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ABSTRACT

Bridges which are components of road network consume large amounts of resources such as concrete and steel materials, which have
large environmental impacts during construction. This causes a great environmental burden. In order to reduce the environmental
impact caused by the construction of the bridge, the environmental impact should be reviewed based on reasonable data in the early
design stage. The purpose of this study is to provide basic data for LCA-based environmental impact assessment in the process of
selecting bridge type in the early design stage. For this purpose, design data for four types of PSC bridges (general PSC girder, IPC
girder, e-Beam, DR girder) were collected and LCA was performed to analyze the basic unit value and impact factors of environmental
load. The results of the analysis showed that the environmental impact of IPC girder was the smallest, and the environmental impact
of e-Beam was 133.7% higher than that of IPC girder. In addition, concrete, reinforcement, PC strand, square timber, sheath pipe, and
steel plate were derived as the main factors that generate 98.5% of the overall environmental impact of PSC girder.
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1.1 g79| Hid o =5

A EeAet AFapgel Be AR} duAE )
sro =M thge] 0 AEAES WSt 53] A AARCE
NFASHE FSE 2 olit H3 gl olisiexe] B
U] 2871 ARdRoR 5 A HIAIE B S uilEsiaL e Aol
(Park et al., 2009).

=] A7 RRE(Social Overhead Capital, SOC) Fx}<#2]
33 %2 ABhL Qs el Hd AR FPE wge
AFeeigo] A =29 10~15 %ol ExfaiA]et 745140
SRl & ARNERE, A, PR 9E AHleP] wie

o &34 Fs 27 7l 7 ok o3 234 s

of theh TR #AATE ER o] & Al AR
oA 218 A= thiAlBE] 915k HEZF s H oo gtk

T A ABE AREslo] HFES BAeke SRS
717+(International Organization for Standardization, ISO)2] Z
A7 Life Cycle Assessment, LCA)7} 3|29 74 5
7HREC A ofE] Fopl] =Ho] &8+aL vk LCAE
3Pl v A AA5E AT = oke Helx] s
F87 e R rhEal §li(Jun, 2007). LEfuf WALe] T
Ao g Fnl= 2 ZRAES g W AR oiRRgAt
o] 7kt Unk Al e 99 HEsht Seeh] wid]
AP} fmE wrbA] S8 93] Ast Agel dasgh 7)1zt
FE AFsh= Ao] Erlsslt(Kwak, 2007; Park, 2017). w2hA,
Z7] AAA N FHARE 5 AR LCAVF 88
HA Sl ik

o] G e AEEEE B el Ee R Ut
=3l Q= LCAZE 714 ZRAES] uaggy 2394 g8
T IS 7SS Ak vl H2o] itk o0& 218l PSCul
= W= LCAE FaslaL M Faks Adstslo] L dd9lE
A ezl gt gk 9 SEFY QAN E m=dte] A
9 w3 A AlEFro=A PSCulRe] A SHE 913
AE 83 A=E Agstarst sk
12 givo] el 2

Arls]e] AN 55 =
o] FEAIERMN HAX|eh= wiFe iz o2 o] A
AR FAIRS] TRk T A wet R weke] AT
o FE2 AREE Ams et SEEH: oF fEluete]
AEPdel Wol A= Alse FFBE, ofF PSCHUE
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ek weko] A weke] ¢k 45 %E Ak QYTHKISTEC,
2017). whepA] argke] SRS Wrkeh| S1gk 71zAkme] Al
& FH0 R sh= o] 9 PSCAY ks EAUVe = Ad7get
Ak XA ATle] B0 mE AFEA(PSCAHY A2
o] HFIS B =317 Sfte] AT oleje] AE-s(ET
B, ZRE, Wt B s, 2, 7z %), 2Ea
PSCAHte] 7Pzt A uPdollA] Alelsteich

PSCHUIe] Agto g Qlsf) wAo] o=z $d9ake LCAE
53l BRI ol 8l 2o Aol ol A=k
4712 22 PSCAT|(YHF PSCAHU, IPCAT], e-Beam, DR
o)E W AARES et FUse AR U %S
BAERITE LCAZE I = AR elA ks 285 4= 2
A2 ArTERaL A g Fgkel] thigh 7] 24E 53l
PSCHTIe] 8 FFRIAE =&t AT

