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ABSTRACT 

Construction business is project oriented and that is why 
every construction organization is dependent on projects. 
Typically they undertake multiple projects with limited 
multiple resources and information. Most importantly 
they need to take continuous and quick decisions to keep 
it going. The reason behind this is lack of tools and struc-
tured approach that can efficiently deal with multi-project 
environment (PME). Resulting is problem of wrong pro-
ject selection, project slippage and under/over utilization 
of scares resources. This paper presents a simulation 
model (OPMPE) for optimizing MPE. The model is capa-
ble of analyzing and predicting future problems, assessing 
the cumulative impact and generates valuable statistics 
and information for quick decision-making. It will work 
together with the available scheduling tools and will help 
strengthening the overall planning and execution system 
for MPE. The application and of the model is demon-
strated using a collection of real project data for building 
construction. 

1 INTRODUCTION  

Traditionally, the vast majority of practical and theoretical 
developments on project management have been related 
to single projects considered in isolation (Evaristo & Fe-
nema, 1999). The current demand for higher quality of 
living and greater technological development has meant 
that large construction projects are increasing in number 
and complexity year by year. Many complexities have 
been highlighted in managing multi-projects. 

In a multi-project environment (MPE), management 
of engineering and construction companies are interested 
in (1) taking care of all the projects in different phases 
(e.g. a number of projects are under construction, some of 
them are waiting for start, while others are in bidding 

stage and a quite a lot of projects are in conceptual stage); 
(2) a structured approach for taking “go/no go” during 
project selection; (3) an optimum (the better solution 
within the feasible zone) program schedule that incorpo-
rates major decision variables of the company, project de-
livery system, individual project objectives, driven factor 
and  priority; (4) dealing with uncertainties; and (5) regu-
lar checklist and reports related to site and management 
issues for improvement. They want simultaneous solution 
of the problems e.g. timely completion of all the projects 
on one hand and effective utilization of available re-
sources on the other hand. 

Main concentration in this situation is efficient and 
effective use of resources, which is a difficult process 
(Dumond & Dumond, 1993). Senior management often 
faces issues of resource misuse and shortage, resource 
conflicts, schedule overlapping, project slippage and other 
interdependencies of projects. Problems are accumulated 
as soon as projects are started, since uncertainties come 
into play (which were not considered in risk analysis) and 
multiply through shared resources. Hence, project is af-
fected not only by its own uncertainties but also from the 
uncertainties of the other projects. However, management 
must decide, in these vulnerable situations, how to man-
age scares resources across multiple projects that have 
competing needs and goals. Existing planning tools and 
techniques are suitable for single project management but 
none of them are capable enough to effectively deal with 
MPE and failed to fulfill some central needs of manage-
ment. Notable shortcomings include incapability: (a) to 
account project dynamics; (b) to handle uncertainties ef-
fectively; (c) to predict potential and critical future prob-
lems in advance; and (d) to manage project interfaces be-
tween planning and execution phases. 

This paper discusses a preliminary of model to opti-
mize the multi-project multiple resources planning and 
scheduling problem, which is critical for project success 
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in a multi-project environment. The objective of the re-
search study is to investigate multi-project environment 
with a target to optimize the overall system. This is 
achieved by an innovative idea of developing a multi-
level and integrated computer simulation model. The 
model is capable to overcome the above-mentioned draw-
backs and fill the gap in the area of concern. Simulation is 
a proven advanced technique for analyzing complex sys-
tem behaviors without actual execution of the system 
(Pritsker & O’Reilly, 1999).  

2 THE PROBLEM 

Usually,  the multi-project problem involves determine 
how to allocate resources to, and set a completion time 
for, a new project that added to an existing set of ongoing 
projects. This requires the development of an efficient and 
dynamic multi-project scheduling system. Typically, a 
general contractor undertakes several construction pro-
jects of different sizes and types at different sites. The 
contractor’s organization is responsible for performing of 
all the projects simultaneously; these projects can start at 
different times at different locations - but at certain times 
some projects will require the use of the same limited re-
sources with variable quantities. It is obvious that to com-
plete an activity or work package of a project, one needs 
to allocate resources (like manpower, equipment, mate-
rial, budget, etc) to the job. 

