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Environmental Impact and Water Foot Print Assessment of Pot
Bearing Using Life Cycle Assessment (LCA)

ABSTRACT

In this research, LCA analysis of the manufacturing process of pot bearing for fixed, movable in all directions, movable in one direction
was carried out to analyze the environmental load using the LCA methodology. Especially, the water footprint that has been and issue
in recent years was analyzed. As a result of LCA, it was analyzed that the contribution of the plate was more than 64.2% in all of the
six impact categories in the case of fixed pot bearing base, and more than 94% in the category of resource depletion and photochemical
oxidant creation. In the case of all direction pot bearing and one direction pot bearing, the contribution of PTFE was the highest in the
global warming and stratospheric ozone depletion, and the contribution by the plate was higher in the other impact categories. The
water footprint of each type of pot bearing was analyzed as 22.4m® H,O eq/kg for one direction pot bearing, 17.1m® H,O eq/kg for fixed
pot bearing, and 14.1m® H,0 eq/kg for all direction pot bearing. As a result of life cycle analysis, the contribution of water use in
manufacturing was more than 65% in all three types. The results of this study can be used as basic data for decision making in
construction method and material selection of bridges in the future.
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FslehishaAld)el thek 5243t B 71es) gk A8 9E Arlet
Itk LCA 5388 93l LCI DB (Life Cycle Inventory Database)
+ =7} LCI Database X J(Korea LCI Database Information
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Table 1. Scope Definition

Category Definition
. Support the load of the bridge superstructure and
Function . .
decrease horizontal force magnitude of substructure
Pot bearing (fixed, 3,000kN) 1ea Production : Weight 295kg
Functional Pot bear.mg (moYable in all directions, 3,000kN) lea
Unit Production : Weight 172kg
Pot bearing (movable in one direction, 3,000kN) lea
Production : Weight 355kg
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Fig. 1. System Boundary of Pot Bearing
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Table 2. Data Category and Input and Output of the System
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4.1 LCA i Zn}
4.1.1 2=28M Zn}

FEM] 3,000kN FAE(AT, Gk R lea B2k
X @ vole] B 44nE v 2 BEyae Sasilc)
FQ vleed 22584 A3l= Tables 467 2o F4 vk}
W)= natural gas, hard coal, crude oil, nitrogen oxides (NOx),
sulfur dioxide (SO»), carbon dioxide (CO,), phosphate (PO,*),
HCFC-22, NMVOCE Jehjr) 9el &2 V|ox 24 Ay}
F9 1l2)E = natural gas, hard coal, crude oil 5 T2
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9 Hojokslel 9J3ke 3= phosphate (PO,”), HCFC-2284=

Material
Group . — .
Fixed All direction One direction
Steel Plates. Natural rubber. Brass Steel Plates, Natural rubber, Brass, | Steel Plates, Natural rubber, Brass,
Raw material ? ’ > | Carbon steel, PTFE, Stainless steel | Carbon steel, PTFE, Stainless steel
Carbon steel plate
Input plate plate
Sub material Epoxy resin adhesive Epoxy resin adhesive Epoxy resin adhesive
Utility Electricity, Industrial water Electricity, Industrial water Electricity, Industrial water
Product Pot bearing (fixed) Pot bearing (All direction) Pot bearing (One direction)
Water emission Waste water Waste water Waste water
Output —
Air emission Dust Dust Dust
Waste Steel scrap, Rubber scrap Steel scrap, Rubber scrap Steel scrap, Rubber scrap

Table 3. Data Quality Requirements

Group Up/Down Stream

Production stage

Temporal Scope Most recent data

2016 Annual data (2016. 1.1 ~2016. 12.31)

Technological Scope -

Technologies of the Pot Bearing production company
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Table 4. Result of Life Cycle Inventory Analysis for LCI Parameters (Pot Bearing (Fixed) 1ea Production)

