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Abstract: Based on a typical high-altitude single-hole, double-track railway tunnel emergency rescue
station, the smoke spread, temperature, and visibility distribution of fire in a tunnel under different
smoke extraction volumes and natural wind conditions were systematically studied using FDS. The
recommended value for the optimal mechanical smoke extraction volume was obtained, and sugges-
tions for personnel escape and smoke control were provided. The results showed that when there was
natural wind, some smoke entered the communication passage during natural smoke extraction,
which was not conducive to personnel escape. During mechanical smoke extraction, as the smoke ex-
traction volume increased, the smoke spread distance was significantly reduced, but the reduction in

the tunnel vault temperature was limited. When the smoke extraction volume was set to 300 m*/s, re-
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gardless of the presence of natural wind, the temperature at the characteristic height of the tunnel was

below 60 ‘C, the visibility was greater than 10 meters, and the smoke was mainly concentrated at the

top of the tunnel, with a clear boundary between it and the lower layer of air, making personnel evacu-

ation possible in a safe condition. Suggestions for personnel escape: When there is no natural wind,

personnel should escape through the passage with a communication smoke extraction duct or the near-

est evacuation passage. Smoke control strategy: It is recommended to introduce an appropriate amount

of longitudinal mechanical ventilation, blowing from the side without a smoke extraction duct to the

side with one, which helps shorten the smoke spread length and creates more favorable conditions for

personnel escape. Consider shutting down the smoke extraction fans located farther from the fire

source to improve the efficiency of the entire smoke extraction system.

Keywords: high-altitude railway tunnel; rescue station; tunnel safety; smoke characteristics; FDS
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Fig.1 Full-size 3D model diagram of the tunnel
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Fig.2 Arrangement of monitoring points in the accident tunnel
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Fig.7 Longitudinal temperature distribution of tunnel vault

O d5c e Tl S22 200 % T T o 1 A8 AR AR, HE A
150 m?/s B, HE T0 f = & o 180 °C L, 4 HE M it 4
200 m®/s B, HE T A 5 O 185 °C L 4 HE M &=
250 m?/s i, HE T fe = 1 A 190 °C, it 5 B & HEJH
14 8, B T i 3R R R OR AR A 5 O HLBE 2 HE R
T, kg et i T HE T IR BE Y 52 S 1 46 0
2L AR HE AR B R 350 m*/s BF L A T B AR HEM R
Tl Bk 3 A 00 9L T PR 4 0 75 %6 .

(2)B%iE M AR 2 m/s

B 7 (b) AT AL, AR A T 55 — 4 00, % T 4k T
U B AR AL 32 HE AR S e S W AR R AR ) it
005 = koA 194 °C, FE B U5 A R4 8, B T Ui 1)
T B LW B T R R X R T RE N R
Z B AMVE R, K AR A T Ui R BOR i
Tk B S s MIUAMHE AR s B R R 4 3, B G HE
TOU S5z iy ik S22 028 A 10 AN 0 00 38 3, = ke o 2 ) [XC
VA AL TR0 B T AT LR T 4 L A L
T A SR HER TR T B 4 A 33 %0, S RE A ) X
Sl AU BE AR EL IR R LR M L T A AR HES
T T L 20026 4

(3)BEIE M A RGH —2 m/s

B 7 Co) A, X0 s — 20 T L8R =

D b 38 4 DL B2 A2 HE A B i B/ o AR HER
PETH B i il 237 °C L AR IR B 3T 32 KK, He Ay
37 B RE AR T R W 5 LA HE M I it 25 HIE A 2 0 39
I 1 A3 T e L S B T AN LD 90 Bl Sl g 1
A0 DX S A T R s A AR A

X EE AT, = 2 00 B g T8 B T R A A A
5 HORE T3 4598 — 20, S IR E T B
3.4 Z [A)IE, LA HE A 8 A A 6 T B 1 418 TH 3 R R
WA/ o B — T R 3 RN 407 B RE
B HE T RE ) BBR e, vT RE LW S LR Z S
S M i SRR 32 B B R O M RUR R AR, 8L
T2 T J7 8 28 B ih 26

23 HIAESEALEESHAE

W& 1 G S A s R T R AE e B Ak 2 T i AR

e AR (A A5 W 5%, 60 N B3 i ik A ] i ) LA T

S o AR AR Ak B R T Bl O B RO AR R R

TR E R N RRAE R 2.0 moAb IR R A

60 °Co AHRLE, S BCCR B WA be B B, BIVES 0] Ky
350~360 s 178 Fil N 1 ~F- 2448 . Gn &1 8 i .

& 8 (c) AT 41, 5% = 20 T 150 3 i B 1 A ) AiE

o B A VI A7 HE R 5 e TR B RR AR v R A VR

100 100 100
e -—H A HEH S —o—f3 #hHEH e ——A #HE
80 b k ——150 m'/s 80 F —~=250 m'/s 30 - —~-250 m’/s
< —=200 m’/s I —=—300 m'/s ¥ Heph ok —=300 m'/s
B o 1R | —=250m’s & o 1R 350 m/s = o 1B s0oC =350 m’s
|y me mwa ] 300wl B |y &e wme | 00w B ||zt =400 m’/s
< T e0ec B TTI0ms & 60°C =
w40 it w40 FR A2 m/s i 40 b AR mis
IE 7 — i —_— :
ﬂ'él: 20 [ FEEHEAM || FEEEEAN E 20 | HEEEE LM i bEE A W g 20 | SHEREZN  Aa  SHMBHEGN
o | W SN P o | et o | s BRR R
~300 200 100 0 100 200 300 300 200 -100 0 100 200 300 300 200 100 0 100 200 300
BECEBER] / m B R/ m B RS/ m
(a) SE—H T OFE_HTH () F=ATH
18 AR o A 3R 8 4 A1 FL AR

