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ABSTRACT: Cash management is a major concern for all contractors in the construction industry. It is arguable that 
cash is the most critical resource of all. A contractor needs to secure sufficient funds to navigate the project to the end, 
while keeping an eye on maximizing profits along the way. Past research attempted to address such topic via developing 
models to tackle the time-cost tradeoff problem, cash flow forecasting, and cash flow management. Yet, little was done 
to integrate the three aspects of cash management together. This paper, as such, presents a comprehensive model that 
integrates the time-cost tradeoff problem, cash flow management, and cash flow forecasting. First, the model determines 
the project optimal completion time by considering the different alternative construction methods available for executing 
project activities. Second, it investigates different funding alternatives and proposes a project-level cash management 
plan. Two funding alternatives are considered; they are borrowing and company own financing. The model was built as a 
combinatorial optimization model that utilizes ant colony search capabilities. The model also utilizes Microsoft Project 
software and spreadsheets to maintain an environment that incorporates activities, their durations, and other project data, 
in order to estimate project completion time and cost. Ant Colony Optimization algorithm was coded as a Macro program 
using VBA. Finally, an example project was used to test the developed model, where it acted reliably in maximizing the 
contractor’s profit in the test project. 
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1. INTRODUCTION 

The construction industry utilizes a multitude of 
resources for the execution of its projects. Money is 
widely considered the most critical resource of all due to 
its limited availability and essentiality for the completion 
of every single activity in a project. Statistics-wise, 
construction companies tend to fail  due  to  deficits  
in  their  budgets  rather  than  inadequacy  of  
other  resources [1]. It was estimated that over 60% of 
contractors’ failures are due to economic factors [2]. Thus, 
cash management becomes a mandatory practice for all 
contractors as it serves many purposes, such as: 1) 
maximization of the contractor’s profit through the 
minimization of project costs; 2) forecasting of the cash 
outlay throughout the project time span and determination 
of the break-even points; and 3) assessment of the funds 
needed to complete the project based on the estimated 
cash overdraft amounts [3].  

Many models have been developed to address different 
aspects of cash management in construction projects. 
Some focused on determining the project minimum cost 
through finding the optimal completion time, which is 
referred to as the time-cost-tradeoff problem [1, 3, 4, 5, 6, 

7, 8, 9, 10, 11, 12]. Other studies proposed models for 
forecasting and generating the project cash flow [13, 14, 
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27].  Fewer 
studies were directed toward the management of the cash 
flow in construction projects[3, 28, 29]. 

The majority of these models addressed each aspect of 
the cash flow management problem individually without 
taking into consideration the interrelationship between 
optimization of project time, overdraft requirements, and 
available funding options. Hegazy and Ersahin [28] 
developed a spreadsheet-based model that schedule the 
project with respect to one of four aspects, which are: 
time-cost tradeoff (TCT) analysis, resource allocation, 
resource leveling, and cash flow management.  However, 
the model optimizes the project schedule with respect to 
each aspect individually rather than integrating all of 
them in one comprehensive objective function.  

As such, there is a need for a comprehensive cash 
optimization model with the objective of maximizing the 
contractor’s profit through the minimization of project 
different cost components. The model presented in this 
paper determines the optimal completion time (minimum 
cost) taking into consideration the tradeoff between 
project time and cost, cash overdraft requirements, and 
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the different funding alternatives available for the 
contractor. The model utilizes the ant colony algorithm 
for optimization.   

2. RESEARCH SCOPE AND METHODOLOGY 

The methodology adopted in this research attempted to 
overcome the main shortcomings of previous models 
reviewed in the literature. To achieve this goal, a 
comprehensive model was built that integrates all three 
problems, which are: (1) time-cost tradeoff, (2) cash flow 
forecasting, and (3) cash flow management. The model is 
composed of two modules; the first determines the project 
optimal completion time by solving the TCT problem 
while the second provides a cash flow management 
strategy for the results obtained by the first module. The 
main objective of the model is to maximize the 
contractor’s profit through the minimization of project 
costs.  