This allocation of resources depends on many factors 
like requirement of the task or, phase of the project, avail-
ability of resources, sharing of resources among the pro-
jects, “wants & needs” priorities, schedule conflicts, etc. 
Thus, a huge complexity faced by the contractors is to op-
timize schedules and resources utilization while compet-
ing with other projects executed by other contractors.  Re-
sources discrepancies occur when the timing of the tasks 
is not well matched with the available resources. It is 
common in any construction project (like high-rise build-
ing) that about five to ten subcontractors are engaged for 
various trades by the general contractor. Involvement of 
these subcontractors makes the situation even more com-
plex because it is difficult to consider unknown subcon-
tractors’ resource availabilities at the time the master 
schedule (or, baseline schedule) of a project is being 
drawn up by the general contractor. In addition, it is also 
very difficult to fix finite start and end date of multiple 
projects. The reason is nobody can predict exactly when 
the construction will start due to various inherent uncer-
tainties and other complex issues.  

In turn, this kind of complexity passes to the project 
site office to develop their own short-term construction 
schedules (like monthly schedule and weekly/two-week 
look-ahead schedule) considering risks, uncertainties, 
available resources and other constraints. In fact in all 
cases, these resources are limited or scares and they are 

being shared among the projects. It is also revealed that 
projects are not independent to each other i.e. resources 
may not be available at anytime they want or are not as-
signed exclusively to a particular project for unlimited 
time. There will also be some other risks and uncertainties 
e.g. materials shortage, poor soil condition, labor crisis, 
etc. So it is a big challenge for the project manager to deal 
with this kind of complexity and support the multi-project 
environment to achieve desired performance. 

3 RESEARCH OBJECTIVES  

The overall objective of the research was to develop the 
best practices and tools for construction industry manag-
ers to improve productivity by optimizing schedule and 
resources. The following are the specific objectives or in-
termediate milestones: 

1.    To investigate the current practices in construc-
tion industry for optimizing resources and 
schedules. 

2.  To identify key decisions variables that influ-
ence the overall quality and value of decisions 

3. To identify the constraints that need to be ad-
dressed in optimizing schedules and resource 
planning in a multi-project environment (MPE) 

4. To determine strengths and weaknesses in the 
scheduling optimization process 

5. To identify key management and site issues in 
MPE, and;   

6. To finalize and recommend a computer simula-
tion model that integrate with available schedul-
ing tools  

The study sets the hypothesis “an integrated simula-
tion-based scheduling and resource planning method pro-
vide better assurance of project success than existing and 
traditional scheduling tools in a multi-project environ-
ment”. 

The following assumptions are made to develop the 
model outlined above: 

• Projects are interdependent through shared re-
sources.  

• Each project is broken down into a number of 
work packages (WP) and there are logical prece-
dence relationships among them. 

• The simulation model will use “level 2” schedule 
with a few high-level work packages.  

• The general contractor will directly perform 
some work and other being performed by the 
trade contractors or sub-contractors. 

•  AON (activity on node) network for each pro-
ject and overall program is available.  

• The manpower resources allocation is known. 
• The common resource pool can be used as soon 

as possible, if available. 
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• Projects in different phases (e.g. running, waiting 

for start, etc) will be considered. 
• Project delivery system, driven factor and prior-

ity are pre-defined and known for each project. 

4 THEORITICAL FRAMEWORKS 

4.1 Concept of Multi-Project Environment (MPE) 
 

When dealing with a single project, the basic unit of work 
is the individual activity or task which has the usual char-
acteristics of duration, start date, resource requirements, 
etc. A multi-project program may contain ten, a hundred 
or a thousand projects. The basic unit of the program is no 
longer the activity or task but each self-contained project. 
Where necessary, the project may be subdivided into ac-
tivities, but for most purposes each single project is 
treated as a component part of the overall program. The 
concept, then, of running a multi-project program is to ef-
fectively plan and control each project within certain spe-
cific guidelines. In a multi-project environment, construc-
tion or operations manager of a contractor does not want 
to have too few resources, because the work will not get 
done on time and the clients will go elsewhere. Likewise, 
a manager generally cannot afford to have “too much” of 
resources, because the cost of idle time cuts directly into 
profit.  

