Joumal of the Korean Society of Civil Engineers ISSN 1015-6348 (Print)

Vol. 36, No. 2: 297-305/ April, 2016 ISSN 2287-934X (Online)
DOI: http://dx.doi.org/10.12652/Ksce.2016.36.2.0297 www.kscejournal.or.kr

LCA J|gt PSC ulZ9| BZF0I SJZX00 TSt A+

=% oo *% k%% *k3kkk
ZHE* - QU™ ol . YA

Cho, Namho*, Yun, Won Gun**, Lee, Wan Ryul***, Kim, Kyong Ju****

An Analysis of the Characteristics of Environmental Impact for PSC
Beam Bridges using Life Cycle Assessment

ABSTRACT

This study aims to analyze characteristics of environmental load for the construction phase of PSC beam bridge based on Life Cycle
Assessment. For detail computation of environmental load, the construction materials and energy consumption are derived from the
BOQ, also connecting with environmental load by Korea LCI Database Information Network. The characteristic of environmental
impact was analyzed by 25 cases and cut-off ratio was 80% to 94%. The result sorted by construction materials revealed that
environmental load were 53.3% for ready-mixed concrete, 9.6% for wire rod, 7.8% for rebar, 6.8% for cement, 5.5% for plywood, and
5.2% for energy. Furthermore, the result of environmental impact revealed that 45.5% for global warming, 30.4% for abiotic resources
depletion, 10.5% for human toxicity, and 8.9% for photochemical oxidant creation. In the future, we can make a decision considering
environmental load based on LCA at design phase.

Key words : LCA (Life Cycle Assessment), LCI (Life Cycle Inventory), Environmental load, PSC beam bridge, BOQ (Bill of Quantity)
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Fig. 1. LCA Process (ISO 14040 Series, 2006)
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Table 1. National LCI DB

Stage Category Count Stage Category Count
Construction Material 25 Metal Processing 13
Rubber 8 . Accessory Processing 0
Metal 51 Processing Process Plastic Processing 24
Basic Parts 30 etc. 0
Chemical Substances 92 Ground Transportation 20
Material and Parts Water Resources 11 . Air Service 0
Manufacture Energy 23 Transportation Marine Transport 22
Pulp-Paper 9 etc. 0
Plastic 37 Landfill 3
etc. 20 ) Incineration 10
Disuse
Recycling 16
etc. 2
Total 416 pcs.
(KEITI, http://www.edp.or.kr)
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Park, Kwang Ho et. al.

(2000)

Highway

LCA/
Environmental load

Hwang, Yong Woo et.

Road Construction

CO» Emissions

al. (2000)
Lee Seung-Min et. al. o Assessment
(2006) Building Structure Program
Min. S. G. 4 LCA/
and Kim, S. K. Airport Pavement Environmental load
(2013)
LCA
Jang, Joo-Hwan et. al. | Concrete Panels of Flat c /.
(2013) Plate Construction
Wastes
Strogen, B. Distribution LCA/
and Horvath, A Infrastructure for CO» Emissions
(2013) Petroleum and Biofuels ?
Lee, Cheol et. al . . LCA/
(2014) High-Speed Railway | o mental Load
3. PSC W 2F501 I TZHA
3.1 HFCHAHS M
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Fig. 3. Environmental Impact Normalization

Table 3. Environmental Impact Categories
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th&<] Table 4= PSC beams A3 o) FY=R= H|EES

Impact Category ARD AD EU OD POC TET HT
Unit 1/yr kg SO»-eq kg POss-eq kg CO»-eq | kg CFCii-eq | kg C:Hseq | kg 1,4 DCBeq | kg 1,4 DCB eq
Normalization Factor | 24.9 39.8 13.1 0.0407 10.3 1.63 1480
Weight Factor 0.231 0.036 0.038 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
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Table 4. Equipment List for Manufacturing PSC Beam