The model is computer-based and has two main 
subsystems of different attributes and functions that 
collaborate to integrate and solve the aforementioned cash 
problems. The first subsystem is a user interface that 
utilizes MS Project and spreadsheets, where the project 
essential data are collected, inferred, stored and processed. 
MS Project is used to maintain various relationships 
between activities, identify critical paths, assign cost 
indices, level resources, and process all necessary project 
data obtained by different computational operations. 
Spreadsheets then display the model output data, and the 
details needed for executing the proposed cash 
management plan. The second subsystem is the 
optimization unit, which is responsible of finding the 
optimum values according to a predefined objective 
function. Ant colony algorithm was used for optimization 
and was coded as macro program through MS Project, as 
shown in Figure 1. 

3. ANT COLONY OPTIMIZATION 

Ant Colony Optimization (ACO) was introduced by 
Marco Dorigo as a multi-agent approach to different 
combinatorial problems and the quadratic assignment 
problem [30]. ACO simulates the foraging behavior of 
real ants. Although ants are almost blind, they can find 
the shortest path between their nest and a source of food 
[31]. This is achieved through the pheromone trails that 
ants use to mark paths while traveling as a form of 
indirect communication [9]. 

Ants start searching for food in a stochastic manner; 
the ant traveling through the shortest path tends to deposit 
more pheromone, which consequently attracts other 
members in the colony. The process continues with more 
ants joining the shortest path until the majority of the 
colony converges to the shortest path [32], as shown in 
Figure 2. 

The ant colony algorithm incorporates six main steps 
as follow [3]: 

1. Construction of Trial Solutions: This is done by 
creating a colony of ants (M). Each ant (z ϵ {1, 2, 
3…M}) starts moving randomly in the search space 

from one decision point (i ϵ {1, 2, 3…V}) to another 
until all points are visited. The decision points 
represent the problem variables. For every decision 
variable, there is a number of available options (N). 
At each decision point (variable), an option (j ϵ {1, 2, 
3…N}) is randomly selected, which has a value (lij), 
as represented in Figure 3.   

 

 
 

Figure 1. Main Components of the Cash Management 
Model 

 

2. Providing Heuristic Information: This is a piece of 
information available about the problem from a 
source different from the ant. For example, in 
construction projects with high indirect cost, the 
preference might be given to the construction method 
with the shortest duration. In this case the heuristic 
value for each construction option (lij) will be 
calculated as the inverse of construction method 
duration [9]. 

 

Shortest 
Path 

 

(c) 

Food 

Nest 

 
Figure 2. Foraging Behavior of Ants Using Pheromone 
Trails 
 

3. Evaluating Trial Solutions: Each ant (z) is evaluated 
with respect to a predefined objective function. This 
is done by substituting the variable values (lij) in the 
corresponding decision variable (i).  

1 2 3 i

l1j l2j l3j lij …… lVj………

V variables

An Ant (z)
 

 
Figure 3. Representation of Candidate Solutions in 
ACO [10] 
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4. Updating Pheromone Trails: At the end of each trip 

(iteration (t ϵ {1, 2, 3…X})), the pheromone trails (τ) 

deposited by each ant (z) is updated. Shorter routes 
(better objective function values) tend to have higher 
concentration pheromone. Pheromone is updated 
according to Equation 1: 

 

(t) (t 1)                                                            (1)ij ij ij   τ = ρτ − + ∆τ

 
Where τij (t): new pheromone concentration assigned 
to at iteration (t); τij (t-1): pheromone concentration 
associated with option (j) of variable (i) at previous 
iteration (t-1); ρ: pheromone evaporation rate; and 
∆τij: change in pheromone concentration. 
The change in pheromone concentration is calculated 
in accordance to Equation 2: 
 

M   R / f ( )    If option l  is selected by ant (z)z ij
{      (2)  ij   0                Otherwise

z 1

ϕ
∆τ = ∑

=

 
Where R: pheromone reward factor; ƒ (φ)z: value of 
objective function using ant (z); and M: total number 
of ants created [9] 
It should be noticed that the change in pheromone 
concentration for each option is a function of the 
value of objective function obtained. The higher the 
quality of the solution obtained, the higher the 
concentration of pheromone added. This reinforces 
the selection of good in the next iterations. The 
evaporation rate (ρ < 1) is used to avoid premature 
convergence by allowing ants to explore new routes 
(options).  

