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Abstract: Most construction projects involve earthmoving operations. Careful management of trucks to perform these operations is con-
sidered crucial by earthwork contractors in Taiwan. A mechanism is described that optimizes the management of the truck fleets of earthwork
contractors. The proposed model integrates a discrete event simulation technique and genetic algorithms (GAs) to minimize the duration of
earthmoving operations. The discrete simulation model is applied to simulate earthmoving operations and generate schedules for dispatching
various trucks, and the GAs are used as a filter to screen out schedules that require long trips. Examples prove that the proposed model can
determine near-optimal solutions efficiently. In addition, a user-friendly computer program is developed so that earthwork contractors can
plan the dispatch schedule of earthmoving trucks easily and effectively. DOI: 10.1061/(ASCE)CF.1943-5509.0000219. © 2012 American
Society of Civil Engineers.

CE Database subject headings: Earthmoving; Truck; Algorithms; Optimization; Scheduling; Simulation.

Author keywords: Earthmoving; Truck dispatching; Genetic algorithms; Optimization.

Introduction

Earthmoving is one of the most common and essential operations in
civil engineering projects, especially road paving and dam building
(Moselhi and Alshibani 2009; Marzouk and Moselhi 2004). Earth-
work procedures deal mainly with earth excavation, transportation,
and dumping, all of which require truck transportation. Consider-
able work has been done developing models to facilitate the plan-
ning of earthmoving operations. This work can be divided into four
areas based on their main goals (Moselhi and Alshibani 2007). The
first is to optimize the use of available resources (Marzouk and
Moselhi 2003; Shi and AbouRizk 1998; Smith et al. 1995; Halpin
and Riggs 1992). The second is to select suitable equipment
(Moselhi and Alshibani 2009; Marzouk and Moselhi 2004;
Jayawardane and Harris 1990; Alkass and Harris 1988). The third
is to minimize cost while completing the projects within the tar-
geted time frame (Jayawardane and Harris 1990). The fourth is
to balance the utilization of resources throughout the project
duration (Son et al. 2005; Jayawardane and Harris 1990; Easa
1988; Mayer and Stark 1981). This work, however, has been done
from the general contractors’ point of view. In other words, the

previously developed models are designed to handle earthmoving
operations for only a single project.

In Taiwan, earthmoving operations are performed mainly by
earthwork transportation companies through contracts with the
general contractors of a project. Earthwork companies typically
undertake several projects simultaneously; in each project, the
earthmoving volumes, locations, and deadlines may differ. Care-
fully planning the most suitable schedule for the operating truck
fleets that provide the soil transportation services between con-
struction sites and landfill sites is an extremely important but
complicated task. Generally, the allocation of truck fleets by earth-
work transportation companies is carried out manually, which
is both time consuming and inefficient. Furthermore, when an
insufficient number of vehicles are allocated, delays in work
schedules often occur, leading to fines and financial losses for these
companies.

Because previous models were limited to single projects, dis-
patch models of transportation fleets involving multiple projects
and landfill sites have seldom been explored. This study uses com-
puter simulation methods and genetic algorithms (GAs), with
the objective of minimizing the time for constructing an optimal
dispatch model to deal with the aforementioned problems.

Factors That Impact the Schedule of Dispatching
Earthmoving Trucks

Travel Time between the Construction Site and the
Landfill Site

The travel time between the construction site and the landfill site is
not easy to predict exactly, as it is determined by the distance be-
tween the locations, the speed of the truck, and traffic conditions.
Uncertain events such as traffic gridlock can result in long travel
times. To avoid delays, the earthmoving truck fleet dispatch man-
ager usually assigns a higher priority to job sites that have a
large volume of earth to be removed. However, such an approach
increases the chance of interrupting the work process at a job
site that has a faster but lower-volume earthmoving operation.
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Therefore, the travel time between the job site and landfill site
is important when deciding the schedule of the earthmoving trucks.
In practice, the average travel time can be estimated from his-
toric data.

