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A numerical study on the ventilation characteristics of rainfall in road tunnel
Ho-Hyung Lee', Seung-Chul Lee™*

'Korea, Kangwon National University Graduate School of Disaster Prevention, 346 Jungang-ro, Samcheok 245-711
*Korea, Kangwon National University Dept. of Fire Protection Engineering, 346 Hwangjo-gil, Samcheok 245-905

ABSTRACT: When rainfall occurred on road tunnel, that is likely to have influence upon ventilation force in the tunnels but
the tunnels ventilation system did not consider factors of rainfall. Thus, this study investigated effects of rainfall upon
ventilation force in the tunnels at no rainfall and changing of rainfall by 3 dimensional numerical method. Flow rate into
road tunnels decreased as many as 52.34% at rainfall of 150 mm/hr, and pressure drop of road tunnel between entrance and
exit decreased as many as 22.22%, so that rainfall had influence upon ventilation force in the tunnel. The number of necessary
jet fan in road tunnels is 12 at no rainfall but, when rainfall of 80 mmvhr on road tunnels, the number of necessary jet fan
in road tunnels is 16, when rainfall of 150 mm/hr on road tunnels, the number of necessary jet fan in road tunnels is 17. So,
factor of rainfall should be considered at estimation of ventilation system of road tunnel.
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Table 1. Situation of domestic hourly rainfall

Date Location Hou(r]lr}llm/Rl?rl)n fall

2009.07.16 Masan 102.0
2009.07.16 Busan 90.0
2010.07.23 Hunsan 81.0
2010.07.23 Seosan 99.5
2010.07.23 Boryung 98.0
2010.08.07 Jeonju 80.0
2010.09.21 Ichon 98.0
2011.07.27 Dongduchon 84.0
2011.07.27 Busan 96.0
2011.07.27 Yangpyung 85.0
2011.08.01 Namhae 95.0
2012.07.15 Busan 80.5
2013.07.28 Imsil 85.0
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Table 2. Type of rainfall according to raindrop diameter
and hourly rain fall

Type of rainfall
Dnz.zled Light rain Mod.erate Heave rain
rain rain
Raindrop below
diameter %‘; excess 0.5 | excess 0.5 | excess 0.5
(mm) '
Hourly
rainfall ugdser 25 25~76 | excess 7.6
(mm/hr) '
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Table 3. Case of calculations

Case Hourly rainfall (mmv/hr) Porosity (%)
1 0 0
2 80 0.12
3 100 0.13
4 120 0.14
5 150 0.15
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Mesh base size (m)
Case
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M-3 1.0 0.5 0.5 0.2

M-4 0.8 0.4 0.4 0.1
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Table 5. The results according to hourly rainfall

Case Rate of3 inflow Pressure difference. between
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1 871.95 85.32
2 469.90 72.77
3 456.67 72.56
4 444.96 72.51
5 415.56 66.36

349

Case 15 7|32 =2 Case 29| 7% 14.71%, Case 32]
742 14.96%, Case 42] 7% 15.01%, Case 59] 3%
22.22%0E ZhaE]o] v)(dE) A Alof| uE)] Hit
16.73% Z2sglo] Uepst). ofzlat ol g wRed
o Z97} WIS A% EREY YR $ld
= gl gavn EREY S92 4EE 9%
o] #a%7] wZo|tk

ZoZo| B2 £2EY Y| 2]

He A

=2 A

75l WE =2Ed W 2]
5 APl ] 918t 2 e Fig 100]] UERf]It:
Fig. 100 vt g2 Ago] ozt A3
(AP,), =B HH npzbo
(AP), 75l wE AFH(APR,), ALEE|
(AP), ==EE T2 SUH(AR), AEMW 54
(AP)EH Fig. 1004 Hi= upe} o] v(k) 7
Al Q1 Case 18] 7% ==Edof B adt 5AHPoy=
193.17 Pa®, 77} W3k Case 2, 3, 4, 59] A%
e Zagt $U=(P)= 2 32530 Pa,
333.57 Pa, 342.83 Pa, 35020 Pa UfER} wldh) 75
Alel Case 13} B3} 68.40%, 72.68%, 77.48%,
81.29%9] sofgo] ¢ LAsh o= eyl

o H =i

=

=

d

w
[
=)

w0
o
t=]

IN)
a
=)

200

150

Pressure (Pa)

F

g. 10. Pressure requirements according to hourly rainfall



0|59 - ol

Table 6. The number of jet fan according to hourly rainfall

Case 1 Case 2

Case 3 Case 4 Case 5

Z, (ca) 1145 15.68

15.99 16.27 16.51

Z (ea) 12 16

16 17 17
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