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3D-based Earthwork Planning and CO. Emission Estimation
for Automated Earthworks

ABSTRACT

The former researches on earthwork automation were mainly focused on GPS and sensor application, environment modelling,
equipment path planning, work information management, and remote control etc. Recently, reducing CO, emission becomes one of
main focuses for an automation research. In the case of earthwork operations, many kinds of construction machines or robots are
involved, which can cause high level of CO; in a construction site. An effective earthwork plan and construction machine operation
can both increase productivity and safety and decrease CO, emission level. In this research, some automation concepts for green
earthworks are suggested such as a 3D construction site model, a 3D earthwork distribution based on two different earthwork methods,
and an earthwork package construction method. A excel-based simulator is developed to generate the 3D earthwork distribution and
to estimate the level of CO, emission for the given earthwork.
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Table 1. Related researches on Low carbon
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Author (Year)

Contents

Remark

Kim (2011)

- Analyze the correlation of equipment combination, CO, emission and duration.

CO» emission estimation for
construction equipment

Kimet al. (2010) | drawing.

- Suggest WBS for integrated information management for cost, construction document and

- Suggest a system architecture for integrated analysis of VE/LCC and LCA.

LCC and LCA Integration

Moon (2009)

key materials used for road construction.

- Perform environment impact assessments for multiple road constructions to ascertain
environmental stress at the initial road construction phase.
- Provide the process for environment impact assessment and conduct sensitivity analysis for the

LCA for road constructions

i hase.
Cass et al. (2011) construction phase

- Suggest a method that can be used to develop and analyze life-cycle inventories at the

- Propose a shift to a context-sensitive process-based approach that uses actual observed
construction data to calculate greenhouse gas emissions using a hybrid LCA.

LCA for road constructions
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Erdd o] s de g7 {itk o2’ Bl
el 2 7he] TEeple dAjste] FaL vkt SR 2o
stol shte] AR A3t A7 2PECERI)E A
Lol 27l ElolEE shte] vlolH Al(Set) o= A dsto]
FHFAR) BT AYRS sl Ht 7o) Al wet
A Fde BEed AR AAET ALl ESAAIES
A=) ARk

322 MEZA| EZHE 25

HEFS B2, T, 57 59 28 w3l A 2o
2 Zo] F3 Lo} 11 Wehz T EFALeIN oloic
Theolis 2ure Ealo] Srhiwel Yung el B
3 ZpgEhL ojZle) SAsle] EARAS AR EATY

Vol.33 No3 May 2013 1193



A5 EFS 915 3D mepEe shauber 3

* Note: B: Cutting area, W: Filling area

Fig. 3. 1D partitioning for an earthwork site
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* Note: B: Cutting area, W: Filling area

Fig. 4. 2D partitioning for an earthwork site
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= Earth 4
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filling layer J
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Transpert remaining
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Fig. 10. Earthwork distribution method for Level filling method
(Kim et al., 2012b)
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Fig. 11. Network construction for earthwork distribution
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Fig. 12. Moving cost determination considering a precluded area
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Fig. 14. TOTAL application for Earthwork LCA
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Table 2. Input parameters for simulation tests

Equipment Du.nen- Condition Remark
sion
5 | * Under natural condition
Excavator | 1.0m .
+ Normal soil
+ Sand/S-soil
D 32 .
ozer ton |, Rotation angle: 90°
E
- Sand, Gravel, Stream rock, xca\./ator
. used if the
Normal soil R
Dump moving
Truck ISton | - Speed: distance is
- Loaded: 7km/hr more than
- Unloaded:8km/hr)
60m.
- Coverage width: 0.45m Eﬁ:‘:ard
Plate - Speed: 1.0km/hr &
1.5ton . Work
Compactor * Number of compaction : N=3, volume
- Compacted thickness: D=0.1m (m/hr) used

F2AE sl AlEHolE = 7 Ale] BT ks 53]
A& Types AFg0 2 FH31] Fig. 159} 2o] HE Type<]
Ao B(Black Cell), A& Type?] A& W(White Cell), Z-AJE2]
L o]Fa Y Typed AL G(Gray)Z Zashch

AEAY T RS 3 S #% vired ik 15]
o] ot #8319l em, AlEd o] 2 Layer Matche 23]
7} doluth & HEZS 5906.25m°, F AEZS 5350m’,
% olgETS 5350m’e] WYY F A=} o FEZe|
7} 22 AL tbd dgoMe BHE F-EE BF AR
AEEISS oulEh & e F AERR] ol AERC.
2 Aaliordt EdS o]tk

Egke] & o] A 5,764.97mo]n] TOTAL Z213e] &
B3to] A AE 2 Efe] o)FAo R Q5| viEE= A
ol Bdo] AR AE ARE wkdsh ol dFelAe
1LI30E+02 (kg CO; eq.)2] A|7-2ds} B9 wjEo] Ash=
Ao 2 A=Ak
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Fig. 15. Layer construction and cutting-filling area information
(Forward filling method)

Table 3. Simulation result (Forward filling method)

Cutting | Filling | Total Total ..
Carbon Emission
Match | volume |volume | volume | movement (ke COs eq./)
h €.
m) | m) | m) | (m

Stepl | 2100.00 (2100.00| 2100.00 | 2028.42 1.872E+01
Step2 | 3806.25 [3250.00| 3250.00 | 3736.55 9.428E+01
Total | 5906.25 |5350.00( 5350.00 | 5764.97 1.130E+02
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Fig. 16. Layer construction and cutting-filling area information
(Level filling method)

Table 4. Simulation result (Level filling method)

Cutting | Filling Total Total Carbon
Match | volume | volume | volume |movement| Emission
m) | ) | @) (m) | (kg COzeq.))

Stepl 2100 400 400 320.30 | 1.402E+01
Step2 0 1700 1700 2354.18 | 4.825E+01
Step3 | 3806.25 550 550 42834 | 2.302E+01
Step4 0 2700 2700 | 10026.33 | 1.635E+02
Total | 5906.25 5350 5350 | 13129.15| 2.561E+02

o] o)go] AE} o]0l B 7 Fbtele] 1A% W
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el Ayl FUH tid delM= B Fr8ES BT
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AHE ] AT

ojw| Ee] F oA 13,129.15me ] TOTAL Z&2 13
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