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ABSTRACT

Recently Korea has presented carbon emission reduce goal of 37% compare to BAU until 2030 according to Paris Agreement in order
to correspond to climate change. For this, researchers need to study positively on construction industry that emit CO, of 3" volume of
28 industry classification. This study calculated environmental load by LCA using the road part except tunnel and bridge among
national road cases completed already. After selecting representative type of large construction type based on environmental emission,
earth works, drainage works and paving works took up 84%. And this study analyzed the environmental emission feature of each detail
construction type after selecting representative type each detail construction type. Utilization of each construction type emission
attribute to environmental load during national road construction, will be helpful in making decision of eco-friendly national road
construction based on environmental emission.

Key words : Life cycle assesment, Environmental load, Road field, Representative Construction type

X2

2 71 5st) thesh] 9150 AEA A2 E SR Wk SeluteRs 2030137k 71 E Y] 37%¢) GAHlE T HEBEE A XSt
o2 918 287} AR FOM IUAZ B o] ABhERAE W) E 3R DALYl Bk HIHQ A7t Bashk B AP E TR 9
A FEAANE F BT R A RS ol §5te] ArPYHIHLCANE AAIste] BARFS A& seirk A& E DAY
P T NEe 2 UlEEel EFSS AT A3 £, 5, TAT0] WA 84%E AAson], AR EEd olEFES Aol 4
ARTEE B 5HE RS FEANTA A AR T S5 YL o] $IThE BRI 7Nk0 2 sh ABYA

LME

1.1 ¢i7o] HiE o =X
Ha s Qg ATedsh 2A7b tiFRel wet olg sjdsk] 95t A B2 a8 A Uk 20159 1296
whes} sulo] whe MESAE tAs] Sleta) Zie] dse) meka sajd] me) se)/)E wsh ok WA £5)(Paris Climate

o
g

* AEgisty EEgstat XAl (Kyungpook National University - cocobox89@naver.com)
** A3 - AEUsha &3 w4 (Kyungpook National University - dolee@knu.ac.kr)
w2135 - WAIA AL AE Yt EEgetyl w4 (Comesponding Author - Kyungpook National University - bskim65@knu.ac.kr)

Received July 25, 2016/ revised August 26, 2016/ accepted September 5, 2016

Copyright © 2017 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




SEAMTA} ERRok] TEE AANslE B4R

Change Conference)E 7| &3l A 2g 71593} 3-8 £k
Hoke AREATE o) AelN e 2030871 BAULY]
37%2] SmiE AESRE AAsink

AL A B WEE F 4 9l Aelo = <1k
sJo] gleh 71e] Qo] SJshal 287) AiEFeld Aol
3HAR e oISt wWiEshs AR A EAL lrk(Park
et al,, 2009). 53] E5sAP}F St EA 71713 Alsos
o FoIR= FHo] Wol Ale Ao w2 e HEH wiEw
o] Lpepti(Kang et al, 2013). o]2jsh SRS 7H17)]
Sfal Az DAlCN el T8kl ofs g8t
SI3k 247491 vjdle] Waste] ke ol AAVE e
FERNA sk AESISl] vl AT Ao
e R s

F

2

oy

¢

W% 54 2] AT SanslRe A7, Bl
T 5 G 712 ARE Ak Pk

12 givo] el o

EEEENY $EYSG EES 245 fste] Sl
A S DR 10071) AfeE Ageleih ERaAl
3, 1% EMe) T AR B 8 4 glom, 3 dpeli
5 HES Al EFEETE dPdo = 519tk EBS (Event
Break Down System for Construction)Z 2135 53l £ ==
21, ZgR)e] AR, FIE) AR Tletete] F9) AR
< EUE Z2AEY SPRSRS Akttt SR A
A7) Life Cycle Assessment, LCA) 7|8 2833014,
o]& 9J3}+ LCI (Life Cycle Inventory) H]o|Ej#|o]2y(Data Base,
DB)= Akl e @750 eJal o] 5o Sl Apast
Eco-invente} 22 39] DBE hrslsirl g AL A=

Date collect

Input resources survey

Environmental load output

Load Primary management
work Selection

8-

Management work
Environmental load
Characteristic Analysis

Fig. 1. Research Procedure

144 Journal of the Korean Society of Civil Engineers

px)
=
o
)
o}N
ftllo
3
olt
s
oy
i
i
ftllo
=%
ol
ofN
i
=
OONT
3R
v
23
oX
(i,

1.3 7|F &3 o

= AL dAIRT] WAe] 7HA ) TR thEssAld
of Ft =] A of] oA X1 Fdrk AR wHAleA
Y T7hsdh SNt ale Agkelr] ffsl T4 deE]ofok
she TEee IWAHAISE7 S B8] AFHes Wrist
semJo et al, 2013) A&l e g5 E= N e
of gao] g7 ]e A8 A RstEEe] TS AAEHIT
(Lee et al., 2012).