5. Updating Selection Probability: The probability of 
selecting options (j) at different decision points (i) by 
the ants in the next iterations is calculated according 
to a predefined equation that incorporates both the 
updated pheromone concentration and the heuristic 
value. The options are selected by the ants 
probabilistically according to the Equation 3.  

 

[ (t)] [ ]ij ij
P (z, t)                                                 (3)  ij

([ (t)] [ ] )ij ij

α βτ + η
=

α βτ + η∑

 
Where Pij (z, t): probability that option (j) is selected 
by ant (z) for decision variable (i) at iteration (t); 
τij(t): pheromone concentration associated with 
option (lij) at iteration (t); ηij: heuristic value that 
favors options according to a preset criteria; α & β: 
are exponent parameters that distribute weight 
between pheromone concentration and the heuristic 
value according to their relative importance [10]. 

6. Termination: A termination condition should be set. It 
can be either a period of time or after a specified 
number of iterations.  

4. MODEL DESCRIPTION AND 

OPTIMIZATION USING ACO 

In this model, the time-cost tradeoff and cash flow 
management problems have been formulated as 
combinatorial optimization problems. Ant colony 
algorithm is used to solve these problem by determining 
the project minimum cost (optimal time). The project 
cash flow can then be forecasted with respect to the 
optimal project duration determined in the previous steps.  

4.1 Module I: Time-Cost Tradeoff 
 In construction projects, there is a relationship 

between the project activity time and cost. In general, as 
the activity duration decreases, its direct cost increases, 
and vice versa. The assumption is that executing a 
construction activity in a shorter duration will necessitate 
the use of more resources to complete it on time; this in 
turn will increase the direct costs. At the same time, there 
might be a saving in the project indirect costs as the total 
project duration may decrease. This relationship is 
referred to as the time-cost tradeoff, as shown in Figure 4. 

 
 

Time 

C
o
st

 

Total Cost 

Indirect Cost 

Direct Cost 

. 
Minimum Cost 

 
Figure 4. Time-Cost Tradeoff in Construction Projects 

 

In most cases, there are multiple construction methods 
available to execute a single activity. Each method has a 
different cost and time depending on the quantities, costs, 
and productivity rates of the resources used. As such, 
there are multiple scenarios for executing a single project. 
Each scenario represents a possible combination of the 
construction methods available for the project activities. 
Consequently, there is a different project time and cost 
associated with each scenario.  

TCT problem can have different objectives. For 
example, the objective can be crashing the project 
duration to meet the deadline with the possible minimum 
cost. Another objective is finding the project minimum 
cost regardless of the time needed to complete it [12]. 

The TCT was modeled based on previous attempts as 
presented in [5, 9, 10]. Microsoft Project software is used 
as a primary interface where all project activities are 
stored and scheduled. The construction methods available 
for executing different activities are then entered with 
their duration, cost, and weights. The weight reflects the 
contractor’s preference for using a given construction 
method compared to other methods available, as shown in 
Figure 5. The total of the weights of all methods for a 
single activity should add up to 100. 

A number of ants (M) are then created representing 
different scenarios for executing the project. Each ant (z) 
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is represented by a number of variables (V) 
corresponding to the number of project activities 
(decision points). For each variable (i) an index (lij) is 
assigned to refer to the construction method (j) selected 
for this specific activity (route selected). The indices are 
used to retrieve information about the durations, costs, 
and weights of the construction methods selected by a 
given ant, as shown in Figure 6. The ants are then 
evaluated with respect to a predefined objective function, 
see Equation 4. 

 

 
 

Figure 5. Times, Costs, and Weights of Different 
Construction Methods Available for the Project Activities 

 
 

V
Minimize : Total Cost = DR C C P - W                      (4)  i j l

i 1

     subject to: D, R, C ,C ,P,W 0ij l

+ + +

=

≥

∑  

where: D: project total duration; R: indirect cost/unit 
time; Cij: direct cost of construction method (j) assigned 
for activity (i); V: number of activities; Cl: total 
liquidated damages; P: total penalty; and W: total bonus 
for fast performance. It should be noted that in 
construction projects, the contract agreement usually 
stipulates either liquidated damages or penalty/incentive. 
The two conditions do not coexist.  
 

