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A study on the calculation method for the number of vehicles in queue to
determine the fire ventilation capacity in road tunnels - forced on the effect of

queue length
Yong-Ho Yoo', Hyo-Gyu Kim®*, Ji-Oh Ryu3

'Senior Researcher, Fire Research Institute, Korea Institute of Civil Engineering and Building Technology
’CEO, IS G&B Inc.
“Professor, Dept. of Automotive Engineering, Shin-Han University

ABSTRACT: When the queue length of congestion vehicles in tunnel fire is extended beyond tunnel length, the capacity of
smoke control system needs to be increased in line with ventilation resistance. However, the vehicle queue length is not
defined, so a rational equation is necessary in current fire prevention guideline. This study is intended to propose an equation
to calculate the queue length considering the number of vehicles in queue in tunnel fire and evaluate the applicability by
tunnel length as well. When it comes to normal tunnel, it is necessary to compare the vehicle queue length with tunnel length
up to the length of 1,200 m in a bid to avoid applying the vehicle queue length excessively in case of fire. As a result of
evaluation of applicability to model a tunnel, saving the number of jet fan for smoke control appeared to be effective. Besides,
quantitative approach to explain the vehicle queue length through the relationship between the percentage of large vehicles
and tunnel length was presented. Consequently, when the queue length of the congestion vehicles exceeds the tunnel length
in determining the capacity of smoke control system in case of fire, the number of vehicles beyond the tunnel length needs
to be excluded from estimating the ventilation resistance by vehicles.
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Type Passenger Bus s Total
Car Small Large Small Middle Large Special
Vehicles [veh] 30,066 3,069 3,098 211 5,475 1,489 866 44,274
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Fig. 2. Calculation flow for the queue length(Ls) in case of fire

Table 2. Traffic Data

Case | Passenger Bus Truck Total HGV CL,, Z PCE
Car Small Large Small Middle Large Special (%0) (m) (pc/veh)
30,066 3,069 3,098 211 5,475 1,789 866 44,574
0 25.2% 5.467 1.136
67.5% 6.9% 7.0% 0.5% 12.3% 4.0% 1.9% 100%
1 81.1% 8.3% 2.8% 0.6% 4.9% 1.6% 0.8% 100% 10.0% 4.797 1.054
2 72.1% 7.4% 5.5% 0.5% 9.8% 3.2% 1.5% 100% 20.0% 5.238 1.108
3 63.1% 6.4% 8.3% 0.4% 14.6% 4.8% 2.3% 100% 30.0% 5.679 1.162
4 54.1% 5.5% 11.0% 0.4% 19.5% 6.4% 3.1% 100% 40.0% 6.120 1.215
5 45.1% 4.6% 13.8% 0.3% 24.4% 8.0% 3.9% 100% 50.0% 6.561 1.269
6 36.1% 3.7% 16.6% 0.3% 29.3% 9.6% 4.6% 100% 60.0% 7.002 1.323
7 27.0% 2.8% 19.3% 0.2% 34.1% 11.2% 5.4% 100% 70.0% 7.443 1.377
8 18.0% 1.8% 22.1% 0.1% 39.0% 12.7% 6.2% 100% 80.0% 7.885 1.431
9 9.0% 0.9% 24.8% 0.1% 43.9% 14.3% 6.9% 100% 90.0% 8.326 1.485
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Fig. 3. Relationship between tunnel length(L.) and the ratio of (L /L) by running speed(V,)
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Table 3. Tunnel characteristics

Item Value or Range Remark
Tunnel length (m) 500, 600, 700, 800, 1000, 1200, 1400 M., = 2,200 pc/hr0 lane
Cross-sectional Area (m’) 75 D, = 150 pc/km0 lane
Hydronic Diameter (m) 8.8 Lane = 2 lane
Traffic Date Refer to Table 1 CL,,, =544 m
Critical velocity (m/s) 26 GLpy =233 m
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g. 6. Comparison of the number of congestion vehicles(n vs n’) and queue length( Lg) by tunnel length(L,)
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2 HIAE 500~900 m 7HA|= AL5E(10~80 Bl U] AR tiax(n)= AFe] EUE(0)°]
km/hnellA] AN L7 S AL ) S 2ot e W ARMLEHN)H FBE=(V )0l IF
= AOR Yepgon], FPEE 10 kmhr 7]E02 & Rhon], A |do|(Ly) EZE ol FFE W
& 1,400 m 7%= Aot HEEE 208t 2 Baol AR ol s FHEES 10 kmh
ﬁBE Uepdth AAdol7 @S 238 2 1= A 9o 99&ko] 1,400 m ©]3}, 60 km/hE
the 24 HRE ARl Abgei7E BEdell Mokl sk 9ol 900 m ojske] B kA AA el
AUTH= Zs WelH, o2 QIek e|Ae] A/ 2 Edige 2ushs Ao yehtal ok w3
ke MR Wb SPHA AR Aot B E e sk A, A=Wt
el 2] asiy. Aperg st oF 800 m 712 A|AM(P1,250) 7t

rr rﬁ r

Table 4. Changes in the number of jet-fans considering the queue length(Lg) by tunnel length(L,)