Loading Time at the Job Site

The time spent loading a truck at the job site varies with the type of
construction activity, which could affect the frequency with which
trucks are dispatched to the same job site. For example, the faster
the loading operation at a job site, the shorter is the interval between
dispatches of trucks to that job site. If the trucks cannot arrive at the
job site in time, it is possible that the whole job site will be idle,
which will impact the work process at the job site tremendously.
The truck fleet dispatching manager may assign as many trucks
as possible to the busiest job site; however, such an approach might
cause time wastage if the trucks need to line up and wait for
loading.

Number of Trucks Needed

The number of trucks needed to deliver soil to a landfill site de-
pends on the amount of earth scheduled to be removed, the loading
capacity of the trucks, and the road’s regulated weight limit. For
example, one construction site schedules 300 m3 of earth to be re-
moved. Although the truck can be loaded up to 20 m3, the regu-
lation for the road it must travel may only permit the truck to be
loaded with 15 m3. As a result, the number of trips that trucks make

to this job site increases from 15 to 20, and the time needed to finish
the earthmoving process is extended.

Capacity of Landfill Site

Earthwork transportation companies have to sign a contract with
those who own the landfill site before they start the earthmoving
process. The volume of earth that will be dumped in a landfill site
can be either the daily amount or the total amount for the whole
project, depending on the contract. As a result, the number of trucks
that will travel to dump at a particular landfill site is limited.

Model Assumption

The developed model can be used to generate the schedule for dis-
patching earthmoving trucks based on three assumptions:
1. This model is used to create one day’s truck dispatching

schedule.
2. At the beginning of the day, trucks depart from the earthwork

company.
3. When trucks complete their last operation, they return to the

company directly from the landfill site.

Hybrid Optimization Mechanism

In this study, GAs and discrete event simulation (DES) techniques
are integrated to optimize truck dispatch schedules for earthworks
to minimize the transportation time. In this hybrid approach, the
DES techniques are applied to simulate earthmoving operations

Fig. 1. System flow diagram
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and generate schedules for dispatching various trucks, and the GAs
are used as the filter to screen out schedules that require long trips.
Fig. 1 illustrates this hybrid approach. First, a string, which repre-
sents a random dispatch schedule, is generated. This string is trans-
formed into a cyclic operation network (CYCLONE) model. The
model is run, and the total transportation time obtained is used as
the string’s fitness value. GAs use the fitness value of each string to
determine the probability of a string being selected in the next gen-
eration. The crossover and mutation operators of the GAs are then
applied to the strings to produce offspring. The fitness value of the
offspring is again determined by simulating the CYCLONE model
and then applying these genetic operators to the offspring. This pro-
cess is repeated until the termination condition, for example, the
specific number of evolution generations, is reached.

Cyclone Methodology

This study selects the CYCLONE DES methodology as the plat-
form for demonstrating the integrated mechanism. CYCLONE, de-
veloped by Halpin (1977), is one of the most widely used DES
methodologies in the construction field because it is the first sim-
ulation system designed specifically to analyze and plan the con-
struction operation process. Fig. 2 illustrates the basic modeling
elements used in CYCLONE; the reader may refer to Halpin
and Riggs (1992) for details.

Genetic Algorithms for Optimizing the Schedule of
Dispatching Earthmoving Trucks

Genetic algorithms are evolutionary algorithms that model natural
evolution processes. The basic GAs (also known as simple GAs)
were developed by Holland (1975), and are based on the mechanics
of natural selection and genetics, to search through the decision
space for optimal solutions (Goldberg 1989). The metaphor under-
lying the GAs is natural selection. In evolution, each species
searches for beneficial adaptations to a complicated and changing
environment. In other words, each species has to change its
chromosome combination to survive. In the GAs, a string repre-
sents a set of decisions (chromosome combination) that constitute
a potential solution to a problem. Each string is evaluated on the

basis of performance with respect to the fitness function (an objec-
tive function). Strings with better performance (fitness value) are
more likely to survive than those with worse performance. Then,
the genetic information is exchanged between strings by crossover
and perturbed by mutation. The result is a new generation with
(usually) better survival abilities. This process is repeated until
the strings in the new generation are identical or certain termination
conditions are met. Fig. 3 demonstrates the general structure of
GAs. Goldberg (1989) and Gen and Cheng (1999) are good refer-
ences for details regarding GAs.

