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A Study on the development of a decision model on free flow and
congested traffic conditions to determine the optimal ventilation capacity
in highway tunnels

Hyo-Gyu Kim, Ji-Oh Yoo, Chang-Woo Lee

ABSTRACT According to the local highway tunnel ventilation guideline, ventilation capacity calculation should
be performed at the speed ranging from 10 km/h to 80 km/h. This is so reasonable method considering uncongested
and congested traffic conditions in urban tunnels. But recently due to low traffic volume and very low congestion
frequency in rural highway tunnels, it seems to be an inadequate way to apply the guideline. Therefore the
calculation should be performed separately for the free flow and congested traffic cases classified by the appropriate
decision model. This paper aims at determining unnecessary running speed range for reasonable tunnel ventilation
design, considering free flow and congested traftic conditions. Firstly, traffic volumes in highway tunnels were
collected and if any, the causes of congestion were investigated. And with concept of ‘margin speed’(u—u,,),
the decision model on traffic congestion was developed. Applicability of the decision model was also analyzed
with case study. According to the results, when design speed is 100 km/h, with V/C less than 0.1, then the range
of unnecessary speed in tunnel ventilation design is less than 40 km/h; for V/C = 0.35, V/C = 0.6 and V/C
= 0.75, the unnecessary speed ranges are found to be = 30, = 20 and = 10 km/h, respectively.

Keywords: Highway, tunnel ventilation, congested traffic model
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uEbA A (9= A (10) AE #dd 5 Utk

EZH 7 HE AE=(Upy)AE A (10) AE A-83817] flalixl= ughdl ()75
AEsloof gt WA AfluEdor e ()75 ughe] A S ¢34
|4 Aet Whel whet S ndwe BUo) ASARZEE WEHQT HE()o] BAoA
& 4 S Zlofrk IEu & AtollA mREFEH2000) 2IAl AR S| AR RbE
wgkE AbEshe Zlo] vigtAlsittal wehE) ofedt We R A, =R &FHESY A
(2 )oA Zh= PH(AEHFESE AD)T B4, 2 8FHIYFEIA)AL] HolEojA 2h=

MPHVICH]- 4 Elol)e] 9l % glck

2

Upy =Kx(1-V/C)x(u—uy,) 9

o7|1A, VIC : agEE ] vER (1-VIO)& A& o tigh 9422 2n|ddt
K AAEGE ThE up gl oidt =22 BAgoIch

(up=40 km/h & 7%, 120 km/h: 1.14, 100 km/h: 2.0, 80 km/h: 4.0)
(up=50 km/h & 7%, 120 km/h: 1.43, 100 km/h: 2.5, 80 k,/hh: 5.0)
u—uy, @ (TS} AR (U, )] Apolz ol fEm o thet Al e
ojufgic,
H 6. Kgtel A=

AA L= | AAEE SFTHIEE 0 —u Ug K—_ M
(km/h) (pe/b/In) (pc/km/In) (km/h) i m (km/h) u; —u,
40 40/35=1.14
120 2,300 27 85 120-85=35 50 50/35=1.43
40 40/20=2.00
100 2,200 28 28 80 100-80=20 50 50/20 =250
40 40/10=4.00
80 2,000 29 70 80-70=10 50 50/10=5.00

N
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DATE EfE0] & E7I8Y S Ust ¥ U NHE HEDY Hof ciet 4R

)X (1= V/C) X (@) or Upy = ug X (1= V/C)x (") (10)

