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Comparison Analysis of the Environmental Impact of VSL Anchors and
RBanchors Using a Life-Cycle Assessment (LCA)
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Abstract In this study, quantitative environmental impact assessments of the VSL anchor and RB(Reaming and Bearing)
anchor systems were conducted after a life-cycle assessment (LCA). In addition, improvements which reduce the adverse
environmental effects of the RB anchor system were confirmed through comparisons with results with a VSL anchor sys-
tem. Both results showed that water ecotoxicity and global warming are the most important in environmental influences. To
determine the effect of reducing the RB anchor system environment, the result was normalized for the environmental impact
category. Most items appeared to have been improved with regard to the RB anchor system. The most significant improve-
ment was a 77% decrease in POC levels(photochemical oxidant creation). Greenhouse gas emissions, related to global
warming, were decreased by 44%. It is expected that these quantitative environmental impact assessment results will serve
as the basis of an anchor system for civil engineering and environmental impact assessments.

Keywords : RB anchor system, LCA, Environmental impact, Global warming, Greenhouse gas

A B £ AT AN A} BTAAT BA A2Ee] dfstel ARHBIHLCAIE ST BHIT 4L 2
Netgle. Ea, BrHAUE vla Rkl At HFALY A A2H) BT AHENE st BT
W Tlols BAA, £ oA A2E BE ATLUsbE Ree AAsks Ao etk e SEAE o
7 A2EO BHAGENE FS] 15 BHFPAT fe S 23, BE FRAA BTG PA A2we]
4ol AT O ekton], Yalet sk AR TT%E 71 2] AMEI AT A7edsiel Bwis
of AAAHOE Trio] MRET Gl 2AZKS MREFS OF 44% P4 O ekt old A BHGFY
b A GF ERLF G Tl o BHYYRIA 7 EARE BEY 5 US A0R BEEt,

FR0| : SFAUY PA ALY, AR, FAGPRT, A0, 2

1. M =
SAZLA, AHH] 5 BB WA AR HE SR A8Ee) el X4HoR Fet Qo of
3 s gl 544

PR BHoGRYL AT, 0 EFUY 59 BHRAES oplste] FAT 71Tt W oI AL Eo
o] M 2ANA HhE Skl ME AT 2y @A) thSsh] Slste] VLA FES 9 weo] A AAFOR ol

A2d3hs Fshes Al 2A7FAQ] oA A (CO e AEAA O 23] ZHEtAd o2 HAEo] glom, tighl=t
28 Z0|7] 9J5}0], “Aekh HAAA ol 271 H]AS AAISLIL, 2020d7H4] B4 HlEERS BAU ju] 30% 5
© As HTRE ke AR 9 A=E vhsii
ol2fgt FAYol sEHoE thAsty] ffste] I 2 AMEokolMe AlEe] AL, £, AR F719] el AA edRst
= A7}l LCAH o] 73S what 9lon] LCI DB 2 LCA B7F =2 a7k S3h 28 LCAQ] 34 H7hHel =
U S A7t 2] yE I
AAZRofol A= ThFe] o|AlShtAS HMYA|7IE B AL 20208714 26.9%9] 2A7IA HiEEES HESH AL EEE

>i rLHN

*Corresponding author. Tel.: +82-42-828-6261, E-mail : knmin4183@naver.com.
© 2015 The Korean Society for Railway. All rights reserved.
http://dx.doi.org/10.7782/JKSR.2015.18.6.558



e 000 9ok Besk {1 Hong SRS A5 Mgsi oltslithie] 443 Uelef 352 9ia on 4
FHBHLCAIE ol 83to] A% HAN BHom 7 S4t AZote] HAe AUshe mrax d7E Susigon,

Hong (3} LCAT/} 260 Atk ofuje) AR o) sk olialeks Waare Astob) 212 & 9=, uef 3
Ao T EoR i AR sl i doldE ANGN. Lin S oIS Askiozs
LCAZ} elETeA o) olg) Bule) BelHel Qe Saste Suaiict.

