3. Fire door design application according to foreign and domestic criteria

Contents Criteria Reason for application Design plan

* Must have sufficient safety against wind pressure onsidering

Wind pressure F or'elgrler long-term durability Design g;es_sgrg: 15 kPa
CHIeria |, 1 should be applied to the express railway pressure standard (SF=2.0)
Fire d . Domestic | * To minimize problems caused by dense phenomenon, it is Width: 2.25 m
fre door size criteria necessary to design safer than foreign standards. Height: 2.25 m
Reft D .| * Itis not possible to test fire resistance in Korea considering
efractory omestlc foreign standards. Therefore, it is necessary to apply fire KS F 2268
standard criteria

resistance test of domestic fire door.

How to open Domestic | * Manual opening/closing method is applied considering the
and close criteria economical efficiency of railway tunnel fire door

Manual opening/closing
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Fig. 6. Front view of fire door in cross-passage
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Table 4. Area and moment of inertia of stiffener inside fire door

Contents @ Stiffener @ Stiffener @ Stiffener @ Stiffener
Area (mm?) 3,124 2,772 1,751 392
Moment of inertia (mm4) 9,962,064 9,792,226 5,248,385 1,136,933

MIDAS CIVIL Z 2135 o]-§-5fo] 3D R H S o] 9] Fig. 113} Zo] =853l o™ A} TP o = 19§
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Fig. 11. Modeling boundary conditions of fire door
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Table 5. Structural safety review results for each stiffener (1)

Review contents Result value Allowed values Results
Review 1 Max. bending stress 18.809 MPa 115.00 MPa OK
(vertical stiffener) Max. shear stress 1.953 MPa 65.00 MPa OK
Review 2 Max. bending stress 7.810 MPa 115.00 MPa OK
(vertical stiffener) Max. shear stress 0.361 MPa 65.00 MPa OK
Review 3 Max. bending stress 1.067 MPa 115.00 MPa OK
(horizontal stiffener) | Max. shear stress 0.428 MPa 65.00 MPa OK
Review 4 Max. bending stress 37.957 MPa 115.00 MPa OK
(horizontal stiffener) | Max. shear stress 6.462 MPa 65.00 MPa OK
Review 5 Max. bending stress 37.957 MPa 115.00 MPa OK
(outside plate) Max. shear stress 6.462 MPa 65.00 MPa OK
Review 6 Max. displacement 4.200 mm 6.130 mm OK

3.2 20| LFE=QH A[&I(KS F 2296: 12p

SIAEE Bohe 7= AR AE B2 AR ol B8 s A g Al ghel Aolg Z‘f‘?lﬁ}ﬂ sl
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AT Alde Y5 KS F2296 A &2 ZA /8= A3 et deAld ez 725 Z]E’:] 7H‘%*Eﬂ
150 N osk=z i = ojoF shal, WE/dsA g2 Al 712 2 15,000 Pa7tA] 711 sHo] ol o] 19
7H7V ol A== Aol ] HiffEe] A RHET A== 1o 1/360 mm ©|SHL:EolEo)) = Hofof it

ol

3.2.1 7183 SHAE € Avazh

e} 24410 79, Fig. 1494 20] A8 Al@Ae] Eol/ Gefi wako 2 Aej g 245k 44
(§F2o] A SH= A O 2 Fig. 15, 163 201 38] 27  Waglol olallal et 2stck /el A
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Fig. 14. Installation of fire door
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Fig. 15. Open force test (1) Fig. 16. Resule value

Table 6. The results of the opening force test, one of KS F 2296 performance tests

Result val i
Test Test methods cou vae - Criteria Comparison
Measure value | Left door (N) | Right door (N) result
Measure 1 72 69
Measure 2 72 69 Below
Isttest KSF2296 Measure 3 72 69 150 N OK
Average 72 69
3.2.2 WY A1 2 23H12h
SfATEE = ST HE oM A SRS w o HAR] et o & ZIgfstolof shul, Ul Al ol
A5t} 71958721 el 15,000 Pas 71151, 203 §of] 7191 slA] 5h= 14 0 & Al skt
St s A2 2t 15,000 Pa 943 .0 =2 719ksto] 2ol H9]of thigh 518 9] oujof] 7]EREES shofof
Sh7] wiell A Wofl 719t o & B S SASE ] 15l Fig. 17, 183 o] H A2 & A A5t oM,
5% (Fig. 19)°fl W= A@Z M= Table 737} o] EZE| ATt

NQ.