;'F\v (
Y

o714, VIC : AZuEH d &2 vlE

u Tl AN (FA)FEEER SR ETFHHe] AR(Z2 HolE) ¢
g

up  AMEE(ES 4T

Uy, UARE:

b UTA IR (F) ASkEER F1EHelAe] A HlEEE0~50
kvh) & oot

4.2 2F M2t
A (YA IVNAE AEE(up) 7S 25 283 4] (8)2 Ag317]9
(10)°] FEZ up FHS 40 52 50 kmh 2 2]
Fol FgH(HE 52 HlolEs Ak@)oll mht thar =%l Q& 4= 3

u
selck W, 4] ®) AARACIA VIC RoE A A ol mhEslok s Tl glof, UA
4

olefgt 27o] HYZTH Aol 912 Aol 4 (8)
4 Qlek web A ol BEoR gejst
o]

AAA BEAL ket ol A 4 gk

2E4 : Ugy = up x(1-V/C)

V/IC AFHV)I EHO) HE

up (AARPIEREE 2 ALE 913h HEA] HE AejE R AAGSEERE JAREY
122 B} AA%E 120 kivh: up=42.5 kim/h, AA4E 100 kivh: up=40 kmv/h, AA&E=
80 km/h: up=35 km/h.

9 A DAY BEYe] thit B7IHE AGdSEA0E AN OB 8 GR(AL 2342)
AT o] 39,0005/ AT 45,000 pe/) of31d 9o Hglnl, EAETR Y 2 ki o|ufe] FRFR

FEU=, FAIE, 7% 3)7F & Zveolle A83A] oFdgith
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5. HEY AE

5.1 V/COl 2 37|HE HMQl&Tol T

SINHE AWy )AE VICO] Tz Ho] Zisalnz, 7h AdE® Au| Ao

2 VIC ghe 710 IR AesEs whs) Bel o] 1 73 2tk AAKE 120 kmvh
A AL LOS A 9JA= 30 kvh ©]3}, LOS B 9|A= 20 kmv/h ©]3}, LOS C ©ojA4]+= 10 km/h
0|57} AQlEm, LOS D~E oA Alel&mrt gle Ao HAen, A4%% 100 kmh o
AL, LOS A oA+ 30 kmvh o8}, LOS B~C 9A= 20 km/h o|3}7} A|2]=lw, LOS D~E
AL AT} Gl Aow BAEH, A4 80 kmh 9 9, LOS A oA 30 kmh
o8}, LOS B ¢4 20 kmvh ]3], LOS C oA 10 kmvh ©]57} A|2JE]m, LOS D~E o4
Aokt Qe Aow B,

1% 8E AAGE 100 kmvh Qo] VICH &l T2 S|HE AloksEs tepa glow,
V/C 7} 0.1 o]l A= 40 ki/h ©|s}, V/C 7} 0.35 o]5td 7A-9= 30 km/h ©]3}, V/C 7} 0.6
01512 9= 20 kivh OJ8}, VIC 7}0.75 0[5} A9 10 kvh olsiol A 2| HE AlelkwErt
Bxsls Ao B

H 7. HA45EY v/CHIEH TE SI|HE Nelsx mH
P 5 A
Ex] viC s i‘ﬂg Ugy | Ags= fjg;‘;
0.3 118.0 A 30 30 40~80
AAEE: 120 km/h 0.5 115.0 B 21 20 30~80
A A A} 85 km/h 0.65 110.0 C 15 10 20~80
Up : 42.5 kmh 0.83 102.0 D 7 0 A&
1 85.0 E 0 AEe
0.27 99.0 A 29 30 40~80
AA&E: 100 km/h 0.45 98.0 B 22 20 30~80
A2 80 km/h 0.61 96.0 C 16 20 30~80
Up : 40.0 km/h 0.8 92.0 D 0 A=
1 80.0 E 0 0 Haw
0.25 79.0 A 26 30 40~80
AAEE: 80 km/h 0.4 78.0 B 21 20 30~80
AA AL 70 km/h 0.58 76.0 C 15 10 20~80
up : 35.0 kmh 0.75 75.0 D 9 0 A&
1 70.0 E 0 0 i

