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A Study on the Calculation Method of the Elastomeric Bearing Life
Cycle Inventory (LCI) Database to Improve Reliability of Evaluation
of Environmental Load of Bridges

ABSTRACT

In this research, life cycle inventory database (LCI DB) was developed for elastomeric bearing employing life cycle assessment (LCA)
methodology additionally the reliability improvement rate in the evaluation of the environmental load of the bridge was analyzed. As
are result of impact assessment by 6 major impact categories, production of elastomeric bearing puts on environmental impact in the
order of resource depletion, global warming, photochemical oxidant creation. and among a wide variety of input, steel plates
contributes in most of the impact categories. As a result of applying the elastomeric bearing LCI database constructed in this study, the
environmental loads increased by 0.53% on average, and the cut-off based on the cost of input materials increased by 11.36%. It is
anticipated that it will be possible to improve the credibility and to provide data based on current production technology, such as
estimating GHG emissions and evaluating environmental load, by constructing elastomeric bearing LCI DB.
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Table 1. List of Insufficient LCI DB in Construction Materials

Category | No. Construction materials
1 |Sheet pile
Common 2 |Prestressing strand
3 |Drain pipe
4 |PVC (Polyvinyl Chloride) pipe
5 |Guard rail
6 |Sound proof wall
Road 7  |Safety guard
8  |Coating material
9 [Mat
10 |Rock bolt
11 |Steel fiber reinforcement
Tunnel 12 |Sheet waterproofing
13 |Super plasticizer
14 |NATM (New Austrian Tunneling Method) RESIN
Bridge 15  |Pot bearing
16 |Elastomeric bearing
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Table 2. Previous Studies on Building LCI DB in Construction
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Title

Methodology/

Institution
Number of development

The study of LCA application schemes on construction industry
areas (2003)

Ministry of land, transport and maritime affairs

Input-output analysis/ 540

Standardization development project of LCI DB (2003)

Ministry of environment/ministry of trade, industry
and energy

Process analysis/ 24

National D/B for environmental information of building products
(2008)

Ministry of land, transport and maritime affairs

Process analysis/ 64

Establishment of emission DB at production stage of material of
green building certification (2010)

Ministry of environment

Process analysis/ 4
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Fig. 3. Elastomeric Bearing

Table 3. Market Share of Elastomeric Bearing

Table 4. Scope Definition

Company Selection Market share (%) Category Definition
Company A O ) Function Support the load of the bridge superstructure and
Company B 0 Over 50% decrease horizontal force magnitude of substructure
Others _ Below 50% Functional unit Elastomleric bearing 1,350kN, 1,750kN, 2,000kN lea
Production
Sum 100%
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Reference flow |Elastomeric bearing 1,350kN, 1,750kN, 2,000kN lea
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Fig. 4. System Boundary of Elastomeric Bearing
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Table 5. Data Category and Input and Output of the System

Group Material

Raw material |Steel plates, natural rubber

Input Sub material |Solvents, xylene, epoxy paint, toluene

Utility Oxygen, electricity, industrial water, LPG

Product Elastomeric bearing

Water emission | Waste water

Output —
Air emission |Dust

Waste Steel scrap, rubber scrap, waste paint

Table 6. Data Quality Requirements

Group Up/down stream Production stage
2015 Annual data
Temporal scope | Most recent data (2015. 1.1~2015. 12.31)
. Local data
Regional scope Local data (Cheonan-si, haman-si)
Technological Technologies of the elastomeric
scope bearing production company
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Fig. 5. Material Flow of Elastomeric Bearing Production
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Table 7. Data Sources for LCI of Elastomeric Bearing

AURA] F9] FsE B EE A2 g dolgulo]=~E
&3k AR 3N 2 ARG eX kst LCT dlo]
Ef#o]2x9} Ecoinvent (www.ecoinvent.org) 52| 3|9 djo|E]H]
o|~E EE3TE T8 98 ¥ BxEA 5 FYES AEE
st dloly &x] 9 x4 3= Table 77 2t} 7[5d9E