2,249

NO)

0

— 2|

Fig. 17. Position of displacement gauge (1)

Fig. 18. Position of displacement gauge (2)
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Fig. 19. Measurement of displacement through pressure of 15,000 Pa in chamber

Table 7. The results of wind pressure test, one of KS F 2296 performance tests (1st test)

Resule value (15,000Pa) o .
Test Test methods - Criteria (mm) | Comparison result
Displacement gauge | Value (mm)
No.®D 14.99
V\t/mtd pr(:}slsiire No.® 18.29 ; F iexural
est metho isplacement:
) KS F 2296: 1 : . K
of window S 96:1999 No.® 1321 less than L/360 O
Net displacement -
(1st test) 4.19 (2,250/360 = 6.12)
@-(O+®)2

323 A7 824
KS F 2296 12} Aol A= A E] Al g9t 7|0l 753t 2 0 2 SRIE|9Iet. o2t Al 2 Exf
Zo Mgk vl gt 4= Sl Ff1gkoll tholixl WEgeh A1 gt =&% A} 3k v w ol A7} Table 87
@01 ol Z¢tT Al Fkol A9 1% o] e LlollA] AxJoh= AxkE At of2t A2 flsiA=
T2 HEDA(12H A WES skaell w=Fe] SAAIGoE-S 2851592 o 71 Hlsgh Helgto] m&2H A

Table 8. Comparison of values according to the maximum displacement of a fire door

Review content Theoretical structural Resule value of performance Aceurac
analysis results tests KS F 2296 ¥
Review 6 | Max. displacement 4.200 mm 4.190 mm 99.72%

4. WEE PRUE Y HEABQA

4.1 Yk A=25HM(221)

gl,_“
ol
-

S
T o

22} AA Bl A s AlFol s W EAAE 24 s A8 F-HCASE2)0l thet A Bl 7= A&
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%ATH(Fig, 20). 75 A% ATH= Table 99} o] wEE|Z 0, U5 R740] i thel ehaAo) shrsjeirt
AR 17} 3,4 BRI B 2lo] Mo} 710] 1 3} AR RIS QAL ot} Ao i B
7} AR SR Ao TEEIT 69 4 Bl AL 2e) Sk 6,040 mmE =S

oL
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Fig. 20. Front and plan view of fire door

Table 9. Structural safety review results for each stiffener (2nd test)

Review contents Result value Allowed values Results
Review 1 Max. bending stress 42.021 MPa 115.00 MPa OK
(vertical stiffener) Max. shear stress 2.254 MPa 65.00 MPa OK
Review 2 Max. bending stress 15.232 MPa 115.00 MPa OK
(vertical stiffener) Max. shear stress 0.990 MPa 65.00 MPa OK
Review 3 and 4 Max. bending stress 50.311 MPa 115.00 MPa OK
(horizontal stiffener) Max. shear stress 5.089 MPa 65.00 MPa OK
Review5s Max. bending stress 1.230 MPa 115.00 MPa OK
(outside plate) Max. shear stress 0.670 MPa 65.00 MPa OK
Review6 Max. displacement 6.040 mm 6.130 mm OK

