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Abstract - With global climate change and many environmental pollution problems, many countries are making efforts to reduce
environmental pollution through international policies and activities. In the domestic construction industry, various studies are carried out
through the Life Cycle Assessment (LCA) technique in relation to environmental policy. In this study, the environmental load assessment
model using the existing case based reasoning was upgraded. In addition, environmental load estimation model using standard quantity was
constructed to evaluate the environmental load with only basic design information at the design phase. The validated standard quantity based
on environmental load evaluation model was compared with the existing environmental load assessment model. The absolute average error rate

is very small, which is considered to be highly reliable.
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Table 1. Collection status of steel bridge database

No. of No. of No. of
Property Cases Property Cases Property Cases
1 26 One 16
2 13 Two | 24
T S 3 19 Three | 1
y T 130 No. of 4 16 Lanes Four | 82
P B span |5 | g5 Five | 4
€
6 13 Six 2
! 28 Seven 1
more
Total 130 130 130
on
Spread | 49 and 70
i FErection
Foundation Pile 4l : on 60
type location | water
Spread/
p. 40
pile
Total 130 130
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Table 2. Weights and input forms of environmental load estimation model using CBR
Division Weights by influencing factors
Total Width Deck | Number of
CBR 1 length area lanes B
0.00067 | 0.42130 | 0.47587 | 0.10216
Total . Deck | Number of | Erection |Number of| Maximum Pier Foundation | administrative
Width . . .
CBR 11 | length area lanes location span span length| height type district
0.03555 | 0.14272 | 0.12580 | 0.11996 | 0.11992 | 0.11050 0.00945 | 0.15167 | 0.09180 0.09264
forms number | number | number text text text number number text text
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Table 3. Compare result of environmental load estimation model using CBR
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Existing research CBR model Improved CBR model
Actual CBR 1 CBR 1II CBR I CBR 1II
Division environmental
load Estimated Estimated Estimated Estimated
. Error Error Error Error
(eco-point) load %) load %) load %) load %)
(Eco-point) ? (Eco-point) ? (Eco-point) ? (Eco-point) 7
Case 1 6.85E+02 8.29E+02 21.02 8.17E+02 19.27 7.57E+02 10.51 6.82E+02 -0.44
Case 2 3.88E+02 4.84E+02 24.74 4.53E+02 16.75 4.25E+02 9.54 3.60E+02 -7.22
Case 3 3.01E+02 3.47E+02 15.28 3.48E+02 15.61 3.16E+02 4.98 3.12E+02 3.65
Case 4 7.72E+02 7.72E+02 0.00 7.34E+02 -4.92 6.98E+02 -9.59 6.91E+02 -10.49
Average error ratio 15.26% 14.14% 8.66% 5.45%
Maximum 0.00% -4.92% -9.59% -0.44%
Minimum 24.74% 19.27% 10.51% 3.65%
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Fig. 1. Process of environmental load estimation model of steel box girder bridge using standard quantity

Table 4. Basic data collection status of design phase model

No. Ns(;al?f Span configuration Length(m) Deck area(m?) ]15535333 I\llgﬁe(s)f Foutr)ll (Ii)e;tlon
1 1 50 50 1045.0 on land 4 spread
2 1 50 50 1045.0 on land 4 pile
3 2 2@50 100 2090.0 on land 4 spread/pile
4 3 40450445 135 2821.5 on water 4 spread/pile
5 3 40+50+40 130 2717.0 on land 4 spread/pile
6 4 40+2@50+40 180 3762.0 on water 4 spread/pile
7 6 (4042 @50)+(2@50+40) 280.37 5859.7 on land 4 spread/pile
8 7 45+2@50+45+40+50+40 320 6688.0 on water 4 spread
9 8 4@46.5+4@50 386.3 8073.7 on water 4 pile
10 8 (40+3@50)@2 380 7942.0 on water 4 spread
11 9 9@50 450 9405.0 on water 4 spread
12 10 (40+4@50)+(4@50+40} 480.725 10047.1 on land 4 spread
13 11 40+5@50+4 @50+40 530 11077.0 on water 4 spread
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Table 5. Superstructure major work type of steel bridge