2 3 1 2 3 1 1 1 3 2 

1 2 3 4 5 6 7 8 9 10 

Activity 

Ant 

Construction Method 

 

5 45,000 35 

1 6 10 

4 27,800 20 25 19,650 35 

 

      Ant 

Duration Cost  Weight 

Activity 

l1, 2 l2, 3 l3, 1 l4, 2 l5, 3 l6, 1 l7, 1 l8, 1 l9, 3 l10,2 Ant 

Index  

  
Figure 6. Generation of Trial Solutions Represented by 
Ants 
 

The pheromone concentration associated with each 
route (construction method) is then updated with respect 
to its performance compared to other options according to 
Equation 2. Finally, the probabilities of selecting 
construction methods for new ants are updated with 
respect to the current pheromone concentration associated 
with each method, and its relative weight compared to 

other methods according to Equation 3. The process of 
creating, evaluating, and terminating the ants is repeated 
up to a specific number of iterations determined by the 
user.   

Additional data regarding contractual aspects part in 
the objective function such as: the project deadline, 
liquidated damages, penalty and bonus, as well as, 
different optimization parameters such as: number of ants 
and number of iterations are set by the user using 
message boxes, as shown in Figure 7. Once the project 
optimal completion (minimum cost) is determined, the 
optimum combination of construction methods is 
exported to a spreadsheet, and the process of forecasting 
and managing the project cash flow starts using the 
second module.    

 

 
 

Figure 7. Collection of Additional Data Required for the 
Optimization Process 

 

4.2 Module II: Cash Flow Forecasting and 

Management  
 Although the minimum project cost is determined 

using the TCT module, the costs may increase once again 
due to the additional costs associated with the project 
different funding alternatives. The second module 
proposes a cash management plan for the optimal 
construction scenario - determined by the first module - 
through the exploration of different possible methods of 
funding, and utilization of different activities start times. 

There are several alternatives used for funding a 
construction project; however, the most common ones 
are: (1) borrowing, and (2) company own financing. 
When borrowing is considered as a funding option for the 
project, additional costs are usually incurred due to the 
different types of interests charged by financial 
institutions. Alternatively, the company-own-financing 
option requires the contractor to have a big sum of money 
of their own to be able to start the project. Consequently, 
a slight deficit in the contractor’s budget may risk him 
work stoppage, which in turn incurs extra costs due to 
exceeding the project deadline and paying liquidated 
damages. 

The second module considers borrowing and company 
own financing as funding alternatives for the contractor. 
In both cases, the objective is to minimize the additional 
costs expected to be incurred by attempting minimizing: 
(1) the cash overdrafts in case of borrowing, and (2) work 
stoppage periods in the company financing option. Hence, 
maximum profit can be attained. This is achieved by 
minimizing the monthly cash requirements by shifting the 
non-critical activities within the limits of the available 
float.    
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For example, the hypothetical construction project 
illustrated in Figure 8, shows that the monthly cash 
requirement for the 5th, 6th, and 7th months is $20,300K 
(see Figure 8a). By shifting activity B (the only non-
critical activity) within the limit of its float, the cash 
requirements for the same period of time went down to 
$13,370K, as shown in Figure 8b [33].  

The cash management process starts by setting the 
project to its optimal duration as determined by the first 
module. The borrowing option is first considered; and in 
this case, the project duration remains fixed while various 
scenarios are created suggesting different start times for 
the project non-critical activities utilizing the available 
float. For each generated scenario, the cash flow is 
forecasted and the required credit limit is determined. For 
simplicity, the model utilizes spreadsheets to tabulate the 
forecasted cash flow data, and draw the cash in flow and 
out flow curves, as shown in Figure 9.  

Each scenario is then evaluated with respect to an 
objective function based on the credit limit needed and 
the interest accumulated, see Equation 5. All credit limits 
determined allow finishing the project within the optimal 
time limit; however, only the least credit limit guarantees 
maximum profit.  

In the company own financing option, the contractor 
specifies an amount of money available to start the 
project. Similarly, multiple scenarios are then generated 
suggesting different possible starting times for the non-
critical activities. Each scenario is evaluated with respect 
to the objective function (Equation 5) in search of the 
optimum solution.  