Fig.8 Temperature distribution at characteristic heights

1403



H B A AR, AT BE R oh T 11 R KU B T HE A 1 3
AT . TCIe R B 22 A RpAE i Ak o i i 2
£ T 60 °C, N g AAL T % 2R3

XFEE AT AL, B — L A B BR KR RO, A 2
BRI v B AR R AR T 60 CLAT , A BB Ak T
T AR 5 = A T D0 SRR AT e 7 8 AR
AR EOR o TE A AR U, A TR RS 30 45 i e BE Ak
I B2 R AR W AR A A AR KU SR T T Ui A
A i B Ak 3t B2 A A W A A, b B T R AR AN I

24 HIISELERES AR

R4l AT RS B, 7 n] 22 4 i R TR
W& T8 P9 AR AE R 2.0 mo &b AT R BE SN T 10 m'
PRI E SR HEKE HE M 300 m®/s L KRR R B Ak
T R A B B, S TR B 0 (0,10.,30.50, 100,
200,300,360 s)4F ik 5 B2 AL fE WL EE 43 A . WLIEL 9.

B 9(a)~(d) Ay kI8 8 I [ 2R KU B0, A SR HE
I, I A 200 s B S 5 % T8 20 ) DX SRR AE g B2 Ak
Al UL EE AR T 10 m, A B BB T B R3S 5 FRAE =
JE RE R R AR TG S HLACHE M B D 200 m?/s B
KCH R A 360 s B Al UL BE fe IR (B R 3.5 m, 2 HLAR HE
M B A 350 m?/s I, kR KA 10 s I AR W BE A A1 (B
4.5 m, N 5B AL TR A 5 2 WU CHE S R
300 m®/shf, kR %4 50 s BFfE UL EE AR AE 4 12.6 m,
PR AR AV A7 8 = AR v A U o 3 R S ik )
X3, BUR TCIS AT A B 20N B b T2 4R A

E9Ce) . (D) (g) WBEIE N A SR H +2 m/s
B, A SRHEAR B, U K A 200 s B 5k % A 22 ) X
B A R B Ak fiE LB IR T 10 m, A B I O TG
ARAS 5 R AF = B A B BB B T 00 < 2 HL B HE o
250 m*/s i}, KR KA 200 s B fE WL BE B R AE N 2 m),
N BB AL T & IR S 5 S HLBCHE A 5y 300 m?/s

35 35 35
HERE AW KIRGE AR E ) HMBREAM KIRALE BRI SRR A IRLLTE SR E A
30} 30 30
25t ? 25} 25+ v
= E . £ -
~ 20} ~ 20} A (A L33 ~ 20 F R[] LS
%‘ +?Us % +1uus S +?os
= |5t w198 = 5f =i 15+ e
B oleml T 508 N . =503 8 ot ]
2 wHa: 100s | B2 T BB = 100s |Z2  WRZilom  100s
5k 0m »-300s 5t 10m 300 St . =300 5
0 L 'l 1 L _013603 0 1 1 '} 1 _0_31603 0 'S 1 I 'S _0_3]603
=300 -200 -100 0 100 200 300 =300 =200 -100 0 100 200 300 =300 -200 -100 0 100 200 300
A IRPEE / m BEJCRFER /m PEKRIEES / m
(a) F—41: ALAHE (b) SH—: PLRCHEAE 200 mYs (c) F—4l: HURHAE300 mYs
35 3 35
SRR A AR S A ) FeEiE Ao g B bR A P A A SRR
30 30t x 30
25 25 !’I%E‘.EZ m/s 25k l’l%ﬁlﬂZ m/s
= X E i E
Z a9t i A/ T 56 ~ 201 i [/ T35 7 = 20} B/ T8
s =% | A | 8 it
g 5t e’ g5 Ty et g st s
B |em i 1 | }fame ol & |teml ] 381
2 | &2 ﬁlﬁ‘.ﬁi: j D) 4 {2 W 108 | B2 mEs] o,
- m --300's 5 0m 3005 St 10m 300 5
. . ' ; | 3605 . J . : _ =-360s . . J ! =360
=300 -200 -100 0 100 200 300 =300 <200 -100 0 100 200 300 =300 -200 -100 0 100 200 300
[ KIFEEES / m BEJCIEFE RS / m FEKIRIEES / m
(d) FH—4: HUBEHAR 350 mYs (e) B4 FI#HER () B2 HLEHER =250 m'/s
35 35 35
» SRR A IR B SRR A ) - SRRET AW ORI R SRR A - HERE M KRAIE H AR
»sl FAIE2 mis o5 | B s gk’ 25 | VR mis
_E 20| A/ T 59 = 20t B[Rl T 12 £ 20 i) 14
= e | 2 | <l
15} —~-10s = 15f —-105s = st —-10s
g e . e H g e =%: & ol me =30%
s ., 3. il : e -
[§E&& WRAI0m o] B R | AN (4 &2 EHR&I0m L
3 —300's 3 10m =300 3 i 3005
. . . ; =360 . . . : =360 . . . ; 3605
-300 -200 -100 0 100 200 300 -300 -200 -100 0 100 200 300 =300 -200 -100 0 100 200 300
[ RS/ m R /m [t KRS / m

(g) 4. HUAHEE A 300 m'/s

{9

(h) F=M. ASRHE
< AIE i B2 AL BE LR 73 A ML AR

Fig.9 Visibility distribution at characteristic heights
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Fig.10 Analysis of disaster-causing factors in three groups of working conditions
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