ARl 2] AEL Folol d7l0s B U nYAE 5 BAedBe] A} o] Aok Wk 2 ane
IR Slo8] 2 GRASINE R A A Sk e mUslel A Ak AL 2 o] o2
£ ATAE 2As0] 1 FomNy wasls SANslE Husleln Holeolaslalel BT Al et 7] A
1203 FAAHR] ALEE WE7] 9 o] o 2ofH|1L 9

BB Aol ek XA Aol FRE] Fstol AATAGARE AAA 8T BAH v1e mefet FHAo)
3 @A AAvh aE ger Wk AE St Mvﬂ 0& 5 oA A7 AT Be] AWEL Ak Leels]e] 2

Arlo] w2 S8 Ariok AAE B4 slol=ehele AY|Z 201205 E HEANE AN A B4 RS S5
o] LAVIs Ee) BRI SRelES sl o, °I°ﬂ el AEA B SAslA iR A D A7 S Z1ae
o] a7E1 9

AEARIAACNA WEEE LA Agiitio] AMTlN &) g Aes HEALE ANS % o] Ba
1ol Less} KimDO}e: A2A 8% SARAZILGTON 98 A 712 a $48 Sl el
& SASloka ARl AR AV, Lee S0} DB Y 5 AUDACI 2 Bop(E, A,
9 B AEEACD 28 AU D 2] oA ASTE Bz AuAE BUES A8sle] 20 BARIEAL
oF o QA U dFHY BAv|olws AYsFons A AT A9t 4849 hlsiat.
1}e BEHok % AEEA el SR AT didt LeAB/IE Sagtomn 1 2AMAE o)

ol i FAGT AIAR SIS A Pkl Sl Bk (e Cucey R A3
Amkalol et B4 A2 AL Tolsla 74A17]7] Slal] taket AR HopollA TEEIT glon, B ARjRoprc) ]
oo} Thopt BES 71N BB AMRORIAE A FEo] et LCA-DB/L REg Agolng e B dig
| %717} Basiy.

b, B AolAs AR Balo] AE AMTAN BEEAE AUTE] shels dut WAAet e B
o] SAWEL Blslol, e Are] BAXY NATE AR ow waaart.

N

-

ol

-

T
ok
rjg

O

£ rtz (ol
NI = J‘{N'
EH — K
o S

N

i3
5

r
¢
(o

A

ot kI oL &
()
oz

ol
)
[e]

F

2.2 £

2.1 M}d™I(Life Cycle Assessment)

ABHYB7HLCAR= “U& AF, 7h, ABA=E, AR R #H7] 59 dapgolx ARgE= ol|zet 24, MiEE= d7lES
skl Bl =A AE 9@ S IHE S ESE Wrlsks 7ol o] 7S] e 2 s Tt AlEolA %L?} l
gl o]27|71A] HAof| utel thekstn, gHgof tigt FRFo R 2 e H=e] ST ofuel &b, oluA] AH] Ei= R17H
A%, ek FEA] 233IT) o] 7o) HAL QIXt s TRt oA SARSIE Aeke WEke R AMEAE of
7] Siet WebRe Agshe it
ATNAH7F A= 1SO 14000 AJgj=o] ulgl 22 9 He] A2J(Goal and scope definition), A1} E2RA(Life cycle
inventory analysis), A4 H&H7}H(Life cycle impact assessment), 3|4 (Interpertation)tA| 2 3% ZF LAATUA = L2217}
o) mghy, STt ATy W A FRE of5ke] wiEAel SRS 3 4 gl TAE] gt

weba], ARgE7hes AE 2 34 AiPgoa] e Xl dEE AT 232K (Global warming), 2&Z 113 (Ozone layer
depletion), AF 117+ (Abiotic resource depletion) 5 o8] T3 JHFE(Environmental impact categories)] WX+ FgFoz &

sl 4 ek,

N r_u 1>‘ =

Jtok

FS K|t

of

e

Okl

2.2 Ukt WFHZY I Ho| Maym}
221 2% % #el Ho|

A
= e BEEAPIA AR G787 SollA ARK(VSL type) 719} 2H]9 % (Reaming and Bearing) 7] Al~gof] of



50 EREEaIHEEY A18H K6E (20154 128)

3 ARPHILE Bl AASUNA HRA FUS FHok BHGTFS Bhulm BASHE o] Baolm A ANTHA
il X

A AR-g-E-2 ?:]_’7:‘03?_?} TRkl gk 712ARE AlgSkals} gt & Aol ARSE MR rt T2 O e AlFollA &
et FA7IA] theket HlolEHolA FE50 R thost Fofol|A Z-gAdo] sl It Golste] HAAFOR gy AR-E AL
Q)= Pre Consultantso|A] 7§¥8t SimaPro 7.00]t}.

el o AABE T WITY T A BT AL GV} SRS w0 Wk ATAUS
A A Fig, 1 Qo) BATE AR Az o A 2 AREA A L AT, DA ol
PR, Y] % FmAE SUS ARSI AT, W, PAR AR, RaE S W A 4K, a2k, 9%
5 Uele] TS o) YABUS AFsH BAZ mefstec.
el 75 viEh ok Eh g7 paEe] A% W R4 Aoln Basls T PAAY mE SU% B

@.5mx2.5m) 20 dAFe] 7)5S Wt 2h7 7] AAE lseto.m Aslolct. et dlole 43 9@ Ate] 7)ol

o

glole] W 2 Al AFHAR BRE T FoRI ijEEe TESE SolRe dnEd, duXR ddsigon
sl )R st Aol 4H1E B AAuel AT 8 ABeHel Bl o A el A8

Table 1. Characteristics of the VSL-type and RB-type anchor systems.