(F) Adsres ANAE A&z (Ugy)gtel 10 kmh o] 4o A& W& &(round) A 2] 31, 10 km/h ] ko A
¥ & (rounddown) *] 2] 3tc}.
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DATR B0 M EI22 AL 9t 28 o MKV BEDY ol et o7

45
a0

¢

4
W
]

1149

35 =
z 5 N —E-Uel
£ ~
= s
H
dr 20 M
g 15
=
v i ]\%{;\S_
s ~%
0
0 01 02 03 04 05 06 07 08 08 1
vicH|2

a8 8, v/co| 2 Uy 2t EZZ=(at 100 km/h Al)

5.2 eJ[HALE0 ME 2t7|d
o2 WS T WE g WEkE dokry] 98 71E HEo] AU JjEeR
H] AT Case Study) S Sa5HA0m, FaAYS & 8~99} Pk

—

H 8 HEMY HEHMH

TE dAEE | AAEHE | FAHE | ZHEHE | A3 |AHAE G mAFEHYE | FAHY
AADT
(/) 60,000 44,574 47,854 37,948 46,932 180,166 29,070 32,061
=
HGV(%) 30.1% 25.2% 22.5% 21.1% 27.2% 20.0% 17.5% 29.0%
o 71—% o
KD/PHF(-) | < 7 4 =3 Aet | AEE ( 50-,15) 3
z} 2 2=
F=5 2 2 2 2 2 4 2 2
(lane)
o Z(m?) 75 75 75 75 75 125 64 75
H 9 I&Z2Z0 st nESSFH4(K, D, PHF)Z!
oL TEEZ K30 K150(%1) D30 D150 PHF(33)
A 0.09 - 0.6 - -
KHCM
A 0.15 - 0.65 - -
A=l 0.072 0.069 0.55 0.56 0.93
AHag 0.104 0.088 0.58 0.58 0.91
0] %} 3] AAA 0.078 0.073 0.55 0.57 0.92
(572) AR 0.103 0.093 0.56 0.54 0.92
=34 0.075 0.073 0.58 0.57 0.96
B3k 0.086 0.079 0.564 0.564 0.928

GeD) KI50: 2017 ©12004), BAN =522 aeist AAATES 273 Ber, wg ol
(32) ©18)(2006), *NE&ERUAS 91 A Kgh W Dol 2 guere] v A7, sroprhsta
(33) PHF: 3= 2ZAH2011), 2010 TEEE BELP, JFZE I ZA}
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PVIASE=(7HE AEn)E 2827 2489 A v 17 99F Ltk
WA, AeE=rt gle (9] 85 7188 AHske 8902 CO7F oF 90% ol M of
10% ofufollA] F==2 BH =310, 10 kmhs A2l (b)2] I, oF 65%01/d] COollA], ujio]
oF 25% 423, NOx 7} oF 5% o|ujollA] ZAE|Qick WhH 10~20 kmhE A7 (c)2] ZH$= tha
CO7} &7 A didlZ o= CO, NOx, o] ZH2h 38%, 30%, 29% HEX A7 K¢lo]
solem, HaTE VIEE oF 2.5% A A8l R 2Eet Ao FAEnh

The0 & A&7} 10~30 km/hel ()] A$S Abm i, NOx7} 45%, wisio] 29%, CO 7}
23%, )AL FaxgHo) 3% Aot A aclor Agsiglon, A=} 10~40 kmhel ()¢
795 NOx7} 59%, mjdo] 32%, CO 7} 6%, 12|il &Eko] 3% Hrrt 23acglos 2hg
shth Bo= AQJ&=7} 10~50 km/h Q1 -5 £AISHH, oF 70%7}F NOxollA| 24 =, mjd
26%, Hags 9 A]ﬂﬂ 33] 2ol of 4% A=l A4 8slQl Aor EAEen, Coof
ot FE= 719 0% Rl Ao® FAE