The GAs have also been known for their flexibility in hybrid-
izing with other methodologies to obtain better solutions (Cheng
and Feng 2003). The earthmoving operations are modeled and si-
mulated to obtain good system performance; hence, the GAs is in-
tegrated with the simulation methodology to find the optimal truck
dispatch schedules.

Chromosome Structure

The purpose of using GAs is to find the most efficient and effective
dispatching sequence for earthmoving trucks assigned to travel be-
tween different construction and landfill sites. Because the required
number of trucks can be determined, different dispatching sequen-
ces can be treated as the permutations of travel routes assigned to
trucks traveling between different construction and landfill sites.
Therefore, the chromosome structure used in this study is designed
so that all permutations can be represented and evaluated.

The chromosome structure discussed in this study uses a two-
dimensional matrix. Its length is designed as the total number of the
trucks that will be dispatched from the earthwork company. The
first row comprises the project site numbers listed in order, the sec-
ond row is composed of random numbers used to determine the
sequence in the earthmoving process, the third row is composed
of the landfill site numbers, and the fourth row is composed ofFig. 2. Modeling elements used in CYCLONE

Fig. 3. General structure of genetic algorithms
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the random numbers, which are used to determine the landfill site
where earth should be dumped. In Fig. 4, Job Site Nos. 1, 2, and 3
each appear three times, representing the numbers of truck loads
necessary for those construction sites. In row 3, Landfill No. 1
is listed nine times, indicating that only one landfill site (No. 1)
will be used to unload earth. The smaller the random number in
row 2, the earlier the process begins. Fig. 5 shows the chromosomes
after the rearrangement of job and landfill site numbers, corre-
sponding to the value of the random numbers. The first and second
trucks go to Job Site 3, while the third truck is traveling to Job Site
1. The entire chromosome represents the entire dispatch schedule.

Fitness Value

The fitness value of a dispatching schedule is determined by min-
imizing the total time it takes for trucks to complete all the earth-
moving operations, which can be determined by the simulation
process. A simple example of how the fitness value of a dispatching
schedule is determined follows. This demonstration uses the same

example (Fig. 5) as described, with the information for dispatching
operations provided in Tables 1 and 2. The truck loading and dump-
ing times are assumed to be 10 min long. On the basis of the in-
formation provided, the total time required for this dispatching
schedule is 258 min. The entire dispatching order is summarized
in Table 3.

Because of the minimization, the final fitness value (F) is then
justified by

F ¼ M − F0 ð1Þ

where M = the maximum F0 in the current population.

Selection

In this study, the roulette wheel selection mechanism is adapted to
select the chromosomes in each generation that are preserved in the
following generation. The probability for the selection of chromo-
somes is given by

Fig. 4. Chromosome structure (R.N., random number)

Fig. 5. Restructured chromosome order

Table 2. Time Required for a Truck Traveling between the Company and
Each Construction Site and Landfill Site (in min)

Job site 1 Job site 2 Job site 3 Landfill site 1

32 18 27 18

Table 1. Time Required for a Truck Traveling between the Job and
Landfill Sites (in min)

Job site 1 Job site 2 Job site 3

Landfill site 1 22 36 32

Table 3. Truck Dispatching Sequence

Dispatch order Truck No. Site No.

Time of arrival

at site (min)

Time of departure

from site (min) Landfill No.

Time of arrival

at landfill (min)

Time of departure

from landfill (min)

Time of return

to company (min)

1 1 3 27 37 1 69 94 —
2 2 3 27 47 1 79 104 —
3 3 1 32 42 1 64 74 —
4 4 2 18 28 1 64 84 —
5 3 2 110 120 1 156 166 184

6 4 1 106 116 1 138 148 —
7 1 3 126 136 1 168 186 204

8 2 1 126 136 1 158 176 194

9 4 2 184 194 1 230 240 258

Fig. 6. Example of crossover operation

Fig. 7. Example of mutation operation
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Pi ¼
Fi

PPop size
i¼1 Fi

ð2Þ

In this formula, which shows that chromosomes with higher fitness
values have a higher chance of being preserved in the following
generation.