Division VSL-type anchor system RB-type anchor system
1.0m
4.0m Bearing Resistance
. E e o g = <= - %
Overview Ey T E T
| ———— | § I : =
- G- <= -
= " skin Friction B ®
Pull-out capacity Skin friction Bearing resistance
Bonded length 4.0m or over 1.0m
Ground anchor . . . .
bod Field production or plant production Plant production
ody
Ground anchor . .
Con'c block + bearing plate Bearing plate
head
. General boring — Anchor insertion — Con'c block installation . . . . X
Construction K . . . K Boring and reaming — Anchor insertion — Bearing plate
— Bearing plate installation — Grouting — Curing of con'c | , R . . . k
sequence . . . installation — Prestressing — Grouting — Cap installation
— Prestressing — Cap installation
Secure raw materials and Process Step Manufacture step Construction step
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Fig. 1. System boundary of the anchor.
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Table 2. Gate to-gate base in VSL and RB anchor.

) . ) Amount
Category Field Unit Material
VSL-type RB-type
Raw materials kg Rubber(NBR) - 1.63E+00
Elastic Input —
Energy kWh Electricity - 1.87E-01
support
Output Solid waste kg Rubber waste - 2.25E-01
Raw materials kg Steel plate 2.30E+01 3.78E+01
Raw materials mm? Iron 3.78E+03 3.68E+05
Bearing Input —
kWh Electricity 2.13E+00 2.63E+00
plate Energy >
mm~ Zincification - 5.93E+03
Anchor Output Solid waste kg Steel plate waste 2.00E-01 1.23E+01
head . Raw materials kg Steel bar 4.00E+00 4.00E+00
nput
Head i Energy kWh Electricity 1.74E-01 1.24E-01
Output Solid waste kg Steel bar waste 8.00E-01 6.00E-01
| Raw materials kg Steel bar 2.00E-01 2.00E-01
nput
Wedge i Energy kWh Electricity 1.59E-01 1.59E-01
Manufacturing Output Solid waste kg Steel bar waste 3.00E-02 3.00E-02
steps Raw materials kg Steel plate 4.00E-01 4.00E-01
Cap Input
Energy kWh Electricity 1.47E-01 1.47E-01
Raw materials kg Heat contraction sheet 6.14E+01 5.73E+01
Input S d
i ceondaty ke Grease 3.08E+00 | 3.08E+00
Anchor body materials
Output Energy kWh Electricity 1.91E-01 1.87E-01
Input Solid waste kg Prestressing strand waste | 1.36E+00 5.30E-01
m’ Ready-mixed concrete 3.98E-01 -
Raw materials ton Steel bar 1.52E-01 -
g PVC pipe 3.63E+00 -
Con'c block plate Input Second
producing econdary L Form oil 5.44E-02 -
materials
Energy kg Diesel, gasoline 2.79E-01 -
Output Solid waste ton Steel bar waste 4.56E-03 -
Boring, anchor insertion | Input Energy kg Diesel 2.89E+01 2.57TE+01
Plate installation Input Energy kg Diesel 1.33E+00 9.13E-01
) Raw materials kg Cement, admixture 5.22E+02 2.61E+02
Construction
. Secondary
steps Grouting Input . kg Polluted water 2.39E+02 1.22E+02
materials
Energy kg Diesel 2.03E+00 1.01E+00
Prestressing Input Energy kg Diesel 2.89E+00 2.89E+00
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3.00E+02 1.20E+00