120.0% B80.0%
100.0% 70.0%
60.0%

80.0%

o Smoke 50.0% = Smoke
60.0% 40.0%

40.0% meo 30.0% .o
200% . NOx 200% o
100%
0.0% = 0.0%

il CRPE
‘&)@ ‘&\% %oe@ %Q;\‘% Qz@ ‘5,;»:é ?ﬁf/} r@\%« "3g/h o \(g’é Sg’@ z;f)\zb 59;&» \e\@ o %é:% LI
e LR & & Gl G
(a) MRAKE: SS(—10~80 km/h ZE) (b) M2I&E: 10 km/h 0[5H—20~80 km/h AE)
45.0% — - c00%
;ggi: - 1 | [ 50.0%
300% - 40.0% ]
Too% = Smake s0.0% | N N M uSmoke
15.0% - mco 200% mCco
00% - '?di%i.‘ 0.0% - .ﬂi%:
AP I B B B S "33l/h . S SR S S S S L
of & &Y &Y 8F & &7 @ L SEER: SO S-S S SIS
& & fgb P Q:%“: ‘3.@@ o\‘fb %v’b & & ,/(,;rb &0 4 @:‘; o\\i% %,.5

(c) M2ISE: 20 km/h 0I5 —30~80 ki/h HE) (d) RILIE: 30 km/h OISH40~80 km/h HE)

800% 100.0%
70.0% 90.0%
60.0% 80.0%

o u smoke 60.0% —
400% £00%
¥ mco 200% mo
zg g: | | | | | 30.0% . X 1 1
10.0% | | | | | h | | h | | = NOx ig_gi 1 1 X | .
Il [ht. | 0% T T e T TR i
00% [P P 0.0% N
Q’ Q\% Qy’é Q\‘@ e\\% ’3\\% e\\@ Q’*@ BRI Q\@ e&\\é &’a < ‘3:% 0\@ e\\g 0\% @‘\& 3sh
@;\’-\ \¢~\ e @\z‘a o '91'\“ &R &\ ,\gQ s &5 @rs A
¢ LA % PO RS

(e) M2I&E: 40 km/h 0[SH—50~80 km/h HE)  (f) M2l&=: 50 km/h 0|5H—60~80 km/h HE)

O 9, &J|HE XMQAZY 87| Mu|22F ZAHQ0l 2N

— |
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D4R ELo| MY 8|8 A UB §F U NHE HEDY ol dhet o7

I 99 19 10 %‘—Eﬁ‘ﬁ Ho, SVHE A S (27 dAEE) 7 AdaS S| dul8gs
Ak 8102 NOx2| gafo] AR, AlLj&m=rl Was Coof 23t 93

714 1@*57} 20~30 km/h <1 (), (d)2] 8- "%, CO, NOx ] A% 8110]
H|Z5H Bk Ao yehgth Fuoa Hags 9 A7 33 )] AAqcloxn
Ae Bt I7NEASEETE gotdas oM S7she a2 WERaL ok

theo = AA 7HE BdoAe] &7 dn8e] Saa dokdr] 3l dAEES o=
293V7|%F EAE(Qreq CM)E 2H5H3L: 288V ST x52 THEAN%), y5= ElE

g (km) 0.5 o}oa Se37|we el ARE ojujdth tebd Saae, ar]Au g
S5 9 Uehd 49 EEAREEAAL HE9R) Soll e B AR 47 & 5 ek

(Ei/gﬁ]f}j_%(ZOIO)Q] 617.87]A14d 2] 335 =)

WHE ALKE@EAAGE)7E s AGA TAREC] RolAaL mEbA Al
ZaEo} 7] gRe] B4 S AHER WA 50w F1sa o] dae Zohg Aol
23 119] @)~() 24123, A2 So] FREA 2%E 72T 49, A= 1092 ] Fhsat
EUAe AR, A9SEs) ¢l ()] 97} oF 2.4 km, 10 km/hE |93t (b)2] 297}

