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Table 1. Description of Each Category of TBL Integration Model

- Human Health

Environmental Category

caused by Carcinogenic Substances
caused by Respiratory Effects
caused by Climate Change

caused by lonizing Radiation
caused by Ozone Layer Depletion

+ Ecosystem Quality

caused by Ecotoxic substances
caused by Acidification and Eutrophication

caused by Extraction of Mineral

- Re .
sourees - caused by Extraction of Fossil Fuel
- Planning and Design Cost
- Initial Cost - Construction Cost

Supervision Cost

Economic Catego . .
gory » Operation and Maintenance Cost

General Management Cost

Examination/Diagnosis Cost
Maintenance & Repair Cost
User Cost

The third Group cost

- Demolition and Disposal Cost

Demolition/Disposal Cost
Salvage value

- Benefit of time

Value of Time

Social Catego
gory - Benefit of reduction cost

Fuel consumption
- Engine oil and tire
- Maintenance and Depreciation
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Table 2. Construction Materials Requirement in Construction Stage Table 4. Construction Materials Requirement in Maintenance
Process Construction Materials Quantity LCI DB Stage
Wood 482.6 kg | Sima-Pro Material Area Quantity per area Quantity
Earth k| Nail 3.9 kg | Sima-P
arth wor Czixe index 26 mga I\/;gZ]Er: Asphalt Concrete 0.1 m’ 15,800 ton/m’ 1,479 ton
Coupling 1,513.0 kg | Sima-Pro
Slore | R pipe 39,7314 kg | Sima-Pro
i i . i i d E C tion in
safety work| High strength cement 33700 ke | MOE* Table 5 Cor.lstructlon Machinery and Energy Consump
- Maintenance Stage
Plywood form 166,625.3 kg | Sima-Pro -
Steel 11,000.0 kg | Sima-Pro Energy Energy i
Ready mixed concrete 99150 m’ | MOCIE Construction Machinery R Q (L) Consumption
Sand 604.5 ton | Sima-Pro ©
Drainage | 92"¢l 28,7580 ton | Sima-Pro Asphalt finisher(3.0 m) | 1479 ton | 4852 tonhr | 80 | 2438
Cement 1,920.0 kg | MOCIE Water tank(5500 L) | 1479 ton | 4852 tonhr | 102 | 3109
Asphalt 20,310.0 ton | Sima-Pro .
Reinforcement 714,568.0 kg | MOCIE Tire roller(8-15 ton) | 15,800 ton | 324 tonhr | 11.7 570.6
Cement pipe 91,0600 kg | MOE Tandem roller(10-14 ton) [ 15,800 m’ | 405 m'hr | 84 | 3277
PVC 2,801.0 kg | MOCIE Makadam roller(10-12 ton)| 15,800 m’ | 660 m¥hr | 92 2202
Plywood form 5,126.4 kg | Sima-Pro
Steel 4,127.0 kg | Sima-P . . . Lo
Paint 22584 k: Sﬁ:-P;ﬁ Table 6. Construction Machinery and Energy Consumption in
P;‘élr?(g Ready mixed concrete 42110 m* | MOCIE Demolition/Disposal Stage
Ascon(Asphalt Concrete) 55,240.0 ton | Sima-Pro Construction R Enerav* Energy
Reinforcement 78,000.0 kg | MOCIE Machinery Q Q erey Consumption
Asphalt_emulsion 256410 ke | Sima-Pro Backhoe + Breaker | 3,010 m® |4.60 mhr|10.5 L/r | 6,871 L
* MOCIE: Ministry of Commerce, Industry and Energy,
MOE: Ministry of Environment * Energy source: Diesel

Table 3. Construction Machinery and Energy Consumption in Construction Stage

Process Construction Machinery Qr Q Energy*(L/hr) |Energy Consumption(L)
Grader(3.6 m) 764,451 m’ 1442 m’/hr 15.4 81,617.8

Dump truck(15 ton) 1,220,333 ton 15.0 ton/hr 21.1 1,716,601.8

Water tank(5,500 L) 714,565 m’ 874 mfhr 10.2 83,402.7

Earth work Backhoe . 47,088 mj 56.9 mi/hr 10.5 8,695.5
Dozer(19 ton) 377,479 m 142.0 m’/hr 23.8 63,272.1