HVSLTvpe W RB Type B VSLType W RA Type
2506402 1.00E+00
2.00E+02 | 8.00£01 -
1.50E+02 B.00E01 <
1.00£+02 - 4.00E-01 -
5008401 - . . 200801 1 L
0.00E+00 | — 0.00E+00 =
AnchorHead AnchorBody Cen'cBlock | Borlngand Con'cBlock  Grouting Prestressing Anchor Head  Anchor Body  Con'c Block | Boringand  Con'e Block Grouting  Prestrewsing
Making Anchor Plate Making Anchor Plate
Insertion Insertion
Manufacture Step Construction Step Manufacture Step Construction Step
(a) Characterization for GWP (b) Characterization for ARD
200803 4 WVSLiype  WRSType 1408400 1 = VSLType mRE Type
180603 | viiicieo 4
1.60E-03 - :
140E03 1.00E+00
1.20£03 - 800F-01 -
1.00E-03 -
£.00E-04 - 6.00E-01 -
6.00E04 200601 |
4.008-04
2.00£04 - 200601 -

0.00E+00 | e — 0.008+00 1
AnchorHead AnchorBody Con'cBlock | Boringand Con'cBlock  Grouting  Prestressing Anchor Head | Anchor Body | Con'c Block | Boringand | Con'cBlock | Grouting | Prestressing
Making Anchor Blate Making Anchor Blate
Insertion
Manufacture Step Construction Step Manufacture Step Construction Step
(c) Characterization for OD (d) Characterization for AD
4.50E-01
¥ VL Type WAB Type
4.00E01 - e T
3.50E-01 4
3.00e-01 4
2.50E-01 |
200801 1
150601
1.00E-01 4
5.00E-02 |
0.00E+00 | h
Anchor Head  Anchor Body Con'c Block | Boringand  Con'cBlock  Grouting  Prestressing
Making Anchor Plate
lnwsertion
Manufacture Step Construction Step

(e) Characterization for POC

Fig. 2. Characterization for the environmental impact assessment.
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Table 3. Improvements by impact category.

Impact category Unit Results Improvement
VSL-type RB-type (%)
ARD 11y 3.56E+00 2.16E+00 39.4
GW kg CO2 eq. 5.94E+02 3.31E+02 443
oD kg CFCl11 eq. 1.85E-03 1.28E-03 30.9
AD kg SO2 eq. 2.53E+00 1.79E+00 29.2
POC kg Ethylene eq. 6.79E-01 1.59E-01 76.6
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Fig. 3. Comparison of the impact categories for different anchor systems and the improvement results.

A= 32.9%, 3dE, Y7AA AU 11.2%, 2A2|E o 3l Ak A= 31.5%, T12heR2 50.0%2] gFFo] faskgint. 9l
ol tigt FF2 7 AlLHo] U Aor =EEI.

At YAA L O AuE 71%0 SIAYT WA ALH B B AnE Aefelehd Fig 3u gom x|y o
7 Alz"le] A 10]8 A A9 s FRRTelM 2] iAE A Quist, 1o1dd B 2359 &Ade] v A
< Audtt. FEAUAE 47 ﬂli‘%‘oﬂ ot gatet Ak, A 0.61, A2} 0.56, 251k 0.69, 1St 0.71, F2fe)
ARREAAd 02302 nE oA 2ol JiAlE AR Yehdth

3.4 E
B AT IE A Asmlel A B AE SEANE WA A2del] o BRGEA BIE st
Slate] AubgB S Soka BAZWA Fholr 1 W L GBAL Hysotol Uk ek SABALY YA A2 ]
WO RA eI g ARS 2L,
B 0 YA SICAE LA, B DA ATAYY BA N 2T S AR Y A bten
AU Vol m ATLUBE ohFES AASHE 2R Uehdth, S0 B AAe] A= A3 8 AAue]
X ) AFA] SHAIEIR] chsol Sl HAIs 0 dlsliAsh £AkASl A0 wARISC

o
o

F EAs)l AT, ATedsis ZaeE obe ARk BAH Gl o ‘%EP%("”% T8 WAk AlEEA A
2 A3 2 7R Sshe £AZEARl Ao Uehgth AUnd 9 o2ETale A I ACR ehto
8 I PO ARSI AAe] T Uro] 71E A wa s 7hAQl AOR LR, A4S}

N
a3
2l
. 1o
Fﬁ oo{n

L 9 AR ARl Sfe JREOR Uhton] A7) gl UE Ak AlHEo] F2 B ekttt Yakhiehe
Qe Eaele o AR Tekegel) ojg ael 20w Uehtow], Fa S0l A, PegIAe] AR A3

=

9 7hgol A el YARsleRASl ALO® Lepdt,

Ak YA Alsgat SEAekE AA Aol thak dubgal mlmA RE Qepaeld e BA ALHe B
o] AME Ao ettt YorshlskE A4 ofspol 7% 71 T AME o, A2 AAHoR Ao FET gt &
A7k WHERES OF 44% AT 102 Lepdt,