Pi = probability of being selected; Fi = fitness value of ith fea-
sible solution; and Pop_size = size of parent group.

Crossover

To avoid generating infeasible solutions after the crossover oper-
ation, a revised one-point crossover mechanism is applied to the
chromosomes. The process for the revised one-point crossover is
shown in Fig. 6 and described as follows. First, two parent strings
P1 and P2 are selected at random. A randomly selected point is used
as the divider, which cuts the P1 parent string into two sections.
Section 1 of P1 is selected to form the head of the offspring
(P1). Genes in P2 that are the same as those in section 1 of P1

are eliminated. The remaining genes in P2 are then used to form
the tail of O.

Mutation

The study applies the self-mutation principle formutation operations
(Cheng and Feng 2003).When a chromosome is selected for muta-
tion, two genes are randomly selected, and their values changed.
An example ofmutation operation is shown inFig. 7.P is the selected
chromosome and O is the chromosome after mutation.

Computer Implementation

A user-friendly computer program (Fig. 8) was developed to help
truck dispatch planning managers rapidly generate an efficient
truck fleet dispatch schedule. In this program, users are required
to input data into six fields. The first field, GA Parameter Data,
includes population size (Pop. Size), generation (Geners.) cross-
over rate (Cr. Rate), and mutation rate (Mt. Rate). The second field,
Company Data, contains data related to the number of available
trucks and the capacity of each truck. The third field, Site Data,

Fig. 8. Optimized truck dispatch model input interface

Fig. 9. Result of the first example
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Fig. 10. Related information for the second example

Table 4. Dispatching Schedule Based on the Rule of Thumb in the Second Example

Dispatch

order

Truck

No.

Site

No.

Time of

arrival at site (min)

Time of

departure from site (min)

Landfill

No.

Time of arrival at

landfill (min)

Time of departure

from landfill (min)

Time of return to

company (min)

1 1 1 32 42 1 64 79 —
2 2 1 32 52 1 74 94 —
3 3 2 18 28 2 50 76 —
4 4 3 27 37 2 46 41 —
5 4 3 70 80 2 89 104 —
6 3 2 98 108 2 130 145 —
7 1 1 101 111 1 133 148 —
8 4 3 113 123 2 132 160 —
9 2 1 116 126 1 148 163 —
10 3 2 167 177 2 199 218 —
11 4 3 169 179 2 188 203 —
12 1 1 170 180 1 202 217 —
13 2 1 185 195 1 217 232 —
14 4 3 212 222 1 231 246 —
15 1 1 239 249 1 271 286 —
16 3 2 240 250 2 272 287 —
17 2 1 254 264 1 286 301 —
18 4 3 255 265 2 274 302 —
19 1 1 308 318 1 340 355 —
20 3 2 309 319 2 341 360 —
21 4 3 311 321 2 330 345 —
22 2 1 327 337 1 355 370 —
23 4 3 354 364 2 373 388 —
24 1 1 377 387 1 409 424 —
25 3 2 382 392 2 414 429 —
26 2 1 392 402 1 424 439 —
27 4 2 410 420 2 442 457 —
28 1 1 446 456 1 478 493 —
29 3 2 451 461 2 483 498 —
30 2 1 461 471 1 493 508 —
31 4 2 479 489 2 511 526 —
32 1 1 515 525 1 547 562 —
33 3 2 520 530 2 552 567 —
34 2 1 530 540 1 562 577 —
35 4 2 548 558 2 580 595 —
36 3 1 582 592 1 614 629 —
37 1 1 584 602 1 624 644 —
38 2 1 599 612 1 634 659 677

39 4 1 610 622 1 644 674 692

40 3 1 651 661 1 683 698 716

41 1 1 666 676 1 698 713 731
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contains data on loading time, which is the time taken by an ex-
cavator to load a truck; number of available trucks; and earth re-
moval volume for each project site. The fourth field, Landfill Data,
includes data related to the dumping time and the maximum vol-
ume of earth that the landfill site allows to be dumped. The fifth and
sixth fields require a user to define the travel time between the con-
struction sites and the landfill sites, as well as the duration required
for traveling from the company to every construction site and land-
fill site. In addition, these two fields provide the results generated
by the computer program. The section in the upper right-hand cor-
ner indicates the performance of the GA operation. Dispatching

Result shows the simulated result of the optimal dispatch schedule,
providing the dispatch sequence and the simulated arrival and de-
parture times for each truck.

