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ABSTRACT

The US Pavement Design method (AASHTO) and HDM-4, a road pavement maintenance decision system, are not suitable for
domestic pavement design, construction and maintenance. KPRP(Korea Pavement Research Program) has been developed to reflect
Korea’s environmental conditions and vehicle characteristics, thereby, extending pavement life. The main objective of this study is to
select the best alternative through Life Cycle Cost CO, (LCCC) calculations among three representative maintenance strategies using
KPRP design software since the environment cost resulting from the extended pavement life will also differ. The analysis of this study
illustrates that cuamulative carbon emissions for 40 years in alternative 2 (Cutting and Overlaying at Year 30) is the lowest option among
them, and the basic cost of CO, emission by various road maintenance and repair work can be used for suggesting an optimal
maintenance strategy for highway agency.
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2016 1199 & “w2] A" (Paris Agreement)e] H3E+
Ao 2% A5S 2kds} o]dd) vjsle] 2°C okl & fAlslaL
t Yot 1L5°C7RA] Aldksh= Ao F 19571 =7 247k
A3 gelst] Felak itk FUE 2010 o]F “Aghi
A 71 R wet 240k wiEdE] B RS
Z3] Z9 otk 201395 22k )RS B o) L3R=
=7} UelM 2k FHEE o9 VI, Blof di, 54,
MUt thgo 2 690w 27k~ BlEd T7HL &, =
TR0 2 3$|(147%)2A] vi$- =T} 2030717 247k2=9] v
ZA™=](Business As Usual, BAU) tH] 37%E &o]= A
75 AYES AR o RS 202135 2471 75
o579} o] W Hehgh viEd vlgo] dPds] thd mlgo] 9]
I QITKIEA, 2015; UNFCCC, 2015; INDC, 2016).

o] AR Eolg 74 A Al oluir|an]e] 173, YAR
2:0]9] 40%, COMIZE] 30%S XA|eh= 5 $H) 4123k
RS W ZITKLee et al, 2012). IS F7} L7k SMIE
glo] Az 9 ez EREH, 53] 19700 o] FHE]
E2RE0] A =7 L4712 BAR] 17%E A =2
T AR 7P e 24712 viE Q=R ARSI S
g 7 AsAaRge] ST Qelx E2 27 AT At
w2 WFE, AR, ARERIA] 5 oY 71| g 7R
Hr =2 A E FAES 2P 247k i 2 S d
B SHNNE 4221 &S 7]%tH(Seo and Kim, 2013a).

T2E% el 2010782) A 32 AR o] gle] wi=e]
27 AAH(AASHTO 28 A) S gYFo s AMgsisith
53] m2¥72 71& T 3EaRle) ks Wol vt 719
o] ThE Hl=e] T AAMES A8 A =2 ] vlkese
ARl Stk FEWFHE A 100] Wit A9, A5, uE
2 2 e} 22 ) SAS e vkt e =R
AAH(Korea Pavement Research Program, KPRP)S- 7[5}t
o]& olate] TR £ o7} Lol EREA Hig-e
7} 84001 o] Arhh= Ao 7 ZARSIT)(Land transportation
issues, 2017).

T2 A E 2A7R e digh e =2 04 AR
B3, & 9 A WE aefele] 1 ZRAES RIS
rfeh= 2 AolF7157KLife Cycle Assessment) 952 X18)%]
I Itf(Bilec et al., 2006). < =23EA2] Aolg7H]-8(Life
Cycle Cost, oJ&} LCC)ofjolluf#] B SR8~ dshel tigh ¥4
o] WolAHA AAl&8)(World Bank)® TRB (Transportation
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Research Board), FHWA%S ZA)7 |74 ZE5dd Q7|8 55
S0 2 A BEhs COMIEEH )3} ¥4 viEah S
&3t 3] 8(Environmental Cost)S ¥3}5)= LCCC (Life
Cycle Cost CO,) FHt W2l A T2ae| 5ol 283tk
=E35kar ItPIARC, 2000; Chatti et al., 2012; Han et al.,
2013).