Result of Life Cycle inventory

Result of characterization

Parameter - - — Material
Value Unit Value Unit Level of contributio
Natural gas 9.87E+01 kg 1.85E+00 | kg antimony-eq 64.9% Steel Plates
ADP | Input | Soil Hard coal 4.02E+01 kg 5.39E-01 | kg antimony-eq 18.9% Steel Plates
Crude oil 2.27E+01 kg 4.57E-01 | kg antimony-eq 16.1% Steel Plates
Nitrogen oxides (NOx) 9.21E-01 kg 6.45E-01 kg SO»-eq 70.5% Steel Plates
AP | Output | Air —
Sulfur dioxide (SO») 2.55E-01 kg 2.55E-01 kg SO»-eq 27.9% Steel Plates
EP | Output | Water| Nitrogenous matter 9.21E-01 kg 1.20E-01 kg PO -eq 96.1% Steel Plates
GWP |Output| Air | Carbon dioxide (CO.) 3.48E+02 kg 3.48E+02 kg COz-eq 95.9% Steel Plates
ODP | Output| Air Halon-1301 1.35E-06 kg 1.62E-05 kg CFC 11-eq 99.3% Steel Plates
POCP | Output | Air NMVOC 1.72E+00 kg 7.16E-01 kg CoHu-eq 86.2% Steel Plates
Table 5. Result of Life Cycle Inventory Analysis for LCI Parameters Pot Bearing (Movable in All Directions) 1ea Production
Result of Life Cycle inventory Result of characterization .
Parameter - - — Material
Value Unit Value Unit Level of contributio
Natural gas 6.31E+01 kg 1.18E+00 | kg antimony-eq 61.9% Steel Plates
ADP | Input | Soil Hard coal 2.88E+01 kg 3.87E-01 | kg antimony-eq 20.2% Steel Plates
Crude oil 1.54E+01 kg 3.09E-01 | kg antimony-eq 16.2% Steel Plates
| Nitrogen oxides (NOx) |  6.12E-01 kg 4.28E-01 kg SO,-eq 52.3% Steel Plates
AP |Output| Air —
Sulfur dioxide (SO-) 3.43E-01 kg 3.43E-01 kg SO,-eq 42.0% PTFE
Nitrogen oxides (NOx) |  6.12E-01 kg 7.95E-02 kg PO -eq 65.6% Steel Plates
EP |Output| Water| Phosphate (PO,”) 3.70E-02 kg 3.70E-02 kg PO -eq 30.5% PTFE
COD 8.13E-02 kg 1.79E-03 kg PO -eq 1.5% Natural rubber
HCFC-22 1.90E-01 kg 3.23E+02 kg COx-eq 42.9% PTFE
GWP |Output| Air | Carbon dioxide (CO,) 2.17E+02 kg 2.17E+02 kg CO»-eq 28.8% Steel Plates
HFC-23 1.21E-02 kg 1.42E+02 kg COx-eq 18.8% PTFE
Tetrachloromethane 5.55E-03 kg 6.66E-03 | kg CFC l1-eq 39.6% PTFE
ODP | Output| Air HCFC-22 1.90E-01 kg 6.46E-03 | kg CFC 11-eq 38.4% PTFE
CFC-12 4.41E-03 kg 3.62E-03 | kg CFC 11-eq 21.5% PTFE
) NMVOC 1.05E+00 kg 4.39E-01 kg CoHs-eq 83.4% Steel Plates
POCP | Output | Air
Hydrocarbons 1.59E-01 kg 5.98E-02 kg CoHs-eq 11.4% Steel Plates

Table 6. Result of Life Cycle Inventory Analysis for LCI Parameters Pot Bearing (Movable in One Directions) 1ea Production

Result of Life Cycle inventory

Result of characterization

Parameter - - — Material
Value Unit Value Unit Level of contributio
Natural gas 1.28E+02 kg 2.40E+00 | kg antimony-eq 63.8% Steel Plates
ADP | Input | Soil Hard coal 5.39E+01 kg 7.22E-01 | kg antimony-eq 19.2% Steel Plates
Crude oil 3.01E+01 kg 6.05E-01 | kg antimony-eq 16.1% Steel Plates
| Nitrogen oxides (NOx) | 1.17E+00 kg 8.22E-01 kg SO,-eq 58.6% Steel Plates
AP |Output| Air —

Sulfur dioxide (SO.) 5.27E-01 kg 5.27E-01 kg SO»-eq 37.6% Steel Plates
Nitrogen oxides (NOx) | 1.17E+00 kg 1.53E-01 kg PO —eq 76.6% Steel Plates

EP |Output| Water |  Phosphate (PO,) 4.03E-02 ke 403E-02 | kgPO/-eq 20.2% PTFE

COD 9.89E-02 kg 2.18E-03 kg PO —eq 1.1% Natural rubber
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Table 6. Result of Life Cycle Inventory Analysis for LCI Parameters Pot Bearing (Movable in One Directions) 1ea Production (Continue)