. Value (Unit/ea) Data source LCI Datebase
Group Material -
1,350kN [ 1,750kN [ 2,000kN |  Unit A | B C Database Source year
Xylene 82 82 82 km \% ) o
1ton Epoxy paint 30 30 30 m v Road transportation lenstry of 2012
truck (1ton<, <3ton) environment
Toluene 50 50 50 km v
Transport Ston Solvents 0 0 » Kkm v Road transportation lenstry of 2012
truck (5ton<, <8ton) environment
Container Steel Plates 264 264 264 km v Road transportation Ministry of 2012
trailer Natural rubber | 336 336 336 km v (Container Trailer) environment
Steel Plates | 156 | 190 | 209 | ke | V Steel plates Ministry of | 5
Raw environment
material .
Natural rubber | 5.8 | 7.1 7.8 ke |V Natural Ministry of =1 03
rubber-coagulum environment
Solvents | 028 | 034 | 037 | ke |V Solvent, organic, Ecoinvent | 2007
unspecified, at plant
Xylene 097 | 118 | 129 | kg |V Xylene Ministry of trade, || ),
Sub- industry and energy
material . . Ministry of
Epoxy paint 1.31 1.60 1.76 kg \% Epoxy paint environment 2003
Toluene | 0.022 | 0.027 | 0030 | kg | V Toluene Ministry of trade, || ),
industry and energy
Ministry of
Oxygen 2.35 2.81 2.71 ke \Y% Oxygen environment 2003
Production Blectricity | 219 | 267 | 204 | kwh v Blectricity |, mistry of trade, 1,
- industry and energy
Utility ndusirial Mini :
. ndustrial water nistry o
Industrial water| 3.4 4.1 4.5 kg v (EDP2013) environment 2013
LPG 69 | 84 | 92 ke v LPG Ministry of trade, |,
industry and energy
Dust 0.59 0.72 0.79 ke \% Dust Elementary flow -
Air CO, 12.63 15.40 16.94 kg A" Carbon dioxide Elementary flow -
emission CH, 0.00020 | 0.00024 | 0.00027 | kg \Y% Methane Elementary flow | -
N, O 0.00002 | 0.00002 | 0.00003 kg A% Nitrous oxide Elementary flow -
Wat?r Waste water | 3.15 3.85 423 kg \% Water emission Elementary flow -
emission (Waste water)
Steel scrap 3.35 4.09 4.50 kg Vv Industrial waste Elementary flow -
Waste | Rubberscrap | 0.49 0.60 0.66 kg \Y Industrial waste Elementary flow -
Waste paint 0.04 0.05 0.06 kg Vv Industrial waste Elementary flow -

"Data source (A: Survey, B: Calculation, C: Estimation)
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Table 8. Result of Life Cycle Inventory Analysis for LCI Parameters
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Fo] HIpgrt AzEdoR] TOTALS AMEsle] A3y 555
A& FAsTE T8 FepeE 5524 23 Table 8574
Zom, 9 Jel]E= Crude oil, hard coal, natural gas, NOx,
SO, CO,, COD, halon-1301, CFC-12, NMVOC, hydrocarbons
2 Yehgth 92 244 3¢ 7w 24 23 Inpute] 8
st2pr)E]e] Crude oil, Hard coal, Natural gasoljri= {19182
Z Sol] ofg 71wt 7V A Vo™, Natural gasolls=
3] 7|H%r} 97.1%=2 vie- A YERITE Output Thf]E 2]
735 COD$} CFC-12 3RPE1E A28k vzl glepa|E oA
= 3] 7o=rt 7P A vERske ], COD= HdaLi-e]

Result value

Level of contribution

Parameter

1,350kN 1,750kN

2,000kN Unit (average of 3 standard)

Crude oil 2.08E+01 2.54E+01

@ Steel plates (58.5%)
@ LPG (33.6%)
@ Epoxy paint (2.3%)

2.79E+01 kg

Input Hard coal 2.40E+01 2.92E+01

@ Steel plates (80.8%)
@ Electricity (16.6%)
(@ Oxygen (1.7%)

321E+01 ke

Natural gas 5.74E+01 7.00E+01

@ Steel plates (97.1%)
@ Epoxy paint (1.9%)
@ Electricity (0.8%)

7.70E+01 ke

Nox 5.09E-01 6.20E-01

@ Steel plates (82.8%)
@ Electricity (5.1%)
(@ Epoxy paint (4.4%)

6.82E-01 ke

SO, 1.87E-01 2.28E-01

@ Steel plates (75.8%)
@ LPG (15.6%)
@ Epoxy paint (7.1%)

2.51E-01 ke

CO, 1.64E+02 1.99E+02

@ Steel plates (79.2%)
(@ Process emission (7.7%)

@) Electricity (6.5%)

2.19E+02 ke

Output COD 9.83E-02 1.20E-01

D Natural rubber (59.4%)
@ Epoxy paint (32.2%)
@ Solvents (5.0%)

1.32E-01 ke

Halon-1301 7.41E-07 9.03E-07

@ Steel plates (97.0%)
@ LPG (1.2%)

9.94E-07 ke

CFC-12 4.00E-06 4.88E-06

@ Solvents (99.9%)
@ Epoxy paint (<0.1%)

5.37E-06 kg

NMVOC 9.59E-01 1.17E+00

@ Steel plates (99.7%)

1.29E-01 k,
g @ Transport-steel plates (0.1%)

Hydrocarbons 1.82E-01 2.21E-01

@ Steel plates (60.1%)
@ LPG (26.0%)
) Electricity (12.2%)

2.43E-01 ke
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Table 9. Result of Characterization
I Result value
mpact - Level of contribution (average of 3 standard)
category 1,350kN 1,750kN 2,000kN Unit
ADP 1.58E+00 1.93E+00 2.12E+00 1/yr D Steel plates (83.3%) @ LPG (11.0%) @ Electricity (2.4%)