100%
0% - mSmoke mCO NOx mHaESs W3
80% -
70% -
60% —
50% —
40% —

30% - —
20% -~ —
10% - —
0% -

10-80 20-80 30-80 40-80 50-80 60-80
27| HESE [km/h]

TgH| [%]

a8 10, SV|HE Mel&=E A8|E Z2He SA(TMEHE)

H 10. HEHA A8V AYR EAM - (0~10 km, —3.0~+3.0 % ; & 3111Cases/1E'H)

—

T-5 10~80 km/h | 20~80 km/h | 30~80 km/h | 40~80 km/h | 50~80 km/h | 60~80 km/h
Smoke 6.6% 27.6% 29.4% 29.4% 31.9% 26.3%
CcO 93.3% 67.1% 38.5% 23.1% 6.2% 0.0%
NOx 0.0% 4.1% 29.7% 44.5% 58.5% 69.5%
B 0.1% 1.2% 2.4% 3.0% 3.4% 3.5%
33]/h 0.0% 0.0% 0.0% 0.0% 0.0% 0.8%
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DATE EfE0] & E7I8Y S Ust ¥ U NHE HEDY Hof ciet 4R

oF 3.0 km, 10~20 kmhE #2J&t (0)2] 77} oF 4.1 km, 10~30 kmhE A|2let (d)2] 457}
F 5.5 km, 10~40 km/hE #|9I3t (€)2] 497} oF 7.6 km, 10~50 km/hE ALJF (2] 227}
oF 8.8 km =& FAFHTE

T8 12 Qe S7IHEA SHE Algseds st AlEwd tia-o] HalE 2t
AlEskste] AwEgpcy gofael o] ElEAGETE 194l 10km/het Qg -,
22372 tiAA 02 10~20% A= fhashe Hiol, dAdb R 7] dul88e oF 60% ol
Havs Zoz Yepth

_.
P
oZi
40

delof ek =) WEFAR(VDS) ] 2423, = 4XPEJ(44E i}) 2F AADT 319
77, THEF 39,000 T/ L(H 45,000 pe/) o gollA A7 EAsh= A=, A
Ao WEF F7F 2ol EFHAEUR, SACIE, 854 5)7F e 7ol AAI7E

LG (uy, 1] FY)lA ‘o fE Tide Edste] Al S HE
Aolers HER Flo] @ dAolAs Fejxel oz deken, AUy nkzzo] FelA9l
HasAES Qg 284w £=42 A (8) Zo] 48T 4= Stk

3. IHA] 2842 fIgk VIC ngoﬂ U2 SHE AlQGeo B4 AASE 100 km/h

0.1 o]5Fd ALE= 40 km/h o]}, V/IC 7} 0.35 o]5+Y A= 30 km/h ©]s},

VIC 7} 0.6 05} Ao 20 knvh o3}, VIC 7}0.75 o]at A0 10 knvh o]alollA] S |HE
ALEErt BEsl= Aoz HAEh

4. 203710 AHQle BAF A1 AR Aekw@|dA4E)t Ad5E B4

H-8 S A4ck= 2%9% NOx9 oé‘?% | AR, A&t W45 COof| o7t Fko|

AX = AR FA M, E3t 4 AlZFE 33 7ol AA4adloR nAs HAe=

SVAAG T woHa S 3~4% 0] W ORI F7tok ARe] U= Aos FAETH
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2 Al dEEERSAR (AEER HE AAE dAPIE BEEollg)eR