53k, ] AS53A ollsleke S 8 3l wE
NE S8l ARSI WAIR TR ofilsltka wiE
F7Fe sIiti(Lee et al, 2015). HF oz} AFARREA
< ol83le] HZEAPIA DAY= SgRstRRS AhEste] 8
o MAE s Fiskl 358 T skt el
SHae HXE g EAISFITADn et al., 2012).
7ot Brdste] el A B A4 Aot A
RS ARl whet ek viERS AR o= 2gsl] Siek
L] TE(Kwak et al, 2012)7} o]k MiETEE 2] S
= Zigbee AXE E-g3lo] 114d7gn]9] ol iSRS A 0]
T3 =93 (Chun and Kim, 2012) 7d&7ke] ZH)ERFo e
olIBheRRFS AAREO T ZFRo A Z1JRe) B Az
e orlstekl: wjEES 3188 s 7ol ATt
(Kim et al., 2013).

S SR ATEE TR AUFY U TAT B3}
oF A&} Grho) ofe Rlo] 72 o ck

9] A7 LCAZ B8310] T43Ale) AT o fAus
o] e FATNE skl SRIFL 7k AL e
A1 E AA) =2 Life Cycle aejslaA =3k o
(Jullien et al, 2014)7} glom, IAFAIE Upde = LCA WHHE

E

ot l"LUE

od E

=)
)

1°)
29 %
_ﬂ o!

F
=

FIgE AR S JTS LCAE ol&sle] HrIs A+
(Pontarollo and Smith, 2001)7} §ltk ©o]& 7= =5
FEAFAE dPde 2 1] LCAS 2831 SF9SRS I3
S|tk

o] 2] LCA9} BIM& F%ste] A&7bsdt 114 21-830ks
AA8E $37-(Joaquin and Laura, 2014), o] A A o4
LCAE o]&¢t P daks srlstar 248k Aleldlx Al &
RIS AARIL o8 T2E, VX HAR T
shke] Hle-S AAIEF AH(Ortiz et al., 2010), =274 TAloA

A
G

gl



Whlsl= S5sEl tisk LCAE 483 5 (Mroueh et al,
2000)7} g1tk
T)ol|x FE AT e B2

\=]

A3 e} TAFTAE gPdo R
AR gAe) Ag3l7) T A
oV} o) Flle] ArEBE EA
Z7 1A SRS RS oSS
no| BEW ARG

R
#7399
=
o

o] ek

2. MAIFY0l 012X uAE

2.1 MapPd ™IKLCA)2| H9o|

g Frhs A B SRS isle], 952 FHSeMTH
Az, AR Azl o]2717kA]e] Mo dd S
2 ARl SIS A she] sk e e,
e - ZEe] dapgo] T4, ARHAL wiEEE ouA
20 2 S} st 0 MAe YIS Bl ol
Fate] g Ao ks RAlER= Ibgoltt

A7g 7= Fig. 29} o] 52 4l Hele] 47(Goal and
Scope Definition), S-=5-2)(Inventory Analysis), J&=87}(Inventory
Assessment), ‘A3}5]|2](Interpretation)] 4714 TAZ €Tk

2

wul
=

22 28 Y HoMy

A3bg HA1E Saehs A% WA Q78] Foleln,
Ao WrHE oW AMgel Jhe AR 3 Bi
TVEE sk o= AakgRlel 45 B4 weh ek
agslofof ek

2.3 SEE4
A1 AEEE ddo R e sl Folve ds

outR], ZElal WiEEE AR, FAhE LAEE T SR e

w5 e

Goal and Scope Definition

Classification

Inventory Analysis

Characterization

Normalization

Inventory Assessment

)

Weighting

|

Interpretation

Fig. 2. LCA (Life Cycle Assessment)

sotstel et ek et ARad A Ay 9
spje] e el olfe BE Are] 4o] Brbs o]
B224 YolEs A2H AUl 7} The) meAso] diel]
A7) T Fig. 3¢ 2284 A28 Uepd 2ol

24 et

EERA A9E FAslarA) she S Rke] WEE g,
AHds], Fodoksl, AlTeds), 2559, B3lEhlslEAl A, A
HASA)E 73l 5435 sk 7 5o s AA
ol gk
HPAE0 2= Mid-Point ¥'H3} Eco-Point W 9]
o1, Mid-Pointi= 74 2 fEddl| tiste] SHdEAE = 8uf
FERFER Rl 7R 283 7R A8A] T
827)9%e] 7Fs3PH Eco-Point LCI (Life Cycle Inventory) 4]
= e gEH>e] B4 nx= Fol| oA it =

}

357}

U0 =X
AR IR AL 7ssitt gk QA

& Al felsfErEl i Jas) A us
$2)9] Eelo] Wad gk
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Table 1. Unit Environment Load of Major Resource

Division Unit Environmental Load
Portland Cement /kg 9.10E-05
Ready Mixed Concrete m’ 5.32E-02
Deformed Bar /kg 4.55E-05
Electricity /kWh 4.52E-05
Diesel Fuel /kg 2.48E-04
Gasoline /kg 2.51E-04
Asphalt Concrete /kg 4.19E-06
Asphalt /kg 3.57E-05
Sand /m’ 4.24E-04
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Table 2. Data Base Each Cases

