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Abstract

In order to design the ventilation in the road tunnel, it is necessary to know the ratio of
average annual daily traffic by vehicle type. In general, the road tunnels are one-
directional tunnel, so the traffic of each vehicle type does not change along the tunnel.
On the other hand, in the case of network road tunnels, since the connections in the
tunnels are complex, the traffic of vehicle-type varies depending on the network
composition of tunnels. In the studying the easy method for calculating the ratio of
vehicle type for the network road tunnel are proposed with using incidence matrix.

Keywords: Incidence matrix, Average annual daily traffic, Ventilation design,
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1.ME

[

ok o 2 T 2Ed S A Al & T 2 0] A9 « it 2 S| A1 AA1715(Korean Expressway
Corporation, 2012) ol AAH A4 Aol et AAE HasHA| =H 7|A1d A 9] Alzfo] A5E
A Qs 270 0% sfof efo] Hek v VIESA k2 EE 0 o= A -85S At 449
7oA U Eh= A0l 74 vlgo] EEfAH BE o] B HIEQD 7= QIste] BdoN #E R
Hlgo] gzttt Tt <114 T 2 EY 27| A4 AA|7]5(Korean Expressway Corporation, 2012)0f|41=UE
A2 e o] diet F7hE 28 wEE B 7 Hlga AlE ot AR WHol AlA =] Q] o7] wiEol
HES A =2 e ol Aot M2 7] “gu]E " /o] A|7]=4L Lo (Kim et al., 2016) HEY D &=
EEEA A o Sl 2 IOl Jlido] Q4% 11 QI o] Kim et al. (2017)2] ol A = =fol] 474
HYEHD =2HE gr|siy mr o] T HIES A O]Ei Hrgo g ot ebr|sie L Isle Avliskal
et Yoo etal. (2016) Aol = LY 2 Dol A= e wo] wE Al e AAskL Siok &
A= Y EQ D T2l de] 27hE wESRS 47| etk 4 9}‘: A AFZEPS A A6 A} St

—_

ng

2 B2

o b L
2.1 “TASZES S A M7 |20l HASHE Lset S2E 87[2 AETHH

“nEE=EY 27|AA AA7]E(Korean Expressway Corporation, 2012)°1V1 AXe= E2E Y Q] 7]

BABAL AL Fip 194 ook /24 AL AR S ) DT kel AL Sl
& ool 17 © - WSS ALK mieb SO F T A 5 3 WA} 2 e
AtAo] ek

2.1.1 2E5F ALl wiE FgH]

Yesie 2 9 e WA BEF (), AT, A5 2 BEF ), ANTE or E28F) Mo,
[PCU/h-lane], 47 Al 25U D, [PCU/km-lane], 5-82t E4tAIG= oft}. 2iH HlofelE AR AE==3
£2 | Hot ¥ wE5TH Average Annual Daily Traffic, AADT) [TH/¥], AF5E ¥ W55 (Daily Traffic By Car,
DTc) A5 E4& C, [%], HFAF EUE HGV [%]]th 1714, AADT, C,, HGV S| 212t} gt

AADT =Y DT, (1)
DTc
C,[%]= —ip7 <100 )
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HGV[%] = CpLarge bus + Cpﬂﬁdsize truck + CpLarge truck + CpSpecial truck

o714, A2 is 870 A2 QJulRith. o714, A (12 Tels t/< ol

Traffics for the different car speeds
(applying aim year, AADT, C, (%))

v

Calculating traffics with various car type for the

different car speeds

€)

v

Calculating the smoke
quantities by car type

Calculating the pollution of
CO by car type

v

v

Calculating the pollution of
NOx by car type

Calculating total emissions by the each speed

(non-vehicle emissions),
(speed-grade, year, height)

Reflection design criteria smoke, CO,
NOx of allowable concentration

Calculating the required ventilations

v

\:

Calculating the required ventilations
for smoke by the different car speeds

Calculating the required ventilations
for CO by the different car speeds

Calculating the required ventilations
for NOx by the different car speed

|

Air replacement rate

Minimum ventilation velocity

Calculating the reauired ventilation of
road tunnel

Fig. 1. The flow-chart of ventilation calculation in road tunnel (Korean Expressway Corporation, 2012, p. 23)
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2.1.2 B Y AF(PCU : ) Akt

