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Study on the Control of Ventilation Velocity of Fire in Highway Tunnel

Based on the Safety Evacuation
Wang Xing',Shi Jiangtao" >, Chai Lunlei',Han Xingbo',Hu Qiang'
(1. Highway College, Chang ’ an University, Xi *an 710064, P.R. China; 2. Gansu Province Transportation Research
Institute Co., Ltd., Lanzhou 730050, P.R. China)

Abstract: The safety evacuation of highway tunnel fire is closely related to the control of ventilation velocity.
Based on the PHOENICS software, 9 kinds of calculation models of two, three and four lanes under rectangular,
circular and horseshoe cross sections were established. 2 kinds of fire rate of bus (20 MW ) and no-load truck
(30 MW ) were selected. The inlet wind speed of 2.0 m/s, 2.5 m/s, 3.0 m/s, 3.5 m/s and 4.0m/s were considered
and 40 main common fire conditions were considered totally, taking into account the effects of longitudinal ventilation
on temperature limit value of human body. Yangtao’s revised dynamic HRR curve and ZhouYongdi’ s revised Krani
formula were used, and appropriate personnel evacuation conditions were adopted. 10 characteristic temperature
values and curves at 8 characteristic moments of each working condition were given. The temperature and smoke
pattern of the vertical and horizontal cross-section of the fire at 5 min, 12 min and 30 min after combustion were
given, and the tolerance time and the evacuation time of the safety evacuation were obtained under the 8 characteristic
positions of the upstream and downstream of the fire burning position. The research results show that the control of

ventilation velocity of the two-lane rectangular section tunnel is 3.0 m/s when the HRR is 20MW, 2.5 m/s for three
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and four lanes, and the velocities of the two-lane, three-lane four-lane rectangular section tunnel are 3.5 m/s when

the HRR is 30 MW ; the control of ventilation velocity of the two-lane, three-lane four-lane circular and horseshoe
cross sections tunnel is 3.5 m/s when the HRR is 20 MW, 4.0 m/s for the two-lane and 3.5 m/s for the three and

four lanes when the HRR is 30MW. After the fire occurred 1min, the personnel can be evacuated from the upstream

and downstream of the fire source with the speed of 1m/s safely.

Keywords: tunnel fire; personnel evacuation; control of ventilation velocity; HRR; PHOENICS
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Table 1 Development process of HRR

PR WK R TR Rit KA
/MW /min  /min /min /min #./GJ
20 6.5 7 106.5 120 42.96
30 6.5 7 106.5 120 65.99
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Table 2 Tolerance and evacuation time of high
temperature of the rectangular section

characteristic locations

TR B z/m 10 30 50 80
) ty 2999 5927 758  813.6
T 0-z
Iy 0.17 0.5 0.84 1.67

~
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by 0.17 0.5 0.84 1.67
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Table 3 The calculation results TAB of each working condition

BE KR 10 m AbikA: 5

, KK Ab Pt EOER .
TR R ‘ 20 ] mi e ROMER R
FE st HpAEL IR 10 min (O min SERRRE 3 il KU

<, 18 . I~

e /MW /(m - s7) REM/C Lok " " =

L‘LE Ly E
FiE 31713
1 2.0 380.0 = s T
T 299.9
5 FiF 33334
2 .2 20 3.0 392.3 0.17 P g 7 2=
2 FW 2969
W 33242
3 2.5 378.7 & j=> T
T 438.4
¥ 33109
4 3.0 491.3 = T w5
T 240.3
5 ki 33221
5 .2 30 4.0 401.4 0.17 i w Ea 1
2 FWE 1177
ki 33155
6 3.5 514.1 e & =3
T 162.6




2019 A5 1 TR IS A BRI K KU R 283

2R3

Sk OAD g BEAII0m RS e

I% N8 += e Y
Wi MER RER  RENE

g . . .
/MW /(m s REEME/C P HEG mEG HRE
1Mﬁ Ly ly
7 ) FEiiF 33752
.0 233.5 a .
. R TE T
T 115.6 o
g B 10 L 33327
4 . 3998 = s
b7 N 0.17 =5 P =
7 TiE 3032 a H f
FE 33267
9 2.5 389.0 = 75\ "
TiE 453.2
10 3 EiE 33267
.0 504.4 = =
N e TE T
T 453.2 @
" g5 3 20 0 ki 33215
., . 509.7 0.17 B = P -
” T 1216 a & fi
12 15 LiiF 33215
. 518.1 = = L
T 121.6 =
13 20 Ll 33169
. 398.8 . o -
" E 7E T
it TFiE  666.9 H
;4 20 0.17 2
7 i 33322
14 2.5 401.5 - - o
T 307.7
15 30 B 33107
) 514.3 5 g
. R TE T
it T 2543 @
.4 30 0.17 A2
/ B 33150
16 3.5 519.2 5 = %
T 171.2
17 20 EiF 33545
. 384.5 =] =] P
. e e T
T 308.9 17 &
, 2 20 } 5
s is L 33752
. 390.8 = - L
T 152.8 =
19 35 g 33252
. 508.2 o o -
», TE TE ~
2 T 864 o
;2 30 0.17 B2
7 b 33344
20 4.0 511.1 = - i