SRFA U BT o) HEHD ol W BACIA AFR: RS, A2 § FAme) NS S1aARe

1= 3lAgolske Hepxo s slolala, JRAskaY] e 0134%0] oJct.
ok A 0SS e A 2 S B A WAL A EEA W BN Hash s,
o2 Qls) MMl HARF WL olelenz Wyld L o] wh$ Fask adolch, weba] B el wut
ABAOI I} 22 FPPATUE AYOR N34, AU T WYl Tl WAYNE Sk, T

FARA] et B9 A SUL 5 BB B A7) BEET} £ 2



ofehss - OlfRl - BFY - OIFH - BB

566 Bt=H=SE=27 M8 MES (201519 128)

1o
ox
r
o,
2
)
e
re
-
N
N
of
o

gk, iR i) EEgAelA s gl LeCs) sckyl S48 mefat AAA E2EA
| 2

s Ao 7|djE.

12
i
filo
ot

References

[1] J.H. Beak, S.H. Tae, S.J. Roh, J.H. Lee, ef al. (2011) A study on the requisite elements of LCCO2 evaluation system at planning stage of
building, Korean journal of Construction Engineering and Management, 12(3), pp. 31-41.

[2] T.H. Hong, C.Y. Ji, H.S. Park (2012) Integrated model for assessing the cost and CO2 emission(IMACC) for sustainable structural design
in ready-mix concrete, Journal of Environmental Management, 103, pp. 1-8.

[3] T.H. Hong, C.Y. Ji, M.H. Jang (2012) An analysis on CO, emission of structural steel materials by strength, Korea Journal of Construction
Engineering and Management, 13(4), pp. 132-140.

[4] J.Y. Lim, J.S. Yi, S.W. Shin, J.W. Son (2012) Implementing activity-based LCA model for carbon dioxide emission analysis and allocation
of environment cost, Korea Journal of Construction Engineering and Management, 13(4), pp. 78-88.

[5] JM. Kwak, T. Her (1997) Application of life-cycle assessment for beverage can, Journal of industrial Science and Technology, 22(7), pp.
223-236.

[6] S.H. Baek, H.J. Kim, Y.S. Kwon, S.S. Kim, ef al. (2011) A study on environmental impact evaluation of metallic can using life cycle
assessment, Journal of the Environmental Sciences, 20(11), pp. 1395-1401.

[71 S.H. Baek, H.J. Kim, Y.S. Kwon (2014) Environmental impact evaluation for glass bottle recycle using life cycle assessment, Journal of
Environmental Science International, 23(6), pp1067-1074.

[8] J.W. Lee (2013) LCA method study for improvement construction process in anchor system, MS Thesis, Woosong University.

[9] CK. Lee, J.S. Kim (2011) A research on the greenhouse gas emission reduction of railway structure construction stage, Journal of the
Korean Society for Railway, 14(5), pp. 425-432.

[10] C.K. Lee, J.Y. Lee, W.S. Jung, Y.W. Hwang (2014) A study on the characteristics of environmental impact in construction sector of high-
speed railway using LCA, Journal of the Korean Society for Railway, 17(3), pp. 178-185.
[11] K.N. Min, W.S. Bae, K.G. Ahn (2012) LCA method study for improvement construction rrocess in RBanchor system, Journal of the

Korean Society for Railway, 15(2), pp. 17-24.

(Received 7 October 2014; Revised 28 October 2015; Accepted 2 November 2015)

Tae-Bong Ahn: tbahn@ wsu.ac.kr
Department of Railroad Civil System Engineering, Woosong University, #17-2 Jayang-Dong, Dong-Gu, Daejeon 300-718, Korea
Jae-Won Lee: bigljw(@ naver.com
Sejong E&C, 4th Floor, Reagil B/D, 23, Oncheonbuk-ro, Yusung-Gu, Daejeon 305-301, Korea
Kyoung-Nam Min: knmin4183@ naver.com
Sejong E&C, 4th Floor, Reagil B/D, 23, Oncheonbuk-ro, Yusung-Gu, Daejeon 305-301, Korea
Jung-Gwan Lee: amos4774(@hanmail.net
Sejong E&C, 4th Floor, Reagil B/D, 23, Oncheonbuk-ro, Yusung-Gu, Daejeon 305-301, Korea
Yong-Kyu Kwon: bmnt2000@ naver.com
Sejong E&C, 4th Floor, Reagil B/D, 23, Oncheonbuk-ro, Yusung-Gu, Daejeon 305-301, Korea



