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Anlysis of the Environmental Load Impact Factors for IPC Girder Bridge Using
Principal Component Anlysis

Kim, Joon-So00', Jeon, Jin-Gu?, Kim, Byung—Soo*
"Department of Civil Engineering, Kyungpook National University
“Department of Architectural and Civil Engineering, SeoKyung University

Abstract : In the 2Ist century, the Earth has continued its efforts to reduce carbon emissions to overcome the crisis
caused by climate change, The construction industry, which is a representative industry that produces large amounts
of the environmental load during construction, should actively reduce the amount of the environmental load, From the
planning stage of the construction facility, it is necessary to consider the environmental load such as route selection
and structure type selection to reduce the environmental load, However, the environmental load can be estimated based
on the input resource amount, However, in the planning stage, it is difficult to accurately calculate the environmental
load due to lack of information on the construction amount, The purpose of this study is to select the environmental
load factors for IPC girder bridges to be used in the environmental load estimation model in the planning stage, Specific
information related to the environmental load was selected from a list of information available in the planning stage,
reflecting the Life Cycle Assessment(LCA), correlation, principal components analysis and expert opinion, The list of
selected planning stage information is 10 such as span length and bridge extension, and it is expected to be used as a
basic data for the future development of environmental load estimation model,
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Table 1. Research trends

Author
Trend
Research content
Domestic
Lee et al. (2008)
LCA Analysis of the original and alternative in the
Emergency Spill way of Dam
Kim and Chae. (2010)
Quantitative Evaluation of Carbon Dioxide and
Environment load during life cycle of korean type
house
Choi et al. (2012)
DB construction of major materials to measure and
predict environmental load of apartment
Lee et al. (2014)
Analysis of environmental impacts and influencing
factors on korean high—speed railway routes
Environme—nt Lee et al. (2016), Cho et al. (2016)

load calculation

LCA assessment on the NATM tunnel and
PSC bridge

Yun et al. (2017)

Estimation of environmental load using minimum
information of PSC beam bridges in early design stage

Oversea

Cass and Mukherjee (2011)

CO2 Quantification each Type of Work using LCA

Chowdhury et al., (2010)

Analyze the environmental impacts of materials used
in road construction projects by using LCA

Noshadravan et al., (2013)

Statistical analysis of environmental impact
assessment by LCA of two design alternatives with
uncertain data

Guangli D. et al (2018), Karmen F. B. & Stanislav

Decision L.(2018)

making LCA Analysis of Design original and alternatives for
eco—friendly decision making
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Table 2. Available information candidate list (MLTMA, 2016)

Division
Work related to Work related to Information of
upper (6) bottom (4) local (3)
Upper area Pier height
- Ordering agency
Total length of bridge length of bridge
Span length foundation
- Administrative district
Width Type of bridge
Number of Road line foundation nstallation locat
Number of Span Abutment height nstallation location

A

2.3 LCAQ| 2ot 2tA 2512 MY
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Goal and Scope
definition

<+

Inventory
analysis

a
@ : Classification :
1
1

I
Impact I Characterization
assessment ————————— i

o |
Normalization :I

|}
i Weighting :I
. 1
Interpretation

Fig. 2. LCA Component
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Table 3. Formula of impact assessment

Contents

Division
Formula

G;; = Load; X equ;; 2.1)

Ci; = the size of the effect of inventory 5 on the
environmental impact category J, Load; = environmental
load of inventory item i, €4%; = the correspondence of 4

in the inventory ltems belonging to the j impact category

Characterization
G= ECM = Z(Loadi X equy) (2.2)
7

J

C’; = characterization value of J impact category, the
correlation factor is the value that indicates how much
the environmental load item has contributed to the
environmental impact category.