E2x7o] 3018 490 digh IE HES 2% F=
AlEEAlelx o] A= AL 28, A Al ] 3ol mE
HiE) tieirs e A7 g A7 9 3
FAEFEA A T vjEAR1 wiE=e] disk = 4l
02 B=E3c(Kim, 2011; Kwak et al., 2012; Meneses et al.,
2013; Seo and Kim, 2013b; Kwak et al., 2015; Ma et al.,
2016; Seo et al., 2016).

obA] QFsl uje} 7ko] AASHTO “dAHe] od KPRPE 24
& A5 T 5 Al e SR = 2leol7) TS
Fekel= vl 2 = KPRPE €83t LCCC 24)&
B3l TR AR AR TP v SR ijkS Agslar
2} gk B oS B3 S RIAE S 2838 g9l
T2HA1EE A A7) 7Ise] vETE 7]diE] Erk

1{e3

it

12 gi7o] el U wh

£ dFelAE KPRP (2016349 WA AlgsHe 3-8
e mdlg 7Nke 2 HRES diohE vk wiEEE a1y
22 fAnS eke ASTkFig. 1). 7 WA S TMS
(Transportation Management System)ol|A] EbA vl|E&3o] HL
TS A3t B 1te] AdAldolEl e} e dlo|ElE &
Bl 7} A2 THebE ARSI B(User Costyth B IS S

o,

e

o ]

ﬁns of d@

Section data
-Geometry
-Traffic volume

-Road Condition,

Road Deterioration
Model
Maintenance
Works Model

Predicting the
ffici of roads

Maintenance
method and timing
settings
|
I3 i 3
Alternative 1 Alternative 2 Alternative 3
User Cost ‘ User Cost User Cost

<Usev Cost Model

Enviromental Cosi
Model

Maintenance Maintenance
Cost Cost

Maintenance
Cost

Emission Cost |

—Economic analysis

Determining Optimal
Alternatives

Fig. 1. Research Flowchart

‘ Emission Cost ‘ ‘ Emission Cost ‘




3HEE8-& APtk SHn1E- Aol dash V1A
1) A= o= d(Road Deterioration Model)3} 2)
AA 2 9)(Road Maintenance Works Model)o|™ ¥7F
& diSudS 23sh] $lste] KPRPoA Alsshe =2,
=38, J2]37 IRI (International Roughness Index) 8 &3l
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tieto] SLslr] wizel F-4| 4] (Maintenance Cost)h&
Eisies
ARSI E-& 2)=Re-88H]-8(Vehicle Operating Cost, VOC)3}
S A7 AM|&(Traffic Delay Cost, TDC)S XE3taP, 338
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ek gF(Effective Carbon Rate, ECR)S 4831 2Fg3}9iTh
T WSS el 2 AR Yicks: 27gsh] flete] A
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2. JIEEY &

71E ERAPOM ] s viEset dE dyes F2 LCC

WS T2 ARSI Wi 3-8 2l HDM4vE AASHTO
EAAAR w8 de FE ARSI AR

2

1] R ERS ARE ] Slsiite ARSI B
B ERS aefEilo) o] B ARE 13 T o
SRR ke Aefolt) 3] Suljollr] i /s KPRP 2dls
7Ee 2 S = o] RlEIR] 294tk Han et al. (2007)
HDM-42} RealCostE ¢18sto] o] =237 fARG7ES
A SJ8te] AEjRF 9 AR} L8]l ARS]-3 H]E771A]
FE3Fste] LCCE 33ttt apAIRL, 71 Alzgle] 735 =]
ol 9z o= Tiere] B Q3 o) PHS a-ske] dalo)
gk Al 2] daskal, s 3 29 A58 54 5
Hhedo] n)F3h= EAlo] =5t Choi et al., 2012; Do
et al., 2014).