Dozer(32 ton) 867,634 m’ 226 mihr 396 154,370.8

Backhoe 45061 m’ 777 mYhr 10.5 6,089.3

Tire payloader(2.87 m®) 377479 m’ 934 m’hr 202 81,682.7

Slope safety work Air compressor 16,083 mz 7.1 mz/hr 6.1 13,7349
Backhoe 613 m 569 m/hr 10.5 113.2

Dump truck(10.5 ton) 373 ton 10.5 ton/hr 18.8 667.7

Dump truck(15 ton) 9,991 ton 15.0 ton/hr 21.1 14,053.9

Rammer(80 kg) 1454 m’ 44 m'hr 0.7 232.4

Drainage Rotor(1.72 m’) 403 mj 14.7 mj/hr 18.0 4927
Backhoe 29,130 m 56.9 m’/hr 10.5 5,379.3

Concrete vibrator(3.5HP) 641 m’ 54 mihr 1.0 118.7

Tire payloader(1.72 m®) 9,586 m’ 7837 m’/hr 18.0 2,201.7

Pump car 2472 m’ 271 mhr 18.0 1,641.9

Grader(3.6 m) 29,1190 m’ 1442 mYhr 15.4 3,108.9

Dump truck(10.5 ton) 132.3 ton 10.5 ton/hr 18.8 236.9

Dump truck(15 ton) 29,189.0 ton 15.0 ton/hr 211 41,059.2
Distributer(3,800 L) 194,600.0 m* 420492 mhr 12.0 555.3

Water tank(5,500 L) 41,854.0 ton 874 ton/hr 102 4,885.1

Paving work Asphalt finisher(3.0 m) 25,886.0 ton 84.91 ton/hr 8.0 2,438.9
Dynamic compaction roller 29,1190 m’ 114 m*hr 11.7 2,988.5

Line sprayer 7,5280 m’ 1050 m%hr 22.8 163.5

Concrete vibrator(3.5HP) 89.0 m’ 54 m'hr 1.0 16.5

Crusher(150 ton) ‘ 29,1190 m’ 734 m’fhr 10.0 3,967.2

Tire roller(8-15 ton) 29,1190 m’ 216 m'/hr 117 1,577.3

* Energy source: Diesel
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Table 7. Transportation Machinery and Energy Consumption in
Demolition/Disposal Stage
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Table 10. Environmental Key Issue and Process in Life
Cycle of Road

Transportation  |Asphalt concrete|Distance Eneray* Energy
Machinery Quantity (round) &y Consumption
Dump truck(15 ton)] 7,074 ton 40 km |8 km/L | 2,360 L

* Energy source: Diesel
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Table 8. Results of Impact Assessment for Construction Stage

Slope Safety| . . Paving
Safeguard Earth Work Work Drainage Work Total
Human Health
L02E- WAl ASEH O5E- X
(DALY km) 4.02E-01 | 3.25E-02 | 1.45E+00 | 7.65E-01 |2.65E+H00

Ecosystem Quality

+ H + +
(PDF - ot - grlkm) 1.42E+04 | 1.74E+03 | 4.44E+04 | 2.65E+04 | 8.68E+04

Resources

+ + + + +
(MIkm) S.98E+06 | 4.37E+04 | 1.90E+06 | 1.74E+06 |9.66E+06

Table 9. Results of Impact Assessment for Life Cycle of Road

Construction | Maintenance | Demolition and
Safeguard . Total
Stage Stage | Disposal Stage
Human Health
+ - - +
(DALY fkm) 2.65E+00 | 1.10E-02 3.18E-02  [2.69E+00
Ecosystem Quality
+ + 32E+ 81E+
(PDF - o2 . yr/km) 8.68E+04 | 4.83E+02 8.32E+02 8.81E+04
Resources
+ + + +
(MJ/km) 9.66E+06 | 1.15E+04 3.19E+04  19.70E+06

Stage and process Key Issue
Earth work(61.87%) - Machinery(61.9%)
+ Machinery(0.4%)