V T T
Min : Cost = DR C i B t i U t C P - W    (5)  i 1 s s 2 s s l

i 1 s 1 s 1

     subject to: D, R, C ,i ,i B ,U ,C ,P, W 0i 1 2 s s l

+ + + + +

= = =

≥

∑ ∑ ∑  

where: Ci: direct cost of activity (i); i1: interest rate/ day 
on the used amount of credit; i2: penalty fee/ day on the 
unused portion of credit; Bs: total amount of money 
borrowed on day “s”; Us: unused portion of credit; ts: time 
difference between project total duration and day “s”. 

It should be noted that when the borrowing option is 
considered, the liquidated damages, penalty, incentive for 
speedy construction parameters will be set to zero. This is 
due to the fact that the project will be financed within the 
optimal duration, i.e. the duration determined by the first 
module. On the other hand, parameters concerning 
interest rate on used and unused portions of credit were 
considered in the objective function. In reality, financial 
institution usually establishes an account for the 
contractor up to a certain credit limit with a monthly plan 
for money withdrawal. However, the contractor may only 
use a portion of his available monthly credit. As such, the 
financial institutes usually charge an interest on the 
withdrawn sum and a penalty fee on the unused portion of 
the allocated monthly credit.  

Considering the company-own financing option, there 
is no money borrowing and thus there is no interest to be 
charged. However, there is a probability that the 
contractor might be penalized for exceeding the project 
deadline due to possible work stoppage.  

In modeling the cash flow management problem using 
ACO, a number of ants (M) are created representing 
different scenarios for starting the project activities. Each 
ant (z) is represented by a number of variables (V) 
corresponding to the project activities. Each activity (i) is 
randomly assigned a start date based on the available float, 
as shown in Figure 10. The ant is then exported to Ms 
Project to verify the logic in relationship and adjust them 
if any violation is detected. The ants are then exported to 
spreadsheets, where the project cash flow is forecasted, 
evaluated, and the values of each parameter in the 
objective function is calculated. The pheromone 
concentration and the selection probability of each 
activity start are then updated in a similar manner as 
discussed in Module I. The heuristic factor used in 
calculating the probability was set as the inverse of the 
activity start date.  

 

1 2 3 4 5 6 7 8 9 10 11 12

A $5,000 $5,000 $5,000 $5,000

B $12,000 $12,000 $12,000

C $8,500 $8,500 $8,500 $8,500 $8,500

D $1,370 $1,370 $1,370

Total $5,000 $5,000 $5,000 $5,000 $20,500 $20,500 $20,500 $8,500 $8,500 $1,370 $1,370 $1,370

0 1 2 3 4 5 6 7 8 9 10 11 12
0 -5000 -5000 -5000 -5000 -20500 -20500 -20500 -8500 -8500 -1370 -1370 -1370
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A $5,000 $5,000 $5,000 $5,000

B $12,000 $12,000 $12,000

C $8,500 $8,500 $8,500 $8,500 $8,500

D $1,370 $1,370 $1,370

Total $5,000 $5,000 $5,000 $5,000 $8,500 $8,500 $8,500 $8,500 $8,500 $13,370 $13,370 $13,370

0 1 2 3 4 5 6 7 8 9 10 11 12

0 -5000 -5000 -5000 -5000 -8500 -8500 -8500 -8500 -8500 -13370 -13370 -13370

(b)

Activity Duration (month)

Project Cash Overdraft

-22000

-17000

-12000

-7000

-2000

3000

8000

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Duration (month)

C
a
s

h
 (

$
)

 
 

Figure 8. Minimization of the Monthly Cash  
  Requirement [33] 

5. VALIDATION AND RESULTS 

5.1 Model Validation  

To validate the model, it deemed essential to apply it to 
a benchmark optimization problem that has the optimal 
results known beforehand for comparison purposes. 
However, no comprehensive cash management problem 
could be found in the literature. As noted in previous 
sections, the majority of the work done in the area of cash 
management focused on solving one problem at a time.  
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Activities 0 1 2 3 4 5 6 7 8 9 10 11 12 13