2P wiER e e 3R 20006% 0] TielsHAl
A= ek Kim (2011)2 HDM-45 83 2444 24
2 xjeRee) o 2RE Hlshs B wiEHS VIR R HF /A4
B ieks MAskaL )82 F24S BRIskIrk Kwak
et al. 2012y =2 AVdEo] tjgh viEsk AFgHPHE AQksialal,

il

AE A A BASHE BhA BlEES
AABITE W B, Yib=g 77 o= EdTgle] 35,779
tCO-eq/kmZ 7Pg W ghAE vjESE Aoz F4 =tk
Pruitichaiwiboon et al. (2012)2 U] =2 APde] 79 2
WAL B4 wiETR] T0%E AAJskal HEAPdS 9 vlR
2 g WA} HiEEke] 50%S AA|Fta BAskeioh
Seo el al. (2013b)2 A 7§ At 7P grort iy “gaiet
b 2Hgje] B2y FIYE e 77k 2Lkl e
& 27 7 APERTE 247 wjEske] 841 g
3193tk Ma et al. (2016)2 ol ~TE g AlFeHAloA] FA)
SN B AR 54%, ofATE EMEA] 43%E RSkl
= Aeg Btk
o]9} o] mRAPAL] g AT oA B HlEs £
T = et o] wig- 23S & = Ik Kwak et al.
(2015)& ofATE IA GA RS FHE ek viE AU S
AALBIATED Seo et al. (2016} 38 2 e xliMedium-and
Heavy-Duty Vehicles, MHDV)S- tdo 2 2015d 7|5 MHDV
2] COETES 24,470,000 tCOreq (EZ 68.6%, B2~ 30.4%)
2 A 2pe] 42%90 EeRARE A arsaEk viEe] 25.5%
o e AABATE

=249 3)A} Skanska Norway= == AFJolAe] gk vk
S AE AR, AR 37, AR % dV|E g BopE
Z7gallon], AlgeAlelx wRYEe] A ARRle] <F 76% T
< AA1EkITK Skanska, 2011). E2Fgdox= T2AP0A A
BApEo] 4%8] ] dEAE HIEETE E B 96%E 1A
Bl A A3t Meneses et al., 2013).

7 27k F&we) TiE e TR 9 Qe Hlo)
UL ITPFEie} S wstol] gl = wikg- miRfER,; Setyawan
et al. 2015)2 ER&o] xpge] &l JFks WA ¢ vh=
7Fg3}ol PCI (Present Serviceability Index)7} 1007(Good)X.
t} PCI7} 19%(Serious)= =204 xjke] &7 55% 7443}
I G ek wiEEke] 2.49% Z713RS AAEITH

80km/he] AglET F=7hollA] To] 1%4 etslEsE 04kmh
o] &gkl VERkoH, g E e A9 Immy s E
0.54km/h, IRI= Im/km?] e}sd4=5 ok 2. 7km/he] =747}
ERstTE: BE5E 60km/he] Ak TN TEE 1% <lsle
FE 0.35km/he] SRR VRO w, A/dHE o] 49 Imm
A okslEl =2 0 47kmvh, IRI= Imkm® olslga== oF 2 36km/h
o] £t S BRI & AUtKDo et al., 2014). o]AH
7l o B e S Aol s it < AR
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YO o

=
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AR 7] 3ol W ki wiETe] thelie B At 118
3 FAEFEA N T wf &l thek

3. KPRP J[gt QA2 &

3.1 ZPOE S8Y o=

KPRPE &-g3to] of~BE FAT|E F7of thgk 2]
A SRR AR TR S e] 23] ARk i
2

4 wAS oS 4 (LA A B o). e}
F4H VNS WSS £ A4S duAe) vee waw
F T 99 WE ENE T84S WA B
HIsle] 3 Ado] B4 Tl WEE wpl) S

(Ministry of Land, Transport and Maritime Affairs, 2011).