Result of Life Cycle inventory Result of characterization .
Parameter - - — Material
Value Unit Value Unit Level of contributio
Carbon dioxide (CO,) | 4.18E+02 kg 4.18E+02 kg COs-eq 41.4% Steel Plates
GWP | Output| Air HCFC-22 2.07E-01 kg 3.52E+02 kg COs-eq 34.9% PTFE
HFC-23 1.32E-02 kg 1.55E+02 kg COs-eq 15.3% PTFE
Tetrachloromethane 6.06E-03 kg 7.27E-03 | kg CFC 11-eq 39.6% PTFE
ODP |Output| Air HCFC-22 2.07E-01 kg 7.04E-03 | kg CFC 11-eq 38.4% PTFE
CFC-12 4.81E-03 kg 3.94E-03 | kg CFC 11-eq 21.5% PTFE
) NMVOC 2.19E+00 kg 9.12E-01 kg CoHs-eq 85.2% Steel Plates
POCP | Output | Air
Hydrocarbons 3.02E-01 kg 1.14E-01 kg CoHs-eq 10.7% Steel Plates
Table 7. Result of Characterization
Impact Result value Uni Level of contribution
nit
category | Fixed | All direction [One direction Fixed Movable in all directions | Movable in one direction
(@ Steel Plates (94.8%) | (D Steel Plates (87.2%) | (D Steel Plates (92.0%)
ADP [2.84E+00| 1.91E+00 | 3.76E+00 1/yr @ Electricity (3.8%) @ Electricity (5.5%) @ Electricity (3.9%)
@ Carbon Steel (0.8%) | @ PTFE (4.0%) @ PTFE (2.2%)
(@ Steel Plates (83.8%) | (D Steel Plates (57.9%) | (D Steel Plates (70.2%)
AP |9.15E-01| 8.18E-01 | 1.40E+00 | kgSOs-eq. | @ Carbon Steel (9.9%) | @ PTFE (30.3%) @ PTFE (19.3%)
@) Electricity (3.1%) @) StainlessSteel (3.4%) | @ Carbon Steel (4.2%)
(@ Steel Platest (77.2%) | (D Steel Plates (49.0%) | (D Steel Plates (62.1%)
EP [125B-01| 121E-01 | 1.99E-01 | kgPO.eq. | @ Carbon Steel (13.6%)| @ PTFE (35.7%) @ PTFE (23.7%)
@) Electricity (4.2%) @ StainlessSteel (4.5%) | @) Carbon steel (5.5%)
@ Steel Plates (64.2%) | (D PTFE (72.7%) @ PTFE (59.1%)
GWP |[3.63E+02| 7.53E+02 1.01E+03 kg COxreq. | @ Carbon Steel (30.5%) | @ Steel Plates (19.1%) | @ Steel Plates (29.7%)
@ Electricity (4.6%) @ Carbon Steel (3.5%) | @ Carbon steel (7.1%)
@ Steel Plates (92.4%) | (D PTFE (99.9%) @ PTFE (99.8%)
ODP | 1.63E-05| 1.68E-02 | 1.84E-02 |kgCFC-11-eq.| @ Carbon Steel (6.4%) | @ Steel Plates (<0.1%) | (@ Steel Plates (0.1%)
@ Natural rubber (0.8%)| (@ StainlessSteel (<0.1%)| @ Stainless Steel (<0.1%)
(D Steel Plates (94.5%) | (D Steel Plates (92.4%) | (D Steel Plates (94.4%)
POCP [831E-01| 5.26E-01 | 1.07E+00 | kg C;Hi-eq. | @ Carbon Steel (3.7%) | @ PTFE (3.0%) @ Carbon Steel (1.9%)
@ Electricity (1.6%) @) Electricity (2.4%) @ Electricity (1.7%)
DI, PUF I B PTFE =29 7]owr) 7 =70 Zjzke] WFox] 71 =2 71o%E ARehs A0 R A EIT:
et PP} PG TV A5 BAE JNolE L} b
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4.00E+02 -
FERE A EXs) A= thEe] Table 7% 2k g
FEIE YR we P o $AA T3] s .
_ _ _ 0.00E+00
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Fig. 2. Result of Characterization (GWP)
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Table 8. Result of Water Footprint Assessment in Each Life Cycle
Stage (Unit : m® H,0eq/kg)

Product Pre-Manufacturing | Manufacturing | Transportation
Fixed 6.0214 11.1131 0.0020
All direction 3.4656 10.6558 0.0029
One direction 7.2071 15.1970 0.0047
25.00
mTransportation 0:0047
:m 20,00 Manutacturing
g mPre-manufacturing
; 15,00 00029 15.20
H 1.1
& 10.00
E 10.66
e -
- [oa ]
Fixed All directions One directions

Fig. 3. Result of Water Footprint Assessment
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Table 9. Result of Water Footprint Assessment in Each Parts (Unit : m® H,Oeq/kg)

Product Upper Plate | Lower Plate Piston Guide Bar | Rubber PAD | Brass Ring | Socket | Anchor Socket
Fixed 2.6856 2.4938 0.0000 0.0000 0.0000 0.0078 0.8977 0.0000
All direction 1.4046 1.4921 0.3053 0.0000 0.0000 0.0045 0.0000 0.2110
One direction 2.6447 2.5940 1.2317 0.1866 0.0000 0.0049 0.0000 0.5847
8,00
7.00
:E_I 6.00 1 Anchor Socket
5 500 | nSocket
T Brass Ring
g 4.00 mRubber PAD
'E mGuide Bar
E 3.00 = Piston
5 uLower Plate
g 200 1 mUpper Plate
1,00 |
0.00 -

Fixed

All directions

One directions
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