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ABSTRACT 

A DECISION SUPPORT SYSTEM FOR MULTI-PROJECT CASH FLOW 

AND SCHEDULE RISK ASSESSMENT:  CONTRACTOR’S PERSPECTIVE 

Yussef, Mohammed 

Ph.D. in Modeling and Design of Engineering Systems (MODES) 

Supervisor: Asst. Prof. Dr. Altan Özkil 

 Co-Supervisor: Prof. Dr. Rifat Sönmez

 April 2018, 150 pages

       This thesis presents a Decision Support System (DSS) for multi-project cash flow 

and schedule risk assessment for contractors.  The main objective of the proposed DSS 

is to develop a methodology which quantifies the cost and time uncertainty of multi-

projects for cash flow analysis, during bid stage from a general contractor’s 

perspective. The proposed methodology possesses necessary steps. The previous 

studies that focus on probabilistic cash flow management are reviewed to investigate 

the existing cash flow forecasting methods. Then a new methodology based on Monte 

Carlo simulation technique for DSS is presented for cash flow forecasting of multi-

projects. The advantages of the proposed methodology are demonstrated by the 

analysis of three real construction projects. Finally, scenario analyses are performed 

to determine the optimal project parameters that gives the best Net Cash Flow (NCF) 

forecasting by using proposed methodology. The main contribution of this thesis is 

that it enables integrated cash flow risk analysis of multiple projects simultaneously. 

This helps decision maker to adequately identify and manage multi-project risks 

related cost, schedule and cash flow. 

Keywords: Decision Support System, Multi Project Cash Flow Forecasting, Monte 

Carlo Simulation, Portfolio Risk Management 
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Öz 

ÇOKLU PROJE NAKİT AKIŞI VE PROGRAM RİSK DEĞERLENDİRMESİ 

İÇİN BİR KARAR DESTEK SİSTEMİ: YÜKLENİCİNİN BAKIŞ AÇISIYLA 

Yussef, Mohammed 

Doktora: Mühendislik Sistemlerinin Modellenmesi ve Tasarımı (MODES) 

Tez Yöneticisi: Yrd. Dr. Altan Özkil 

Ortak Tez Yöneticisi: Prof. Dr. Rifat Sönmez 

Nisan 2018, 150 sayfa 

Bu tez, yükleniciler için çoklu proje nakit akışı program risk değerlendirmesi için bir 

Karar Destek Sistemi (KDS) sunmaktadır. Önerilen KDS 'nin ana amacı, ihale 

sürecinde genel yüklenici bakış açısıyla çoklu projelerin nakit akış analizlerinin 

yapılması için maliyet ve zaman belirsizliğini sayısallaştıran bir metodoloji 

geliştirmektir. Öngörülen metodoloji birkaç zorunlu adımı içermektedir. Tezde, 

mevcut nakit akış metotlarının belirlenmesi amacı ile olasılıklı nakit akış yönetimi 

üzerine odaklanmış modeller gözden geçirilmiştir. Daha sonra karar destek sistemi 

içinde, gelecek dönemlere ilişkin çoklu projelerde nakit akışları tahminleri için Monte 

Carlo simülasyon tekniğini esas alarak geliştirilen yeni bir metodoloji sunulmuştur. 

Sunulan metodolojinin avantajları üç gerçek inşaat projesinin analizleri ile 

gösterilmiştir. Son olarak, en iyi Net Nakit Akışı (NNA) tahminini veren optimal proje 

parametrelerini belirlemek için geliştirilen metodoloji kullanılarak senaryo analizleri 

yapılmıştır. Bu tezin ana katkısı, birden fazla projenin entegre nakit akışı ve risk 

analizini mümkün kılmasıdır. Bu karar vericinin çoklu proje riskleri ile ilgili maliyet, 

program, maliyet ve nakit akışını yeterince tanımasına ve yönetmesine yardımcı olur.  

Anahtar Kelimeler: Karar Destek Sistemi, Çoklu Proje Nakit Akış Tahmini, Monte -

Carlo Simulasyon , Portföy Riski Yönetimi 
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CHAPTER 1 

 
 
 

INTRODUCTION 
 
 

1.1 Introduction 
 
Recently, building and construction managers change the way in their viewing of 

construction operations due to the changes in the economic climate. Inflation and high-

interest rates need more attention in the management of working capital. A better way 

to link the real cost and pricing, as well as cost control, become primary for an 

operative management. Enlarged inflation rates in recent decades raise concern about 

the construction projects' gross cash flows. In the same way, rapidly increase in the 

levels of interest rates caused attention to be given to models of net cash flow (Kenley 

& Wilson, 1989). 