1 200 200 200
2 200 200 200 200
3 400 400 400
4 750 750
5 400 400
6 500 500
7 250 250 250
8 500 500
9 400 400 400 400

10 500 500 500

Available 1200 1200 800 800 650 2560.25 1700 800 800 5225 4325 3425 2925 5351

SUM/DUE 400 600 800 650 1700 1700 800 800 900 900 500 500 500 1700

Remainder 1200 800 200 0 0 860.25 0 0 0 4325 3425 2925 2425 4851
invoice 2560.25 5225 2926

Cedit Limit 0 0 600 650 0 839.75 800 800 0 0 0 0 0 839.8
Unused Portion 839.75 839.75 839.75 239.75 189.75 839.75 0 39.75 39.75 839.75 839.75 839.75 839.75 839.75 8067

Fitness

Project Duration
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s
h

 F
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w
 P

a
ra

m
e

te
rs

103.4675  
 

Figure 9. Cash Flow Forecasting Using Spreadsheets

1 2 3 4 5 6 7 8 9 10 Activity 

Ant 2 1 2 5 5 4 4 7 9 11 

Start Date 

 

 
 
Figure 10. Representation of the Project Activities Start  

  Dates Using ACO 
 

As such, the methodology used in validating the model 
is to utilize a cash flow benchmark optimization problem 
from the literature, and expand it to integrate the time-
cost tradeoff problem as will be described in the next sect
ions. 

A cash flow management problem originally described 
by Ahuja [34, 35] was used for this purpose. The problem 
is comprised of a nine-activity project; the activities 
relationships, costs, and duration are shown in Figure 11. 
The original duration of the project is 14 weeks. The 
contractor starts the project with an initial investment of 
$4500. He expects to receive a series payment as follows: 
$1000, $5000, $5000 on the 5th, 8th and, 12th weeks 
respectively. The contractor expects to receive the 
retention- $5000- one week after the project completion. 
A sum of $500/week was stipulated as liquidated 
damages for exceeding the project duration (14 weeks). 
Two funding options – borrowing and company own 
financing – were considered as possible alternatives for 
completing this project on time. The solution obtained for 
each option is given in [34, 35]. The objective is to 
complete the project with the minimum possible cost so 
that maximum profit can be attained.  

To incorporate the time-cost tradeoff problem, a 
number of hypothetical construction methods were 
introduced to the problem. For each method, cost and 
duration were defined such that the optimal completion 
time of the project would be equal to the original duration. 
A relatively high indirect cost of $500/week was assumed 
giving preference to construction methods with the 
shortest duration (original duration of the project). The 
costs and durations of the activities construction method 
is given in Table 1.   

5.1 Validation Results  

The project was initially set to its longest possible 
duration (49 weeks and cost of $38900) by selecting the 
construction methods with the longest durations to make 
it difficult to determine the optimal solution. To 

complicate the problem even further, the contractor’s 
highest preference (biggest weight) was given to the most 
economic construction methods (least cost and longest 
duration).  

 

 
 

Figure 11. Project Network [34, 35]  

 
Table 1. Different Construction Methods Available for 
Executing the Project Activities 

 

T1 C2 W1 T2 C2 W2 T3 C3 W3 T4 C4 W4

1-2 3 $750 30 7 $400 70

1-3 2 $1,000 25 12 $380 75

1-5 5 $3,000 5 8 $2,600 15 10 $2,250 30 14 $1,750 50

2-6 3 $1,050 10 13 $350 30 17 $120 60

3-4 4 $1,600 10 14 $880 20 19 $620 70

3-7 4 $800 35 14 $250 65

4-7 2 $1,400 5 11 $950 30 18 $570 65

5-6 6 $2,700 15 9 $2,530 20 13 $2,300 25 17 $1,900 40

6-7 3 $2,100 20 5 $1,900 35 8 $1,620 45

Activity
M1 M2 M3 M4

 
 
The first module was able to determine the optimal 

completion time of the project (14 weeks) using 20 ants 
and 40 iterations. The project minimum total cost is 
$21400 (direct cost $14400, indirect cost = $7000). The 
setting of other optimization parameters are as follows: α 
= 1.2, β = 0.4, R (pheromone reward factor) = 10, and ρ 
(pheromone evaporation rate) = 0.45. 