:

e

1.3 Aol 2

LCA7} Asagellx] o] aPdel= A4 g d3ks e
o 2 el 4 gl PR T RN 24 RopAE
o1& A Bea) 913 A} Bkel) FAE Yok B
20 @ Y EY Pe I g MBS gie we
AAEe] LCAS F8ale] B49TL Wrhska ssich

Moon et al.(2014)3} Park et al.(2018)& 7] A|H =22
o2 LCAE B3l SIS A8k 1 J3EalTt 9]

-5 AATEIITE Kwon(2008)2 LCARA A8E ghgale] wi
ZIAE] HGYIRS BAA WA st SE-S 4
ek ul Itk o] GES ©' TRAE HAS tpoE SRk
< Wkl 1 AERtE AR = ARARD FRPIES fIgh
A52 g3lol= S 7R Qlck

Thiel et al.(2014)7} Min(2013)& XEAFA ol AME-E= 2|50
ek LCAE 53l Alge] 540 e 93 ek 4%
Hol| W PG AEAE o= Ao, Liu
et al013)2 W] FABE TPt 2 BAdRRS B4 V)
3ho 24 33k EEHo U ARNIGE $I8H 7|1ZASE AlFslaat
skeick

WES gpo 2 4881 o31= Steel boxt, Concrete box#
O, Exolx] P21 thFo g LCAS skl Yu)E A1Es)o]
B w3l ot Hammervold et al., 2013) PSC S thito =2
LCAE skl g 7]ol=s} Al SAS 208
177} AT Cho et al, 2016). ] TS wEke] FAlE}
golgh wEks dido = S FRkS vk EAQ1 PSCAH
(L PSCAT)7F 281 aigwhg thdo 2 LCAE 33
ow, FRFI sHE-go] BT X3k wwF AAle] s



BB, wel, BAE ARE Basie] fA18 T2 A
i AL s BT TG ARE how
Auie] e stelshen] ofelgol gk

2. MUFEEIL

LCAE dAme] el A, Az, AN, g, e
Hrlo AA AFo] ARSI A F AURAERE wjEE=
3HRF5e) Al AA A wjEEE SHFeE Ao ot
o 24 o5 A7k 7iAskA}l sk= 7ol ti(Jun, 2007; Hong
et al,, 2012). ABAEe] A lT7] BxdellM] S FRke Hlsh|
o] LCAE Q@A +-E71A)(Cradle-to-grave) $H8 3
7} WP o} A3t (Cabeza et al., 2014). =31 SOCS] 7442
ezl Ao o=l EENeE W] s HE & 7R
slelFel 7o g WrkE]a Itk Yue et al., 2008; Treloar et
al,, 2004).

LCA9) 3H3odake] A4 X721 HEFske Aldae] 1A
7] st Aol FEES PR AbEe) e RS
w3l 710 2X4(Lee and Lee, 1996) ISO 14040 (ISO, 2006)o]
A Fig. 13} 2o] BFstd ZaA|A~E AAska gtk

LCA2] A WA ©AIQ] 52 9l HePdA o= B7le] 523
dast 7Pg g Ak 2Eja EEEAS] 7IEe] He 7IEHIE
et T WA ESEA wlelxe Al Fdue A
7} o] 2 Qe s EES Ausle] ek niAE wAR]

7= sfdes BRFTETE ER A B wleE
o] 7lo=E BrIgte 24 SRS ksl Hrk

™

3. PSCHOQ LCA

3.1 =5 3 HelEd™

o] 7ollA] LCAS] B4 27] dAAIN 334 H7lE
93 71Z2A =S Agsket] Stk oS f18) Table 13} o]
FUlelA] S =21 dgAke] Ao vhdE]o] 7] AlFE PSCAHY
P2lo] wFkS o2 AAEAE gk 24 S8
g PSCHY 172 4714 Fej=A Uuk PSCHT 9L H Bol
A= )= 71 PSCAHTS] IPC (Incrementally prestressed
concrete) A6, e-Beam (Effective prestressed concrete beam),
DR (PSC girder with detensioning and retensioning system)
Arfoltk 9p] Qg el Po] LCAE AJdEe] Aol
27 Y BGTS AR ol o] e
ARl Aol 7Fse AFEe] $39u g Bk
S Sasiolt) EE SaEAsl WHIEAe] B4 Fal
AREshe SdRehe 7 s Ztle] AP de] i)
oJ3k kL ulAlsk B A vlmsr] gJskel Al
FoHo 2 AslE sk vepid

