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Abstract

The amount of ventilation required in making the tunnel ventilation plan is an
important factor for determining the capacity of the ventilation system. The amount of
pollutant emission for each type of vehicle (basic emission amount for the design of
ventilation volume) for estimating the required ventilation amount is based on the
‘Standard for Allowing the Emission for the car manufacturing’, proposed by Ministry
of Environment. However, in 2013, the Ministry of Environment announced the
‘Regulations on the calculation method of total emissions from vehicles’ as a
regulation for calculating the pollutants emitted from vehicles. In this regulation, there
are the ‘Emission factors for each type of vehicle’. Therefore, it is necessary to review
the application of the Regulation to the estimation of the required ventilation volume
for the road tunnel. In this study, the influence of the strengthened emission regulation
in 2015 caused by the case of manipulation of emission volume for the diesel vehicle
on the calculation of the required ventilation volume in the road tunnel has been
checked. In addition, in this study, the required ventilation volume calculated
according to the Standard for Allowing the Emission for the car manufacturing revised
by Ministry of Environment and “Emission factors for each type of vehicle” and that
calculated according to the EURO emission standard were compared for analysis. This
study has implications that it provides the basic design data for calculating the
reasonable ventilation capacity of the ventilation system based on the ground for
calculating the required ventilation volume.
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QTN AL o2 A G ok 2ol dhet AR bR gH Aol B ATelA= 20159 ZGRjee] ks 2AA)
A o} 25} g7k AVISIe] ket ) 4.8 | Aol nlX)s deke AEsielon, 2 siel 7)
A5 AL B GuNEE 71 T AN A A fEA o] ofgt 408 |% EURO a7 1S 483 408
=S H|iL v‘ij—ﬂo}ﬁu}. 5t 40 8P| AY 270 ThE elel SN AR SRS SRt 72 AR RS A

rl.’:

F20I 22375, 7S, AR S8l 71, vieAkr, vkl viEs

Ft AR Alste =z, AlEE BE Tt 22 =R B2 o] =8 11 wAIS she Ao 2 7 E vl EE]
+ egEdolth B W dsks L AEES AASH] Al mR2HolA = <= o] Fa A T]E] TR
2P Ala1 2] “Eldoll= QPAst &G w5 AE-S fiste] Basiral QI E= - tollis =20 AW EE,
AAGE B Hd o] 52 alefsto] 2| A Bl 2RAES AAstojof fitt. etal fgste] Bd ] f]A1
< AAJstal Yt Ministry of Land Transportation, 2015).

o9 E}E’r%‘rﬂ/\]“g ]@5}71 AsiM= _,_39}7] = *J@O] ZastH, 297 |7re] AR

Alitstal, 244 af & 3_ %%, Step 4 A ﬂ]il:-—% 5—734 et J—‘PLS’JJ el 0}% HAE AKX, whebA
WS S IAAE 8870l Jlo] Fatt BHAlolH, A TEHlEEE z
&= fEEFe] Yoot Ministry of Land Transportation, 2011).

2015\ Z-H(H)AFZO] HlE71S 22 o] % FR(BU) M= 2ol 1Al7 10l A=Al Sl Aol
Ut} T S 1AAT |2 SEG5-82kel Histe] vl HiE T a1=fekA] kAT 2005 =W B8t
Of AJgof] whet 2011 A% 583 Z-R-5-8212] T8I oF 40% = dleisto] 7 AAE shal Qlet
(Kim et al., 2007). ZL2{u} o{75] ]2hf5-82fof| thet mAulE2 alafskA] ol Qlet.
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ARtAte] @ AEH viEe] et APAT2 = P =T AA0lA] 2011 4] 21 2AKGDI) 35 58
ZH2dh), ERAL SR A1 H) S TV o= QF r|HA E S-S TAFoo] 2REAT S M A s H|
WA Er7l o nE vt 28 $101513] 1(Nikkei Automotive Technology, 2013), 2012\ 5
AFE2F22(ADAC)L 343 A EAKGDI) HHA19] Q171-S 285t ZAupA 2 1 2 TSI &FBMW 1161 St}
© 2 AR At <u|MH2] 2|7 A5 1710 Ml EZ A FAIAE Hold Ao & vesith = A AuE

FoF3 0™, 20138 Pl= LEAR= GDI 1%10] DPFE 32t 76 I K} nA[AZ] & o viEol HAst <=
olglal Y11, T AEAATAA ‘TUEV k& & GDI Q1719] A HA] &k A-q w108y ok
= A9 A7} eKKim, 2016).