Figure 1 shows the influence diagram for MPE. The 
main components are multi-project program schedule, 
management issues, business strategies, decision variables 
that influence the quality of decision, project objectives, 
constraints and uncertainties. Program schedule is per-
suaded directly or indirectly by all other components. So 
from the business point of view, to optimize multi-project 
environment it is essential to address and manage prop-
erly all of the above-mentioned factors. 

4.2 Conceptual Framework        

Figure 2 illustrates the conceptual framework behind de-
veloping the model called optimization of multi-project 
environment (OPMPE). It has four parts – input data 
(multi-project program, company strategy), simulator, 
theoretical basis, model development (phase 1) and model 
validation (phase 2). The simulation model is developed 
using the Simphony.NET (Mohamed and AbouRizk, 
2005) environment, an object-oriented programming lan-
guage, suitable for discrete event simulation. 

Expert’s opinion are tallied and incorporated during 
phase 1 of model development. The model then simulate 
the progress of multiple projects of different stages e.g. 
some of them are running, some are waiting and other 
may be in bidding stage. The user will use input data i.e. 
program schedule (including start and end date of the pro-
ject, duration and resources required for each work pack-

ages), company capacity, resource pool available, project 
delivery system, project priority, project driven factor, etc 
and generate results. It will have the capability to analyze 
the MPE system using the logic setup (theoretical basis) 
into it and can predict accurately any kind of conflicts and 
calculate the impacts that may occur in future, alerts the 
managers in advance in case of resource crisis or other 
problems. Heuristics rules are used for prioritizing the 
projects for allocating resources while asking by the mul-
tiple projects at the same time. These results then be inte-
grated with the project schedules for continuous refine-
ment and adjustment and finally ensure optimum solution 
for scheduling and resource planning. It is expected to 
consider several techniques to optimize the system - Deci-
sion theory (Taha, 1997), Dynamic Programming (Rao, 
1984),  Stochastic Decision Trees (Moussa et al, 2006), 
and Markov Process (Jacob, 2005) where applicable. 

4.3 Optimization Theory     

Optimization theory is a mathematical technique for de-
termining the most suitable or least disadvantageous 
choice out of a set of alternatives. Typically the set of al-
ternatives is restricted by several constraints. Optimiza-
tion theory is the more modern term for operation re-
search. 

4.3.1 Decision Theory 

“Decision theory” is one of the stochastic operation re-
search tools that can be used to assist management in 
making decisions under certainty, risk or uncertainty (Ta-
ha, 1997). 

Suppose, ai = represents action i; sj = represents 
state of nature j ; v(ai, sj) = payoff or outcome associated 
with action ai and states sj, then the best alternative is, 
 

Max {min  v(ai, sj)}  , if V(ai, sj) is gain 
     ai      sj 

Or, Min {mix  v(ai, sj)}  , if v(ai, sj) is loss 
     ai      sj 

4.3.2 Dynamic Programming  

“Dynamic programming” determines the optimum solu-
tion to an n-variable problem by decomposing it into n 
stages with each stage comprising a single variable sub-
problem (Rao, 1984). 

Let fi(xi) be the shortest distance to node xi at stage I, 
and define d(xi-1,xi) as the distance from node xi-1 to node 
xi, then fi is computed from fi-1 using the following recur-
sive equation: 

fi(xi) = min. { d(xi-1,xi) + fi-1(xi-1)}, I = 1, 2, 3 
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           all feasible, (xi-1, xi) routes 
 

 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Multi-project environment  
 

 
 

Figure 2: Conceptual framework for developing OPMPE  
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4.3.3 Markov Process   

The occurrence of a future state in a Markov process de-
pends on the immediately preceding state and only on it. 
If t0 < t1 < …. Tn (n = 0, 1, 2, ….) represents points in 
time, the family of random variables {€tn} is a Markov 
process if it possesses the following Markovian property 
(Jacob, 2005): 