The project is then set to its optimal duration, and the 
activities total floats are used to determine different 
possible start dates available for the project activities, as 
shown in Table 2.  For the borrowing option, various 
credit limits are determined in search for the minimum 
credit limit that would allow completing the project 
within the desired duration.  The second module was 
able to find the optimal solution for the borrowing option 
using 40 ants and 80 iterations. The solution obtained is 
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identical to the one documented in the literature [34, 35], 
as shown in Figure 12. 
 

Table 2. Different Start Dates Available for the Project 
Activities 

 

D1 D2 D3 D4 D5 D6 D7 D8 D9

1-2 3 2 1 2 3

1-3 2 6 1 2 3 4 5 6 7

1-5 5 0 1

2-6 3 5 4 5 6 7 8 9

3-4 4 6 3 4 5 6 7 8 9

3-7 4 8 3 4 5 6 7 8 9 10 11

4-7 2 6 7 8 9 10 11 12 13

5-6 6 0 6

6-7 3 0 12

 Start Dates Optimal 

Duration
Total FloatActivity

 

For the company-own financing option, the project was 
scheduled in 15 weeks with a total cost of $21900 after 
including the liquidated damages ($500). It should be 
noticed that work has to stop during the 6th week due to 
the unavailability of funds. However, the solution 
obtained for the company-own financing option is better 
than the one documented in the literature. The original 
solution in [34, 35] schedule the project in 16 weeks with 
a total cost of $22900, as shown in Figure 13. The cash 
flow diagrams of the original project (before 
optimization), borrowing option, and company own 
financing option is shown in Figure 14.

6. CONCLUSION 

Cash management is an essential task for all 
contractors in the construction industry. As such, there is 
a need for new cash management tools that would enable 
the contractor to manage the cash flow efficiently and to 
minimize their total cost.  

This paper presents a comprehensive cash management 
model that is composed of two modules. The first module 
determines the project optimal completion time, while the 
second module proposes a cash managing plan for the 
optimized project. The model has been validated using 
benchmark optimization problem from the literature. The 
results have shown that the model proves to be a useful 
tool for managing the construction cash flow. 
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Figure 14. Project Cash Flow diagrams
 
 

Activity Start Date 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 1-2 3 250 250 250

2 1-3 7 500 500

3 1-5 1 600 600 600 600 600

4 2-6 9 350 350 350

5 3-4 9 400 400 400 400

6 3-7 11 200 200 200 200

7 4-7 13 700 700

8 5-6 6 450 450 450 450 450 450

9 6-7 12 700 700 700

Total Due 600 600 850 850 850 450 950 950 1200 1200 1400 1300 1600 1600 0
Payment Received 1000 5000 5000 5000
Available 4500 3900 3300 2450 1600 750 1300 350 0 3800 2600 1200 0 3400 1800
Invoice 1000 5000 5000
Credit 600 100
Unused Portion 0 0 0 0 0 0 0 -600 0 0 0 -100 0 0 0

Credit Limit

Direct Cost 14400

Indirect Cost 7000

Incentive 0

Penalty 0

Total Cost 21400

                 Ahuja et al.(1994) Solution

Activity Start Date 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 1-2 3 250 250 250

2 1-3 7 500 500

3 1-5 1 600 600 600 600 600

4 2-6 8 350 350 350

5 3-4 9 400 400 400 400

6 3-7 9 200 200 200 200

7 4-7 13 700 700

8 5-6 6 450 450 450 450 450 450

9 6-7 12 700 700 700

Total Due 600 600 850 850 850 450 950 0 1300 1400 1400 1050 1300 1400 1400 0 0
Received Payment 1000 5000 5000 5000 5000
Available 4500 3900 3300 2450 1600 750 1300 350 350 4050 2650 1250 200 3900 2500 6100 6100 11100

Direct Cost 14400

Indirect Cost 7500

Incentive 0

Penalty 500

Total Cost 21900

                 Ahuja et al. (1984) Solution

 
Figure 13. Company Own Financing Option  

Figure 12. Borrowing Option  
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