In sector of construction industry, cash is considered as companies' engine to make 

new investments. Construction projects are so sensitive to the cash flow during the 

project progress. One of the most serious problems that may appear is the cash 

shortage. If there is no plan from the contractor to cover cash shortage, the works is 

going to stop due to the lacking money source for the expense of the project such as, 

material cost, labor cost, equipment and overhead costs.  

Due to the importance of the cash flow (CF) in the construction sector, a lot of 

researches have been made for developing a reliable cash flow models for the 

construction projects. These CF models such as, curve fitting equations, mathematical 

techniques, and software computing models would be very helpful to the construction 

companies in regarding to the financial management, and determine the bidding cost 

during the bidding stage (Melik, 2010).  
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Risk always exist in construction projects, but most of the studies underestimated the 

risks and uncertainties included in them. Thus, the CF results could not fulfill with cost 

and time differences of the projects. Nevertheless, in previous studies, many models 

were developed to give only deterministic results with point appreciation but this 

approach did not bring out range predictions resulting from the uncertainties. 

Moreover, Risks might affect the cost which in sequence affects the progress of the 

project, therefore they must be identified and allowance must be provided for them. 

Thus, when contractors consider doing an investment, they should evaluate profits and 

risks as the main criteria in their decision-making process (Lam, Hu, Cheung, Yuen, 

& Deng, 2001). 

Krüger and Scholl (2009) Stated that; multi-projects management in the construction 

sector is more complex, therefore most of the previous studies have been focused on 

cash flow management of a single project, whereas many construction companies 

execute several projects simultaneously. This makes the company manage multi-

projects which include more relationships which may create risks among the 

stakeholders.  

In addition, from contractor perspective, cash flow forecasting at the tendering stage 

needs to be simple and fast and consider the short time available and the associated 

cost. Nevertheless, contractors require simpler and quicker techniques which would 

enable them to forecast cash flow with the desired accuracy, therefore a good cost 

planning technique needs to be taken for bid/no bid decisions during bidding stage of 

the project (Kaka & Price, 1991) (Richard, 2007).  

In existing of the risk of uncertainty whether in cost or/and duration, Monte Carlo 

(MC) technique proves to be one of the best ways in aiding human decision making. 

Decision making under uncertainty enhances economic and operations research 

methods, such as cash flow analysis. Druzdzel and Flynn (1999) stated that; more 

recently, computer programs, either as stand-alone tools or as integrated computing 

environments for complex decision making are often given the common name of 

decision support system (DSS).    

For this reasons, this study is going to present a DSS for multi-project cash flow and 

schedule risk assessment. For developing the DSS, Microsoft Excel is used with aid of 
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Visual Basic for Applications (VBA). The costs and duration of the project's activities 

is modeled by MC technique to determine the multi-project cash flow diagram for a 

desired level of probability. The proposed system makes scenarios analysis to know 

the optimal projects order which give the best Net Cash Flow (NCF) forecasting and 

provide the risk-profit evaluation graph for multiple projects at once to enables projects 

manager to take his decision in response to the undertaken risks and on the sufficiency 

of the expected profit rate. Moreover, the DSS enables contractors to perform cost and 

schedule risk analysis to evaluate their profits and contingencies during the bidding 

processes for projects. 

 

 

1.2 The Purpose of the Study 
 
In recent years, the raise of using probabilistic methods for CF forecasting have been 

increased, but empirical studies have revealed that these methods are seldom used in 

real life practice because of their difficulties. Many contractors do not use probabilistic 

methods to determine CF amount because they instead require simpler and quicker 

techniques enable them to forecast cash flow with the desired accuracy. In other words, 

it is commonly that CF and profit amounts are estimated traditionally as a deterministic 

percentage of project base cost.  

In addition, most of the studies have been focused on a single project’s cash flow 

forecasting, but many construction companies carry out several projects 

simultaneously. In the construction sector, there is a necessity for studies to perform 

portfolio cash flow forecasting analysis for multi-projects. This study aims to fill the 

mentioned gaps in cash flow forecasting evaluation for portfolios of multi construction 

projects by developing a decision support tool. The purpose of the decision support 

tool is to eliminate the lack of measurement for probabilistic cash flow forecasting in 

multi projects area. The DSS will help contractors to analyze and perform cash flow 

forecasting for their projects portfolio. Moreover, the DSS will enable contractors to 

perform cost and scenario schedule risk analysis to evaluate their profits and 

contingencies during the bidding processes for multi-projects. 
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1.3 Aim & Objectives 
 

 To develop a DSS for multi-project cash flow and scenario schedule risk 

assessment for contractors 
 The proposed method will show the risk-profit evaluation graph for multiple 

projects at once to enable projects manager to take his decision in response to 

the undertaken risks and on the sufficiency of the expected profit rate. 
 The DSS will enable contractors to perform cost and schedule risk analysis to 

evaluate their profits and contingencies during bidding cycle for projects. 
 Staff and decision makers will understand more about the range of cost 

outcomes and the drivers of those outcomes in selecting projects and they will 

be able to take the right solution’s decision for negative NCF months. 
 

