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An Analysis of the Characteristics of Standard Work and Design
Information on Estimating Environmental Loads of PSC Beam
Bridge in the Design Phase

ABSTRACT

As many environmental pollution problems have arisen, various studies related to the environmental evaluation have been carried out
in the construction industry. However, there is no methodology for estimating the environmental load quickly for design alternatives
of civil facilities in the design phase. This study aim to establish criteria of works information and designed parts which can efficiently
estimate environmental loads of PSC beam bridge based on standard quantity at the early design phase. For this purpose, a detailed
environmental loads database was constructed by performing Life Cycle Assessment (LCA) based on detailed design data of 25 bridges.
In addition, major work with high impact on environmental load were selected, and the analysis of characteristics of environmental
load according to the required materials and 8 impact categories were conducted. As a result, the superstructure accounted for 42.91%.
In the superstructure, remicon of the material base and PSC beam work occupied 53.13% and 31.25%. In the substructure, remicon,
rebar, and cement, which are material base, accounted for more than 93%. It is expected that this major work and material information
for each part of bridge can be utilized in the construction of the model, which can estimate the approximate environmental load,
reflecting the characteristics of the structure in the design phase.

Key words : LCA (Life Cycle Assessment), LCI (Life Cycle Inventory), Environmental load, PSC beam bridge, Standard work type

X2

st Al E AU e 873 0 EA7F Rl whet, 218 R ol 2]k 7hsdh S 915l 1A A Al e 234 7T B st
AT7F R =L Aok 2 A 85 X0 EE’\VQ%PJ -r]‘ﬁ A7) tietel gk Al&sh 8378} A A EL AT ©]
o] & ¢37-= Pre-Stressed Concrete (PSC) beam! #-& EH“ ° 2 FZE T8 FHE HEUUE o] 83 AR S st HAATE
A, AA 27 GA MY HBEFGE 7N F T8k aEHoR &@2} UEAATH F FFHE 7ES T753h= 2AS 532 313
t}. o] & 913} 257 PSC Beaml 2 /\}Eﬂoﬂ ot *Uﬂ/“ﬁll} = 7]uko & 1SO 140409) A3 57K Life Cycle Assessment, LCA) 4384
25 B8 A Rsk vlolHu| o) A8 FEIIG oW, B4 gl = weke] AdAIE 9 Tl o AlS AT 2 S EkGIn B, B
73R o] o] & 9 ﬂ]ﬁ%‘%—% Aste], o] Hgt 9] B FFHFoll WhE Ao B 8t JAHT W NS SRS

3 - wAAA} - Yt EE-Fek} A9 e (Corresponding Author - Chung-Ang University - ogun78@naver.com)
St EE5FET 22194 (Chung-Ang University - wirhkd29@gmail.com)
- Zstal AR 7|whA) 28 g8k W F-8HkAL (Chung-Ang University - kjkim@cau.ac.kr)

Received March 9, 2017/ revised April 18, 2017/ accepted May 30, 2017

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.




PSC Beam o] AAgA| E7%s}et

FaYsteTh. 7 A3 epe] S R To] 1) 42.91%9) B4R

]

Jego 2,
31.25% UheRgteh. HEd, SR - makEel s 0 Al wel e
Rop Ul ES 0 A AR S A VAN F2Ze] 5 o] uh

92 9% BF 2L WA B4 2y

>

FR-FF A= T8 ZAQ] Eln]e] 53.13%, PSC beam3-0]

O

e, AHETL93% ) do 2 RS AT B o] # e nEF
g ANk ek Bl 5] 281 5 9lE Aotk

AM01 : 2151 71, =4, §7%8h, PSC beam 3, tiEFE

F

LME

st AldiE AupH 2,321 4Re] o 2 Q= 4 HF
HGE o ek 2 T4 B S HEAIE oplste]

|55is] Asl, e2Suly] 5o FARES @al Slrk oo w2t

S B ol AP i g Aol A& 7Fssk
o] JNdEe] SABIGAL 1992 “gl9-3le)” 71, 1997 “alEe]
AP A T TARCE SR SE S5t A DFo] ARIER
o} Foll= 20154 “vf2]@7g(Paris Agreement)”S 351 A7l
7L wjEEe] 90%E Bk 19571l 7155k oF
P=FI))o] 2t wE TE HRE AAsAL o] AZ
AL FeJaiiey FUlol = 2009 =7Pid Heke g4 «Aet
& FSAPGTVIEN G et TR - BARER RS S o
EAA 9] Aeth HMAAAEE 3213819)1(Korea Ministry of
Government Legislation, 2016), “3}2]3779] uje} 20301 71X
LAk viEEE 37% T RS Ae8hs S(UNFCCC, 2015),
A= o A JANARSIAR]] AlS telal 2733 Abde] 1
UE S SR B2 =S 7o) Qi