P{€tn = xn │{€tn-1 = xn-1, …..€t0 = x0}  = P{€tn = xn │{€tn-1 = 
xn-1}                    

for all possible values of  €t0, €t1,……, €tn 
The probability Pxn-1, xn =  P{€tn = xn │{€tn-1 = xn-1} is 

called transition probability. It represents the conditional 
probability of the system behind in xn at tn, given it was in  
xn-1 at tn-1. The probability also referred to as the one-step 
transition because it describes the system between tn-1 and 
tn. An m-step transition probability is thus defined by 

Px, xn+m = P{€tn+m = xn+m │€tn = xn} 

4.4 Heuristics Rules and Usage of Resources 

When more than one project will demand for a particular 
scares resource at the same time, then the resource would 
be allocated to them sequentially according to the follow-
ing combination of priority rules to break ties: 

1. Minimum slack first  
2. Most resources first – the assumption behind this 

assumption is that more important project usu-
ally place a higher demand on scares resources. 

3. Shortest work package first 
4. Most critical followers first 

 
Figure 3 displays the sources and uses of resources in 

a multi-project environment. The stock of resources or 
availability of resources is calculated as, 

Rav = Ri + Rc 
Where, Rav = available resource   
            Ri = inventory, and 
            Rc = released by the contributor  

5 RESEARCH METHODOLOGY 

Overall research methodology can be divided into two 
phases. There are three steps in phase 1 that are followed 
during this research. These are: (1) literature review in the 
areas of scheduling, resource planning, concept of multi-
project management, productivity and simulation. Main 
focus was to notice the findings of the previous research-
ers in the relevant field; (2) monitored  multi-storied 
building construction sites for six months to study work 
schedule, resource allocation and registered risks and un-
certainties at construction sites. During this time a pilot 
questionnaire survey is performed with both site superin-

tendent and office management people to validate the sur-
vey tools and quality of data and (3) developed an initial 
conceptual framework and then coded and programmed 
the simulation model.   

 

 
 

Figure 3: Sources and uses of resources 
 
In phase 2, there are five steps that followed the 

above-mentioned steps. Those are: (1) to investigate cur-
rent practice in construction industry by document analy-
sis (case studies, reports from completed projects) and a 
series of meeting with expert personnel both in site office 
and head office;  (2) data (that are collected using ques-
tionnaire from site superintendents to management people 
in the area of questions) were analyzed using statistical 
analysis tool “SPSS” ver. 13.0 (Statistical Package for the 
Social Science) and based on the findings the multi-level 
and integrated simulation model were developed; (3) For 
the validation purpose of the model, the simulation results 
were compared with the actual project data. Sensitivity 
analyses were performed using “Premier Solver” to iden-
tify most significant factors or constraints of the system; 
(4) the model then applied in real projects to see how it 
works. Results were analyzed and checked if further ex-
periments are required; and finally (5) documented the 
conceptual model, description of the computer program 
and the study results and its interpretation.  

6 STRUCTURE OF THE SIMULATION MODEL 

The planning and execution simulation model presented 
in this paper is a special-purpose simulation (SPS) tool 
that is used to optimize a multi-project environment fo-
cusing on company resources, program schedules, uncer-
tainties and business strategies. The simulation model is 
developed using Simphony.NET and integrated with Mi-
crosoft Access (database) and Primavera (scheduling 
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Contributor 

Project 1: running
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S E 
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Project 2: to be finished soon 
Existing user 

Project 3: to be started 
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tools). It has total 10 modeling elements in three different 
levels. These are global/root element, Data base, Program, 
Output, and Project start, Work package, Link, Project 
finish, Constraints, uncertainty. Figure 4 illustrates the 
layout of the model and the hierarchical structure of mod-
eling elements.  It operates with Windows XP with Mi-
crosoft.NET framework 2.0 or above. The model allows 
user to import/export data from/to MS Excel, Primavera,.  
   The global element is to guide the entity among the 
modeling elements as and when required and also collect 
statistics and output from any modeling element at any 
stage during simulation run. Table 1 describes the Output, 
input and statistics of global element whereas Table 2, 3 
and 4 display for the modeling element of Data base, Pro-
gram and Output respectively. The input/output for other 
modeling elements are illustrated in Table 5, 6, 7, 8, 9 & 
10.  

The users can change or modify the input parameters 
for any modeling element specific to the company and 
project. The output parameters and the statistics are the 
valuable information generated by the simulation model. 
The users can retrieve different type of output and statis-
tics value from different modeling element. 