32 B BAEY Yoy
FEe] TPPeRE Ao o) s SR
SSlolE 2007 RTINS A7sle] Qe

Table 1. Levels Based on NHPCl in Korea Expressway Corporation
(Son etal., 2013)

NHPCI Range Maintenance Method (Pavement Condition)
6.0~9.18 No Maintenance (Very good)
55~6.0 Preventive Maintenance (Good)
4.0~5.5 Overlay (Fair)
0.0~4.0 Rehabilitation (Poor)
0.40 0.7
s Passenger car P 0.6
- — ——  Small trucks E
§ 0.30 E 0.5
T 025 £
% g 0.4 .
£ 020 3
E § 03
§ o015 <
L =02
0.05 0.1
0.00 0.0

8 Ton Medium Trucks

-------------- 15 Ton Medium Trucks
______ 25 Ton Medium Trucks

24 247IX52) NHPCIZ 7Pbsieie NHPCI: Sheghe)
Ape] Pl Abohel 2 ARThE T A
Agae] e BARAS Fole] 37h4e) S - 7Y,
AgwIE 9 ST ek - o i E(Eq. (1) APl

o

(Ministry of Land, Transport and Maritime Affairs, 2010).
A}gAp} 82 Table 19 NHPCI W51 249 0423 A3t
6.0-9.18 5= FFepL vjS- kB ee thepich. NHPCI
9] 5.5-60& YA FARSFERAE, FAAYE Ao
NHPCIZ} 40-55€ B9/ 5497] w24 2 sids-
7D, AL 4 w91 A= Al 2Fde] 87-Erk(Son et al.,
2013).

NHPCI= M
1
(0.3340.003 X X,y +0.004 X X, +0.0183 X X, )

o714, X, : Crack Index (%)
Xpp : Rutting Index (mm)
X International Roughness Index (m/km)

33 EXESl XUAT I HEADR 2

A3 182 e SJHAE TPIE) ok
S A S} st dAndwlFgo) Wl £
Agehel whe A Fhswe] wslel AR sH|gste] WA
TrEEtedok gtk B drollAls ApRke-aln|eat A AME-s 5
S AREA HIE- B e viEel] uhE SHlE-S S SishA
TESIETAIZN2009)04] A AHE Ltee]] whE AmAH]TF
< ZE3199(Ministry of Land, Transport and Maritime
Affairs, 2009).

Fig. 2= A|3& #arsle] x}&(Small Trucks, Medium Trucks,
Lager Trucks)el] w2} Q5AH]TES &) g vehlis 2o

8 Ton Heavy Trucks 7
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0.5 s
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Fig. 2. Fuel Consumption of Trucks
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2 60kmh opeli= Se] 71w}
7l oS- sk S 1 vl
of ofsh A&7 et fA18 B

g me BANE EY TS @

Lo

3.4 40|20
3.4.1 COHI=SE SHUH

2006 Intergovernmental Panel on Climate Change (IPCC)
TholEERle 247k viEwF B Sl o3k S AP
WS AFIEHIPCC, 2006). HiEd2 oy, e 9
AFARE, Y, 49 So= ERHo] glom, g S
Tier-1 (7R Tier-3 (7P “ARE )71 280
A=l Tier-1& 71 7122Q1 Ao2 Asd-7E o4
Az=H gt COMEATE o188k oI, Tier-2& AEF
TR ope} 2, wjEAo)7 s wE wiEAlE =
2 g3h= Wolt): Tier-3& 2158 ofs71g]ol wke 25 vj&
AlTE Agshs oItk & dATeie =2 e %
b HEEES whodsl 2 Tier-3 WHlS ghgate] hh wiEHS
SAIHEQ. (2)).

FEmission = E Fuel .0 > EF, ;.4
a,b,c,d

@

&]7]4, Emission (Kg): wj&%
Fuel: 9I824-H]ZKTI)
EF: v&A155(Kg/T))
a: A5 TR,
b: 2=
c: HjEAI7 (Al oPEA e nd=t, SajHsPdA] F)

& EAEA(EREF B)

A%, LPG )