o] g Al s VAl XgET Tl
7} FEA Qlo, diEd o g A3 K Life Cycle Assess-
ment, LCA)7IHS Fsto] vre] 2474 71 771 =91
v 45 SHAIE 7HRITE LCAE S3f 11558 tPdo = das]
erlEsE AP 992 31910 K Kim et al., 2004; Bae et al.,
2015), Ak FoIA AldEe] F2AQ 5A4E aLeskA] ot
FoHAQ) Ao olehen, B ole] TR SRa}
5499 TRl Bedirk FEAERE Bu, A% A%E 58
o2 APdEE eRElETE AR7 o] =RiR](Ministry of Land,
Transport and Maritime Affairs, 2012)& #|AJ5}33.0 1}, o] WY
2 VAP s o]Fof] Ago] Thsslel AA 2] it
Ao] o] FofR|= TAA e &go] AgtETk s, ASES
do 2 A7 dA] o EARAE Adet S Wt
A7t AE R8O K(Li et al., 2014; Hong and Ji, 2015)
EXAEE o R 23 F9PE A dichel tisk 8484
PHEAAY AT mESE Aol

olo] £ A= =] wF P2 T 7P duko R EEEaL
9J+= Pre-Stressed Concrete (PSC) Beamul %S tato &2 A7)

Z]

7
N
i)

it

N

706 Journal of the Korean Society of Civil Engineers

7AYo 78RR B FEme] SA40] vidE 55
RFBES B o T & e AN 2 dEEEs
H RS 5k AL ERE ARSI AR dFue
A F A ZRAIAE SR, 94 Zh wiwke] AR AIA,
WA 5o 7]z ARt} 8Y) RS JPHFE 7AW
Life Cycle Inventory Data Base (LCI DB)E <=3t} o5&
Ed)Z ISO (International Organization for Standardization)
140409] LCA &S 83 AR 4731 =5 53l
21 dlo|Eplo] s TEsiom, 54 9 S arwke] AkedA)
Z 9 o} Al PR 2 SYSIGITE vXEe 2 o]E
7o 2 ghgRst WAle] w2 HISS A ehs tEegS A%
slo] 3% 2 A SNElES AEgto = AR B
7r SRR viE 595 B AR ele] e Es Hlal- #2419

AIE AT

-

2. OfiHIA &

2.1 LCA

AT LCAE A= 285E A 2 A<
Az AFE A, & 2 A A, 7] AR A
el Ax FAEH viESER el W= SaelE A=)
sto] Brkshke 7otk LCA 3838 52 4 He] 4%
(Goal and Scope Definition), £-=32](Inventory Analysis),
J&Fg7HImpact Assessment), 2334 (Interpretation)2] 4+
A2 FAETHISO 14040, 2006). T2 Fig. 12 LCA =38a1=
Hoferk 3, 52 5 Re] A4 ke LCAS ¥she ARt
AR A2 et Fololw, dorls W7ke o AMgst
7HE Aok WAlelt): Gte] Hflolis AlE AL 7S]

Life Cycle Assessment Framework

Direct applications
- Product development
and improvement

Goal and Scope
Definition

| 1
Inventory
analysis
Impact
assessment:

- Strategic planning

- Public policy making
- Marketing

- Other

Interpretation

Fig. 1. Stages of an LCA
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Table 1. Classification of Works by Parts (Kang, 2009)

Parts

Works by parts

Superstructure

Deck, Girder, Pier table, Deck finisher, PSC tendon installing and tensioning work, Superstructure (Pier table, Side span,
Key-Seg, Form Traveler, Temporary bent, etc.) Temporary Facility, Steel structure, Steel bridge painting, Staging/Scaffolding
(common work), Scrap metal payment, Construction joint (Styrofoam), Bridge deck waterproofing (Coating), Surface
treatment, Slab Curing/concrete finishing, Cover Plate, Reinforcing bar work (common work), Spacer (common work)