TiE 74.3




284 Mo R 7 )5 TR A R 515 %
£33
. VO SN L EEJ(‘(JEJO m Ak A5 WERT L -
I + i Kk 10 mi 232 1HA]/min . 2 s M2 HERE EENE
e B ‘ : min ERIER e wE K
UMW /(m - s7) IREE/C T S =
1Mﬁ Ly Iy
FiF 33563
21 3.0 303.7 I = w
I T 334.2
) 3 20 0.17 2
1 FiF 3326.1
22 3.5 396.7 e & =3
TiF 96.2
ki 3316.1
23 3.0 390.1 = I &
TiE 122.3
. 3 30 0.17 2
Uz EiE 33261
24 3.5 508.2 & w =
T 91.5
T 33494
25 3.0 395.7 P JE =
TiE 1793
.4 20 0.17 =
v i 3369.0
26 3.5 397.3 w5 w =
T 150.1
FWF 3309.2
27 3.0 511.5 = I &
T 284.6
) 4 30 0.17 2
v kW 33243
28 3.5 520.7 % & I
TiF 92.0
kW 33258
29 o 3.0 389.9 = = =
= Tt 199.7 .17
B 2 20 ' P
7 L 3366.4
30 3.5 385.8 R 7w j=>
T 219.0
i 33261
31 o 3.5 509.3 = T w5
- T 87.9
B2 30 0.17 I
¥ ki 33428
32 4.0 378.1 & w =
Tt 137.2
ki 33549
33 ) 3.0 393.9 T JE T
= T 187.6
B3 20 0.17 =
A - iE 3 371.8
34 3.5 397.0 i w5 =
TiE 151.8




2019 4E55 1 1 T2, 5. B8 kA N B R TR Ca i KGR 57 285
£33
K =] JPEAL BEKUR 10 m 4bikE S poe
TR W o N A i TRE  mpm o omr REwE
L FAE ARE 10 min X mmn R . . .
Fs X HE N . FEH AR R
/MW /(m-s") BEE/C Eoeutan
1Mﬁ Ly Iy
i 33186
35 3.0 498.8 I = w
=] T 1270
B3 30 0.17 2
¥ ki 33259
36 3.5 513.7 e & =3
TiF 92.1
bW 33494
37 3.0 395.8 = I &
E TiE 179.3
B4 20 0.17 2
" i 3369.4
38 3.5 396.4 & w =
T 151.0
ki 33175
39 3.0 367.4 P JE =
= TiE 933
jiza 4 30 0.17 &
y i 33246
40 7 3.5 519.5 i =B P
T 92.7
4 b (4) X 7] K9 FAS 25 JE 8 W 1 R /N T R E
-2

(1) BT AR A 500 fE A FERER I8 K E
KRG FEI W T8I B 0 7 KU RS TR0 2 20 MW i
TAE YN PE R G R 3.0 m/s, = DU TE N
2.5 m/s;30 MW B 0 = PO 7558 $ o XU o
3.5 m/s JBIE 55 B B T W 1 Bk G 7 IR R TR Dy
20 MW, — = PO4E Y m il X 3.5 nvs,
30 MW A Z 4B X 4.0 m/s, = P4
BN 3.5 m/s,

(2) X5 T2 BRI K RIS 20 MW £30 MW
TR, KR EA 1 min JF5AGLL 1 m/s #6647
B, Toie M s N R AT DL ik Ak H
RS TN Bk A i TR Ay

(3) H A% 00 AS [ B[] 45 R AF A5 0 3 3 A
GBS AE R R RS B AN AR AR A
7 A I B I (R AR A 5 IR R ask R BT 4R il
JE RSB e DL R R = A R B, i LB S
KGR BB K R S R I e, T
D\ R BT R T R, HLAE TR R Y ok
5100 m Kb BE 25 th TR 4 .

Ko B BT I T 00, 15 A 0 il KGR A L s 2
JIN BRI A A5 R T T 0 ok o 4 il U A
EH EEM R, BT AR RS, AT
[10)j 5N SERER iR S R RO 4 NN A Bl Ya e |
Rz

(5) AW 5% 2 58T G a) 8 KOG AR FR
HRZAE AR, I3 B IE IS I s 4 K UR R il
2k M Ti P h 28 2 i 2 Bh T 0 B A 45 SR O
W% 8 XU 4R Y (JTG/TD 70/2-02—2014) K
FAWF BRI T T X LR UE S AR 5T, i S
LT N Gk A 2T g ol UGS B I oA, K
RARAR B AR, [R5 AR 2 55

22 3Rk ( References )

[1] WuY, Bakar M Z A. Control of smoke flow in tunnel
fires using longitudinal ventilation systems—a study of
the critical velocity[ J]. Fire Safety Journal, 2000, 35
(4) . 363-390.