PIT Total Road Road Design
No. Years | Length (m) | Length (m) | Width (m) | Velocity (km/h)
1.(2003) 18,400 13,832 20 80
2.(2002) 5,100 4,405 20 80
3.(2005) 5,960 5,744 27 100
4.(2002) 8,990 8,359 355 80
5.(2002) 6,440 5,220 20 80
6.(2003) 8,319 7,788 20 80
7.(2002) 13,400 11,428 20 80
8.(2001) 1,940 820 20 60
9.(2004) 8,280 7,635 10.4 60
10.(2001) 10,200 8,651 20 80
97.(2003) 2,440 1,970 11.5 80
98.(2004) 10,490 9,671 20 80
99.(2007) 8,255 7,218 20 80
100.(2003) | 11,430 10,823 20 70
Appurtenant /4 688.01
works L4588 4015.12
Traffic safety } 29.72

Facilities

11826

Y 2196.6
¥EH 324.00

Paving
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% 3876
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Earth work:
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Fig. 4. Before/After Environmental Load Division
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Table 3. Environmental load (Eco Point) Each Work on Earth Works (Unit : Eco point)

Division ARD AC EU GW OD POC ET HT
Soil Transport 3.7E+02 1.9E-01 4.2E-02 5.4E+00 1.1E-03 1.1E-01 6.7E-04 2.3E-02
Cutting 2.4E+02 1.2E-01 2.7E-02 3.4E+00 7.3E-04 6.8E-02 4.3E-04 1.5E-02
Transport for Banking 1.9E+02 1.8E-01 4.0E-02 5.1E+00 1.3E-03 1.0E-01 7.9E-04 2.5E-02
Banking 9.0E+01 4.7E-02 1.0E-02 1.3E+00 2.8E-04 2.6E-02 1.6E-04 5.7E-03
Spoil Using 4.8E+01 5.2E-02 1.1E-02 1.5E+00 3.1E-04 2.9E-02 1.8E-04 6.3E-03

T Soil Transport & Clay Clippers

e
AC EU

GW

Zm ..

* Another Soil Transport

 Soil Stacking = Spoil-Bank Using

T B0 .0 — -
oD POC ET HT

Fig. 5. Environmental Load Graph Each Work on Earth Works
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Table 4. Environmental Load Rate Each Materials

Data Base Rate
Diesel 99.87%
Timber 0.07%
Gasoline 0.03%
Acetylene 0.02%
Oxygen 0.00%
Wire rod 0.00%
Cement 0.00%
etc. 0.00%
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Fig. 7. Environmental Load Coverage of Drainage Works

Table 5. Environmental Load Each Material on Drainage Works

Data Base Rate
Remicon 97.80%
Steel reinforcement 1.00%
Timber 0.84%
Wire rod 0.03%
Diesel 0.03%
Gasoline 0.00%
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Table 6. Remicon Environmental Load of Drainage Works (Unit : Eco point)

Division ARD AC EU GW OD POC ET HT
Gutter work 1.2E+02 5.6E+00 2.1E+00 2.0E+02 2.4E+00 5.3E+01 1.8E+00 3.4E+01
Culvert work 1.0E+02 5.0E+00 1.9E+00 1.7E+02 2.1E+00 4.1E+01 1.6E+00 3.0E+01
Drainpipe work 1.9E+01 9.2E-01 3.4E-01 3.2E+01 3.9E-01 8.7E+00 3.0E-01 5.5E+00
Concrete open channel 1.4E+01 6.8E-01 2.5E-01 2.4E+01 2.9E-01 6.4E+00 2.2E-01 4.1E+00

= Gutterc work

B Culvert work

EU

GW

2% Drainpipe work

—— gl‘:&:‘-ﬁ-ﬂ
oD POC

# Concrete open channel

ET

=M ...

HT

Fig. 8. Remicon Environmental Load Graph Each Work on Drainage Works
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Table 7. Environmental Load of Paving Materials (Unit : Eco point)
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ARD AC EU GW OD POC ET HT
Ascon 5.9E-01 8.0E-02 1.3E-01 2.4E+00 2.4E-02 8.3E-02 5.5E+00 1.3E+00
Remicon 2.8E+00 1.3E-01 4.8E-02 4.6E+00 5.6E-02 1.2E+00 4.2E-02 7.8E-01
Asphalt 0.0E+00 8.9E-02 5.4E-02 1.7E+00 7.5E-02 2.5E-01 2.9E+00 4.1E-01
Cement 2.6E-01 1.4E-02 5.0E-05 1.3E+00 2.7E-03 4.1E-01 3.5E-03 4.0E-02
Steel reinforcement 0.0E+00 4.8E-02 3.0E-02 9.3E-01 4.1E-02 1.3E-01 1.6E+00 2.3E-01
Sand 2.9E-02 1.0E-05 0.0E+00 4.2E-04 0.0E+00 1.0E-05 0.0E+00 0.0E+00
- Ascon B Remicon T Asphalt #.Cement & Steel reinforcement *Sand
|
l v - — / ,,Imzm .
ARD AC EV GW oD POC ET HT

Fig. 11. Environmental Load Graphic of Paving Materials
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