Substructure

Pier, Abutment, Foundation work (including Footing), Approach Slab (including Dowel bar), Bridge bearing,
Staging/Scaffolding (common work), Scrap metal payment, Construction joint (Styrofoam) (common work), Asphalt
waterproofing, Concrete Curing (Substructure), Spacer (common work),Reinforcing bar work (common work)

Earth . . .
A Riprap filling for scour protection Etc

Trech, Embankment from Excavation, Banking, Refilling and Compacting, Water drain, Concrete finishing and Cleaning,

Appurtenant

Bridge railing and Median, Bridge-decks surfacing, Bridge drainageway work, bridge attached facility, Expansion joint,
Temporary bridge for work/Temporary road for Work, Inspection stairs, Abutment protection work, Notch, Guard Fence,
Temporary Foundation facility, Nameplate, Drainageway work

Steel Pile Foundation

Steel pile material base, boring, Head and toe reinforcement, Load test cost (Dynamic, Static)

Note

Nonshrinkage : Bridge bearing (Abutment, Pier)
Nonshrinkage : Expansion joint equipment (Appurtenant work)

Table 2. Environmental Impact Categories

Impact Category ARD AD EU GW OD POC TET HT
Unit 1/yr kg SO»-eq kg POus-eq kg CO-eq | kg CFCy1-eq | kg C:Hseq |kg 1,4 DCB eqlkg 1,4 DCB eq
Normalization Factor 24.9 39.8 13.1 5530 0.0407 10.3 1.63 1480
Weight Factor 0.231 0.036 0.038 0.288 0.292 0.065 0.216 0.105
Converted Unit Eco-point Eco-point Eco-point Eco-point Eco-point Eco-point Eco-point Eco-point
Total Superstru | | Substruct f\eprf:nl:ct Earth 212} a5 AgEsirk o7 IM, althes} wzkee AR
Environm Rl = Work L A T3 5709] FF0] UlnFF o2 AgEHIew 5] Ul
ental T o || assow || 738% || oo Fo] e, w7t A HFREFFe] 98.71%, 99.50%F XP‘]Ol-—
Load /7.72% /7.39% /3.63% /0.48% oz Ueplth Esk 7]'34'-‘7—1’017]_% 30 37)e] o] T

Fig. 3. Occupancy Ratio of Environmental (Env.) Load by Parts

3.3 HESES ME 2EM
58 251 2] BRI Hlolelol g Sldhe g 1)
Wz SgRale wol WAl FEES SAe9R s
ol m;; 25 %owu} W B 414 A oA Algoe
najeo] Aol 7115k ARl Hla) Hrlele]
AT 0] et waleick ool wet
WAL T Ao SAAE B S e Al
o dfele] I AL A o 2
oot RS ol WAV TS SIS el TE
& Bol £ Frlo2 AEIEE VA
Thge] Table 3ol4fs} o] 4
o Hyaigion] 7ol dEBEe A
99.99%2 2A|31= 70 = UERT,
Q) - 57} 712 W BEREE AAY

=0
=2

O]S‘
vl

ERE

:IL

o] 994665 Aeh
3

o2 MR o, 7|2 A 2
S0 velste, o1 4 thiEE
sRaIee] 99% ol Fol FFsasick

npAete 2, B3I FUige] Agols meg A SA
we} E3HE Fgo] WS- TSk, BAkge] Sl wel ALgE
o] Aolal] diEel tlEEEES st B} glo]
AJsrick

3Lz

=
(<)

Rajgho 2 AR,

3.4 2o rga=o| slzidsialr 2A
9)s} Zro] MAS YimEE vlsle] A8x1¢1e] FARS|EES

WSO, ol T} The 257) Ak EAES B o
Bl 2443 $18) mae) ARHA) S ARSI B
& AEsck

2>} Fig. 49} o] vtz < A @m0l

Vol.37 No4 August 2017 709



PSC Beam o] AAgA| E7%s}et

5

g A% 3F 9 AARE 54 24

Table 3. Result of Environmental Load Analysis on Major Works by Parts of PSC Beam Bridge