U e Btz mhEw -5 17(GDI 171)-2 Table 10]] LR HEeL o] CVS-75 &, -5 <l

Z(EURO6)-> NEDC BLE= A 7] 7hAeF ZAAES 435199, MPI 917 95, GDI 172 115, 74

% A7 325-2] Y#x] EAof|A], PM10 7]52] RIAIRER]= GDI 1%10] 0.0010 g/km, 73-5-=0.0011 g/km S
AR 0] MiEE = 71 0 2 ZALE|ICHMinistry of Environment, 2016).

1

)

Table 1. Ministry of Environment (2016), Press Releases(2016.10.11.), (http://mamw.me.go.kr/home/web/board/)

) Gasoline Diesel
Vehicle type - - - -
MPI engine GDI engine Diesel (Euro6) engine
PM10 (g/km) - 0.0010 0.0011
NOx (g/km) 0.011 0.011 0.036

mebA B Aol 22 A4 Ao vlErhA 22 ol F kRl Qe Ajae] ujErtaA ) el
°l *99*71 & APl nlals G 2] 18] A G AT AR 64% HZE* 7)%7} ‘HHE

2. 7|2 U= XA}
2.1 HiEZF AL

AT LEEE 7IEHlERS] A8 3 7| 2A =Y = AR A R E ST V(= A
AT ER 7 (71 EAH AR R) 02 tidE . RS EEAAEH617. A1)l
w2 oll o, Al2EAL 51-8HllE T 71(Emission standards)> WA A EH|] A& F3l 4 ti7 |28 A
W AR o] - 17, AR &S] 7152 E5 It Ministry of Government Legislation, 2017). @4,
2016 19 1 o]%- 9 F= 712 2Fgo] Tt Ak} v E51-8- 71se0] A= Lo Zd-F-akgll ozt i

ol‘
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Z518 7Ieo] AXNE|A] oot ST AR 2013 0% Z-FAld=> 2014 o &5 A8V 0 & Sh= 2013/
201415 A8 7o 2 ZAR). =] 2kl et ¥E A5 (Emission factor)= $73% 11X, ‘AFEAt &
AT ufE AP T 0] 20124 7 19 o} A8 AR} A2 uEAL S Pkt
(Ministry of Government Legislation, 2013).

Table 2014 Case 1 & =EW-F72] =2 A HE2011) 72782006 o] A2} o1-8HE% 71
o] i e, Case 2 =25 2013/1413 o5 A&} - 88| EHF-R- 2013/ 747 2014) 715, Case 3 =3
F-20161d o] A2E} 5 8HIEH RE-7-2016) 715, Case 4 252012 o] F HiEA4(2012) 715& UEt
Wiz Qlet. Case 39] Z-f=20164 Oliﬂ i 2Fgoll the A2kt 51 8HllE= 7152 A=A 2ot 20144

ol% ZES M ESIAT, LG A 2B SER 22, APEE JJE S(CVS-TS BE) hS A8
Sick, et $73% 20161 o5 AL 5} 8HE 7] Eol A S1EG 8t0] el B akgte AN =] oot
A, Z}50] “CVS-75 BEO] QAR M5} 8715S 0.002 ghm ofshz gtk ek 74l wet0.002
gkmE H 851k, o= L 516 GDI A Aol mA A7} kS 1 QIehe A Al Aukghe
A5t Ao Apgr)