[2] 1Lee S R, Ryou H S. A numerical study on smoke
movement in longitudinal ventilation tunnel fires for

different aspect ratio [ J]. Building and Environment,



286

TR

i F15 &

(3]

(4]

(5]

[6]

(8]

[10]

2006, 41(6) ; 719-725.

HREREE O R B B AR LA BR AN |, rhrg K. Bl
THKTRRIELE & B R 52 EEMBEARTR[R].
2009. ( China Railway Siyuan Survey and Design Group,
Central South University. Comprehensive disaster
prevention and operation management technology of
Shiziyang underwater tunnel[ R]. 2009. ( in Chinese) )
AR WU 2t B S I 5 IR 78 1 R A F
FT[D]. £V PRI K2, 2012.( Yu Nianhao. Study on
variation law of the critical velocity in two-lane highway
tunnel fire [ D]. Changsha:
2012.(in Chinese) )
JAKIK . AR BT K TAE AU Sk A= A58 [ D],

W%, K%K, 2006. ( Zhou Yongdi. Study on the

Central South University,

numerical simulation and safety evacuation in long
highway tunnel fire[ D]. Xi’an; Chang’ an University,
2008.(in Chinese) )

XU > [ A 328 78 XU, Ay B K A6 AR ST [ D]
PO %, K % K%, 2010. ( Zhao Feng. Study on
operating risk assessment and fire evacuation for road
tunnel[ D]. Xi’ an:
Chinese) )

TR AR B S R AR SRR DL K% 6 A T
F[D]. Vi%, K% K2, 2008. (Wei wei. Study on

the numerical simulation and safety evacuation in long

Chang’ an University, 2010. (in

highway tunnel fire[ D]. Xi’ an; Chang’ an University,
2008.(in Chinese) )
BRI T BSIE AR K k A E
5E[D]. Vi%, K%K, 2009.( Yao Zhongru. Study
on the numerical simulation and safety evacuation in
subway station and tunnel fire[ D]. Xi’ an; Chang’ an
University, 2009. (in Chinese) )

FAR. ETIREER CO ST B2 B BRI K KN
HELERSE [ D). P42 K42 K2, 2010. ( Wang Dong.

Study on the fire safety evacuation considering the

temperature and carbon monoxide of highway
tunnel[ D].Xi” an; Chang’ an University, 2010. (in
Chinese) )

BN R RN B A AN EERESE (D] 7Y
7. K % K2, 2013. (Li Yong. Study on the
uncertainty of fire personnel escape of highway

tunnel[ D].Xi’ an: Chang’ an University, 2013. (in

[11]

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

Chinese) )

TESCIR. AN PRRETE RN A6 AR T e 4 i O i F
FE[D]. P42 K2R, 2014.( Wang Wenbing. Study
on the fire safety evacation and evacuation facilities of
highway tunnel [ D]. Xi’ an:
2014.(in Chinese) )

Apte V B, Green A R, AnKent J H. Pool fire plume

Chang’ an University,

flow in a large-scale wind tunnel[ A] // Proceedings of
the 3rd symposium(Int.)on fire safety science. Elsevier
[C]. Londn, 1991, 425-434.

Wu Y, Bakar M Z A. Control of smoke flow in tunnel
fires using longitudinal ventilation systems-a study of the
critical velocity[ J]. Fire Safety Journal, 2000, 35(4) ;
363-390.

Jojo S M, Chow W K. Numerical studies on performance
evaluation of tunnel ventilation safety systems [ J ].
Tunnelling and Underground Space Technology, 2003,
18(5) ; 435-452.

rhie N R [ 52 3 a i 7. 2 Bk o 1 36 XL 4
W (JTG/TD70/2-02-2014) [ S]. db5t: N RASH H T
%k, 2014. ( Ministry of Transport of the People’ s
Republic. Guidelines for design of ventilation of highway
tunnel ( JTG/TD70/2-02-2014) [ S]. Beijing: China
Communications Press, 2014.(in Chinese))

VYT . TN G A 2 i R T o 42 il XU AT 5
[D]. W%, K% K2, 2013.(Shi Jiangtao. Study on
the control of ventilation velocity of fire in highway
tunnel based on the safety evacuation[ D]. Xi’ an:
Chang’ an University, 2013.(in Chinese) )

. I BB TE R PR il W7 AP 5E [ D .
P4, K22 K24, 2009. ( Yang Tao. Study on the fire
heat release rate and ventilate of highway tunnel [ D].
Xi’an: Chang’ an University, 2009.(in Chinese))
Alfred H. 223 B E T i) K RG] A/ s
BRIRE AR S W [ C]. 2001 45-48. ( Alfred H. Fire
safety concept in traffic tunnel[ A] // Sino-Swiss Road
Tunnel Technical Exchange [ C]. 2001: 45-48. ( in
Chinese) )

TR, N EEREIEIZ B LRI D], W% K
2K %, 2007. (Wang Yongdong. Study on operating
safety technology of highway tunnel [ D ]. Xi’ an:
Chang’ an University, 2007.(in Chinese))