Cumulative Rate of Cut-Of”
Environmental Load
Parts Major Works -
Average Min~Max Average Standard
(%) (%) (%) Deviation (%)
Material Remi R PSC B F
Super Structure | Viatcrial base (Remicon, Rebar, Gement), PSC Beam, Form, 9999  99.97~00.00|  81.92 411
Staging, Rebar assembly, Surface treatment, Pouring of concrete
Abutment Mate.rlal base (Remlcor{, Rebar, pement), Form, Rebar assembly, 08.71 9124~ 9997 7504 1075
Pouring of concrete, Bridge bearing
Pier Mate'rlal base (Remlcor{, Rebar, .Cement), Form, Rebar assembly, 9950 99,24~ 100.00 6045 9.46
Pouring of concrete, Bridge bearing
1 Pil Material 1 pile), Bori ile driving, H
Steel Pi Fz :aterla base (Steel pile), Boring and pile driving, Head and toe 9946 87,94~ 100.00 9353 346
Foundation reinforcement
Earth Work Managed by ratio - - 69.18 28.80
Appurtenant Work|Managed by ratio - - 78.66 20.81
Total - - - 77.60 6.35

D The current level of LCI DB does not include all the materials on the construction field. Therefore, the ratio of materials that can be linked with the

LCI DB is presented, and this is defined as the cut-off level.

* Bar graph : Ratio o7 Environmental Load By Works
+ Line graph : Cumulative Ratio of Environmental Load by Works
*  Pie graph: Ratio ¢f Environmental Load by 8 Impact Categoriss on Material base
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Fig. 4. Ratio of Env. Load by Works and Ratio of Env. Load by 8
Impact Categories of Material Base on Superstructure
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Table 4. Environmental Load of 8 Impact Categories by Materials of Material Base on Superstructure

%’:}'ZE; Sub Works | Materials |  Unit ARD AD EU GW oD POC TET HT Total
Remicon | o Ep/m" | 9.57.E-03 | 451.E-04 | 1.68E-04 | 1.58.E-02 | 1.94E-04 | 427.E03 | 1.47.E-04 | 2.71.E-03 | 3.33.6-02
emicon
Work % 2874% | 135% | 0.50% | 47.41% | 0.58% | 12.83% | 044% | 8.15% | 100.00%
Rebar Reh Epm?" | 2.36.E-03 | 5.52.E-05 | 430.E-07 | 3.13.E-03 | 8.56.E-06 | 2.75.E-04 | 5.43.E-05 | 1.67.E-04 | 6.06.E-03
ebar
y :)_] Work ) 39.02% | 091% | 001% | 51.73% | 0.14% | 453% | 090% | 276% | 100.00%
ateriaj
Base | Cement | (o | Epm’" | 854E-05 [ 453E-06 | 15SE-08 | 438E-04 | 9.0BE-07 | 136E04 | LIZE06 | 134E-05 | 679.E-04
ement
Work % 1257% | 067% | 0.00% | 64.44% | 0.13% | 20.04% | 017% | 197% | 100.00%
ol Epm?) | 1.20.E-02 | 5.10.E-04 | 1.68.E-04 | 1.94E-02 | 2.03.E-04 | 4.68.E-03 | 2.02E-04 | 2.89.E-03 | 4.00.E-02
otal
% 3002% | 127% | 042% | 4835% | 051% | 11.69% | 051% | 7.23% | 100.00%

Y Env. load (Eco-point) per slab area (m?) : (Eco-point/m?)
? Occupancy ratio by 8 environmental impact categories for total env. load by works

Table 5. Environmental Load of 8 Impact Categories by Materials of PSC Beam Work on Superstructure

\%‘;’iﬁ; Sub Works | Materials |  Unit ARD AD EU GW oD POC TET HT Total
Wire Rod |__EPM” [ 257603 | 346604 | 731E-05 | LOSE-02 | 108.E-05 | 48705 | 3.04.E-05 | 281E-04 | 1.38.E-02

oD 77.62% | 80.04% | 1563% | 89.93% | 5821% | 40.05% | 9.14% | 63.28% | 82.08%

Plywood Ep/:n” 4.90.E-04 | 8.50.E-05 | 4.64.E-04 | 9.64E-04 | 8.18E-06 | 2.40.E-05 | 3.41.E-04 | 1.63.E-04 | 2.54.E-03

%) 14.02% | 1836% | 83.95% | 8.00% | 39.17% | 1848% | 86.56% | 32.89% | 14.24%

HotRolled | Ep/m” | 1.98.E-04 | 2.89.E-06 | 7.90.E-09 | 1.55.E-04 | 4.36.E-08 | 4.84.E-05 | 5.41.E-07 | 7.88.E-07 | 4.05.E-04