HhH =19] ZFE= WRA(T, PIARC)9] iﬂ/ﬂ 225 FZEotal, =9] tAYl Ero] 2 E(www.diselnet.
com, 2017) ‘&5ll EURO <=0l tgh 7 [EulEd-& ARSI 0™, ofof thet W-8- Fig. 10 ERH AT}, 22}
(5-8ZHPC), AFHA(SB), AFEZ(ST))2] £ EHL [g/km] o], NFXHNFHA(LB), SBEZH M),
HHEZH(LT), E5TEZ(Sp. 7)) 2] 9= [g/kW.h] o]tk EURO 1 219921 7€ ©] ¢ EURO 2+=19961d 12

Table 2. Emission table in local standards

Vehicle Passenger car S.Bus L.Bus | S.Truck | M.Truck | L.Truck | Sp.Truck

Case Fuel | Gasoline | Diesel Diesel Diesel Diesel Diesel Diesel Diesel

Unit g/km g/km ghkm | gkWh | gkm | gkWh | gkWh | gkWh

Case 1 Smoke - 0.005 | 0.005 | 0.030 | 0.005 | 0.030 | 0.030 | 0.030
Road design manual CO 1.060 | 0.500 | 0.630 | 4.000 | 0.630 | 4.000 | 4.000 | 4.000
(2011) NOx | 0.031 | 0.180 | 0235 | 2.000 | 0235 | 2.000 | 2.000 | 2.000
Case 2 Smoke - 0.005 | 0.005 | 0.010 | 0.005 | 0.010 | 0.010 | 0.010
Emission standards CO 1.060 | 0.500 | 0.500 | 4.000 | 0.630 | 4.000 | 4.000 | 4.000
(2013/14) NOx 0.031 0.080 0.080 0.460 0.105 0.460 0.460 0.460
Case 3 Smoke | 0.002 | 0.005 | 0.005 | 0.010 | 0.005 | 0.010 | 0.010 | 0.010
Emission standards CcO 0.625 | 0.500 | 0.500 | 4.000 | 0.630 | 4.000 | 4.000 | 4.000
(2016) NOx 0.031 0.080 0.080 0.460 0.105 0.460 0.460 0.460
Case 4 (¥) Smoke - 0.001 0.018 | 0.040 | 0.002 | 0.012 | 0.048 | 0.051
Emission factor CcO 0.052 | 0.009 | 0412 1.850 | 0.087 | 0.543 1.262 1.368
(2012) NOx | 0.001 | 0.193 | 0949 | 2.664 | 0062 | 0959 | 4532 | 4.774

(*) : Unit of emission factor is g/km
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Fig. 1. Emission standards by euro levels (EU)

©]% EURO 3-2200041 144 ©1% EURO 4=2005d 144 ©1% EURO 5=2009'd 94 ©1% EURO 6220141 9

4 o]0 A7 &S HEAL $ltt EURO 71&0] /g5 viEs 7o A4 Zelsle 2he & 4 k.

2.2 H|MIZI HH=3F A}

20009 o] % WA vjE O] thEA 1 Fhaof mt 2o 2]9] 8 ]lof| ofsto] WSk F-f-2xlo] Al
F87do] S7ekal Qloll wet HIXFEH NIR) ¥iE%](non exhaust emission)©]] Tt HES] H oS WRA
2004 B Aol A A|7|5kL Qlet. Bfolo] W Hejlo]Z a7, T2 3 nhR Rl AE-R-E7lo] H|x b allE
=110l Eoh, thEE0] 1ZH=>10 um (>PM10)°]1, 7FA|A =] s Qlo]] 2 TMdS o7 Ylo] Fakgo

AR S nIA|A Hr. o] HIxFF HiExlS Yol wet PM2.53 PM10.2 = Latsto] 'Y €191

Table 3. Non exhaust particles (mg/km) by PIARC 2004

Type Passenger cars (<3.5ton) Heavy goods vehicles
Source/Size PM2.5 PM10 PM2.5 PM10
Tyre wear 6* 6 31%* 31
Braker wear 1+0.3 11£3.6 3+0.8 160+52
Road abrasion 12+1.9 220+17 63+12 1400+120
Total 19+2.4 237421 97+12 1591+172