PSCItle] SV3odak RS Fo) =23 7 B §nE
S0 O Aeele 2] AATAL] wEFs APgs f1sh oxbd
BIgolln] g 3s Wrkeke 83k ViaakER 28 &tk

1

LCA framework
e PEN
Goal and scope “
definiti
i Direct application:
‘ = Product development and improvement
) “ = Strategic planning
ey || errtaion
%/‘ = Other
)
Impact
assessment “
— |
Fig. 1. Stages of an LCA (ISO, 2006)
Table 1. Overview of Cases
Class No. of Girders Span Length (m) Surface Area (m?)
General PSC 10 35.0 2,259.67
IPC 10 35.0 2,276.96
e-Beam 10 45.0 3,207.68
DR 8 40.0 2,184.00
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32 SEEN

o] ATollM= SRR ek 7 el SRS HlofE
Ho]2y(Database, DB)& T-%3}e] & LCI (Life cycle inventory)
DBE 551249 &8314rk 49 2 &89 LCI DB+
k=g L7 e dollx] AXSk= =7 LCI DB (KEITL, 2019)2}
=87 e A olA Alssk= DB (KICT, 2010)0]9, of7]e)]
A AZSHA] e AR B ofluiR|= 39] DBSl Ecoinvent
version 3 (Ecoinvent, 2015)& 28313t} ©]= LCI DB+= 2K
J1Z(Abiotic resource depletion, ADP), 4+ d3H Acidification,

Table 2. Resource Inventory of PSC Girder

1x

M

AP), F-odoksEutrophication, EP), 2| 7-£143}(Global warming,
GWP), ©32Z=3}3(Ozone layer depletion, ODP), s}5hlslE
374 (Photochemical oxidant creation, POCP), AJeA|=*Y Terrestrial
eco-toxicity, TETP), 217F=J(Human toxicity, HTP)<] 871 &+
AFPAFE oz ARE AFsa Yok

LCI DB9} $A12 53 PSCATI] AlsebAlolx] whge] o
== 3RS AR flete] FiEAet T RIEA 59
AAEAE FATBIL PSCATIY] AR 3¢l FS)=e 2l
ARl thgh RS ettt A=A 8 Akt
R Table 29} 2] $3A)7} 7153k =] 2 3)¢] LCI DBY
Ao 2 ddeiick

Resource Unit LCI DB Category Unit
Ready-Mixed Concrete | m’ Ready-Mixed Concrete m’ 3.3 gkt
Rebar kg Rebar kg 4 gpdo] He= 7F PSCAY 39 FY=le= A= ouiR|es
PC Strand kg < LCI DB tzA[d37} <dAIs}e] Table 33} 7o) 87)] $4 a4
Welding Rod ke Wire Rod ke o] tigt FelREASR S ST He vlsle] 9
BoltNailNut | ke glo s7jem 2 A7 FtAle] vhdo] B gl COr= it
Steel Plate ton Steel Plate ton PSCATIS} e-Beamo] “duldo 2 wke 104 ket 110 kgs lE3}
Hot Rolled Steel ton Hot Rolled Steel ton = Ao 2 EAHSL IPCATS} DRATS] COMlETke Uit
Diesel L Diesel kg PSCITe] 84.5 %o} 88.1 %= 2AREjo] Athdo 2 2| 7etst
Gusoline : Gusollne K (GWRe) gl e Fele nalck F9 PSCENR IPCH
Angles kg Electric Steel Section kg T Table 33} o] 7)) SbAogskH= = A191TZHADP), A8}
Tt 5 o K (AP), RAUBHEP), ATLUHGWP), ©E25151(ODP), %3}
Plywood 3 Plywood m’ SIS Y(POCP), QRESZJHTP) 5 77) RiFollx] sdst
; bR AP vehd b 1934 Eos BRI, v
Sand m Sand m

Sheath Pipe - e-Beam F-JUSHEP) 9} YEWAS"YTETP)S #lelst 67] 73
PVC Pipe m pve ke FEFUTN T3Pt 7 F7) Frkele] 8 dFe B

Acetylene kg Acetylene kg 371 913 1ske] Aagt o= FAHII:

Table 3. LCA Results (/m?)