Equipment specification Unit
Loader 1.72 M3 HR
Excavator+Breaker 0.7 M3 HR
Dump Truck 15 Ton HR
Concrete Pumping Vehicle 80 M3/hr HR
Internal Vibrator Concrete 45 D(3.5HP) Engine HR
Welding Machine 200 AMP HR
Internal Vibrator Concrete Rod Type HR
55k ThEo] Table 52 PSC beam AR F{)H= ARSSS
LRIt 350l 323 ARRES] 714 B 9IS kst A
LCI DB9l| SI2A7]= 1S &3] 3hARsleRe A=3t 4= gk
53] A2 75 FARA A NelEFTE Ao,
Mz QI3 BRsige e duingo s s
Table 5. Materials List for Manufacturing PSC Beam
. . . .. | Connected
Materials Specification Unit LCIDB
Rebar D=13m/m (SD30A) M/T| Rebar
1
Angles 75XTSXOMM 6.85KGM | My | St
Sections
<T<
Hot Rolled Steel 3.0<T<4.00 219x2438M/M M/T Hot R9lled
SS41 Coil
Steel Wire #8 4.0M/M  10.1IM/KG KG | Wire Rod
Binding Wire #20 4.5M/M KG | Wire Rod
12.7M/M 3twisted wire .
PC Strand 774, 0KG/KM KG | Wire Rod
Nail N75 75x3.25M/M 25KG/Box | KG | Wire Rod
Hex Bolt M16x50mm EA | Wire Rod
Hex Bolt M16x60mm EA | Wire Rod
Hex Bolt M16x70mm EA | Wire Rod
Timber 3.6x9.0cmx4.5cm M3 | Plywood
Wood Board 3.6m x 30cm x 2.4cm M3 | Plywood
Spiral Tube 65MM M DB X
PVC Pipe 100mm x 4m (VG2) M PVC
Welding Rod 3.2mm KSE4301 KG | Wire Rod
Oxygen 99% 6000 L (Air) 40 L EA | Oxygen
Acetylene 98% (Welding) 1kg=853 L KG | Acetylene
Metal Cramp (150 m/m) EA DB X
Fly Ash KG DB X
PC Cone ®12.7MM SET DB X
Aluminium - KG | Aluminium
Powder

3.3 BIAEISPIR| Sijot

%918 2] 9 ool Tig el AEal] S
LCI DBo} A== sillsh 21938 Salelaick Sl Al
3} =7} LOI DBS) $3R1e Fau $4ua)o] A%,

wEpr 87e] sk JRFHTl o J IS Aeshes
slgom, Eco-PointE B-83}0] X shaRsks 2123t 5= 9e
= sk3itk

v} Table 68 2 AA70lA] A&3k LCT DB} AjAle] oAy

oks HojFEr) =7} LCI DBl 755 LCI DB &3} ojush
2] & A oksl=A] Arslal vk wepa 7jEH o2