* PM 10 value, no PM2.5 value available
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Table 4. Non exhaust particles by PIARC 2012

T PC/LDV HGV(Heavy goods vehicles)
e
P mg/km m*/km mg/km m*/km
Non-exhaust PM2.5 28 0.1316 104 0.4888
60.0
—-PC(2004) -m-P((2012)
50.0 HGV(2004) | ==HGV(2012)
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Fig. 2. Comparison of non exhaust emissions by vehicle speed (WRA 2004 vs 2012)

A il E R o] iSRS Alktol] Rt S 7]5HETRS WRA 20041 H1449E2012'd HIAE 758
2 g7 B wste] ERH Tk 20043 TH] 2012d9] BN viERX1 0] S A AFF 1.54H, Tzl 1.18)
A 371t A 02 BAETHWRA, 2004; 2012).

2.3 7| HHET 4FY

Q0 HEAY 7|FHlESK Basic emissions; q))2 APEE A9, 58219 A9= Ak] 51 8HlET 1 (g/km;
Es)& Q2 Wil HAE RE0] Pyt FPLEE F5to] Al 4= ok W, thedate] Z-9= 9] &
SHIE7IHgkWh; Es)S WER WEY, 2] oh(Ps )& Jahd "ot o, 7i2Ak 24
(PG as) S Hh= [g/m’] o],

+ A Qg Bl gt e ALy

Qpartide M?/h] =6.25 X E_ (g/km) X 0.75 < V't (1)

- 2] A 2ol it 71e=uE A

Qpartide M?/h] =6.25 XE (g/kWh) x0.75 < Ps(HP ) X 0.7355 )
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+ AR g Bl gt leE Ay

Eg(g/km)XVt

oas /0] == ®)
« F2FFe] 7EA4 o] tieh 7IenlE= AP
Gogasm®/n] = MXPS(HP)XO.?B% 4)

PG as

ool Ul 25E A HlE7 AR HE 7|l E S Y] ohH Table 59 2 ow, 37|UE: S HAE 1
Tof tigt Sk T2 AAHE617. S7|A)NA AR gk 285130 Case 12 S 234 2]
AA7132002)Q1 S 7158, Case 2= EWFH2] T 2/dA AT (617. 37]A14d)2] AeY AAI715EE, Case
33} Case 4= S735-2] A2} 51-841E 7150 H7of| whe 3% 28 712 Wz Sk 24180, ) 7]
(Case 2) tH] S50 2|4 7155(Case 4)°fl & A -E&a AW EH, Smoke ] 73 A @A (-84, A2 H
2 AGER)ol =3} gl o), didate] - 9F66.7% A7t A4S, CO= A lHoll= Al glo
L, Ag2Ee] oF 0~40% L7t AT 3 NOx= A AFFS] 74-9-55.0~70.0% X, Tthadxl=Fe] 74-%-
76.8~77.2% A& ZA3H 7 0 72 %t Korea Highway Corporation, 2002).

