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Construction Management
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An Approach for Solid Modeling and Equipment Fleet Management
Towards Low-Carbon Earthwork

ABSTRACT

Earthwork is a basic operation for all forms of civil works and affects construction time, cost and productivity. It is a mechanized
operation that needs various construction equipment as a group and uses a lot of fuel for construction equipment. But, the problem is
that earthwork operation is usually performed by equipment operator's heuristic and intuition, which can cause low productivity, high
fuel consumption, and high carbon dioxide emission. As one of solutions for this problem, the fleet management system for
construction equipment is suggested for effective earthwork planning, optimal equipment allocation, efficient machine operation, fast
information exchange, and so forth. The purpose of this research is to suggest core methods for developing the equipment fleet
management system. The methods include 3D solid parametric model generation, soil distribution using Cctree data structure,
equipment fleet construction and equipment fleet operation. A simulation test is performed to verify the effectiveness of the equipment
fleet management system in terms of equipment operating ratio, fuel usage, and CO, emission.
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Table 1. Result of the Pairwise Comparison Among Excavation Factors

Criteria Continuit?f l?raine}ge Moving Underground Loading position for Weight
of Excavation direction distance obstacle a truck
Continuity 1 112 5 3 1/5 153
of Excavation
Drainage direction 2 1 6 4 12 25.5
Movi
ovine 1/5 1/6 ! 1/4 17 38
distance
Underground 13 1/4 4 1 1/6 8.1
obstacle
Loading position for 5 ) 7 6 | 473
a truck
Table 2. Result of the Pairwise Comparison Among Compaction Factors
Criteria Soil condition (Water content) | Preceding activity (by grader) Slope Working direction Weight
Soil condition
(Water content) ! 6 8 8 68.5
Preceding activity
(by erader) 1/6 1 2 3 14.7
Slope 1/8 3/5 1 3 11.2
Working direction 0 0 0 1 5.6
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Category

Level 1 Shape

Level 2 Attribute

Cutting node

Primitive object
Typel ~ Type7

® Node info

- Parent node, Sibling node, Children node

- Node #, Node center position (of the current cubic), Node size(LxWxH)
- Target nodes

® Shape info

- Edge point coordinates

- Edge point coordinates of children nodes (for multiple soil types)
® Material info

- Soil: types, Swell factor, Shrinkage factor, Consolidation factor
8 Work info

- Work type: Excavation, Explosion

- Total cutting volume (cutting volume by soil types)

- Filling volume by target nodes

¥ Equipment

- Equipment: Dozer, Excavator+Truck

- Equipment cycle time

Filling node

Primitive object
Type2 ~ Type8

® Node info

- Parent node, Sibling node, Children node

- Node #, Node center position (of the current cubic), Node size(LxWxH)
- Source nodes

B Shape info

- Edge point coordinates

- Edge point coordinates of children nodes (for multiple soil types)

B Material info

- Transported soil: types, Swell factor, Shrinkage factor, Consolidation factor
8 Work info

- Total filling volume

- Cutting volume by source nodes

B Equipment

- Grader & Compactor

- Equipment cycle time

Completed or Void
node

Primitive object
Typel & Type8

® Node info

- Parent node, Sibling node, Children node

- Node #, Node center position (of the current cubic), Node size(LxWxH)
- Final elevation level

B Material info

- Soil: types, Consolidation factor, Compacted density
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Table 4. Case Study Result
Category Average Moving Truck.# Fuel Usage Fuel Usage Fuel Usage Total COz
Distance (Capacity) Excavator Truck Compactor Fuel Usage Emission
Case 1 1 (15ton) 123459 L 2461.78 L 675.74 L 4372.11L 278.7kg
Case 2 2 (15ton) 116822 L 2527.06 L 596.03 L 429131L 248.7 kg
Case 3 165m 3 (15ton) 116822 L 267428 L 596.02 L 443852 L 2573 kg
Case 4 1 (24ton) 1180.71 L 2994.19L 640.25 L 4815.15L 279.1 kg
Case 5 2 (24ton) 1141.18L 3088.58 L 59243 L 4822.19L 279.5 kg
Case 6 3 (24ton) 1141.18L 3232.11L 59243 L 4965.72L 287.8 kg
Case 7 1 (15ton) 1342.29L 3689.02 L 78691 L 581822 L 3373 kg
Case 8 2 (15ton) 1183.95L 365832 L 604.89 L 5452.16 L 316.0 kg
Case 9 46om 3 (15ton) 1183.95L 3814.65L 604.11L 5607.71 L 325.1kg
Case 10 1 (24ton) 124393 L 4113.16 L 71032 L 6067.41 L 351.7kg
Case 11 2 (24ton) 115332 L 415341L 601.13 L 5907.86 L 342.5kg
Case 12 3 (24ton) 1153.32L 4305.87L 601.13L 6060.32 L 3479kg
Case 13 1 (15ton) 1429.67L 4954.78 L 901.52L 728597 L 4223 kg
Case 14 2 (15ton) 1204.71 L 4860.99 L 631.52L 6697.22 L. 3838.2kg
Case 15 262m 3 (15ton) 1191.17L 4992.83L 614.71L 6798.71 L 394.1 kg
Case 16 1 (24ton) 1297.99L 524551 L 781.21L 732471 L 424.6 kg
Case 17 2 (24ton) 1157.11L 5231.37L 610.13L 6998.61 L 405.7 kg
Case 18 3 (24ton) 1157.11L 5393.07L 610.11L 7160.29 L 415.0 kg
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Table 5. Operating Ratio by Construction Equipment

Criteria | 2011 | 2012 | 2013 2014 | Simulated
result
Excavation | 57.24% | 46.84% | 48.90% | 47.22% | 85.80%
Truck | 60.80% | 49.67% | 49.42% | 48.57% | 81.17%
Compaction | 42.62% | 36.30% | 33.02% | 30.42% | 51.17%
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