25K or =28 ) Mypax [PCU/h-lane]-2 o} E2 1Al AA| A| 5 % Dy [PCU/Km- lane]= 150
[PCU/km-lane]”} 2718}(Default)o]ch( T, =5%.2] -2 165 [PCU/km-lane]). F@ 82 AT E o] 85
o] -84} SHHAIG- PCEE FFolet| Al thdat 2t 245 584t A= o] Table 12+ AT

PCE = )3[Cp;x PCE,;]/100 @)

of 71, it A%ole] 5 874 %] 9l
TFAE A AL 4] (5)24 2200 o] A2 £ 20| 2] nfe} 587 P EATE £ 8T M) S ]
(]

=7 A-gsh-ho] webA E2 o] AAwEskS uhfgto 2 4 B UL Wkt 4 gl o] gih

D, XM,

T DL xVAM, x(1— V/60)] 5)

o714, A (5)2] &= PCU/km-lane ©]tt.

Table 1. Passenger car equivalents of vehicle types (Korean Expressway Corporation, 2012)

Division |Passenger car| Small bus Large bus | Small truck |Midsize truck | Large truck | Special truck
Express way 1 1 1.5 1 1.5 1.5 2
Multi lane 1 1 1.5 1 1.5 1.5 2
2 lane 1 1 1.5 1 1.5 1.5 1.9
U WEUSE ofgolol ATl BEY, FASEE A5 BEE, el o A ol 4

= PCE (6)

Tc=NcXxXNj,.xXVc @)

Te; = Te % Cp;/100 (8)
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TCi
PCU = RTTRe TunnelLength x PCE ©)

o714, Ne= 24 @)= tlkm-lane, IV, = B'd U] 24145, Vel= p& oot PCU= B'E U 23]
S0|11 Tes WEFO|AL Te, & AFE FPEEH w5Fo|r 2] (7), (8)2] &9l thh o|ct

N
N

;
0gt

S 0|25 HES T S2E{do| 717HE nES2 AR

M
2
ol
i)

- 2 Jefzo|A A-gol= PEREA L EZM] AAS BT AFSElR= S Eolnh 2 A-ollx=
B g o] Adojiel wEs 50 Weks T ] ffote] ZHE A Skt THAE A lr =9 HelA]
+ HEY JEUT RAVIRE L ER, kTt T O] AAH HS BelA| 2 Sttt ojuf] Z1{3iE o
2 Bix]j= vepiict. 2|1 h—_‘_:_ﬁl}lr_Eﬂ dAo] TJH S2} | & UERn, =9} L=} o

to

Ax|x] gFom =210 o]t} +9f — o] Ro L wEO] 2HIRES UeR]7] $Jsto] AR HLE leEE 7|07 2}
FEo| FYUEH +2, LES 7|F0 2 Ao § Zlﬂtﬁ_ - o= g}
O j O
i i+l
(Tunnel inlet) (Tunnel outlet)

Fig. 2. One directional road tunnel

i+1 i+5
(Tunnel inlet) (Tunnel inlet)

. . i+9
j i”‘ i+3 E"'s i+7 (Tunnel outlet)
™\ )
@, j+8 O

- 2 j+4 — j+6 j
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(Tunnel inlet)

i+4 i+8
(Tunnel outlet) (Tunnel outlet)

Fig. 3. Network road tunnel
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Table 2. Incidence matrix A

j jtl jt2 jt3 jt4 jt5 jt6 jt7 j+8

i -1 0 0 0 0 0 0
i+l 0 -1 0 0 0 0 0
i+2 +1 +1 -1 0 0 0 0 0
i+3 0 0 +1 -1 -1 0 0 0 0
i+4 0 0 0 +1 0 0 0 0
i+5 0 0 0 0 -1 0 0 0
i+6 0 0 0 0 +1 +1 -1 0 0
i+7 0 0 0 0 0 +1 -1 -1
i+8 0 0 0 0 0 +1 0
i+9 0 0 0 0 0 0 0 +1

AT =C (10)
A7|A, A=ZHB L)L T HIESHT E=E'E o] ZF 41711 Halz] o] Y W=t/ d)= Ueti= 3ol 1,

719 4 (10)°14 HESIT =269 2 B 8 9 BEH TS 757 Sl chaat 2 27lo]