 

1.4 The Scope of the Study & Method 
 

The scope of the thesis would be focused on general definitions of terms of risk, 

contingency, CF forecasting and profit at tender stage. Estimated cost and schedule 

also going to be studied in order to dominant the subject. In addition, review study 

about CF modeling would be done to understand how the DSS has been developed. 

Nevertheless, factors affecting NCF which in sequence affecting DSS would be 

discussed and taken in consideration. Moreover, the scope is also narrow to the 

development of forecasting cash flow model (cost & schedule integrated), the focusing 

would be for medium and small construction projects. However, for practice and 

examination reasons, the followed method of the proposed tool is going to use data 

from three projects and enter them into the DSS tool database. Later, the probabilistic 

costs and duration of the project's activities would be modeled by using MC technique 

to determine and provide the multi-project cash flow diagram at once for a desired 

level of probability. Moreover, the system will be developed in Microsoft Excel using 

VBA to enhance practical usability. 
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1.5 Thesis Outline  

 

Thesis will be organized as follows: 

 

Chapter 2 

 

Literature survey is reviewed about risk in construction, cost and duration estimate, 

probabilistic cash flow simulation and its models (conceptual, logical and model 

development), factors that affect cash flow forecasting, and decision support system. 

Contingency and profit ratios is discussed as well. 

 

Chapter 3 

 

This chapter explains research methodology which represents the work in detail by 

using flowchart and supporting steps of the work from previous studies in literature 

review that related.  

 

Chapter 4 
 

Illustration of modelling and simulation that has been done in Excel environment using 

MC technique with aid of VBA. As well as, simulation results and scenarios analysis 

are presented for this part to solve multi-project cash flow problem by taking the right 

solution’s decision for negative NCF months at bid stage. 

 

Chapter 5 
 

In this chapter, validation and verification of the simulation are done by both a 

comparison with deterministic results (ideal process) and other reliable software results 

and common validation technique is used. 

 
Chapter 6 
 

This chapter presents the results, discussion and conclusion and gives recommends for 

further researches. 
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CHAPTER 2 

 
 
 

LITERATURE SURVEY 
 

 

2.1 Construction Project Management 
 
Construction Project Management is about managing construction inputs and outputs. 

This accomplishment continues to present a predominant challenge to most 

construction projects all over the world. This challenge arises from two basic causes. 

First; time management encounter a multitude of risks are not easy to be quantified 

and are even too difficult to be controlled. Second, quantifying the impact of risks on 

time and cost baselines is not a straightforward process or user-friendly mathematical 

model. Furthermore, the construction projects are mostly characterized by their high 

degrees of complexity, variability, and dynamic environment. In addition, the 

construction projects delivery has been hampered by severe risks that can be grouped 

in numerous categories such as; force majeure, design related risks, construction risks, 

construction-related risks, management and administrative risks (Youssef, 2014). 

 

 

2.2 Risk in Construction Project in General 
 
The project risk management is the process that identifies risks involved in a project, 

analyses them, and help to set up an action plan to avoid the threats. To deal with risks 

all steps in risk management process should be included. Risk management is a very 

important process due to the nature of construction projects. Risk arises from a number 

of different sources in the construction projects which are always so unique. Any action 

that affect the project objectives achievement can be defined as a risk. Many other 

industries from IT to construction business use risk management to prepare an action 

plan to accommodate future risks (Schieg, 2006). 
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More than any other risks, uncertainties essential in the construction industry. It is 

preferable in many industries to do risk management techniques proactively. 

According to NEVADADOT (2012) regardless of the project size, the risk is present 

in all, it has become a fundamental component of any project. The projects are likely 

leading to failure if risks are not suitably considered and strategies are not employed. 

Risk-free projects are a myth. In addition, Mahendra, Pitroda, and Bhavsar (2013) 

stated that because of less knowledge and awareness among people, the use of risk and 

schedule management is very less. Unfortunately, in terms of coping with risks in 

projects, the keep of track record is also very poor. This usually results in a failure of 

projects.  