sl Hido] AR VHE Ahe

fu—

AEglon], ofo] A=Y

7|He|
71 % (&) LS g oUW &
AADT veh/day |WH o A5, Average Annual Daily Traffic
PDDHV veh/h.lane |HF (ZW3F) DA A|ZF 15 3F, Peak Directional Design Hourly Volume
PDHV veh/h.2lanes [FWFsF HF AA A7 EFF, Peak Design Hourly Volume
Mmax pc/hlane || o) 5 (= 2-87F), Maxium Capacity
Do(=k;) pc/km.lane [ A A nE U X (Jam density)
K - AAAZE A (LEtA o2 30 A]), Nth design hourly Factor
D - ZueF WX k9] H|, Percentage of Heavy Dierectional Traffic Volume
PHF - HEA|7F A4, Peak Hourly Factor
PCE pc/veh %8234 A 4=, Passenger Car Equivalents
PCU pc %8234t 4=, Passenger Car equivalents Unit
HGV % g2 5o A& L, (Percentage of) Heavy Goods Vehicle
g=uk veh A& aEnolA e REd@), W, Yek)el w744
ur km/h A4, Free flow speed
U-Up, km/h AL R FPELE() - YASE@um)E ou|vh
qm Of qc veh/h AA ==
Un OF U km/h AAS=(RF)
km or ke veh/km AAA =
VDS - 215G X Al 2], Vehicle Detection System
LOS - T 29 Mu]lA 4%, Level of Service
Uky km/h AGA Ao A7 HE A|L&%E, UEV=UEx(1-V/C)
U km/h (Xliﬂ_ﬁiﬂ’gﬂ]%% 24 AAE Sl8l) 2] VA E HRAYgEE =
) g7 A HA HE&=(40~50 kmh)E &Ju|
V/IC - AL FFV)H (Z2)EHO)Y H]
JF A EH, Jet Fan
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DATE EfE0] & E7I8Y S Ust ¥ U NHE HEDY Hof ciet 4R

o3

AT S B S

O o0 39 O

10.

11.

12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

5]
. TEFOFE (2001), “ERLEFHT

- B71ZE(2009), “a&ER AU E AT FEAEA

aEd

WL ATY (1999), SHIARMTE dif HIECH 1BRS)- it i -7, pp. 90-102.

. FEFFE (2010), “EEAAAT617. T7|AA).
A 9 (2005), “tHHEH Y] 3|54 A, EERAsHgst], Vol 7, No. 1, pp. 13-25.

- At 9] (2007), “Afrs8At E=YUo] BE 2887|F A dFEA”, BHEA 1, Vol 9,

No. 3, pp. 309-321.

. RS (2000), “HEFILE, pp. 68-71.
L BO) 9] (2004), “HANNARES TEig AANZES B4 WoP, WE, pp. 60-62.

. HAEE (1998), “Highway Capacity Manual”, pp. 3-1-3-40.

4>
X
il
)
r o)
=

Cﬂ‘?‘”s O]—_%‘EH(E]]]—/\]—E\E'E—)’ pp 5'7
AL 9] (2002), “27 A B9 27]7] SHTA o et A, B'@A|5s7tet], Vol. 4, No. 4,

pp. 343-352.

=)
re

o3| (2006), “1&HE=2AAE 93t W K3t W DEY| A§Retel wet A9, (A A=),
pp. 40-64.

oA ©f (2009), “HiE=2E ) A7 o5 AR A7, BEASZeE], Vol. 11, No. 4, pp.
395-401.

FTERTA (2002), “TEER HY F]AH AA7]R.

SHE2FAF (2011), “2010 U&EEE WS,

=R FAL (2011), “AEER WFEHYA A AR, EHAR

AL APARF A SIF AAAAS AH(FFEILA), pp. 257-292.

Fred, L., Hall, unknown, “Traffic Stream Characteristics”, pp. 2-12-2-32.

Immers, L.H., Logghe, S. (2002), “Traffic Flow Theory”, pp. 10-14.

PIARC (1987), “Road Tunnels in the urban environment”, pp. 115-126.

PIARC (2004), “Road Tunnels: Vehicle Emissions and Air Demand for Ventilation”, pp. 14-15.
Roger ] (1998), “Traffic Engineering”, pp. 309-330.

Sven Maerivoet €] (2008), “Traffic Flow Theory”, pp. 16-25.
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