Steel oD 620% | 071% | 0.00% 140% | 025% | 3585% | 0.17% | 0.19% | 2.53%

PSC Beam |  Steel Epm" | 3.76E-05 | 2.15.E06 | 9.17.E-07 | 4.00.E-05 | 3.06.E-07 | 3.45.E-06 | 6.02.E-07 | 4.65.E-06 | 8.96.E-05
Fabrication | Sections oD 122% | 054% | 020% | 037% 175% | 299% | 0.19% 1L11% | 057%
Aluminium| Ep/m” | 1.58.E05 | 5.41.E-07 | 237.E-07 | 6.77.E-06 | 9.89.E-08 | 9.64.E-07 | 2.21.E-07 | 8.73.E-06 | 3.34.E-05

Plate % 054% | 0.14% | 005% | 007% | 056% | 082% | 006% | 201% | 023%

b Epm” | 1.19.E-05 | 8.79.E-07 | 7.72.E-07 | 244.E-05 | 1.07.E-08 | 224.E-06 | 1.31.E-05 | 2.34.E-06 | 5.57.E-05

o) 041% | 022% | 017% | 023% | 0.06% 181% | 388% | 053% | 036%

Sub Total Epim’ | 332603 | 437.E-04 | 539.-04 | LITE02 | 195E-05 | 1.08E-04 | 3.86E-04 | 461E-04 | 1.70.E-02

%) 19.58% | 2.58% | 3.18% | 68.80% | 0.11% | 0.75% | 228% | 272% | 100.00%

PSCBeam | Diesel | Ep/m” | 8.11.E-04 | 420.E-07 | 9.21.E-08 | 1.18.E-05 | 2.50.E-09 | 2.33.E-07 | 1.46.E-09 | 5.09.E-08 | 8.24.E-04
Erection | (Energy) %) 98.47% | 0.05% | 0.01% 143% | 000% | 003% | 000% | 001% | 100.00%
Plywood Ep/:n” 7.37.E-05 | 1.28E-05 | 6.97.E-05 | 1.45.E-04 | 1.23.E-06 | 3.6L.E-06 | 5.13.E-05 | 2.45.E-05 | 3.82.E-04

%) 5003% | 66.02% | 77.25% | 54.35% | 70.56% | 58.54% | 77.46% | 69.66% | 61.41%

2) Wire Rod |_EPM”_| 26305 | 354E-06 | 749E-07 | 107.E-04 | LILE-07 | 4.99.E-07 | 3.11.E-07 | 2.88E-06 | 1.42E-04
PSC  |Overturning 02) 17.48% | 18.89% | 17.28% | 2571% | 10.92% | 9.52% 507% | 1221% | 18.90%
Beam | Prevention | | Epim’ | LOOE-0S [ 234E-07 | 182E-09 [ 13305 | 3.63E-08 | 116.E-06 | 230.E-07 | 7.10.E-07 | 2.57E-05
o) 2349% | 15.09% | 547% | 1995% | 18.52% | 31.95% | 17.47% | 18.12% | 19.68%

Sub Total |__EPM”_| 110E-04 | 1.66E-05 | 7.05E-05 | 2.66.E-04 | 1.38.E-06 | 5.27.E-06 | 5.18E-05 | 2.81E-05 | S49E-04

%) 2004% | 3.01% | 12.83% | 4836% | 025% | 096% | 944% | 5.12% | 100.00%

HotRolled | Ep/m” | 15LE-04 | 2.20.E06 | 6.02.E-09 | 1.18.E-04 | 3.33.E08 | 3.69.E-05 | 4.13.E-07 | 6.01.E07 | 3.09.E-04

Steel o) 64.54% | 54.46% | 193% | 59.18% | 46.72% | 65.98% | 897% | 31.72% | 61.80%

Wire Rod Ep/:n” 6.45E-06 | 8.68.E-07 | 1.83.E-07 | 2.63.E-05 | 2.72.E08 | 1.22.E-07 | 7.62.E-08 | 7.07.E07 | 3.47.E-05

9% 2016% | 3324% | 36.48% | 30.10% | 44.11% | 5.76% 1.09% | 30.66% | 22.95%

Electricity | Ep/m” | 4.80.E-06 | 227.6-07 | 1.36.E-07 | 7.73.E-06 | 245E-11 | 649.E-07 | 7.95E-13 | 2.35E-09 | 1.35.E-05

Sote Plate |_Ener) oD 13.89% | 852% | 2428% | 867% | 004% | 22.09% | 0.00% | 0.10% 8.76%
Acetylene Ep/:n” 2.87E-12 | 7.59.E-08 | 1.77.E-07 | 9.83.E-07 | 4.85.E-09 | 7.27.E-08 | 6.30.E-06 | 8.21.E-07 | 8.43.E-06