Results

Several examples are tested to verify the accuracy and efficiency of
the developed mechanism. The test platform is an Intel Core2-Duo
2-GHz PC with 3-GB RAM. Three examples are presented in this
paper to demonstrate the accuracy and efficiency of the developed
mechanism. The first is the same example as described in previous

Table 5. Optimal Truck Dispatch Schedule for the Second Example

Dispatch

order

Truck

No.

Site

No.

Time of arrival

at site (min)

Time of departure

from site (min)

Landfill

No.

Time of arrival

at landfill (min)

Time of departure

from landfill

(min)

Time of return to

company (min)

1 1 2 18 28 2 50 60 —
2 2 2 18 38 1 74 84 —
3 3 2 18 48 2 70 80 —
4 4 1 32 42 1 64 74 —
5 1 2 82 92 2 114 128 —
6 4 1 96 106 1 128 138 —
7 3 3 89 99 2 108 118 —
8 2 1 106 116 2 131 141 —
9 3 3 127 137 2 146 156 —
10 1 3 137 147 2 156 166 —
11 4 1 160 170 2 185 195 —
12 2 2 163 173 2 195 205 —
13 3 1 171 181 1 203 213 —
14 1 1 181 191 1 213 223 —
15 4 1 210 220 2 235 245 —
16 2 1 220 230 2 245 255 —
17 3 1 235 245 2 260 270 —
18 1 1 245 255 2 270 280 —
19 4 1 260 270 1 292 302 —
20 2 1 270 280 1 302 312 —
21 3 1 285 295 1 317 327 —
22 1 3 289 299 2 308 318 —
23 4 1 324 334 2 349 359 —
24 2 1 334 344 2 359 369 —
25 1 2 340 350 2 372 382 —
26 3 2 363 373 2 395 405 —
27 4 1 374 384 1 406 416 —
28 2 1 384 394 2 409 419 —
29 1 2 404 414 2 436 453 —
30 3 3 414 424 2 433 443 —
31 4 1 438 448 2 463 473 —
32 2 2 441 451 2 473 483 —
33 3 2 465 475 2 497 507 —
34 1 1 468 478 1 500 510 —
35 4 1 488 498 2 513 531 —
36 2 3 492 502 2 511 521 —
37 3 3 516 526 2 535 545 —
38 1 1 532 542 1 564 574 592

39 2 2 543 553 1 589 599 617

40 4 1 546 556 1 578 588 606

41 3 3 554 564 2 573 583 615
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sections. There are 1680 (¼ 9!=ð3! × 3! × 3!Þ) different dispatching
schedules. With a population size of 20 and 30 generations, it takes
0.39 s for the computer program to complete the evolution process.
From the results reported by the computer program, the total du-
ration of the optimal dispatching schedule with the least time is
220 min. As shown in Fig. 9, the program searches though about
9.5% (¼ 20 × 8=1680) of the solution space by taking 8 genera-
tions to converge to the optimal solution. This solution shows
the last truck returning to the company after 220 min. This result
is also verified by exhaustively enumerating all possible solutions,
which takes 0.53 s to accomplish. This result may not be significant
in terms of searching efficiency because the scale of the problem is
small; however, an accurate optimal solution is found.

The second example tests a hypothetical case with four trucks,
three project sites, and two landfill sites. The required travel times
among the company, job sites, and landfill sites are shown in
Fig. 10. For example, a truck takes 32 min to travel to Site 1
from the company. In addition, the required truck loading time

and dumping time are all assumed to be 10 min. The maximum
capacity of each truck is set at 14 m3. Therefore, 41 [¼ ð300þ
150þ 100Þ=14] truck loads are needed to complete the earthmov-
ing tasks. As mentioned before, in practice, the truck dispatching
manager attempts to assign more trucks to the construction site with
greater earth volume. Following this rule of thumb, two trucks are
assigned to Job Site 1. Job Sites 2 and 3 are assigned one truck each
for performing earthmoving operations. In addition, trucks serving
Job Site 1 are allowed to dump earth only at Landfill Site 1,
whereas trucks serving Job Sites 2 and 3 can dump at Landfill Site
2. The dispatching schedule is given in Table 4. The last truck (No.
41 in the Dispatch Order column) starts to load earth at Job Site 1
after 666 min and completes the dumping operation after 713 min;
the entire operation ends in 731 min, when the last truck returns to
the company.