Risk management is applied to evaluate the most, major and common risks, so as to 

contain the bad effects on the construction project and achieve its objectives (Ehsan, 

Mirza, Alam, & Ishaque, 2010). In the construction industry project delays and cost 

overrun have become a general fact. The different costs associated with a project are 

considered in project cost risk analysis and it helps to focus on the uncertainties and 

risks that might affect these costs. Risk management provide a good basis for decision-

making in the projects and convey important benefits, such as reducing the risk of the 

costs raise (Purnus & Bodea, 2014). 

Many factors are responsible for the change in project cost or occurring of cost growth. 

For better control on project cost estimate determining the existence and influence of 

cost overrun risk factors in construction projects and future estimate overrun can also 

be identified. As highlighted in Table 1, construction projects are exposed to the 

uncertain environment. Use of cost risk analysis is important at the beginning of the 

projects. The various risks that can be associated with construction industry are broadly 

categorized as (Hossen, 2006): 
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                   Table 1 Risks that can be associated with construction industry 
 

 
 

2.3 Risk in Cost and Schedule Management 
 
According to Menesi (2007), the cost and time overruns are common in the 

construction industry due to the inherent risks in construction projects. The application 

of project risk management and the success of any project have a very strong 

relationship. Different costs associated with a project like materials, labor, 

administration, equipment are considered in cost risk analysis. This helps to identify 

risks. It is not essential that cost impacting uncertain activities will arrive but it is 

always better to be ready when it does. The total cost of a project is broken down into 

parts to assess the uncertainness in any project cost. The different work packages of 

which the project consists of is established from a work breakdown structure (WBS), 

from the top down. 

Negative effects of disputes between contractors and owners, loss of productivity and 

revenue are caused due to the delay and cost overrun in the construction industry. For 
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example, Major causes of delay in America would be a shortage of labor, bad weather 

or subcontracting systems, while in UAE it could be inadequate early planning of 

projects, shortage of manpower, poor site management and supervision, approval of 

drawings is slow (Hossen, 2006). In Hong Kong the reasons for delay and cost overrun 

could be inadequate resources, exceptionally low bids, contract duration are unrealistic 

and unforeseen ground conditions. In a developing country the risks could be further 

increased, for example; contractor payments are delayed, tax rate fluctuations, rise in 

inflation above the estimated allowances, there could be not enough budget for the 

project, safety provisions are lacking, there could be shortage of skilled labor, lastly 

due to bad storage conditions the material is damaged (Lo, Fung, & Tung, 2006). 

Therefore, if project managers need to determine potential risks and identify their 

possible impact, they should take into their account factors that are not yet well defined 

but may affect project cost and schedule. Identification and quantification of risks are 

encouraged by an effective risk management process in the construction company and 

considered risk control and risk reduction policies (Radujkovic & Dunovic, 2008).  

 

  

2.3.1 Project Cost Estimation  

 

Cost based estimates or traditional cost estimates are used to determine the project cost 

estimation. Based upon anticipated design construction, costs are determined whereas 

the project schedule is developed. For cost and scheduling, the traditional way of 

dealing with project unknowns is to establish allowance or contingency factors 

(Kolhatkar & Dutta, 2013). Base plus contingency would be established by project 

adjusted baseline. Experience, judgment, and set of assumptions are utilized to 

determine contingency value. To produce an estimate for the project, the traditional 

way of estimation is done (Patel, 2013). 

The below-mentioned components comprise project estimates: 

• Base cost 

• Uncertainty 

• Risk 
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Cost can be reasonably expected if the project which materializes according to the 

planning is represented by base cost. A high and a low range can be seen in unit bid 

prices. They can be in quantities in a given item such as roadway excavation 

(NEVADADOT, 2012; Simu, 2006). A list of risks which is created of both threats 

and opportunities called a risk register once the base cost with its range has been 

established. Defined contingency with each potential risk event’s occurrence and 

consequences probability is characterized using risk assessment (Ling & Hoi, 2006). 

In addition, D. T. Hulett et al. (2011) stated that; the resources should be marked as 

time-dependent resources or time-independent resources: 

 Time-dependent resources are those that will cost more if they work longer. 

These include contract labor, engineering labor, the project management team, 

and equipment that is billed by the day such as cranes, earth movers, drill rigs, 

installation barges and the like. 

 Time-independent resources include those that do not necessarily cost more if 

their activity takes longer. Such as; manufactured equipment and bulk raw 

materials. Their costs may be uncertain but not because of time. 