A At
T=[474]"'AC (11)
whA A (11)2 THA] A (1)of] A-8ohH 2+ Bz d wE=e 4] (12)2 EHH

AADT,(W/Q) = Y (1)), (12)

K
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A (12)F °185to] 4 (2)l #8513 Bd W B2 E A5+dvle= H=t 2t

(7)),
(1), (13)

A (13)2 4 (9)°] 4 85181 V=12 2 e d o] Bala B ] A=Fi4{PCU)E thea o] Lehaic,

PCU; = D, X C’pj/lﬂO X Tunnel Length X Ny,.. (14)
webs] Y E AE o|-8oHH VIEQ R =2 Ed o] 7t Haix]E §d W XFFth4= PCUE & 4= QA Hrt

o714, 4] (12)~(14)2] okl A = 7 73191 HARA S LER R, it 2152 Vehick

2.3 ZHHAS 0|85t ST U A= HIESE AR

2 AoA=7| Aol YEXT k2 Hd W-asd £ AR"H(Table 3) = 155 Akt 21-8-2 Kol Al
WEHS of-goto] HeiAE e A= E vIESS ﬁ]*}o}oﬂdr B o] A-8td=> Fig. 3.0 = 5I3irh. B o] BHall
2| ARLS A| Rt FAIA T W E e 15T 2 BE S| A AA7]52(Korean Expressway Corporation,

2012)0l4] AAE FE AFESHTH Table 4, 5).

Table 3. CASE study

Traffic condition Incidence matrix
CASE 1 Same traffic at every branch (section) Not use
CASE 2 Same component ratio at every branch (section) Use
CASE 3 Not same component ratio at every (section) Use
Table 4. Tunnel specification
Item Value Dimension
Tunnel length (m) 1,000 Directiop  —
p 2
Tunnel inner area (m”) 3 o Traffic direction
Diameter (m) 8.6
Grade (%) 1 ©1.00%
Lane 2 . N
Average elevation (m) 100 1,000 m
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Table 5. Daily traffic (Korean Expressway Corporation, 2012)

Passenger car Bus Truck AADT | HGV
Gas | Diesel* | Small | Large | Small |Midsize| Large | Special |(car/day)| (%)
Traffic 18,040 | 12,026 | 3,069 | 3,098 211 5,475 | 1,789 866 | 44,574
Component-ratio (%) | 40.5 27.0 6.9 7.0 0.5 12.3 4.0 1.9 100.0 22

2.3.1 CASE 1. A BHE#x|of| A w550 FIT F¢-
Table 79 AAE w5TFo] 2 Balix]of 5dsH A-8stn 2 THPBS 283 H a7} qict 4] (5)~(9)7HA]

Sreofl M o] B W 2

Table 6. Traffic density for the variable traveling speed

Traffic velocity (km/h) 10 20 30 40 50 60 70 80
Traffic density (PCU/km-lane) 109 83 66 53 44 37 32 27
Table 7. PCU in the tunnel for the 10 km/h, CASE 1
. Passenger car Bus Truck PCU
Branch (j) ; I ;
Gas Diesel* Small Large Small Midsize Large Special (car)
1~9 88 67 53 43 35 30 25 22 363

Table 8. Pollutant in the tunnel at the 10 km/h velocity for variance car type (m?/h), CASE 1

Traffic velocity | Branch Passenger car Bus Truck
(km/h) ) Gas Diesel* Small Large Small | Midsize | Large Special
10 1~9 80.074 | 105.066 | 26.813 | 464.225 1.843 | 464.786 | 292.325 | 177.462

Table 77} Table 8] A}olA] 1= Hle} o] WE HeA|(F7holA] SLet 2 AL woflic BT
595 B ) APCU)o 528 A2 viEwo] Aty

2.3.2 CASE 2. 3 BEiZ|o]|x Fdu)7} Fdoht HiXH 2 w50 thE 7

o] 9= T} o] Qh/E TN Table 314 AN E et
21ol wket o] Z7ht s Zolct

o
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g

i+1
(Tunnel inlet)

Cﬁﬂ' i+3
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(Tunnel outlet)
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(Tunnel outlet)

¥

i+7
~
S jr2 4 j+6
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(Tunnel outlet)

-

Fig. 4. Same traffic component ratio in the network road tunnel

O

B E R w1 (/D) EE W wEHHPCUYE 6171 f1stod 4 (1= Altstd v E.

