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An Earthwork Districting Model for Large Construction Projects

ABSTRACT

Earthwork in a large construction project such as a land development generally costs 20-30% of the total cost. The earthmoving process,
comprising of four repetitive tasks: loading, hauling, unloading, returning, is quite simple and it does not need delicate or advanced
techniques. Therefore, earthmoving earthwork planning can heavily affect the cost and time., and Even a slight deviation from the plan
can increase or decrease the cost and time. This study presents a planning model that minimizes average haul distance in a large
complex construction project. Based on earthwork planning, practitioners’ heuristics, a districting algorithm and Simulated Annealing
algorithm were employed to build the model. Districting algorithm plays a role that divides in dividing an earthmoving area into several
sections. Simulated annealing provides a function that decides whether a new generated solution is confident. Finally, the proposed
model was applied to a real earthmoving project of a large land development. It was found that the model showed approximately 14%
improvement in average hauling distance compared to the actual design plan.
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Table 1. Interviews for Earthwork Planning Investigation

Question Response No.

The Objective - 'S[ii)ebalance cut and fill volume inside the /11

- The average hauling distance

The Criteria for |- Total hauling distance multiplied by
Judgment quantities

- Total hauling cost

6/11
3/11
2/11

Decision Making |- Subjective judgment 9/11
Methods - References 2/11
Use of Tools of |- DAS (LH) 7/11
Materials - Guidance for site development (KLC) 5/11
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where, D;;= haulingdistance fromcutito fill j
Q,;= soil quantity from cutito fill j
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Divide the site into 40m x 40m gird cell

Calculate soil quantities of each cell

Compute soil quantity to be moved using dozerwithin 60m

Calculate soil quantity remaining

Earthwork Planning

Determine soil allocation

Determine hauling quantity

Determine hauling route

Fig. 1. 2-Step Earthwork Planning Process
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/ Divide the site into 40m x 40m gird cell \

Calculate soil quantities of each cell

Compute soil quantity to be moved using dozer within 60m

\ Calculate soil quantity remaining /

(a) Earthwork Planning Process - DAS

(b) Input Site Boundary

(d) Calculate Soil Quantities of Each Cell

(c) Divide the Site Into 40 x 40m Grid

(e) Compute Soil Quantity to be Moved using Dozer Within 60m

Fig. 2. Earthwrok Planning Process - DAS
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Picka cut area

Divide itinto

Link one cut group
to close fillone

Assign soil quantity

Estimate the altenative
using average hauling
distance

Divide itinto
several groups

several groups I]:—J\ to be moved I]:—J\
/] DAS | ey Average hauling distance
Pick a fill area
Calculate remaining jl_l }111 Djj X ij
soil quantity =

Compute hauling
distance

n m
i=1 j*lej

(a) Earthwork Planning Process - Planners

(b) Remaining Soil Quantities

(d) Connect Adjacent Fill Section

(c) Pick and Divide Cut and Fill Areas

A —
V1V / AN
\ — -1
L L ™

(e) Repeat Assigning Tasks

Fig. 3. Earthwrok Planning Process - Planners
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— Initial solution

Generate new solution e

Districting algorithm

Cowi?ﬁiglnfg_:g:}.gmn «—— Objective functions
Simulatedannealng - — ———————+"——"—"—"—"— — — — — — — — — — — — — — — — — — ~

[ no Probability > no \|
: E(new) < E(current) Random number |
| Change temperature |
| T=Ta yes yes |
I |

Acceptnew one Acceptnew one Rejectnew one |
| T e i as current solution |
|
\ !
N— _7

Termination
criteria

yes

End

Fig. 4. Model Flow Chart
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where, k= total ymberof districts
&= soil quantityof district j

maxz;= max  — coordinate of district j
minz;= min z — coordinate of district j
maxy;= max y — coordinate of district j
miny,;= min y— coordinate of district j
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i€D,
q;= theamountof soiltobe cutor filledof celli

Table 2. Districting

Algorithm Process

Steps Method Process
- positive - cut section
- negative : fill section
- zero : balanced or outside
- cut cell: (+) / fill
Assign soil quantity| cell: (-)
to each cell in n by |- outside the

m matrix form

boundary: zero
value

n by mmatrix
Assign value in matrix form

Initialize the
solution

- n districts

- draw cell value
from site layout
matrix

Initialize solutionwith n districts

-move from (1,1) to right
-stop at boundary
. - move from (1,1) to J_J> -change or not
Find cells located at . (LD ‘/
the right
boundary and
. - stop at boundary -
decide to change or .
i - generate random | A= e
not | gemeraterandom ) T :
number [0,1] [
Find the boundary and decide change
-randomly decide direction
to be changed
A
Decide the b 1
L - generate random L2 e
direction to be ..
number ..
changed L
Decide direction
-ifthere’s a cell of other district,
. assignit to new district
- bring value from
. original plane <
Assign the cell to gnatp

selected district

- assign zero value to
the cell in other
districts

Change the cell
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Simulated Annealing [Kirkpatrick et al.. 1983; Cemy. 1985]

1. Select an initial feasible solution s

2. LetT =TO be the initial temperature

3. whileT 2 g do the following steps

3.1.  for L times do the following steps
select at randem a feasible move producing a
neighborhood feasible solution s* of the current solution s

311 if A= A(s") < 0 (downhill move)

the move is performed
31.2 else [A= A(s") = 0] (uphill move)

the move is performed with probability p = exp(- A/T)
3.13. end if

update the temperature T

3.2, end for
4. end while

5. The final solution is the best local optimum found s*

Fig. 5. Simulated Annealing Algorithm (Ricca and Simeone, 2008)
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Fig. 6. Actual Design Data Fig. 7. Transformation of Design Data to Matrix Form
Table 3. Input Data about Volume of Cut, Fill

1 1.5 3.9
2 -4.0 3.8 6.3 -10.8
3 2.8 -8.3 5.6 9.2 -10.0
4 -182 | -26.7 | -21.1 5.3 6.1 2.5 -11.9 | -19.1 | -26.0 | -22.2 | -263 -59
5 9.2 9.5 42 -8.3 -17.4 | -20.8 | -17.5 | -12.1 22
6 1.7 13.4 13.2 49 8.0 -7.4 -14.5 -8.8 -2.1
7 3.5 5.7 11.6 6.3 11.0 7.4 -11.5 -8.9 -2.1
8 3.4 7.9 5.7 4.0 9.6 6.6 6.8 -8.6 -8.2 -4.0
9 12.1 5.5 12.9 11.0 6.8 49 -9.1 -7.9 -4.5
10 43 6.2 8.1 6.4 44 -13.4 -8.0 -4.7
11 3.6 12.4 8.2 -13.7 -29 -4.0
12 33 39 35 -7.9 -1.7 -1.5
13 33 17.0 4.0
14 1.8 11.3 8.0 5.4 1.0
15 0.1 9.3 2.9 5.4 20.8 8.1 1.4
16 0.3 54 6.7 34 72 7.1 1.1
17 0.5 2.4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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Fig. 8. Average Hauling Distance
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