 

 

2.3.2 Cost Estimate Methods and Techniques 

 

Different estimating methods, inputs, tools and techniques are required at each level 

of estimation. Many years to complete the design may be required for designs over 

$100 million. By its very nature, the task of cost estimating requires an application of 

careful judgment to the completion of the task. Steps of cost estimating process as 

provided from (NEVADADOT, 2012) are: 

1. Determining estimate basis: to prepare a project cost estimation, the focus is set 

to obtain project information such as schedule details, data and project scope. 

Depending on the project phases, project complexity and project type, the level of 

scope details may vary. At the end result, a complete traceable history for each 

estimate, the estimate basis should be clearly documented. 

2. Preparing base cost estimation: base cost estimation covers the development of 

estimated costs for all components of the project, excluding future escalation. 
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Depending upon the level of scope definition and the size and complexity of the 

project, different techniques implemented for these components to be estimated. 

3. Reviewing base cost estimation: this activity helps to ensure basis and 

assumptions are appropriate for the project. An accurate reflection of the project’s 

scope of work is done through the base cost estimation which requires components 

to be not missing and scope, schedule and cost items are calculated properly. 

4. Determining risks: risks is an integral component of project management and a 

part of developing a project risk management plan. An ongoing process of 

minimizing the probability and consequences of negative risk events is risk 

management. The cost impact of project risks in the context of cost estimating 

should include all assumptions and relevant scope details. 

5. Prepare base cost estimate: except the exclusion of future escalations, 

preparation of base cost estimation is the development of estimated costs for all 

the components of a project. Depending upon the level of scope definition and the 

size and complexity of the project the components may be estimated using 

different techniques. 

6. Independent reviews are conducted and management confirmation are obtained 

to both internal and external estimated cost. 

 
The estimation of risk-based cost estimation and schedule management requires 

complete base cost estimates and well-documented base cost estimates. Historical bid-

based and risk-based are the two categories, out of the four estimation methodologies 

that mostly used, but any combination of methods can be done in any given component.  

There is various cost estimating techniques to deal with these methods such as: 

1. Estimation based on similar projects 

2. Parametric estimation 

3. Cost-based estimates 

4. Historical bid-based estimates 

5. Estimates based on historical percentages 

6. Combined cost estimation approach 
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Table 2 Project Development Phase & Methodology for cost estimation 
 

 

It should be noted that, for the application of these types of estimating methods 

computer software is required (NEVADADOT, 2012).  

 

 

2.3.4 Project Durations Estimate 

 
The realistic construction time often serves as a crucial benchmark for assessing the 

performance of the project or the efficiency of the organization. At early stages of the 

project, one of the critical issues is determining the contract duration. Contract’s 

completion time is often defined by the owner who requires fast completion regardless 

of the volume of work, the available productivity rates, and the contractors’ 

methodology to complete the work. Accordingly, unrealistic contract duration would 

obviously force the contractor either to accelerate the progress of works on the account 

of the desired quality or to complete the works as required but not on time (Falqi, 

2004).  
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In addition, the successful completion of construction project within given schedules 

and estimated cost mainly depend on a methodology which requires careful 

engineering decisions. Therefore, the prime parameter in reducing the probability of 

construction delay is the proper estimation of the suitable project’s overall duration. 

The second parameter in reducing the probability of construction delay is estimating 

activity duration appropriately. The duration estimate depends on many factors 

including, construction execution methodology, resource availability, work quantity, 

nature, the complexity of work, labor and equipment productivity, quality of field 

management, weather changes, site conditions and concurrent activities (Youssef, 

2014).It is logically believed that the more activities durations are reliable the more 

accurate the project completion time will be. However, the accuracy in estimating 

activity’s duration should not be overstated because if that happened it could 

complicate the estimation process of the reliable duration (Prateapusanond, 2003).  

The estimation of construction activity’s duration can be classified as deterministic and 

stochastic depending on the project’s nature, potential risks, productivity rates, 

available resources, site conditions, site location, project environment, levels of 

complexity, levels of quality, expert judgment, and degrees of uncertainty. The non-

materialized parameters such as uncertainty levels and potential risks are incorporated 

as a contingency percentage (PMI, 2013).  

On the other hand, the critical path in the schedule is well known to be the longest 

path(s) of connected critical activities through the project. Therefore, any change 

involves reduction or extending in the duration of those activities can affect the 

project’s overall duration. Implementation of simulation techniques is utilized to 

quantify the impact of uncertainty and potential risks on activity’s duration. Therefore, 

the paths which were originally critical may later become non-critical and vice versa. 

The only available way till now to capture the uncertainty in the estimation or other 

risks that may affect the total completion time is through creating dynamic models. 

The dynamic models simulate the most of possible scenarios depending on the 

probability distribution function assigned to each activity in the project (Lana, 2006). 