Environmental Load
Impact Characterized Result Weighted Result
Category Unit G}e)geéa] IPC | e-Beam DR Unit G]igecral IPC | eBeam | DR

ADP kg Sb-eq 3.72E-01 | 2.88E-01 | 4.53E-01 | 2.99E-01 3.45E-03 | 2.68E-03 | 4.21E-03 | 2.78E-03
AP kg SO»-eq 2.47E-01 | 1.90E-01 | 2.47E-01 | 2.11E-01 2.23E-04 | 1.72E-04 | 2.24E-04 | 1.91E-04
EP kg PO -eq 6.96E-2 | 6.22E-02 | 6.63E-02 | 9.47E-02 2.02E-04 | 1.80E-04 | 1.92E-04 | 2.75E-04
GWP kg CO»-eq 1.04E+02 | 8.79E+01 | 1.10E+02 | 9.16E+01 5.41E-03 | 4.58E-03 | 5.71E-03 | 4.77E-03
ODP kg CFCll-eq | 6.45E-06 | 5.55E-06 | 6.71E-06 | 5.61E-06 | Eco-point | 4.62E-05 | 3.98E-05 | 4.81E-05 | 4.02E-05
POCP kg CHs-eq 2.00E-01 | 1.75E-01 | 2.34E-01 | 1.80E-01 1.26E-03 | 1.10E-03 | 1.47E-03 | 1.13E-03
TETP kg 1,ADCB-eq | 2.20E-03 | 2.07E-03 | 2.03E-03 | 3.26E-03 291E-04 | 2.74E-04 | 2.69E-04 | 4.32E-04
HTP kg 1,ADCB-eq | 1.03E+01 | 8.82E+00 | 1.06E+01 | 9.16E+00 7.29E-04 | 6.26E-04 | 7.52E-04 | 6.50E-04
Total - - - - - 1.16E-02 | 9.65E-03 | 1.29E-02 | 1.03E-02
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ol
kS

LCAE &3l =3t @35 543K+ Table 33 o]
7} P daRiTe tigk B AEde] THAR B3] o
2o 2k=A FRkE SeiK §/ SPERRHETE B A wrhka
itk 1Eu LCAZEAE AlF 373730 st
o)A ke 2 ANGRE e BE S IRRHT tig v
| <5k APAAS P13l vig- F8BITHME, 2003). ©]
KA AAIgE Table 49 k=S8 JFAF
(Lee, 1999; Heo et al., 2000)E #-g3}o] 87) 74 FsPHTo]
FARSE o ZELE(Eco-point) 2 T A538I9tHEq. (1)).

PE:Z{(Q/M)XW}

o7|A, Py FATZELJE(Eco-point), Ci= i34 J3pHT2]
AR EARRD), V& i AR w8

AGPRTe) THEsA Ttk

4.1 PSC7{C{Q| &5}t
o] AlA 87 AT

Table 4. Korea Eco-Indicator (Lee, 1999)

o
1
ok

Table 49] =837 JLA|GE Eq. (1) F-&3le] 2k&3k 2+
PSCAHU] a¥ 787131k Table 391 SHERHEA
skt S VERlaL PSCHT] 3 3358l 579840 &6
Eipies
© FTHTO ARt Sk ol FAEQIE(Eco-point)
= ik PSCAEP} w9]Eag 1L16E-025 LiERT) IPCAHT
¢} DRATR= Uuk PSCATIS] 83.2 %9} 88.8 % 4521 AT|e]
) AA G 9.65E-030 ZESNES}H 1.03E-020) ZESNET} A
A ol 71 B COE mjEdhs 2oz 3
IR IPATE sl AN sh Y
7t 1.29E-020FERJNEZH] 71 S GPgo] & THOR
ZAEI90) o= ¥k PSCAHTIE] 111.2 %, IPCAHTIY] 133.7 %,