=7} LCI DBE 83 4 9xuk, BE 3}%o] DBY} 754
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LCI DBX] “YRrL 5, Hzw, 854389, SAL HE, Eloo]
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L HKBolt), &(Nail) Foll= 2833t &gt A=Y (Hot
Rolled Steel Coil)e] AL= 72 #88 Fdof AR
FAIDBR #etste] A9y 5o BE dAAE 2833k
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AR EAS mEsle] I 2A4ske] AAE S ok WA
wjo] lom, “=ujte] DBE 1 ﬂﬁé}&iﬁ— A] < 718} Cut-off
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Table 6. Connection List Between LCI DB and Resource Inventory
National LCI DB Category | Unit Materials Unit National LCI DB Category Unit Materials Unit
PC Strand kg Stainless Pipe m
Wire Rope kg Stainless Round Bar kg
Welding Rod kg Stainless Steel kg Stainless Steel Sheet kg
) ) kg Welding Rod(Stainless) kg
Wire Rod kg Bolt/Nail/Nut : -
set Stainless Steel Sections kg
Steel Wire kg All Type of Remicon m’
o . Remicon 3
Binding Wire kg 25.240-15 m Concrete Products Eé
Ring kg (Hume Pipe, PC Block, etc.) | m”
Steel Sections M/T HDPE Film kg Grid m’
Steel Pipe m Electric Steel Deformed Bars kg All Type of Rebar kg
Round Bar ton Electricity kwh Electricity kwh
Steel Rod M/T ea
Portland Cement_type 1 kg Cement
Channels m kg
Electric Steel Sections kg Sheet Piles m L
- Oxygen, O> ton Oxygen
scaffold pipes m bt
Metal Cramp kg Epoxy Adhesive kg All type of Achesive kg
Angles kg Hot Rolled Steel Coil ton Hot Rolled Steel ton
Wide Flange Beams| M/T kg
—— Steel Plates ton Flat Steel, Steel Plates
Steel Pipe Piles m ton
Pattern Mold m’ PVC kg PVC Pipes m
EPS kg 3 -
Styrofoam m Aluminum Sheet kg
Paint_Urethane Type ton Sealant kg Aluminum Strip kg Aluminum Powder kg
Blown Asphalt kg Aluminum Alloyed Casting | kg
Asphalt kg -
Asphalt Primer kg Carbon Steel kg
Diesel kg Diesel L Carbon Steel kg Carbon Steel Castings kg
Gasoline kg Gasoline L Carbon Steel Pipes m
Table 7. Bridge Characteristics
Bridge Span Span Total | Width|Foundation| Cut-off Bridge Span Span Total | Width | Foundation| Cut-off
No. P Length (m) | Length (m)| (m) Type Level (%) No. p Length (m) | Length (m)| (m) Type Level (%)
1 1 30.0 30.0 20.9 Pile 87.82 14 1 35.0 35.0 21.4 Pile 92.98
2 1 30.0 30.0 20.9 Pile 86.23 15 4 35.0 140.0 | 214 Both 89.36
3 1 35.1 35.1 20.9 Pile 83.82 16 3 35.0 105.0 | 214 Both 86.86
4 4 35.0 140.0 | 209 Pile 83.32 17 3 35.0 105.0 | 214 Both 89.12
5 5 35.0 175.0 | 209 Pile 84.47 18 1 30.0 30.3 20.9 Pile 88.61
6 1 35.0 35.0 20.9 Pile 93.13 19 1 25.0 25.5 21.0 | Footing 83.19
7 1 35.0 35.0 21.7 Pile 94.18 20 1 35.0 353 20.9 Both 86.67
8 1 30.0 30.0 204 Pile 91.13 21 1 30.0 30.3 20.9 Both 84.46
9 1 30.0 30.0 20.6 Pile 92.22 22 1 30.0 30.0 20.9 Both 87.69
10 7 35.0 2450 | 22.8 Both 84.40 23 3 30.0 90.0 20.9 Both 80.51
11 4 35.0 140.0 | 22.8 Both 85.57 24 1 35.0 35.0 20.9 Both 82.94
12 3 35.0 1054 | 21.1 Both 86.58 25 2 35.0 70.0 20.9 | Footing 81.17
13 3 30.0 90.5 21.0 Both 85.52 - - - - - - -
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Table 8. Materials Analysis Result . i