Table 2. Traffic Base Data of Kyeongju — Geoncheon

ﬂ
2
I-olz

342 HSEHARH

7153} the-S 93k B 247k TEHRke 2 AEA]
o 23 ehhaws ke AL e R8sk daekag
+(Effective Carbon Rate, ECR)o]2+ Ek2xAf|(Carbon taxes), Bl
Z35]-8-H)-8(Emission permit price) 2 7]} oUR|ARE-<] This]
FaEE AlEs BT s COET 7o = vERd gholoh
SHH1E-2 7159} A BEE 27 FAs] v
Feek e ©E3P) ofeler ) W IrES E3%H
27 CO1EF 30127 AXZ 49, ECRo] 3072
oPFo g Apgsliol axprh WTES: ofn). AR tighil=iel] 2017
d 59 199 71&d)] wgl g2 71Ee] 21,0009/ Q) vlaled,
734 g9 7 7]94(Organization for Economic Co-operation
and Development, ©JSJOECD)7} &7+2{3] 75 H3I)S- AAIE
3 FA o Fo 2 COED FHA 30+2(38,184.990) 0014
Y 50-5-2(63,641.5¢) 2L BFtH Academic issue, 2017).

4. RY72H 8 S BT 2

4.1 THAKEZE M

B o ghdorie® TMSe] &g 77 w's;
&Sl aEIHAADT:
Annual Average Daily Traffic) 715£2.2 Low17H1~10,000),
Medium—-7H10,000~30,000), High-7K30,000 ©]’$H)%- High
TR APeisitt 53] 51 B oY AR WIS ot B vl
B AR dqiEe A7l AF-ad ke Atk
Table 2% £ @170] thT7Ie) 5208 TF SEAR. - A
2](10.4km), 421, AAANR<S=(100km/h), 2 SETE At
LIEHAADT)S A&t Table 30l)M 2158 74 Hlo|=
T 2 SRR 12F B ars el tishr IEd s

SV [e]
AdE, B AleEY e

Highway . . Length Sp?egd Total Total Traffic Volume (AADT)
Location # Section Limit .
Name (km) Line #
(km/h) 2011FY | 2012FY | 2013FY | 2014FY | 2015FY
Kyungbu Line 107 Kyeongiu- |0 4 100 4 40,443 41,269 41,360 41,905 42,808
Geoncheon
Table 3. Data of the Vehicle type of Kyeongju - Geoncheon
Total Traffic Car Bus Small Truck Medium Truck Large Truck
Volume
2015FY 1 2 3 4 5 6 7 8 9 10 11 12
Type Type Type Type Type Type Type Type Type Type Type Type
42,808 26,158 1,734 4253 2656 3170 182 1130 231 10 1539 32 213
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S 2 wEeko 2 shaksl=t] ARR-3iMinistry of Land,
Transport and Maritime Affairs Directive, 2011). 2 a5-3k]
W32 B dFoAE 20169-S 7|- 02 2%9] iESTHES
7Pste] A 40\ FoF ulgde] HskEs oS3kl Korea

Transport Institute, 2016).

4.2 KPRPE 0|Z¢t NHPCI F
£ AFM= KPRPS 838ty 3% 40 F1to] -84

wskE Fogelelck Fig. 3 404 9t T 79 £y
w29 RS dfEmdl 404 Seke] FAE ere)

HolE aEeh =8 e A (IRDoIH: G P 400 B4t
] e} viks- winjsie] Fig. 30y $1o] Al 7] 883 Hds

30

Crack (%)
— — — IRI (w/km)

250 s Permanent deformation (mm)

)
&
£5 20
S5 Y=-0.0013x2 + 0.6644x + 0.755
£ E 0l
2555 R2=0.9993
& o
b e
§§ 10
%8 Y=0.1561x + 1.3092
g E R=1 =
[ON-% S—rA——— ==
L Y=0.1
0
0 10 20 30 40

(a) Crack Index, IRI, and Permanent Deformation

2 SR Eg AAA| T3 A5 KPRP (Korea Pavement Research Program) -8

Eq. (1)& o]&3lo] 7jakel NHPCI 4298 B ojz). NHPCI
E A7k Zolo] W} Table 19 AXE 7124 wha} 40 F<1e)
¥4 §ARS Y AgA718 AHT % 9lok

Fig. 4(a)l] TIo} 1-& NHPCIZ} 60302 olsle)= 10370

23} BEES 283kl Th] KRPRE 3-8 2418 2xjsle]
NHPCI #|5=]] w2} NHPCIZ} 6.050] %= 19350 Aup =3