9% 0.00% | 290% | 3526% | 1.13% | 7.87% | 343% | 89.82% | 35.60% | 5.57%

e Ep/m" | 7.64E-07 | 2.74E-08 | 1.11.E-08 | 1.12.E-06 | 1.36.E-09 | 9.62.E-08 | 8.63.E-09 | 4.95.E-08 | 2.08.E-06

o 141% | 088% | 206% | 092% 127% | 274% | 013% 1.92% | 091%

Sub Toal |_EPM”_ | 163E-04 | 340.E-06 | 5.13.6-07 | 1.S4E-04 | 6.67.E-08 | S.TBE05 | 6.79.6-06 [ 2.18E-06 | 3.68.E-04

%) 4425% | 092% | 0.14% | 41.94% | 0.02% | 1028% | 185% | 0.59% | 100.00%

ol Epm” | 4.40.E-03 | 458E-04 | 6.10.E-04 | 1.21.E-02 | 2.09.E-05 | 1.71.E-04 | 445.E-04 | 491.E-04 | 1.87.E-02

%) 2356% | 245% | 326% | 6470% | 0.11% | 091% | 238% | 2.63% | 100.00%

Y Env. load (Eco-point) per slab area (m?) : (Eco-point/m?)
? Occupancy ratio of materials for total env. load by 8 impact categories on works
% Occupancy ratio by 8 environmental impact categories for total env. load by works
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(Materials by works)

Plywood ] 93.68%%)
Plywood Form Wire Rod I 6.32040 - Plywood Form HARD
. ) 1)GW :4036%%  mAD
Plywood 97.76% 2ARD:1826%% | oo
. 1
Staging Wire Red . 2.21% « Staging Gw
Steel Sections | 0.02%") DGW : 38.82%2 wop
2)ARD : 18.30%2
Rebar Assembly | Wire Rod 10000%2) | 2 = POC
) 1 1 « Pouring Concrete
Surface Treatment Diesel ] 100.00% * Surface Treatment | TET
Pouring Concrete Diesel [ 100.00%*) DGW : 98.47% HT

0.00.E+00 5.00.E-04 100E-03 LS0.E-03 2.00.E-03{Eco-point/m?)
" Occupancy ratio of environmental load by materials on works
2 Occupancy ratio of environmental load by 8 impact categories
on works

Fig. 5. Environmental Load per Slab Area (m?) of 8 Impact Categories

by Works on Superstructure
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Fig. 6. Ratio of Environmental Load by Works and Ratio of
Environmental Load by 8 Impact Categories of Material
Base on Abutment and Pier of Superstructure

Table 6. Environmental Load of 8 Impact Categories by Materials of Material Base on Abutment of Substructure

g}(’)‘:]: \;(‘)1:(5 Materials | Unit | ARD AD EU GW oD POC TET HT Total
Remicon , Ep/m" | 1.07.E-02 | 5.04.E-04 | 1.88.5-04 | 1.77.E-02 | 2.17.E-04 | 4.78.E-03 | 1.64.E-04 | 3.04.E-03 | 3.73.E-02
Work | RO T s 7a% | 135% | 0.50% | 47.41% | 058% | 12.83% | 044% | 8.15% | 100.00%
Rebar [ | Epm" | 162E03|378E-05294E-07 2,14 K3 S8SE-06| 18BE-04|372E-05 | 114 E-04 | 414E-03
Maie)rial Work o | 39.02% | 091% | 001% | 51.73% | 0.14% | 453% | 090% | 2.76% | 100.00%
Base | Cement | | Epm" |S37E06]285E-07|9.75E-10|2.75K-05 S T0E-08 |8.SSE-06|735E-08| 839 E-07 427605
Work o2 | 1257% | 0.67% | 0.00% | 64.44% | 0.13% | 20.04% | 0.17% | 1.97% | 100.00%
ol Epm” | 1.23.E-02|5.42.E-04 | 1.88.E-04 | 1.98.E-02 | 2.23.E-04 | 4.98.E-03 | 2.01.E-04 | 3.15.E-03 | 4.14.E-02
o | 2975% | 131% | 045% | 47.86% | 0.54% | 12.00% | 049% | 7.60% | 100.00%

D Env. load (Eco-point) per slab area (m?) : (Eco-point/m®)