AP 5.44E-01 6.64E-01 7.30E-01 kg SO»-eq. |D Steel plates (80.3%) @ LPG (7.3%) 3 Epoxy paint (5.4%)

EP 7.09E-02 8.64E-02 9.50E-02 kg PO/ -eq. |@ Steel plates (77.5%) (2 Natural rubber (7.8%) ) Epoxy paint (5.3%)
GWP 1.68E+02 2.05E+02 2.25E+02 kg CO»-eq. | Steel plates (79.1%) (@ Process emission (7.5%) @ Electricity (6.5%)
ODP 1.15E-05 1.41E-05 1.55E-05  |kg CFC-11-eq. |D Steel plates (62.3%) @ Solvents (34.8%) (3 Natural rubber (1.1%)

POCP 4.74E-01 5.78E-01 6.36E-01 kg CoHy-eq. | Steel plates (93.6%) @ LPG (4.1%) 3 Electricity (1.6%)
WIndustrial water W Process emission ETransport_Epoxy paint  ETransport_Matural rubber
W Transport_Steel Plates Transport_Solvents W Transport_Toluene Transport_Xylene
M Epoxy paint M Electricity mrMatural rubber Steel Plates

LPG Oxygen Solvents Toluene
Hylene
100%
0%
80%
70%
60%
50%
40%
30%
20%
= =
o | N | | | |
ADP AP EP GWP ODP POCP

Fig. 6. Contribution Ratio of Substances by 6 Major Impact Category
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Table 10. Normalization and Weighting Factor

1
o
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Impact category Normalisation factor Weighting factor
ADP 2.49.E+01 9.28.E-03
AP 3.98.E+01 9.05.E-04
EP 1.31.E+01 2.90.E-03
GWP 5.53.E+03 5.21.E-05
ODP 4.07.E-02 7.17.E-00
POCP 1.03.E+01 6.31.E-03

Table 11. Result of Valuation and Weighting

Impact category Result value - Level of contribution
1,350kN 1,750kN 2,000kN Unit

ADP 1.47.E-02 1.79.E-02 1.97.E-02 Eco-point 54.0%
AP 4.92.E-04 6.01.E-04 6.60.E-04 Eco-point 1.8%
EP 2.06.E-04 2.51.E-04 2.76.E-04 Eco-point 0.8%
GWP 8.75.E-03 1.07.E-02 1.17.E-02 Eco-point 32.2%
ODP 8.26.E-05 1.01.E-04 1.11.E-04 Eco-point 0.3%
POCP 2.99.E-03 3.65.E-03 4.01.E-03 Eco-point 11.0%
Total 2.72.E-02 3.32.E-02 3.65.E-02 Eco-point 100.0%
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Fig. 7. Result of Weighting for Each Impact Categories
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Table 12. Portion of Elastomeric Bearings used in PSC Bridge by
Specification

Bridge No.| 1,350kN | 1,750kN | 2,000kN |Othertype’|  Unit

1 100 - - - ea

2 80 - - - ea

3 60 - - - ea

4 20 - - - ea

5 20 - - - ea

6 - 182 - - ea

7 2 - - 18 ea

8 - 122 10 - ea
170 - 64 - - ea
171 - 30 - - ea
172 - 16 - - ea
Total 4,369 4,706 398 406 ea
ratio 44.2% 47.6% 4.0% 4.1% %

"500kN, 1,000kN, 2,500kN, 2,230kN, 2,250kN, 2,800kN

Table 13. Comparison of Environmental Load by Application of
Elastomeric Bearing LCI DB

Environmental load

Category ap;;]i(c):l;t-ion Application Unit Rate
1 3.86E+02 | 3.88E+02 | Eco-point | 0.75% A
2 3.62E+02 | 3.65E+02 | Eco-point | 0.64% A
3 2.27E+02 | 2.29E+02 | Eco-point | 0.76% A
4 1.77E+02 | 1.77E+02 | Eco-point | 0.33% A&
Bridge| 5 1.40E+02 | 1.41E+02 | Eco-point | 0.41% A
No. 6 8.99E+02 | 9.05E+02 | Eco-point | 0.70% A
170 | 3.17E+02 | 3.19E+02 | Eco-point | 0.70% &
171 | 4.52E+02 | 4.53E+02 | Eco-point | 0.23% &
172 | 1.47E+02 | 1.48E+02 | Eco-point | 0.38% A
Average 3.19E+02 | 3.21E+02 | Eco-point | 0.53% A
j;i‘::t‘l’;i 2.53E+02 | 2.54E+02 | Eco-point | 0.27% A

Table 14. Comparison of Cut-off Growth Rate by Application of
Elastomeric Bearing LCI DB

Environmental load
Categor -
= N.(m. Application Unit Rate
application
Average 80.92% 89.80% % 11.36% A
Standard | ¢ 404 4.14% % 6.15% A
deviation
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