HE A8RIth 1 IS whske] TS 401 54t 10, 19,
27, 34500 % 4W9] Av) HEFHS A8 ARSHo|
t}. Fig. 4(b)= thet 224 NHPCIV} 4.058714] Gojx]= 304
AR ZAF 9 g Q] IS Ae3h) Fig. 40= 10 A
25} BEFHS M43 ) KRPR Z213) 248 53
35 Aol B4 9 5SS Heskick

Y=0.0018x? - 0.1792x + 7.7492
R?=0.9984

Highway Pavement Condition Index

Years

(b) NHPCI

Fig. 3. NHPCI Prediction Model by using KPRP
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Sofa maintenance
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Sofa maintenance
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(b) Maintenance Alternative 2 - Cutting and Overlaying at Year 30
NHPCI i i
s Sofa maintenance Cutting and Overlaying
3 9.1
5
(&}
5
£
=
s
&£
0 5 10 15 25 30 34 35 40  Year

(c) Maintenance Alternative 3 - SOFA at Year 10 and Cutting and Overlaying at Year 35

Fig. 4. Pavement Maintenance Alternative Strategies
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4.3 ZH2XHIZ H AEXHIZ AP

T 29 2 fREFH 0N A g s2 T
789 G497, AulE Tl fAES] W vg(AFH], =T
H], 4] 5 EFRICE 201 1A% S=8713] A55 o831
T2 AR 7P Ho] AREE Ak a(1,175,4919/50m”)
o} A 9 Gier] o] vhrK(5,084,1029/2,000m%)E 2Ha}
o] Ze FAEGo] "3k ik 2kEsIIcKorea Price
Association, 2011). Table 404 AES(50m?)} AT Bl
71(2,000m*)2] A7, ], =, Huulgo] Lekghch

=2 ARAME(User Cost)S x[2ke-88H]8(Vehicle Operating
Cost), S3JAZIA|AM]-E(Traffic Delay Cost)© 2 T4t Han
et al, 2013). Fig. 5i= 7} fA|HS viekd 404 5<1] (a)x1:2-3)
H1E, (D) EFARAAME, 18] o] 57 7S £33t ()08t
HE-& HofErh

2k e-enl -2 AlREe] Fol tiElA o] Holx|aL Alk
9] YT} FRAEHAA 2pRRH|E0] FhAshe Whdo, f2
B 21 gkg 290 Aleke] 288 T SRk 2jke:
HI8-2 25 £ 0= HASh= HI8-0 2 A8Amy], dixle
ol slom ] B, &= TN ople} 1 =2
FAEG FAPIT ) wet Halshs vlgolh 2R8>
Fig. 225] AelF7mg B27RE 59 2158 sl ue
AFARFHVkm/d) 7 258 =R A PHkm)S 53 2F=F

o=

oln

=

Table 4. Basic Unit of Maintenance Cost for Pavement Rehabilitation

ﬂ‘,
2
I-olz

3 F s AnERo 2HE Akksrh

FAES AR g 7] AP FHEAA 23 7Fsgt vhHA]
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Equi L i
. Maintenance | Asphalt Density | Asphalt Volume | Asphalt Price | Material Cost qup menj[, abor 'Umt
Section Volume () (ke/m’)? (Ton) (Won/ Ton)? (Won) and Security Cost | Maintenance
(Won) Cost (Won)
i 1
Cutting and ?V,)er 12000 x 0.1=200 2,043 448.6 67,330 30,204,238 5,084,102 35,288,340
(2,000m?)
Sofa
(50m?) 50 x 0.05=2.5 2,243 5.6 67,330 377,552.9 1,175,491 1,553,043