? Occupancy ratio by 8 environmental impact categories for total env. load by sub-works
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Table 7. Environmental Load of 8 Impact Categories by Materials of Abutment on Substructure

gvif]: Subworks | Materials | Unit | ARD | AD EU GW | OD | POC | TET | HT | Total
- 4 Ep/m') 2.91.E-04 |5.04.E-05 | 2.75.E-04 | 5.72.E-04 | 4.85.E-06 | 1.42.E-05 | 2.02.E-04 | 9.67.E-05 | 1.51.E-03
W00
Y %2 93.69% | 95.03% | 99.80% | 87.77% | 98.33% | 97.46% | 99.89% | 97.83% | 93.46%
Plywood Wite Rod Ep/m') 1.99.E-05|2.68.E-06 | 5.65.E-07 | 8.11.E-05 | 8.38.E-08 | 3.77.E-07 | 2.35.E-07|2.18.E-06 | 1.07.E-04
1re RO
Form %> 6.31% 4.97% 0.20% | 12.23% | 1.67% 2.54% 0.11% 2.17% 6.54%
Ep/m') 3.11.E-04 | 5.31.E-05|2.76.E-04 | 6.53.E-04 | 4.93.E-06 | 1.46.E-05|2.03.E-04 | 9.89.E-05 | 1.61.E-03
Sub-Total
ub-Total
%> 19.26% | 3.29% | 17.08% | 40.48% | 0.31% 091% | 12.55% | 6.13% | 100.00%
- q Ep/m') 4.52.E-05|7.84.E-06 | 4.28.E-05 | 8.89.E-05 | 7.54.E-07 | 2.21.E-06 | 3.14.E-05 | 1.50.E-05 | 2.34.E-04
00
2)F o %> 70.36% | 90.93% | 99.71% | 80.40% | 93.10% | 39.13% | 99.55% | 59.78% | 80.71%
orm
Foamed Ep/m') 1.70.E-05|3.69.E-07|3.28.E-08|9.11.E-06 | 4.47.E-08 | 3.79.E-06 | 1.08.E-07 | 1.06.E-05 | 4.11.E-05
Checkered |POlystyrene| o | 24.66% | 4.07% | 0.07% | 7.80% | 5.24% | 59.80% | 0.33% | 38.83% | 13.35%
Form Wire Rod Ep/m') 3.20.E-064.31.E-07|9.10.E-08| 1.31.E-05| 1.35.E-08 | 6.07.E-08 | 3.78.E-08 | 3.51.E-07 | 1.72.E-05
1re RO
%> 4.98% 5.00% 0.21% | 11.80% | 1.66% 1.07% 0.12% 1.39% 5.94%
S Ep/m]) 6.54.E-05 | 8.64.E-06 | 4.29.E-05 | 1.11.E-04 | 8.12.E-07 | 6.06.E-06 | 3.16.E-05 | 2.60.E-05 | 2.93.E-04
ub-Total
%" 22.36% | 2.95% | 14.66% | 37.98% | 0.28% 2.07% | 10.80% | 8.90% | 100.00%
— Ep/m” |3.76.E-04|6.17.E-05 | 3.18.E-04| 7.64.E-04 | 5.75.E-06| 2.07.E-05 | 2.34.E-04 | 1.25.E-04 | 1.91.E-03
of
%> 19.73% | 3.24% | 16.71% | 40.09% | 0.30% | 1.08% | 12.28% | 6.55% | 100.00%
3) Rebar Assembl —— Ep/m" |8.24.E-05|1.11.E-05|2.35.E-06 | 3.36.E-04 | 3.47.E-07 | 1.56.E-06 |9.75.E-07 | 9.03.E-06 | 4.44.E-04
ebar Assem ire Ro
Y %" 18.56% | 2.50% | 0.53% | 75.73% | 0.08% | 0.35% | 0.22% | 2.03% | 100.00%
Diesel Ep/m" |7.69.E-05|3.98.E-08|8.73.E-09|1.12.E-06|2.37.E-10|2.21.E-08 | 1.39.E-10 |4.82.E-09 | 7.81.E-05
(Energy) %> 83.79% | 81.80% | 89.39% | 82.46% | 78.11% | 80.64% | 78.11% | 79.19% | 83.77%
Gasoline | Ep/m" |5.34.E-06|3.64.E-09(2.03.E-10[9.39.E-08 |3.32.E-11 |2.34.E-09 | 1.94.E-11 | 6.02.E-10 | 5.44.E-
4) Pouring C. p/ D 34.E-06|3.64.E-09|2.03.E-10|9.39.E-08 | 3.32.E-11 | 2.34.E-09 | 1.94.E-11 | 6.02.E-10 | 5.44.E-06
ouring Concrete
¢ (Energy) %) | 1621% | 1820% | 10.61% | 17.54% | 21.89% | 19.36% | 21.89% | 20.81% | 16.23%
e Ep/m]) 8.23.E-05[4.35.E-08 | 8.93.E-09| 1.21.E-06|2.70.E-10 | 2.45.E-08 | 1.58.E-10 | 5.42.E-09 | 8.36.E-05
ub-Total
%> 98.45% | 0.05% 0.01% 1.45% 0.00% 0.03% 0.00% 0.01% | 100.00%
Diesel | Ep/m" |2.37.E-05|1.23.E-08|2.69.E-09|3.45.E-07|7.31.E-11 | 6.83.E-09|4.28.E-11|1.49.E-09 | 2.41.E-05
5) Bridge beari p/ D 12.37.E-05|1.23.E-08|2.69.E-09 | 3.45.E-0 31.E-11|6.83.E-09|4.28.E-11 | 1.49.E-09 | 2.41.E-0:
ridge bearin,
. £ | Bnergy) | %) | 98.47% | 0.05% | 0.01% | 143% | 0.00% | 0.03% | 0.00% | 0.01% |100.00%
D Env. load (Eco-point) per slab area (m?) : (Eco-point/m®)
? Occupancy ratio of a materials for total env. load by 8 impact categories on works
% Occupancy ratio by 8 environmental impact categories for total env. load by works
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" Occupancy ratio of env. load by materials on a part
2 Occupancy ratio of env. load by materials on works