Major work Standard Unit Sk Quantity
unit
Production ton ton/area
Transportation ton ton/area
Construction ton ton/area
Outside painting, factory m? m?*/area
. Internal painting, field m? m?*/area
Steel box girder — 3 3
.. Internal painting, factory m m°/area
Painting of steel - - 3 3
bridee Connection plate painting, factory m m°/area
& Outside bolt painting, field m? m?*/area
Internal bolt painting, field m’ m?*/area
Outside pavement painting, factory m’ m*/area
Rebar manufacturing Rebar processing
ton ton
and assembly and assembly
Stace Timber Deck finisher work/m® work/m*/length
g 4times work/m’ work/m*/length
Mold Plywood form 3times, 0-7m m’ m*/length
Concrete pouring Concrete pouring Rebar, Pumpcar m’ m%/length
Rebar ton ton
Major Materials Remicon m’ m’/length
Steel plate ton ton
Slab curing m? m?
Surface treatment Deck finisher . o
Bridge deck pavement Asphalt pavement m? m?
Table 6. Example of superstructure work(production of steel bridge) resource DB
Major work Resource DB
Type of work Unit Resource Stand Unit quantity LCI DB
Round bar 16M/M 1.580KG/M SS41 0.007954 Rebar
Rebar(SD30A) D=16m/m-32m/m 0.0004845 Rebar
1 Section steel 100x100x10M/M 14.90KG/M 0.000009 Section steel
Welding rod 3.2m1 KSE4301 28 Wire rod
Production ton (For mild steel)
Oxygen 99% 6000 L (gas) 40L 2.5 Oxygen
Propane gas standard 10 LPG
Scrap iron 0.1003117 Rebar
Stud D22%150 20.0216226 Wire rod
Transportation ton Diesel Low sulfur(0.1%) 5.6324888 Diesel
Rebar(SD30A) D=16m/m-32m/m 0.0001048 Rebar
Ordinary wire #8 4.0M/M 10.1M/KG 0.1309477 Wire rod
High tension bolt | M22x80mm (Nuts with washers) 31.1737147 Wire rod
Construction ton scaffolding log 360mm without larch=3-6cm 0.0818423 N/A
Safety footrest 300x3000weight=18kg(PSP 0.0130948 N/A
substitute)
Diesel Low sulfur(0.1%) 31.9218645 Diesel

378 =723 =y A30¢ Aoz (- Al157%) 20181 124
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Table 7. Verification examples of the design phase model
Division Case 1 | Case 2 | Case 3 | Case 4 | Case 5 | Case 6 | Case 7 | Case 8 | Case 9 | Case 10
Length (m) 150.0 90.0 320.0 332.5 380.0 500.0 80.0 170.0 50 50
Width (m) 20.9 20.9 20.9 20.9 20.9 20.9 20.9 21.14 21.0 20.9
Max. Span 60 45 55 475 50 70 40 45 50 50
length(m)
At?utment 7.800 10.905 11.31 8.403 8.712 8.540 8.888 6.908 11.00 12.339
height(m)

Pier height(m) 7.000 10.335 11.040 9.995 8.903 10.042 8.368 20.051 - -
Foundation type pile pile  |compound| spread spread |compound| pile |compound| pile spread
Foundation 1y 475 | 10000 | 11541 - - 6.500 | 9.000 | 18.750 | 9.000 -

depth(m)
Table 8. Analysis result of environmental load estimation model using standard quantity and unit model
Verificati Actual environmental Unit model Design phase model
e:arinlc:e on load Estimation load Error Estimation load Error
P (eco-point) (Eco-point) (%) (Eco-point) (%)
Case 1 6.189E+02 6.356E+02 2.70% 6.546E+02 5.77%
Case 2 4.311E+02 3.524E+02 -18.26% 4.329E+02 0.42%
Case 3 1.340E+03 1.204E+03 -10.15% 1.341E+03 0.07%
Case 4 1.235E+03 4.231E+02 -65.74% 1.248E+03 1.05%
Case 5 1.431E+03 6.268E+02 -56.20% 1.417E+03 -0.98%
Case 6 2.009E+03 1.864E+03 -7.22% 1.921E+03 -4.38%
Case 7 3.389E+02 2.004E+02 -40.87% 3.789E+02 11.80%
Case 8 6.939E+02 4.338E+02 -37.48% 7.458E+02 7.48%
Case 9 2.665E+02 1.219E+02 -54.26% 2.619E+02 -1.73%
Case 10 2.646E+02 3.593E+02 35.79% 2.593E+02 -2.00%
Average error ratio 32.87% 3.57%
Minimum -65.74% -4.38%
Maximum 35.79% 11.80%
60.00% Average error ratio(Unit model) : 32.87%
. Average error ratio(Design phase model) : 3.57%
40.00%
20.00%
S fiz::] . — . »
e Case 1l Cgage 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8
,_sug- -20.00%
-40.00%
-60.00%
-80.00%

# Unit model M Design phase model

Fig. 4. Compare result of environmental load estimation model using standard quantity and unit model
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