Lr (m) Vt (km/hr) 10 20 30 40 50 60 70 80
Det. for excess (Ls > Lr ?) Over Over Over Over Over Over Over Over
500 Current guides 4 4 4 4 4 4 4 4
J/F [EA] This study 3 3 3 3 3 3 3 3
Delta -1 -1 -1 -1 -1 -1 -1 -1
Det. for excess (Ls > Lr ?) Over Over Over Over Over Over Over Over
600 Current guides 4 4 4 4 4 4 4 4
J/F [EA] This study 3 3 3 3 3 3 3 3
Delta -1 -1 -1 -1 -1 -1 -1 -1
Det. for excess (Ls > Lr ?) Over Over Over Over Over Over Over Over
200 Current guides 4 4 4 4 4 4 4 4
J/F [EA] This study 4 4 4 4 4 4 4 4
Delta 0 0 0 0 0 0 0 0
Det. for excess (Ls > Lr ?) Over Over Over Over Over Over Over Over
%00 Current guides 5 5 5 5 5 5 4 4
J/F [EA] This study 4 4 4 4 4 4 4 4
Delta -1 -1 -1 -1 -1 -1 0 0
Det. for excess (Ls > Lr ?) Over Over Over Over Over Over Over Over
900 Current guides 5 5 5 5 5 5 5 5
JF [EA] This study 5 5 5 5 5 5 5 5
Delta 0 0 0 0 0 0 0 0
Det. for excess (Ls > Lr ?) Over Over Over Over Over Over - -
1,000 Current guides 5 5 5 5 5 5 5 5
J/F [EA] This study 5 5 5 5 5 5 5 5
Delta 0 0 0 0 0 0 0 0
Det. for excess (Ls > Lr ?) Over Over Over - - - - -
1,200 Current guides 6 6 6 6 5 5 5 5
J/F [EA] This study 6 6 6 6 5 5 5 5
Delta 0 0 0 0 0 0 0 0
Det. for excess (Ls > Lr ?) Over - - - - - - -
1,400 Current guides 6 6 6 6 6 6 6 5
J/F [EA] This study 6 6 6 6 6 6 6 5
Delta 0 0 0 0 0 0 0 0
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Symbols Unit Definition
Vi km/hr 34 Running Speed
L. m or km Eld 914, Tunnel Length
n veh/tunnel AW A4, the Number of Vehicle(s) in Tunnel
N veh/hr A7t 5=, Traffic Flow Rate
Lane lane Z}414>, the Number of Lane(s)
o % ZE()H EYE, Composition of ith Vehicle
CL; m 2}E(i)d 22 o], Total Length of ith Vehicle
CLo m el AR olSAEAAELR)
GLyy m ARIACI AT Fo15014 FeAT A%, Spatal Gap
L, m SHYA] AAREF2] o], Congestion(or Queue) Length in Case of Fire
M, . pe/hr - lane F ) A E (= 2-8-5F), Maxium Capacity
D,(=k) pc/km - lane | HAA] AELYE, Jam density
D, pc/km - lane WEUE Traffic density by WRA(PIARC)
K - AAAE Ag(Lubd o2 309 4)), Nth Design Hourly Factor
D - ZHeF w59 M|, Percentage of Havey Dierectioanl Traffic Volume
PHF - HFA 7 A4, Peak Hourly Factor
PCE pc/veh +-8-2}3AHA| 4=, Passenger Car Equivalents
dIPCE poveh | 7FEBE SEAEAMA (T E Y EXPCE)
HGV % g1 &2 JFAEUL, (Percentage of) Heavy Goods Vehicle
qg=u-k veh/hr AERFFAAY BEHY, =W, Dk #A 4
u; km/hr A}+5-4:%=, Free Flow Speed
Qo pe/hr AAA A 1,201 49 A|7tnlE=F, Traffic Flow Rate at Point 1,2
D,, pc/km L2213 1,2 oA mEWE, Traffic Density at Point 1,2
J/F or [EA] AEM (or ) EHM th<), (the Number of) Jet Fan
L/L - AL, )0l gt ZAdol(L)e] ], the Ratio of L over L
n’ veh/tunnel AA B Q7L )l AR 7HeR AR A
L’ mor km | A7) HAAE ofn)= e AA ZAZol
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