Fig. 7. Environmental Load per Slab Area (m? of 8 Impact
Categories by Materials on Material Base of Pier

(Materials by works)

Plywood Form  Plywood S I 93.38%2
85.11%%) Wire Rod M 6.62%2) . HARD
Plate NN 80.72%2
Form | Wire Rod B 14.46%?2 HAD
52:398;;23” Steel Sections | 2.01%? NEU
Diesel | 1.39%2) mGW
Etc 1.42%2 - oo
Wire Rod NI— 9543%2 ™
Rebar Assembly Diesel W 4.57%% . " POC
Pouring G . Diesel mmmm 82.85%2%
ouring L-oncrete Gasoline I 17.15%2 o TET
Bridge bearing Diesel W 100.00%2% HT

(Eco-point/m?) 0.00E+00 2.00E-04 4.00E-04 6.00E-04

" Occupancy ratio of env. load by sub works on upper works
2 Occupancy ratio of env. load by materials on works

Fig. 8. Environmental Load per Slab Area (m? of 8 Impact
Categories by Works on Pier

(Materials by work)

e ™ Steel Sections 100.00%2)
e 1  EARD
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28.62%"Y Electricity | 0.44%2 ARD : 95.67%% wEU
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einforcement . : . mPOC
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Ete 1151%2 RatioofAcetylene:91.76%% ur
(Eco-point/m?) 0.00. E+00 2. 00 E-03 4.00.E-03 6.00.E-03

" Occupancy ratio of env. load by materials on a part

2 Occupancy ratio of env. load by materials on works

¥ Occupancy ratio of env. load by 8 impact categories on works

¥ Occupancy ratio of env. load by 8 impact categories of materials
on works

Fig. 9. Environmental Load per Slab Area (m? of 8 Impact
Categories by Works on Steel Pile Foundation
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Table 8. Correlations of Available Information in Early Design Phase
Env. Load of Works e NurSr;)t;.enr o Span Length | Total Length gel;i:/itz FO?;;?OH To(t)elllPPilelrg .
Environmental Load of Major| Coefficient of Correlation 993" 368 996" 493" 444 -
Works on Superstructure P-value (2-tailed) .000 071 .000 012 026 -
Environmental Load of Major| Coefficient of Correlation 954" 312 959" 488" 429 907"
Works on Substructure P-value (2-tailed) .000 128 .000 013 .033 .000
Environmental Load of Earth| Coefficient of Correlation 801" 355 813" 428" 454" 797"
Works P-value (2-tailed) .000 081 .000 033 023 .000
Environmental Load of Coefficient of Correlation 851" 379 863" 519" 312 836"
Appurtenant Work P-value (2-tailed) .000 062 .000 .008 129 .000

N 25 25 25 25 25 25

™. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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