ol

14

=)

e-Beam& T&

DRATE] 1252 %l sjdsh= gholch
7k PSCAY 3 BTl Ushe] 2 dvind
Table 52} o] B0 ARH EE PSCAT] 30| FARF 7Haks:

el PSCATe) Ao <la) whilste AR 5

A

BHGWP)ol| eJgk <gafo] 71 ik ) 3Rsle) 4.3-474 %=
Ve, AIIZ(ADP)S] o] 27.1-32.7 %S Btk A+
2IBHGWP)e} AHIZ(ADP) 9] 3R A S35 Sk
] k76 %ol 3k} o= Table 5ol LR ule} o] 2l-ets)

Impact category Unit Normalization factor (N;) Weight factor (w;) Converted unit
ADP kg Sb-eq 24.9 0.231
AP kg SO»-eq 39.8 0.036
EP kg PO -eq 13.1 0.038
GWP kg COx-eq 5,530 0.288 )
ODP kg CFCl1-eq 0.0407 0.292 Eoo-point
POCP kg CoHu-eq 10.3 0.065
TETP kg 1,4ADCB-eq 1.63 0.216
HTP kg 1,4DCB-eq 1,480 0.105
Table 5. Environmental Impact Distribution (%)
Impact PSC Girder Ready-Mixed
Category General PSC IPC e-Beam DR Concrete
ADP 29.7 27.8 32.7 27.1 284
AP 1.9 1.8 1.7 1.9 1.3
EP 1.7 1.9 1.5 2.7 0.5
GWP 46.6 474 443 46.4 46.0
ODP 0.4 0.4 04 0.4 0.6
POCP 10.9 114 114 11.0 14.9
TETP 2.5 2.8 22 42 0.4
HTP 6.3 6.5 5.8 6.3 7.9
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(GWP)9} A1 TZHADP)e] 33ko] 712} 46.0 %S} 28.4 %=
Hol& vl E AT E Bxel dXsh= Aoty &,
PSCATIe) SARel el Al 1 2 Jee nAT

U= 2o R EAEic

4.2 2AALSH FARIK}

PSCHUe] ARJelli= Ea2]E, e, 494, H 5 < 20a)
ool A4} ofUR)7} F9lHt) Table 62 o] 5 A} o=
T 7} PSCHY gRiolx] g gdke] vluwd] =) vehs 35
vERH Zlo]th

PSCHTIe] Alatel] Tl sz AR} ouin] 5 Eae]E, 2,
PCZAA, 28, =3, 7o) 67) AKdo] Table 64 VERH
uke} o] A SR E3 2] 97.7~99.3 %S A8kl
Atk =, o] 671 AAS PSCAHT 520 sHg5slol 3RS
FA/ME & 7 low PSCATIY] $HAE 71517
Sext= o AFde] ARSRRS AL 318 Ao R tiA]
stofof 3k vERHTL

ZAZEE Table 65} o] Arie] TIEHAT 6.35E-03
~7121E-030)|FEEL] AR 71Z315h)7) lste] 2+ PSC

HA=

o w4

M

H7F SR Ao BAFQTh e 7l PSCAHUS]
IPC#t], e-Beam, DRAT= 6.5~82 %] 7353 7153kh7t
ks Ao AL o= ul PSCHTE 7fgatA
o] Blshs S8 TehEHnE S| PO Sl
Sedaa] o] Fhagly) whzeltk 14 ZeAES] 3y
Fahe A B ouiR|e] Zmlgat Ade o] 7] wiie] Al
ke FARate] 450 R o]ofd 4= glri(Park et al., 2016).
PCHA ] S8 7153Hh)= Table 69 LR uie} o]
ok PSCAT] Er}h 7§58 PSCAT o] Z7kalirt.