It is worth mentioning that the dynamic nature of the CPM process allows planners 

and schedulers to react with potential events and predict the risk and uncertainty 

impacts on project’s overall duration at any given point of time (Prateapusanond, 

2003). 
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2.3.5 Project Duration Estimating Models  

 
The project’s estimated duration is often based on the owner’s feasibility study 

irrelevant to the construction plan or construction methodology. Significantly, the 

prediction of project’s overall duration creates a continual concern for construction 

researchers and project managers. The techniques used for estimating project’s overall 

fair duration has been outlined in many studies and considered various input 

parameters such as: degree of complexity, scope of work, area for project, number of 

levels, function of building, client type, procurement route, market constraints or 

opportunities and start date for the project (Youssef, 2014). 

A model was developed by Al-Momani (2000) used real data to develop different 

quantitative regression models to estimate the project’s duration and price. The sample 

consisted of 130 public projects in Jordan between 1990 and 1997. Another model was 

developed by Martin, Burrows, and Pegg (2006) through surveying the performance 

of 2554 different building projects in the UK between 1998 and 2004. They produced 

a linear regression model for project duration according to building function 

classification.  

Abu Hammad, Ali, Sweis, and Sweis (2010) developed a model through focusing the 

study on 113 public projects in Jordan between 1994 and 2002. They derived the 

multiple regression models to predict the project cost and duration depending on the 

scope, the area, the estimated budget, and the estimated duration of the project. 

 
 
2.4 Dealing with Uncertainty  
 
Definition of the risk is an uncertain event or situation that, if it occurs has a negative 

or positive impact on the project’s objective. The project cost that exceed the estimate 

is assessed by taking into account several types of risk, most important the risk that 

durations of project activities might differ from those originally assumed (schedule 

risk) (D. T. Hulett & Campbell, 2002). However, the uncertainty and risk are used to 

express the same meaning where risk is mentioned as equal of uncertainty (Loosemore, 

2006). 
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In a construction project, several uncertain variables might have influence on project 

objectives. Thus, in addition to traditional statistical methods, stochastic simulation 

methods are usually used to deal with these variables and to analyze their impact on 

project objectives, such as project completion time and costs, and provides insights, 

support decisions (Al-Zwainy, Amer, & Khaleel, 2016). 

This uncertainty establishes the range of costs which the base cost could fall within 

when applied to it. The level of uncertainty is directly related to the position in the 

lifecycle of the project for any given project. Thus it can be stated that the earlier stage 

means greater the uncertainty and closer to completion lesser uncertainty. For example, 

it can be expressed in terms of percentage as follow (NEVADADOT, 2012): 

 

 

Table 3 Example of unit cost uncertainty ranges 
 

     

    Item and Description 

                                            Unit Cost 

Unit Under   % Base % Over 

Section: Grading       

Roadway Excavation   

Incl.Haul 

m3 $15.75 -10% $18 5% $18.38 

Unsuitable Foundation 

Excavation Incl. Haul 

m3 $18.41 -5% $19 5% $24.22 

Gravel Borrow Incl. Haul m3 $19.55 -15% $23 5% $24.15 

Embankment compaction m3 $1.90 -5% $2 5% $2.10 

 

Other projects with similar characteristics are selected when estimating a unit price for 

an item. This helps in decision making. For example: for roadway excavation project 

A had a unit bid price of $15/ m3 and project B has a unit bid price of $19 /m3. Our 

project is similar to project B in case of the amount of material but project A is a more 

recent contract. The person estimating this material may choose $18/ m3 as the base 

unit price figuring, the volume of material dominances the cost in that direction with 

an uncertainty range of low of $16/ m3 (roughly 10%) and a high of $18.5 (roughly 
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5%). We learn more once the design progresses on a project reach the end. The range 

of uncertainty around bid items narrows during final design as we get a clearer picture 

of the amounts needed (A. Ahmed, Kayis, & Amornsawadwatana, 2007). However, 

the most important element of any decision-making models is uncertainty (Druzdzel 

& Flynn, 1999).  

 

 

2.4.1 Monte Carlo (MC) Simulation 

 
The most popular technique to deal with uncertainty in the probabilistic analysis is the 

Monte Carlo (MC) simulation. The MC simulations for time and cost are usually done 

separately in many different software, even with the interconnection between cost 

estimates, schedules and risk registers (Gilmer & Druker, 2012; Isidore & Back, 2002; 

Shr & Chen, 2006).  

Monte Carlo simulation is a quantitative technique that it can be a powerful tool to 

analyze project risk and uncertainty. Project forecast for estimated project cost and 

schedule with an overall outcome difference is provided by this technique which 

predicts possible allowed outcomes to us from probability theory by looking into the 

future (Smith, Merna, & Jobling, 2006). 