1) Thickness of asphalt in pavement; Sofa (0.05m), Cutting and Overlay (0.1m)
2) Asphalt Density (kg/m®), Asphalt Price (Won/Ton) (Aqua-calc Conversions and Calculation, 2017)
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Fig. 5. User Cost for the Study Area
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27} 18 E= 10, 19, 27, 343510 FALR Q18 I8k 28k
$3o] W eSS Ak 1035)0] 95,9284 tCO-eq/
W, 199506l 114,224.7 tCOreq/id, 2735l 133,464.1 tCO-eq/
3437 9) 152,989.2 tCOx-eq/ o] HjEEE S HojzTh
tich 20x= a9 B 7 1= 30Tl SAKR Q1%
A A 3o W wamES Aklsle] 147,474.9
tCOx-eq/'do] 2FEH ATt ek 39 Zuk7} 105 ol] 95,928.4
tCOy-eq/\d, A2t 9 BIA97]7} 35340 161,976.2 tCOreq/'d
o2 AEFck

Table 55 2T (50m%)9} AAF 2 512$-7](2,000m?)o]]
Fhuhe Al 3AF AH] A ek COpiEES Hokert
A3} 29lES(50m*) 2 A1FE] 13 FhEE A, At
0.5939 tCOreqZ HiZ3IH 2} 2 BIX9-7](2,000m’) S 1123}
7] $13k Bk AR, 71 49529 (COreqS MiESITE o7 1A
A7 ARl e COpE3RE Chehovits and Larry (2010)7}
AAE T WA GHG (Greenhouse Gas) HlZEHT/m?)<
24351901 Table 59] 8ol A|AI=|o] Tk & edtollx] diet
1o] ZubR WAo] A =2 77104 x 3.6 x 4 = 149,760

m?)9] 20%2 7PYSkAL ol whet g Avkr g 2IshEhE
Fig. 6. CO, Emissions by Alternatives
Table 5. Basic Unit of Emissions Material and Equipment in Cutting and Overlaying (2,000m?), Sofa (50m?)
. Fuel . . .G.HG Emission |Net heating CO,
Section Equrf;:?;sand Standard | Efficiency WI:‘:(H (eh) Fz(e)ltezll) M:;Z;e?:%c © Em;sl(})]r;tfor Factor | Value Factor| Emissions
(/hy? (T?mz) (tCO,/Toe) | (Toe/lit) (tCO,)
Surface ripper 2.0M 109 8 872 - - 0.837 0.842 2.253
Loader (Tire) 0.57m’ 7.6 8 60.8 - - 0.837 0.842 0.157
Asphalt Finisher 3m 13.2 8 105.6 - - 0.837 0.842 0.272
) Macadam Roller | 10-12 TON 9.5 8 76 - - 0.837 0.842 0.196
C‘gs;’ﬁaay"d Tire Type Roller | 8-1STON | 11.7 8 93.6 - - 0.837 0.842 0.2418
(2,000m%)" Tandem Roller | 5-8 TON 9.2 8 73.6 - - 0.837 0.842 0.1901
Sprinkler Truck | 16,000 I 11.8 8 94.4 - - 0.837 0.842 0.243
Asphalt ':;;hMa‘I’t‘ - - - 2000 0.0007 - - 1.4
Basic Unit CO, Emissions (tCO,-eq) of Cutting and Overlay 4.9529
Plate Compactor | 1.5TON 1.5 8 12 - - 0.837 0.842 0.031
Vibrating Roller | 0.7TON 14.4 8 115.2 - - 0.837 0.842 0.2976
Sofa Loader (Tire) 0.57m’ 6.5 8 52 - - 0.837 0.842 0.1343
(50 m?)" Dump truck 2.5TON 6 8 48 - - 0.837 0.842 0.124
Asphalt i(;;mll’t‘ - - - 50 0.00014 - - 0.007
Basic Unit CO, Emissions (tCO»-eq) of Sofa 0.5939

1) Thickness of asphalt in pavement; Cutting and Overlay (0.1m), Sofa (0.05m)

2) Fuel: Diesel
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149,760 x 20/100 x 0.5939/50 = 355.77 tCOr-eq vj&3H
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= 370.87 tCOreqE HE3ITE o]} o] FAHSFHE COMY
Z Puel= 20l 4) 11.878 kgCOreq/ny, AT 1 5977}
2.476 kgCO,-eq/m’2 AR =Tk