N;= zk](Loade Gy (2.3)

N; = normalization index of j influence category,
Load . = environmental load of & inventory items,
Cj; = correspondence factors for & inventory item of j

Normalization .
impact category
G
Norm ;= WJ (2.4)
Norm; = normalization value of j influence category
Impacts = 3,C;Xw; (2.5)
Weighting 7

w; = weighting coefficient of J influence category
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Table 4. Major statistical data of 40 cases IPC girder

A B C D
Over 1,000m* 27 61.5
Upper area Below 2,000m’ 4 10.0
Over 2,000m* 9 22.5
Single Span 30 75.0
Number of Span -
Multi Span 10 25.0
Below 30m 2 5.0
30m 16 40.0
Span length 35m 6 15.0
40m 13 32.5
45m 3 7.5
30m 16 40.0
35m 4 10.0
TOtaL;‘deg;h of 40m 8 500
45m 2 5.0
Over 45m 10 25.0
Below 20.9m 2 5.0
Width 20.9m 29 72.5
Over 20.9m 9 22.5
Below 4 line 2 5.0
N“mbe”rn? Road 4line 35 87.5
Over 4 line 3 7.5
Pile foundation 22 55.0
Type of bTidge Spread foundation 10 25.0
foundation
Combined Foundation 8 20.0
Chungbuk 7 17.5
Chungnam 13 32.5
Gyeongbuk 4 10.0
Administrative Gyeongnam 5 12.5
district Gyeonggi 4 10.00
Jeju 1 2.50
Jeonbuk 3 7.50
Jeonnam 3 7.50
A @ Large classification
B : Sub classification
C : Case number
D: %
3. AEHROIES
3.1 IPCHO W A2f|2] LCAZ 1}

& ) ZdaMd g7k (Table 4) 9 IPCAH AL A&

Eﬂom (Fig. Bt o] WY, PO Ael sy 4074]
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oaoq 0] sk 2 hasic st A

*27415/\1 Aol 2Ad7a] o] AR FUR Y
Ao ek 719390k ALg g e ufet A Aolah) ek
4= QLo R (Park et al,, 2000) o}l et & Bt
A 317] Sfotel REAAARLZe] SRS BEe)
Ak Egh FAH] WHAE B4 S8 AAUS =
o] EBS (Event Break down System for construction)&
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Environment load analysis of Goal a.n(.j §cope
40 cases IPC girder bridges definition

Analysis of Design statement and Quantity
calculation sheet, Resource and energy
calculation according to input quantity by
work type, Unit transformation

Inventory
analysis

Impact
ssessmen

Environmental load quantification
of Resources and energy required

(Il

Environmental load review of

IPC girder case Interpretation

Fig. 3. Stages of LCA
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1217 AbEH ofuiRjel A & ATollA] 283 LCI DB
of AL

2 Ao AR R LCI DB B2-2 Al EAApIE
(Ministry of Trade, Industry and Energy)2} 2735 (Ministry
of Environment)oll4] 2tA | 51553t 207§<] =17} LCT DB}
200548 ZE wEH (Ministry of Land, Infrastructure, and
Transport)l|A] <153t 471€] =] LCT DB%} 8] LCI DBS!
ECO—invent DBE 28513t} & olatoj| A B3t DB7} 9l
= 735= A Edte] e 54l Tt (Table 5
+ LCIDB & 8 2AES UElth

Table 5. Major LCI DB list and provenance

Div. Materials Standard Provenance
Cements Portland cement
Remicon Remicon 25—240-15
Hot coil Hot coil Ministry of Trade,
Rebar Electric process Indgsgryg;ind
Shape steel Electric process
Gasoline Gasoline
A Air Air
Wire rod Wire rod
Epoxy bonding Epoxy bonding Ministry of

Diesel Diesel Environment

Recycled aggregate Recycled aggregate

Elastomeric bearing | Ministry of Environment

Ministry of Land,

B Plywood Plywood Infrastructure, and
Transport
pvC pvC
C ECO—invent 2.2V

Sodium Silicates Sodium Silicates

Ministry of Land,
Infrastructure, and
Transport

D | Expansion equipment Finger / Mosaic

: National LCI database
: Domestic built LCI DB
: Foreign LCI DB

: Self built LCI DB
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Table 7. Correlation analysis result