 

 
Figure 1 Random Variable Sampling 
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From a mechanism perspective, Monte Carlo simulation is enabling the computer to 

calculate a project cost and time at any number of iterations. Costs and/or time of 

uncertain activities are entered as probability distribution functions. Each calculation 

done is an iteration. Cost and time for project activities are randomly selected from a 

probability distribution. To start the process random numbers are generated between 0 

and 1, then random derivatives from a density function are generated using a specific 

probability distribution and thus uncertain factors are modeled (Nemuth, 2008). 

 

Figure 2 Example of Distribution of Project cost 
 

All combinations of possible project cost and/or time are developed in a histogram 

after running the cost simulation model. The results are then represented using 

cumulative frequency curve as shown in the previous figure, it displays the projects 

total cost and/or time at different probabilities. These curves display the range of the 

expected total cost and/or time (Banaitiene & Banaitis, 2012; Cavignac, 2009). 

Common tool integrated with Monte Carlo simulation is S-Curve. There are various S 

curves available for use in project management application such as “Cost versus time 

s-curve” or “Value and percentage s-curve”…etc. S-curve displays cumulative costs 

or other quantities plotted against time. However, S-curve method is a theoretical 

technique if used as a model at early stages when detailed pricing information is not 

available it would be successful (Brook, 2004; Ostojić-Škomrlj & Radujković, 2013). 
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As shown in figure 3, at the starting of the project, when mobilization takes place, costs 

accumulate slowly. Later, costs accumulate at an approximately constant rate when 

most of the crews are on the project (a relatively straight line in the middle of the chart). 

Near the end of the project, crews finish work and the accumulation of costs 

decelerates. Most of the mathematical models are based on this formulation (Navon, 

1996a). 

  

Figure 3 Typical Construction “S” curve (Cost-vs.-Time)  
 

The S-curve is important but often misunderstood and passed over in project 

management. A variety of S-curves exist but the most common “Costs versus Time”. 

When creating a Baseline Schedule, a Baseline S-curve can be generated. It provides 

a basis to compare a project's actual status to its planned status (Garland, 2011). A 

Production Schedule allows Actual and Target S-curves to be generated, so the 

progress of a project monitored and clearly reveal any divergence from the Baseline 

Schedule. S-curves may also be used to determine project growth and progress to date 

(Banki & Esmaeili, 2009). 

Statistical simulation (i.e., Monte Carlo and Latin Hypercube sampling) techniques are 

widely used in cost and schedule risk analysis (Covert, 2013). Comparing with Latin 

Hypercube technique, which has been used in commercial software like PertMaster 

risk analysis. Latin Hypercube divides the probabilistic area into intervals then take a 

stochastic random number from each interval equally. While Monte Carlo takes a 

random number from the probabilistic area in each time of iteration stochastically. 
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Thus The difference between them in the way of taking samples from the probability 

distribution (J. Liu, Jin, Xie, & Skitmore, 2017; Palisade-Co., 2016). 

 

 
2.4.2 Probability Distribution Functions 

 

For the purpose of developing any simulation model or program, the researcher, 

engineer or programmer should have the statistical understanding of the probability 

distribution functions that might be used. Therefore, an overview of probability 

distributions which are applied in probabilistic costing and scheduling is presented.  

The usefulness of these probability distributions is limited by the quality of the inputs, 

however, the more (historical) data is available the exact distribution functions are 

estimated. Although there is no common agreement on which distribution is most 

suited to model construction costs and durations, the distributions that are most 

recommended are the Normal, Beta and Triangular for subjective estimation and 

historical data fit with more emphasizing on the use of a triangular distribution in 

construction  which conveys a great degree of uncertainty (Arizaga, 2007; Back, Boles, 

& Fry, 2000; Fente, Schexnayder, & Knutson, 2000; D. Hulett, 2011; Touran, 1997). 

The following is a brief description about mentioned probability distributions 

functions: 

 
 
2.4.2.1 Normal Probability Distribution Function 

 
Undoubtedly, normal (Gaussian) distribution is the most widely used probability 

distribution. Whenever a random experiment is reproduced, the random variable that 

equals the average (or total) result over the replicates tends to have a normal 

distribution as the number of replicates becomes large. The normal distribution was 

used by Sakka and El-Sayegh (2007) to weigh the influence of float losses on time and 

cost for construction activities. 
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Figure 4 Normal Probability Density Function 
 

The mean (E(X) = µ) determines the center of the probability density function and the 

Variance (V(X) = ϭ2) determines the spread as summarized in the figure 4. 