Z¥A)| 9} H1=TL 47F4] PSCAHTZ} fAek UreRiTh
Zae Ak PSCATIOAE 0.001 kg/m?e] Zgto] AMg-se]
LI3E-079EQQES] $33H7Fsskh)7 st o) IPC
Aol 7258 S713F 0.725 kg/m’e] 7o) AlgE]o] SR
37} 3731 S7KBISATE e-BeamellAt= Avie] S waddst
A& gl thke] AL AREEA Rk PSCHT 9]
15,6950 0] Bah= Jeae] £Yo2 SR (it
20,796w S7FsISATE o] Ak A AR SNS) s
o2 o]ojz] Table 30l A|A|3k SFeH7153H4k) FA 2o
e-Beam®] #4JFo] 71 A7 H7HERIC

IERR=1
—X=

At 39 AA Rk 5 7P B 54.4~66.8 %S 2pA|3kaL o] S37oll] AAJEH Table 62 PSCAHTI thah -8 $3%33ka
Utk o] Sk Table SellA] A W8} AxJsl= Afoltk ¢ke tbdo R Hlge] g3t gsle] g3l tigk FdAE
FelEs) S TEe] FaAlER Baeke HRe o PSC  FAlEe) [EA) SRE sl SdHo R psiol she A9ks
Avle] 35 SoSTAES] 199 %o] Sk BARHCIES stk
Table 6. Environmental Impact of Major Materials (Eco-point/m?)
Resource General PSC IPC e-Beam DR
Concrete 7.21E-03 6.45E-03 7.02E-03 6.35E-03
Rebar 2.31E-03 7.93E-04 8.34E-04 7.01E-04
PC Strand 9.42E-04 1.10E-03 1.31E-03 1.12E-03
Timber 8.33E-04 8.38E-04 7.79E-04 1.45E-03
Sheath 2.28E-04 2.14E-04 3.02E-04 2.09E-04
Steel Plate 1.13E-07 4.22E-05 2.35E-03 3.50E-04
Total Sum. 1.15E-02 9.43E-03 1.26E-02 1.02E-02
Distribution Rate (%) 99.30 97.70 97.90 99.16
Table 7. Material Cost Distribution Ratio (%)
Resource General PSC IPC e-Beam DR
Concrete 13.6 18.8 13.8 18.3
Rebar 543 28.9 20.4 25.1
PC Strand 173 33.7 25.1 312
Timber 2.6 44 3.7 7.5
Sheath 7.2 10.5 9.9 10.0
Steel Plate 0.0013 1.5 229 5.0
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Fig. 2. Environmental Impact Ratio

PSCAHUIS] Aztel] F=l= & Table 737} o] XA Al5H|
ZoA] 20.4~54.3 %S AA|STh v Ho 7 Qs k=
AR IIEIHE 6.5~19.9 % F5eo|th. EATEE A
A EH]9] 13.6~18.8 %S ERHANE 2751 o]Hr} 3.6~4.0
vl ZA] wRiekc 7 PSCAT Fell F9d=he 2Hd 9 ofuir]e]
5712007 717 oPdle FielelH At viselel & 4 gltk
3, PSCAHUeA] E52Ex T 8 AR F905)i= A5H]
£} Blasle] A4t ate] ENSE WA IE A Ale)
t}. Table 6914 A|AEF 67] F9ALS tPFo 2 7F PSCAT]
THE SRS BEES 4HESH S Table 79] A|8H] EEER
Lro] Fig. 29] 3HAPT=E 2HY3olth

PG} Acke 2 a2 Ba= ouRPE A A|EH]
oM ARl vlFol Hs)] 2 EREIE WAANZ F UeS
ofufgit) PSCAT] 9] ¢ EaEs] 3493wt 34-4.6
o7 7P A Ao, A7t 1.6~2.85 HERH PSCHT
S| LGS TN SlsiA 71 wiA] HEsfoRst Ao
2 BAE9c) 3, A6k PSCEHES 7H2shEA e-Beam, DRV
TlolA] 71 Fgego] A| 717k 73k Table 69419k o] S
sk F7telle & 9 VR FYshe AEHE S
IS AP Fig 20 ARG A3} o] 11 o] FaEE
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