Table 5. Basic emission rate

Type Passenger car S.Bus L.Bus | S.Truck | M.Truck | L.Truck | Sp.Truck
Gasoline | Diesel Diesel Diesel Diesel Diesel Diesel Diesel
Smoke[m?*/h] - 18.893 | 29.606 | 172.195 | 31.594 | 83.018 | 208.750 | 265.832
Kﬁiez(l) » CO[m*h] | 0.101 0.080 0.055 0652 | 0.072 | 0.320 0.721 0.933
NOx[m*h] | 0.010 0.015 0.022 0642 | 0.027 | 0315 0710 | 0919
Case2 | Smoke[m*h] - 0.787 0.787 | 23375 | 0.787 | 11.481 25.857 | 33.460
(A) CO[m*h] | 0.030 0.014 0.018 0.554 | 0.018 | 0272 0613 |  0.793
RDM201T | NOx[m*/h] | 0.001 0.003 0.004 0.166 | 0.004 | 0.082 0.184 | 0.238
Case3 | Smoke[m¥h]| 0.000 0.708 0.708 7792 | 0.708 | 3.827 8.619 | 11.153
M.E2013/ | CO[m’h] | 0.030 0.014 0.014 0.554 | 0.018 | 0272 0613 | 0.793
14 NOx[m*h] | 0.0005 0.0013| 0.0013| 0.038 | 0.0018 | 0.019 0.042 | 0.055
Case4 | Smoke[m¥h]| 0.321 0.787 0.787 7792 | 0787 | 3.827 8.619 | 11.153
(B) CO[m*h] | 0.018 0.014 0.014 0.554 | 0.018 | 0272 0613 | 0.793
M.E2016 | Nox[m¥h] | 0.0003 0.0013| 0.0013| 0.038 | 0.0018 | 0.019 0.042 | 0.055
Reduction | Smoke[%] N/A 0.0% 00% | 66.7% | 0.0% | 66.7% | 66.7% | 66.7%
rate CO[%] 40.0% | 0.0% | 222% | 0.0% 0.0% 0.0% 0.0% 0.0%
(1-B/A) NOx[%] | 70.0% | 56.7% | 67.5% | 77.1% | 55.0% | 768% | 772% | 76.9%
Journal of Korean Tunnelling and Underground Space Association 415
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Table 6. Comparison of local and euro standards

Type Local standards Euro standards
300 800
£ W 2002 mEURO1
R? 250 £700 WEUROZ
E m2011 £ 600
o 200 m o MEURO3
B 2013/14 . | 500 —gsimon
% 150 —§7016 I I + 400 WEURD
Smoke E 100 N 300 WEUR
& I | I -u 200
£ 50 S 100
2 4FL_,_I__,L_-TL_,_L__7L-TI_-_‘ >
0 0 -
PC(G) PC(D) SB(D) LB(D) ST(D) MT(D) LT(D) ST(D) PC(G) PC(D) SB(D) LB(D) ST(D) MT(D) LT(D) ST(D)
Vehicle type(Fuel: Gasoline & Diesel) Vehicle type(Fuel: Gasoline & Diesel)
1.0 1.0
£ 0.9 | m2002 =09 mEUROL
Sos BEURO2
2011 e
Eo7 = EUR
U
E 0.6 WEUROZ
£ 0.5 WEURO
@ ¥ W EUROG6
CcO : 0.4
= 0.3
£20.2
=4
20.1
0.0 ~
PC(G) PC(D) SB(D) LB(D) ST(D) MT(D) LT(D) ST(D) PC(G) PC(D) SB(D) LB(D) ST(D) MT(D) LT(D) ST(D)
Vehicle type(Fuel: Gasoline & Diesel) Vehicle type(Fuel: Gasoline & Diesel)
— 1.0 1.0
£09 —m200 =09 mEURO1
E 0.8 Sos BEURO2
E 2011 2
2 0.7 ) Lo7 —wen
1 wa013/14
n‘ﬁéO.G 2013114 nrg' 0.6 WEUROS
E gi T m2016 4 0.5 WEURD
NOx e E 0.4 WEUROG
= 0.3 I x 0.3
0.2 e
o1 | £02
=] _ - D01 +
0.0 . . : ; ; 0.0 4

PC(G) PC(D) SB(D) LB(D) ST(D) MT(D) LT(D) ST(D)
Vehicle type(Fuel: Gasoline & Diesel)

PC(G) PC(D) SB(D) LB(D) ST(D) MT(D) LT(D) ST(D)
Vehicle type(Fuel: Gasoline & Diesel)

Table 6= =1 7|5=Hl&3t
A = A2A1715(Case 1)< EURO 1(1992)°f14] EURO 2(1996)2 ©[5k=TAl0|L, &

EURO 3(2000)°14] EURO 4(2005& o|3Ysl= THA

6(2014) 5=

3. &28h7|ge| He

FEHE7IES

2 Yehjix

——

e

0

3.1 A2t S18H1E 7|E2E St 228D F HE

[

HoJ Al 5184 7

2 7|HlER o R ghhtsto] Bl

o glom, Az MY B
Ao Bar

3 =B Table 7914 AT BREl 0] ciolA] 2§7]%0] 0 7| ZHhEhe AP} ofe] w2
SAI UAS AR Tabe 12 H T DI ABE AR 50 AL A 1201

