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ABSTRACT

Nowadays, an increase of the particulate matter (PM) impacts human health and life, especially
in the construction industry, and road construction projects utilized with heavy equipment with a high fuel
consumption rate that directly generates PM and pollution. This research, therefore, aimed to develop
the PM evaluation model due to the equipment operations and to propose construction equipment
allocation and management strategies for mitigating the environmental impact. Four different sustainable
mitigation options were used: 1) biodiesel usage; 2) new equipment replacement; 3) hybrid engine
replacement; and 4) retrofit device installation. The results presented that the amount of PM emission
from the equipment operations in the project case study was 27.48 kg. In addition, the emission was
reduced by approximately 10% when applying the biodiesel option. Moreover, selecting the proper hybrid

and retrofit options could enable a complete and efficient PM reduction.
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Data Collection Step

1.1 Gather Construction Process and Construction

- Activity
- Work Sequence -
- Construction Method

- Activity Duration

1.2 Collect Equipment Characteristics

- MNumber of Pieces of Eguipment
- Egquipment Type

- Egquipment Size

- Engine Horsepower

DES Modeling Step

2.1 Construct Activity Cycle Diagrams (ACDs)
Activity {Apply Discrete-Event Simulation Technigue)

PM Evaluation Step

3.1 Analyze Equipment's Operating Time
(Result from Discrete-Event Simulation)

‘ OF =TWT = TIT ‘

3.2 Estimate PM Emission

‘ PM= OP x RP x EF x LF ‘

3

- Fuel Consumption

- Sustainable Option

PM & Sustainable Option Evaluation Step

4.1 Evaluate Total PM Emission due to Sustainable
Options (Apply for 100% Equipment Reet)

TE =PM = (1 - %Reduction by Opticny)

Figure 1 Research methodology framework
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Figure 2 Activity Cycle Diagram (ACD) for the base layer-material delivering
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Figure 3 PM emissions from delivering activity in the base layer at different number of trucks
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Table 1 Equipment characteristics, working time, idling time and percent utilization
Structural Activity Equipment | Number of Rate Load Working Idling Equipment
layer type pieces of power factor time time utilization
equipment (HP) (%) (min) (min) (%)
Subgrade | Grading Grader 1 145 61% 521.6 0.0 100.0%
Compacting | PR 1 95 56% 551.5 521.6 51.4%
Subbase Material Excavator 1 150 57% 97.3 59.4 62.1%
delivering
Truck 8 320 57% 977.4 175.5 84.8%
Material Grader 2 145 61% 515.5 75.3 87.3%
mixing
Water 1 320 57% 260.5 0.0 100.0%
Truck
Compacting | Grader 1 145 61% 504.1 429.9 54.0%
PR 1 95 56% 750.8 183.2 80.4%
TVR 1 75 56% 934.0 0.0 100.0%
Base Material Excavator 1 150 57% 351.1 148.8 70.2%
delivering
Truck 8 320 57% 3509.6 202.1 94.6%
Material Grader 2 145 61% 1956.1 217.4 90.0%
mixing
Water 1 320 57% 964.2 0.0 100.0%
Truck
Compacting | Grader 1 145 61% 1937.9 1658.4 53.9%
PR 1 95 56% 2898.9 691.9 80.7%
TVR 1 75 56% 3584.8 0.0 100.0%
Surface Paving Paver 2 123 62% 530.0 305.0 63.5%
Truck 4 320 57% 1505.6 164.4 90.2%
Compacting | PR 1 95 56% 170.5 247.0 40.8%
TVR 1 75 56% 303.7 113.8 72.8%
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Table 2 PM emissions from equipment operations on each structural layer

PM emissions (kg of PM emission) Total PM emissions
Structural layer
Equipment working Equipment idling (kg of PM emission)
Subgrade 0.75 0.27 1.02
Subbase 4.03 0.85 4.89
Base 14.91 2.47 17.38
Surface 3.44 0.75 4.19
Total 23.13 4.35 27.48
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Figure 4 Possible amount of PM emissions after applying sustainable options
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