| :Steelmaking processf |
Cost Cost ik [
Major | Environmental . Major | Environmental . I i
. . Ratio . . Ratio i | ) i Water system
Materials | Load Ratio (%) %) Materials | Load Ratio (%) %) asting process | I‘—’ effluent
Remicon| 5329 | 1922 |Equipment|  5.19 | 2523 || [ eesting ) !
Pl progess !
Steel | Environmental |
Wire Rod 9.64 4.15 . 5.10 19.42 I'| rWie fod olling ] equipment | |
Sections || Pprocess | |
Rebar 776 2429 | PET 3.80 0.14 ! :
. . utting process i
Cement 6.78 1.63 Stgltzleelzss 0.87 0.75 ,l_’ Solid waste
Hot Rolled 3
Plywood 5.48 3.50 Steel 0.87 0.52 [ ‘Q’"j ]
Sub Total 82.95 52.79 | Sub Total 15.83 46.06 e
Total 08.78 08.85 etc. 122 1.15 Fig. 4. Assessment Process for Wire Rod (KEITI, http://www.edp.or.kr)
Table 9. Weighted Values on LCI DB items
. ARD AD EU GW OD POC TET HT Total
LCI DB Category | Unit B 3 ; - - - - - -
Eco-point | Eco-point | Eco-point | Eco-point | Eco-point | Eco-point | Eco-point | Eco-point | Eco-point
Remicon m 1.36E-02 | 6.38E-04 | 2.38E-04 | 2.24E-02 | 2.74E-04 | 6.05E-03 | 2.08E-04 | 3.84E-03 | 4.71E-02
Wire Rod ton 1.21E-01 1.64E-02 | 3.46E-03 | 4.95E-01 | 5.12E-04 | 2.30E-03 | 1.44E-03 | 1.33E-02 | 6.54E-01
Rebar kg 1.72E-05 | 4.02E-07 | 3.13E-09 | 2.28E-05 | 6.23E-08 | 2.00E-06 | 3.95E-07 | 1.22E-06 | 4.41E-05
Plywood m’ 2.17E-02 | 3.76E-03 | 2.05E-02 | 4.26E-02 | 3.62E-04 | 1.06E-03 | 1.51E-02 | 7.21E-03 | 1.12E-01
Gasoline kg 2.46E-04 | 1.68E-07 | 9.35E-09 | 4.33E-06 | 1.53E-09 | 1.08E-07 | 8.96E-10 | 2.78E-08 | 2.51E-04
Diesel kg 2.44E-04 | 1.26E-07 | 2.77E-08 | 3.55E-06 | 7.52E-10 | 7.03E-08 | 4.40E-10 | 1.53E-08 | 2.48E-04
Cement kg 9.64E-06 | 5.11E-07 | 1.75E-09 | 4.94E-05 | 1.02E-07 | 1.54E-05 | 1.32E-07 | 1.51E-06 | 7.66E-05
Stainless Steel kg 2.15E-04 | 4.17E-06 | 4.54E-07 | 1.68E-04 | 8.93E-06 | 7.51E-07 | 2.45E-04 | 3.32E-04 | 3.57E-05
Steel Sections kg 2.11E-05 | 1.20E-06 | 5.13E-07 | 2.24E-05 | 1.71E-07 | 1.93E-06 | 3.37E-07 | 2.60E-06 | 5.02E-05
PET kg 2.55E-04 | 7.35E-06 | 8.08E-06 | 2.14E-04 | 7.90E-06 | 5.51E-06 | 4.85E-03 | 1.19E-01 1.24E-01
Hot Rolled Steel | ton | 1.16E-01 1.70E-03 | 4.64E-06 | 9.11E-02 | 2.56E-05 | 2.84E-02 | 3.18E-04 | 4.63E-04 | 2.38E-01
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Table 11. Percentage of LCl DB on Environmental Impact Categories
LCI DB Category| ARD (%) AD (%) EU (%) GW (%) OD (%) POC (%) TET (%) HT (%)
Remicon 28.87 1.35 0.51 47.56 0.58 12.85 0.44 8.15
Wire Rod 18.50 2.51 0.53 75.69 0.08 0.35 0.22 2.03
Rebar 39.00 0.91 0.01 51.70 0.14 4.54 0.90 2.77
Plywood 19.38 3.36 18.30 38.04 0.32 0.95 13.48 6.44
Gasoline 98.01 0.07 0.00 1.73 0.00 0.04 0.00 0.01
Diesel 98.39 0.05 0.01 1.43 0.00 0.03 0.00 0.01
Cement 12.58 0.67 0.00 64.49 0.13 20.10 0.17 1.97
Stainless Steel 22.09 0.43 0.05 17.28 0.92 0.08 25.12 34.04
Steel Sections 42.03 2.39 1.02 44.62 0.34 3.84 0.67 5.18
PET 0.21 0.01 0.01 0.17 0.01 0.00 3.91 95.97
Hot Rolled Steel 48.74 0.71 0.00 38.28 0.01 11.93 0.13 0.19
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