4.2 ZASO| LIS A|E(KS F 2296: 22

A AA H 2 HE A S 710 2 22 WRkE AR ARASTATE. 24 A2 Fig. 213 2] 2] =

e, et 71 gol BAEE HAIE arEsto] HeiAIeIAIE Fig. 22, 233 0] 7 Pointe]l =[5t Al
252 | Al areste] @i RkE = ARfE | AR 0] Imofuiell 42t A=l o] 1ot 4
Sl §17] whzell Fig. 233} o] A7 5l 7= HEE P53
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Fig. 22. Position of displacement gauge (1) Fig. 23. Position of displacement gauge (2)

M= SRR A 13 AT F LR R 0 = 235190 o, AT BYE Table 107} 2o] =E% k.
AR

12F AT EE 22} Alflo] 72 SAgko] ofh w7 vgtout 5187 1% e HEohe 2oz 2l 3ict

Table 10. The results of the opening force test, one of KS F 2296 performance tests

Result value
Test Test methods - Criteria Results
Value Left door (N) | Right door (N)
Measure 1 83 82
Measure 2 83 84 Below
2nd test KS F 2296 OK
netes Measure 3 83 84 150N
Average 83 &3
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L Eof ofol| 5l 2o Hegtt vl w HEE ol 13- Al 5t
o 2 Sl ZF Alo] 2 FLIgL 2 2o <5 H1 914 (Net Displacement) Al @A3H= Table 113} Zo]
TEL oM, X 518 HNE AR AT ZHS Table 129} o] =&5|0] 51-87]50] TE3t A8 Sol5Th

Table 11. The results of wind pressure test, one of KS F 2296 performance tests

Displacement measuring position [mm]
Pressure (Pa) Door frame Door end Door center

1 2 3 4 5 6 7
3,750 0.33 0.00 0.12 2.59 7.91 6.85 4.49
7,500 0.54 0.02 0.17 2.52 9.03 6.83 6.20
2nd test 11,250 0.71 0.00 0.22 2.73 10.10 7.07 7.61
15,000 0.75 0.04 0.24 1.80 10.64 7.28 8.12

Net Displacement - - - - 6.10 - -

Table 12. The results of wind pressure test, one of KS F 2296 performance tests

Resule value (15,000 Pa i
Test Test methods - ( ) Criteria (mm) Comparison
Max. displacement Value (mm) result

Flexural displacement:
6.10 less than L/360 OK
(2,200/360 = 6.11)

KS F 2296: | Displacement gauge value

2nd test 1999 No.®)

4.2.3 A3} 24
22 WIS Al 2 AES F1t Z42h0] Al 9ighS Hlw sl 23 Table 133 o] ol 24k A1 3t
o] 7] 1% o|Hie] AP fleflA] dx]sh= S A3

Table 13. Comparison of theoretical and experimental values according to the maximum displacement

Review content Theoretical structural Resule value of performance Aceurac
analysis results tests KS F 2296 ¥
Review 6 Max. displacement 6.040 mm 6.100 mm 99.9%

528

= pu
HA 5= 331%5}71 Skl H*S’Jrfoﬂ gt AR JX 1 HEE Solod, FolE 3/ dsAd 23 et vl
slo] AP 72 PR AL sty 9ig AT Sastom, offe 2o ARS mEsier,
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1. WelRo] 92 F2 uhe YRR A Fo s Lolo] S AA]E 7)F0 & olulgte] AR A7) 7}
 E2 B3] AR, Tl 7P B2 M7 =EE T

2. WBkE XA O] B, APt ARl A7k S ARt wEg S AATE A-87 HLRES F R
HISLE XJZEE 2012 AT (KS F 2296)0]] 2J6] w2 Hojzkat 719] 19 o]o] 2 ojol ] Ax]ak= 2
WS AUk

3. FERAVIA Q] HAEl= H Sk FRIQISAIF(KS F 2296)°] 2t A2} o] hi o] wha} oA 9
= Rtz A(mdrye] 7)o w2 TojAto]| R AR )0 E G829 HISHE AFAAES 95t
FEARA R B-go] 7Vttt 2E melsiqlnt

oA A FEE et e E-8 ekl thet vt a7t /iEe] glglo, & -5 53t
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