Table 9. Daily traffic in the network tunnel for CASE 2

. Passenger car Bus Truck
Branch (j) ; I ;
Gas Diesel* Small Large Small Midsize Large Special

18,040 12,026 3,069 3,098 211 5,475 1,789 866

: 40.5 27.0 6.9 7.0 0.5 12.3 4.0 1.9

18,040 12,026 3,069 3,098 211 5,475 1,789 866

2 40.5 27.0 6.9 7.0 0.5 12.3 4.0 1.9
36,080 24,052 6,138 6,196 422 10,950 3,578 1,732

3 40.5 27.0 6.9 7.0 0.5 12.3 4.0 1.9

18,040 12,026 3,069 3,098 211 5,475 1,789 866

! 40.5 27.0 6.9 7.0 0.5 12.3 4.0 1.9

18,040 12,026 3,069 3,098 211 5,475 1,789 866

> 40.5 27.0 6.9 7.0 0.5 12.3 4.0 1.9

18,040 12,026 3,069 3,098 211 5,475 1,789 866

6 40.5 27.0 6.9 7.0 0.5 12.3 4.0 1.9
; 36,080 24,052 6,138 6,196 422 10,950 3,578 1,732

40.5 27.0 6.9 7.0 0.5 12.3 4.0 1.9

18,040 12,026 3,069 3,098 211 5,475 1,789 866

8 40.5 27.0 6.9 7.0 0.5 12.3 4.0 1.9

9 18,040 12,026 3,069 3,098 211 5,475 1,789 866

40.5 27.0 6.9 7.0 0.5 12.3 4.0 1.9
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Table 10. PCU in the tunnel for the 10 km/h, CASE 2

Branch Passenger car Bus Truck PCU
) Gas Diesel* Small Large Small | Midsize | Large Special (cars)
1~9 88 59 15 15 1 27 9 4 218
Table 11. Pollutant in the tunnel at the 10 km/h velocity for variance car type (m?/h), CASE 2
Traffic velocity | Branch Passenger car Bus Truck
(km/h) )] Gas Diesel* Small Large Small | Midsize | Large Special
10 1~9 80.074 | 105.066 | 26.813 | 464.225 1.843 | 464.786 | 292.325 | 177.462

Table 9 ARFET A Bz vieh o] 771 Wit/ &) et 7du7H 52k vzl B W Ak

ti<<PCU) (Table 10)2} @ HE2 viET(Table 11)-> FL5HA At

2.3.3 CASE 3. B2 W BiX]d = 2= 7987} S LA 92 4%

< = <
i+1 i+5
(Tunnel inlet) (Tunnel inlet)
i+9
] %ﬁl i+3 j*+3 .. 5 (Tunnel outlet)
Il -~ Y
» O T j+2 j+t4 ~ j+6 j+8 O
i i+2 j+3 i+6 j+7
(Tunnel inlet)
i+4 i+8
(Tunnel outlet) (Tunnel outlet)
G- -

Fig. 5. Different traffic component ratio in the tunnel

28 SAHEZ} Table 129} 2] F4H17H kA Qietsl A9olck

Table 12. Daily traffic for RED colored inlet

Passenger car Bus Truck
Gas Diesel* Small Large Small Midsize Large Special
Traffic 18,040 12,026 3,069 3,098 211 5,475 1,789 1,000
Component-ratio (%) | 40.35 26.90 6.86 6.93 0.47 12.25 4.00 224
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QA A (1= ARTsH o= 2o