A DR S A2 T ot Aol PO A 5 | o
At o] g REF JFa Q] EAof Fagh Al e s} Upper area 0.647 0.000
FE Hrs SRI5H 2 (Table 6) IPCAFE|S] Hi7gH o Total length of bridge 0.584 | 0.000
< ork relate Span length 0.555 0.000
W AvkE Azt Ao, o upper pen ene
6) Width 0.553 0.000
Tabl Resulis of th ) | iculation § ) Number of Road line 0.531 0.000
3 nvironmen lon 1or I
able 6. Results of the environmental load calculation for case projects Number of Span 0.508 0.001
. Quantity of . Quantity of Pier height 0.492 0.001
environment load environment load
No. v - No. v : Work related Length of bridge foundation 0.302 0.058
Eco-point Eco-point to bottom
(4) Type of bridge foundation 0.222 0.168
1 1.47E+02 21 1.76E+02 -
> 1 46E+02 o 1 07E+02 Abutnjent height 0.011 0.947
3 1 60E+02 03 1 94E102 Location Ordering agency 0.309 0.052
4 5 57E+02 o4 5 36E+02 Infor(n;)ation Administrative district 0.191 0.238
5 3.87E+02 o5 1.09E+02 Installation location 0.120 0.460
6 3.20E+02 26 2.21E+02 A : Available information
B : Pearson’ s product moment correlation coefficient
’ 1.06E+02 27 1.82E+02 C : Significance probability
8 1.05E+02 28 1.47E+02
9 1.03E+03 29 3.92E+02 =
TR 249 EE A TlolE 9] F HE St
10 1.91E+02 30 1.41E+02 ATEF 2 01 w2 A 23O ik)]—LHL- 7_1011;} R 74]
11 1.18E+02 39 1.90E+02 2o=2 T »xu UT Uo -u= R — A o
12 119E+02 32 1.24E+02 O} FAdE HAS E83ith e Rsleal IPCAH Eke] &
13 5.07E+02 33 8.09E+01 AL o 2 Ueid = =T E =28 V| S 4 Q)
14 3.00E+02 34 2.38E+02 able 8>J_'—]' Zz]'o] = é“]‘f.‘ = _114 _—.;:5;_%% KMO%}:O] 0.62%
15 1.27E+02 35 1.42E+02 - .
== Axpgro] AlF(Herry F., 1974)& 4= Qlckal ke
16 1.18E+02 36 2.24E+02 Fjo] el ‘EK om" - W74 5 3l ST
17 2.89E+02 37 1.37E+02 o, T12)az v es SlE Fsto] 47)9] FdEe] mEE
18 1.00E+02 38 1.00E+02 om =& BALS 75 fi0]t) ols EEE FAJHEo
19 3.61E+02 39 1.09E+02 AT 407 AFHE 75,4190 A B 2= 98-S st}
20 1.07E+02 40 1.14E+02
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Table 8. Principal component analysis result

Available information Principal component
1 2 3 4
Number of Span 0.919 0.038 0.059 0.031
Span length 0.259 0.574 —-0.176 0.323
Total length of bridge 0.928 0.148 -0.057 0.239
Width —0.035 0.927 0.171 0.000
Upper area 0.911 0.240 —-0.025 0.203
Abutment height -0.037 | -0.057 | —0.155 | —0.591
Pier height 0.944 0.080 0.117 0.023
length of bridge foundation| 0.822 -0.115 0.001 —0.144
Installation location 0.057 —0.030 -0.123 0.876
Number of Road line 0.030 0.930 0.142 —0.033
Type of bridge foundation 0.342 0.369 —-0.276 —0.091
Administrative district 0.042 —-0.013 0.901 0.024
Ordering agency 0.052 0.160 0.903 0.021
Eigen value 4.576 2.242 1.742 1.253
Variance% 35.12 17.25 13.40 9.64
Accumulate Variance% 75.41
KMO 0.623
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