Fig. 69|4] 7} tiokse] COMAY Fol& B fAHS 77k
B T AR AlE, R % eRelEo] FlEo] Folat
o] FAH T7IBKE 21 & & Utk uigh 1+ ARES Aol
Ag] A wel] AvkES 10, 19, 27, 3435 o A
2o Al By O 29l S Al COMIESR] oF 16.8%=
S7Fec} iRk 2= Fig. 201] oJabd aFge] £%7} 100km/hi-E
52.5km/h =2 Hoge] we} COMlEo] 28% % 7HAagic) w3l
FAES ASE AuEE Uiok 12 AvpE o] COMIEH)
30.8%= S7FshH, tit 29} 32 At 592 COMlEEe]
140.53%=2 Z7}3ic).

40\ Feke] A EbaulEERe Tiok 12 4,289,486 (COreqS
H|Z3lar ot 2= 3,409,614 tCO-eq, L]l THet 32 3,590,159
tCOreqE HiESIE OECDe] 2 g0 8 COED Ha
30-7-2(38,184.9) = 2183 79 40:7E 72 ek 1] 3]
£& 163,793.6 9Tk, ot 2= 130,195.7 #Wwk, 12]al vk
32 137,089.8 Winie] 0 2 ARE|Qrk o] 2HE fA|E) whE

8ol A2 A RS & AUk

45 = Et&

A3 T vPde = 40 Aol 71k B9 A
B ok derHE, o]8AHE B COrEd H4 3072
(38,184.9NH 2 283l HN]E-S I3 AR 7Fx]H]-E(Present
Worth Cost, ©]3} PWC)& Table 63} 2t} thel 12 delzp|g,
2lee-en g 9 $n]8o] AlY w2 Fo R BAEo L 53
AREAAME0] 7P A Ao 2 EAHATE ek 2+ FARE
ZAREo] 7P A ERARE 38R, ARkenl g 1
ZpEolA 7 2R Ao 2 BAEI FE R PWC ¢#ho]
7V 2k Tk 29 At Bl v R AkE 371 diRb ke
Hl 7P B 28AQ fFARFAERIS o 7 itk

Fig. 72 & 2 FARS TAeA 2z ik v]&-
HoErh dijh 12 Ajke-sgu]ge] vise] Ald A 45
Oik 2+ BARIAAME0] HlFo] 71 EA] B4k 2
H-g-o] v tich 10] 71 £ 7.11%E 4=tk
12 714890 AvfR g FALE ] 2o A T2 AR
frA =] FRYAREAAM]G-o] Har A )-8 wo] ==
whde)], 30 d Al Zat 9 iH9T] FALE sk Oivk 2+
2 oS Aot e odl Tk e g TR R
A AM]E-o] Wol| WAs= 5o Utk Tk Ajekesin]g-2
FHAREAARES T BAE o 2888 vl B
7} o= Aoz BAE) 40 FR1e] 37 UijkEe] /PE e
H|-8-2 AERHE-0] 0.146%, AFk-H]-8-0] 78.445%, &BA]

HHEZ2| ST IXHIE AP

1

ot
X

30

A

O o KoM

=

O

Table 6. PWCs of Alternatives (Discount Rate 6%, Analysis Period 40yrs) (Unit: Million Won)

) User Cost Environmental Cost
. Maintenance - B ; B . .
Alternative Cost Vehicle Operating | Travel Delay | Material, Equipment of | Vehicle of Emission | Present Worth Cost
Cost Time Cost Emission Cost Cost
Alternative 1 3,721.3 2,019,214.3 118,458.2 54.36 163,739.2 531,208
Alternative 2 2,642.4 1,605,565.1 465,792.0 14.17 130.181.6 183,602
Alternative 3 3,572.7 1,691,858.6 426,246.5 28.84 137,062.1 421,435

Alternative 1

87.59%

# Maintenance Cost = Vehicle Operating Cost

Alternative 2

5.91% . 0.12%

Alternative 3

0.16%

6

18.87%

72.84%

74.90%

w Travel Delay Time Cost # Emission Cost

Fig. 7. Cost Ratio Comprising LCCC
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Fig. 8. The ratio of Environmental Cost in LCCC by Emission Price
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