| ok

Table 13. Daily traffic in the network tunnel for CASE 3

. Passenger car Bus Truck
Branch (j) - — -
Gas Diesel* Small Large Small Midsize Large Special
| 18,040 12,026 3,069 3,098 211 5,475 1,789 1000
40.35 26.90 6.86 6.93 0.47 12.25 4.00 2.24
18,040 12,026 3,069 3,098 211 5,475 1,789 866
2 40.47 26.98 6.89 6.95 0.47 12.28 4.01 1.94
36,080 24,052 6,138 6,196 422 10,950 3,578 1866
3 40.41 26.94 6.87 6.94 0.47 12.26 4.01 2.09
18,040 12,026 3,069 3,098 211 5,475 1,789 866
! 40.47 26.98 6.89 6.95 0.47 12.28 4.01 1.94
18,040 12,026 3,069 3,098 211 5,475 1,789 1000
> 40.35 26.90 6.86 6.93 0.47 12.25 4.00 2.24
6 18,040 12,026 3,069 3,098 211 5,475 1,789 866
40.47 26.98 6.89 6.95 0.47 12.28 4.01 1.94
36,080 24,052 6,138 6,196 422 10,950 3,578 1,866
’ 40.41 26.94 6.87 6.94 0.47 12.26 4.01 2.09
g 18,040 12,026 3,069 3,098 211 5,475 1,789 866
40.47 26.98 6.89 6.95 0.47 12.28 4.01 1.94
18,040 12,026 3,069 3,098 211 5,475 1,789 1000
K 40.35 26.90 6.86 6.93 0.47 12.25 4.00 2.24
Table 14. PCU in the tunnel for the 10 km/h
. Passenger car Bus Truck PCU
Branch (j) - — -
Gas Diesel* Small Large Small | Midsize | Large Special (cars)
1 88 59 15 15 1 27 9 5 219
2 88 59 15 15 1 27 9 4 218
3 88 59 15 15 1 27 9 5 219
4 88 59 15 15 1 27 9 4 218
5 88 59 15 15 1 27 9 5 219
6 88 59 15 15 1 27 9 4 218
7 88 59 15 15 1 27 9 5 219
8 88 59 15 15 1 27 9 4 218
9 88 59 15 15 1 27 9 5 219
Journal of Korean Tunnelling and Underground Space Association 571
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Table 15. Pollutant in the tunnel at the 10 km/h velocity for variance car type (m?/h)

Traffic velocity | Branch Passenger car Bus Truck
(km/h) )] Gas Diesel* Small Large Small | Midsize | Large Special
10 1 79.834 | 104.751 | 26.732 | 462.834 1.838 | 463.393 | 291.449 | 204.308
10 2 80.074 | 105.066 | 26.813 | 464.225 1.843 | 464.786 | 292.325 | 177.462
10 3 79.954 | 104.909 | 26.772 | 463.528 1.841 464.088 | 291.886 | 190.905
10 4 80.074 | 105.066 | 26.813 | 464.225 1.843 | 464.786 | 292.325 | 177.462
10 5 79.834 | 104.751 | 26.732 | 462.834 1.838 | 463.393 | 291.449 | 204.308
10 6 80.074 | 105.066 | 26.813 | 464.225 1.843 | 464.786 | 292.325 | 177.462
10 7 79.954 | 104.909 | 26.772 | 463.528 1.841 464.088 | 291.886 | 190.905
10 8 80.074 | 105.066 | 26.813 | 464.225 1.843 | 464.786 | 292.325 | 177.462
10 9 79.834 | 104.751 | 26.732 | 462.834 1.838 | 463.393 | 291.449 | 204.308

Table 13 AXIAT oA B vle} 7o) Ballzd wEek o))} 212 Au)7t nx oh2 ) fot, whaba
Table 13- o]-8519] E'd W 21 ti$<(PCU) (Table 14)2} @ FE7 viE % Table 15)2 AXISIITE CASE 2
€} CASE 32 HlwsHd 38|17 ohE 79 BaiAE, A58 PCU Aol A ol & ol §lal 71 A3 CASE
32 BAE A E 2 e AullEsol Aols K.

3.

& A7 E HIEHD 2 dod eVAAE A ASE, A58 LA viede AARP st
A AT 2 =R 517] ffste] 2HFES ol8R_t ARt W2 ZEsiT:

X

B

1. 2HyES A8s17] Hlsiie H'E tiellq wEdo] A4 ez Haltttal 7Pgstal, f90d wEdel &
-

2. THYLS 01510l [4 4] ' A T T o] 0] §5to] HAAE B 1| BEHPCU) AYHS 22
Aol 402 A7k

3. CASE study& 5510 7R 29 =l 2Eso] tEr v A58 v HE %ol 232 < ol
-&sto] Bl Wl Agdi(PCU) 2t L HE A vl ETS T 5 AT
A 2

2 AT AR S/ FEN T EX18Y o A7 ed A ] cai e BESEE AA 2 Al Ve
7HE(17SCIP-B089409-04)" A-+THe] 2| ¢h& Fofl 43y =| 5Tk
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