As this case was optimized, population size and number of gen-
erations were set at 100 and 1000, respectively. It takes the com-
puter program about 35 s to complete the evolution process. Table 5
summarizes the optimal dispatch order. The first dispatch order
shows the first truck traveling from the company to Job Site 2 with
arrival and departure times of 18 and 28 min, respectively. Then,
this truck travels to Landfill Site 2 for soil disposal with arrival and
departure times of 50 and 60 min, respectively. It then continues to
traverse its second route according to the fifth dispatch order given
in Table 5. The total time required for all operations is 599 min;
however, the last truck returns to the company after only 617 min.

The convergence conditions for feasible solutions are illustrated
in Fig. 11. Convergence is achieved in the 430th generation. The
total number of combinations of feasible solutions in this case is
approximately 1:67 × 1031[¼ 41!=ð22! × 11! × 8!Þ × 53!=ð25!×
28!Þ]; however, by our proposed method, the calculation of
only 4:3 × 104 combinations ¼ 1=1026 of the total is required to
yield a favorable solution. This solution takes about 16%
[¼ ð731� 615Þ=731] less time than the dispatching schedule ob-
tained based on the rule of thumb takes, illustrating the ability of
this method to solve truck fleet management problems effectively
and efficiently.Fig. 11. Convergence condition of the second example

Fig. 12. Related information for the third example
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The third example is a real case. An earthwork company has
to plan the truck dispatching schedule for earthmoving operations
between four construction sites and three landfill sites each day.
Information such as travel time required between each construction
site and landfill site is provided in Fig. 12. One hundred twenty-one
trucks are required for this dispatch schedule. The total solution
space of this example is about 7:71 × 10115 [=121!=ð45! × 15!×
8! × 53!Þ × 126!=ð50! × 40! × 36!Þ], which is impossible to solve
by exhaustively enumerating all possible dispatching schedules.
With a population size of 100 and 1000 generations, the developed
computer program takes 58 s and 15 generations (Fig. 13) to con-
verge to the solution that has a total duration of 522 min when the
last truck returns to the company. Although the solution cannot be
verified by using exhaustively enumerating optimality, a subopti-
mal solution is reported. Considering the size of the total solution
space, this result is very promising.

Conclusion

Efficiently completing earthmoving operations among multiple
construction sites is an important issue for the earthwork truck dis-
patch planning manager. The manager needs to quickly generate a
schedule that satisfies the requests from different construction sites.
However, completing such an operation is not an easy task and, in
practice, depends mainly on the experience of the manager. This
paper describes a systematic approach for modeling the process
of dispatching earthmoving trucks. Results show that by applying
the proposed dispatching model that incorporates the GAs and sim-
ulation techniques, the manager can quickly generate an efficient
and flexible dispatching schedule for earthmoving trucks. In addi-
tion, the development of a computer program simplifies the task of
dispatching trucks.

The input parameters, such as traveling duration and loading
duration, are, however, usually uncertain by nature; when random

activity durations are considered, the corresponding output perfor-
mances contain random variance. Therefore, special statistical
methods are required to compare the output performances with
respect to the differentiation between random variance due to
stochastic behaviors and variance resulting from different dispatch-
ing schedules. Application of such special statistical methods is
left for future research. On the other hand, to build a dynamic
system that can synchronize with the real-time dispatching opera-
tion, a global positioning system (GPS) can be integrated with the
developed computer program to provide real-time operation data.
By combining a GPS system with vehicles having a visual geo-
graphic information system (GIS), the efficiency and practicality
of the developed model could be improved as the truck movement
could be tracked.
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Fig. 13. Convergence condition of the third example
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