Slope safety work(0.47%}) FRP pipe(0.07%)

- Ready mixed concrete(14.4%)
- Gravel(1.5%)

- Asphalt emulsion(6.9%)

- Ready mixed concrete(6.1%)
« Asphalt Concrete(62.0%)

+ Machinery(38.0%)

+ Machinery(80.3%)

- Transportation(19.7%)

Construction
Stage | Drainage(18.61%)

Paving work(19.06%)

Maintenance Stage

Demolition and Disposal Stage
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Table 11. Initial Cost Analysis

LCC Elements Cost(Million Won)
) Basic Design Cost 126.87
P]anflmg and Detailed Design Cost 253.73
Design Cost
Total 380.60
Direct Construction Cost 7,291.20
. Indirect Construction Cost 2,406.10
Construction G M .
Cost eneral Managemen 1.239.50
Cost and Profit
Total 10,936.80
. Construction Supervision Cost 139.99
Supervision Supervision Cost 24.75
Cost
Total 164.74
Total 11,482.14
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Table 12. Maintenance and Repair Cost Analysis

LCC Elements Cost(Million Won)
General Labor Cost -
Management {Ordinary Checkup Cost -
Cost Etc. -
Regular Inspection Cost
. . 253.27
Examination/ {Accuracy -Inspection Cost
Diagnosis Cost|Accuracy Safety Inspection Cost
253.27
Total ‘
Repair Cost 612.57
Maintenance & |Shift Cost 675.90
Repair Cost |Reinforce Cost -
Total 1,288.47
Vehicle Operation Cost 8,206.15
User Cost |Time Delay Cost 31,297.45
Total 39,503.60
Total 41,045.34

Table 13. Demolition and Disposal Cost Analysis

LCC Elements Cost(Million Won)

. Destruction Cost 172.08
Demolition and .

Disposal Cost Disposal Cost 7431

posal L0 Total 246.39

Waste Recycling Cost 1.64

Salvage Cost Total 164

Total 244.75
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Fig. 1. Life Cycle Cost Analysis for Road.
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Table 14. Results of Traffic Census in Target Area
(Unit: EA/day)

A4rhsd Ade A% TBL Bgude A 375

Table 17. Integrated Evaluation Result of Road
(Unit: million won)

Year Car Bus Truck Total
2005 19,037 598 8,822 28,457
2006 19,699 619 9,129 29,446
2007 20,361 639 9,435 30,435
2008 21,022 660 9,742 31,424
2009 21,684 681 10,049 32,413
2010 22,346 702 10,355 33,402
2011 23,087 725 10,698 34,510
2012 23,689 743 10,979 35,411
2013 24,308 763 11,265 36,336
2014 24,944 783 11,560 37,287
2015 25,597 803 11,862 38,262
2016 26,266 824 12,173 39,263
2017 26,953 846 12,491 40,290
2018 27,658 868 12,817 41,343
2019 28,382 890 13,153 42,425
2020 28,966 909 13,424 43,299
2021 29,563 927 13,701 44,191
2022 30,172 947 13,983 45,102
2023 30,793 966 14,271 46,030
2024 31,428 986 14,565 46,979

Table 15. VOT of Each Vehicle Type for Road
(Unit: Million Won)

Car Bus Truck Total
VOT 12,363 1,156 6,194 19,715

Table 16. VOC of Each Vehicle Type for Road
(Unit: Million Won)

voC Car Bus Truck Total
Fuel consumption 112 8 72 194
Maintenance* 93 4 81 179
Total 206 12 155 | 373

* Including the Cost for Engine oil, Tire, Maintenance and Deprecia-
tion
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Human Health 3,119

Environmental  |Ecosystem Quality 10,817

Impact(ERoad)  |{Resources 244

Total 14,180

Initial Cost 11,482

Life Cycle Cost |Maintenance and Repair Cost 41,045

(CRoad) Demolition and Disposal Cost 245

Total 52,772

. Value of Time 19,715

SOCE;BZneﬁt Vehicle Operation Cost 373

(BRoad) Total 20,088
TBL Integrated

Evaluation Index |BRoad /(CRoad+ERoad) 0.30
(IEITBL_Road)
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