E%Hol ok

4 Q37| Wsh=TFig. 30| YFERSITE &

A3 71(2011)thH] 23521 2016 o % 71 AL

SHHIE 7192 A8 AT, T2 34.1~48.1%, COE 5.2%, NOx+=76.1% = H4-sh= 2 082 ZA It
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Table 7. Input values for tunnel & traffic data

Type Value Layout
Length [km] 3 O O Dir. -
2
Cross Area [m] » = Traffic flow Dir.
Diamater [m] 8.8
Grade [%] 1 D1.00%
Lane [lane(s)] 2 < >
Elevation [m] 400 3,000 m
Tvpe Passenger car Bus Truck AADT HGV
P G D Small Large Small | Medium | Large | Special |(Veh/day) (%)
Traffic 18,040 | 12,026 | 3,069 3,098 211 5,475 1,789 866 44,574 552
Comp.(%) 40.5 27.0 6.9 7.0 0.5 12.3 4.0 1.9 100.0 '
350.0 500.0
ngg:g | I i 7100
00,0 | | 300.0
‘51500 | m201 = w2011
5100'0 | . m2013/14 5200'0 m2013/14
50:0 | 2016 100.0 2016
0.0 0.0
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
Vehicle Speed [km/h] Vehicle Speed [km/h]
(a) Qreq of Smoke (b) Qreq of CO
350.0
300.0 |
EZSG.G I
o0 n [ |
200 T
g, 1000 [ | m2013/14
0.0
10 20 30 40 50 60 70 80
Vehicle Speed [km/h]
(c) Qreqg of NOx
Fig. 3. Qreq Profiles by local emission standards
3.2 HiEARK 7|22 S5t 298P |H EE
HiEAlTet A Q8P |5 HARHAIS Gotk 7] 915l Table 29| Case 40l THE HIEAITE 2183 2~ Q87|
AFEZA TS Table 8] LRSI S84 W AlEohs viEAlTE 5L 7igo] §17] wizol A3l €]
A1 ORGP, H FREE AT A et 102 I
A58 Wi EAISE Foto] Hldyl 5 T g/s) S 15 T, 282V AFE319TH Table 8). o], Fig. 2%}
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Table 8. Qreq profiles by emission factor (2012)

Type 10 km/h 20 km/h 30 km/h 40 km/h 50 km/h 60 km/h 70 km/h 80 km/h

Smoke[m?/s]

(PM10) 10.1 19.9 23.7 25.3 36.8 37.1 37.5 36.1

Smoke[m?/s]

(PM10+NEE) 55.2 108.1 128.9 138.0 200.6 202.4 204.3 197.0
CO[m’/s] 9.4 14.3 17.0 18.2 19.0 19.1 19.3 18.7
NOx[m?/s] 324 49.5 58.9 63.1 65.6 66.2 66.8 64.3

450 25

400 -~

w
(=2
o o
|
|

2011 (A)
m2013/14 (B)
2016(C)

w2012 (D)

2011 (A)
m2013/14(B)
2016(C)

2012 (D)

(=]
o

10 -

N W
%2
o

Qreq_max [m3/s]
@
o

[
o
o

# of Jet fan(1250) [EA]

%2
o

(=]
o
I

10 20 30 40 50 60 70 80
Vehicle Speed [km/h] Vehicle Speed [km/h]

(@) Maximum Qreq (b) Jet-fan ($1250) for ventilation
Fig. 4. Qreq and jet-fan profiles
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225 AL tfaL26.2~652% A&, CO=87.4~97.8% AL, NOx=70.3~80.3% A& A Q37|20 74
Sl= .02 BAEH, E5] COS] HiE7 A A 7to] 710 2 Uepgitt S i F20] 2k]/du] 8afo] 24
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