      
Table 1: Output, input and statistics for global element 

 

 
 
 
 
 
 
 
 
 
 

Table 2: Input parameters for database element 
 

 
 
Table 3: Output, input and statistics for Program 
 

 
 

Table 4: Output for “Output” element 
 

 
 
 

2426



Hossain and Ruwanpura 
 

Figure 4: Model layout with hierarchical structure 
 

 
Table 5: Input parameters for project Start element 

 

 
 
 
 
 
 

Table 6: input parameters for link element 
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Table 7: Output, input & statistics for WP element 

 

 
 

Table 8: Output & statistics for project Finish element 
 

 
 
Table 9: Input parameters for constraint element 

 

 
Table 10: Input parameters for uncertainty element 

 

 

7 ANALYSIS OF SIMULATION OUTPUT 

The simulation model has been tested using “level-2” 
Primavera schedule (as shown in Figure 5) from real pro-
ject data for a series of building projects undertaken by a 
large construction company in Alberta. There are ten pro-
jects, out of which one project just completed, four are 
running, two projects are waiting to start and the remain-
ing two are in bidding stage.  

These scheduling data are used as one of the input 
value for running the simulation. The other input parame-
ters are company resource pool, logical relationships of 
work packages within the project, interdependencies of 
multiple projects and various project properties. Types of 
project properties are (i) Project delivery system, (ii) Pro-
ject driven factor, (iii) Location, (iv) Project phase, (v) 
Project priority, and (vi) Project size 

 The main intention is to analyze multi-project envi-
ronment based on above-mentioned input data and gener-
ate simulation output.    

7.1 Application of the Model  

During simulation run, the following important alerts and 
messages about conflicts are generated (Figure 6) that  
reflects the actual situation of the multi-project program.   

The first and second messages (Figure 6)  are indicat-
ing that construction manager (CM) and project coordina-
tor (PC) are not available at this moment for the project 
ID # P003  and subsequent recommendation (third mes-
sage in Figure 6) is “NOT to start the project now” to 
avoid project slippage. The last message in figure 5 is 
showing that the expected project delay is about 90 (LF = 
738 days and EF = 648 days) days if this project is started 
according to the planning date (showing in Figure 5)    
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Figure 5: Multi-project program schedule using Primavera 
  

 
 

Figure 6: Message alerts about conflicts   
 
The model also generates various kinds of important 

statistics that will help the decision maker to make quick 
and right decisions. Figures 7 and 8 illustrate two differ-
ent statistics collected from three different modeling ele-
ments. Figure 7 is showing the overall program comple-
tion time in days. Likewise Figure 8 displays the resource 
utilization graph for one of the resources, collected from a 
work package element. 

 

 
 

Figure 7: Statistics about program completion time  
  

 
 

Figure 8: Statistics about resource utilization   
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8 CONCLUSION AND FUTURE WORK 

This paper introduces and describes a framework and SPS 
tool for optimizing multi-project environment for a con-
struction company. The model is composed of a number 
of modeling elements, each of which is designed and pro-
grammed to analyze some specific area/key issue of MPE. 
These issues are scarce resources, program schedule, 
business strategy, constraints and uncertainties. It is capa-
ble of fulfilling the key objectives of the study such as 
identifying resource and schedule conflicts, overall pro-
gram completion time considering conflicts and delays, 
calculating the quantity of resource deficiency, estimating 
the expected delay time, points of conflict, percentage of 
resources utilization and finally suggestions for senior 
management when to start a new project to avoid project 
slippage. Ultimately this tool will provide a means of re-
ducing the waste of idle time of resources, minimizing the 
uncertainty and help to prepare an optimization plan dur-
ing planning phase. It can also be used during construc-
tion phase to monitor the project status and help in quick 
decision-making. The model can be used for any number 
of projects occurring simultaneously regardless of project 
size, nature and type of resources, project delivery system 
and other business strategies and constraints. Recommen-
dations for future that are under development include: 

• Further enhancement of the simulation model by 
integrating VB.NET interface 

• Full integration and embedding of simulation 
model with three independent software – MS 
Access, Primavera P6 and Genetic Algorithm 
based optimization tool 
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