 

 

2.4.2.2 Uniform Probability Distribution Function 

 
The uniform distribution is modeled from two-point estimates, i.e. Lowest (L) and 

Upper (U) values. In this distribution, every value between the L and U values has an 

equal probability. This distribution is useful in situations in which there is a limited 

amount of information available.  

 

Figure 5 Uniform Probability Density Function 
 

The mean (E(X)) and the variance (Var (X)) of the Uniform distribution (Covert, 

2013).  
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2.4.2.3 Triangular Probability Distribution Function 

 

Many researchers writing on the subject of cost estimating either recommend 

triangular distributions or acknowledge that this distribution type is commonly used to 

model cost-related data probabilistically (Ahmad, 1992; Curran, 1989; Knoke & 

Spittler, 1991; Rowland & Curran, 1991). The general form of a triangular distribution 

with parameters equal to the minimum (a), the mode or most likely (c), and the 

maximum (b),. The triangular distribution may be skewed positively or negatively. 

 

Figure 6 Triangular Probability Density Function 
 

Since this type of PDF still not included in excel program yet, Dondeti, Mapp, and 

Chen (2009) developed an external formula for triangular distribution which can be 

easily added to the Excel which will be described in methodology chapter. 

 

 

2.4.2.4 Beta Probability Distribution Function 

 
Even though many studies have compared the use of different distributions in risk 

assessment models, results showed varied opinions. For example, (Fente et al., 2000) 

claim that most of the construction data sets lay in the beta region.  In contrast, (Wilson, 

Vaughan, Naylor, & Voss, 1982) studied the use of beta vs. triangular distributions on 

ground operations concluding that there were no significant differences in the 

simulation outputs. 
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The beta distribution has the equation (Flanagan & Norman, 1993)  :  

Figure 7 Beta distributions for different values of p and q 
 

 

2.5 Project and Cash Flow ( CF ) 

 

It has been known that companies forecast and plan expenditures to manage their 

finances. (Kenley & Wilson, 1989)  Stated that, enlarged inflation rates in the 1970s 

caused attention to be given to the gross CF of construction projects. Similarly, rises 

in the levels of interest rates subsequently led to attention being given to NCF models. 

CF management and liquidity are key elements in the survival of any contractor (El 

Beheri, Abd, & El Din, 2014). 

Most construction projects are different profit centers, each has its own cash cycle 

based on payments from a client and on the costs of activities related to the project, 
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both of them are set by a signed contract. CF on a construction project typically 

consists of: 

(1) Cash out such as bid costs, preconstruction costs (engineering, design, 

mobilization, etc.), materials and supplies, equipment and equipment rentals, 

payments of subcontracts, labor and overhead. 

(2) Cash in such as billings, retentions, claims and change orders.  

Many construction projects may have negative NCF until the very end of construction 

when the final payment is received or advanced payment is received before starting 

the project. This is a typical situation especially when the final payment consists of 

retention money (which may/may not be included in the main contractor calculation 

since he can apply in the same time on sup contractors) and the retention percentage is 

greater than the profit percentage of the project (Kaka & Price, 1991; Park, Han, & 

Russell, 2005). 

The most important of a construction company’s resources is the cash. More 

construction companies and more than 60% of the contractors in the construction fail 

due to a lack of liquidity for supporting their daily activities than because of inadequate 

management of other resources (Park et al., 2005; Russell, 1991; Singh & Lokanathan, 

1992). 

Gentry, Newbold, and Whitford (1985) Stated that the business failure prediction 

criterion was used for two reasons: 

(1) Business success or failure has been causally linked to the volume of net cash 

inflow and outflow components from various activities 

(2) To present some new financial ratios derived from CF data and to highlight 

their potential use in financial analysis and prediction of business performance. 

The use of  CF data in conjunction with accrual accounting data improves the overall 

predictive power for predicting business failure (Rujoub, Cook, & Hay, 1995). 

Because of the incapable cost and time resources during the tendering stage, many 

studies suggested statistical or mathematical models based on historical data of the 

already done projects. The project overall CF is estimated by plotting curves that show 

the cumulative project cost percentage in regarding to the cumulative project duration 

percentage. Making CF is primary to take right decisions, making right estimations 

and having dynamic financial control in the construction industry. For making more 
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reliable and accurate CF, CF techniques have been developed. Most of the developed 

CF models  intent to  support the client in decision-making processes  and helping the 

contractor during the bidding stage (Melik, 2010). 

 

 

2.5.1 Risk Factors Affecting Project CF 

 
During studies which were made in construction management, the researchers 

perceived the importance of risk factors and involved them in CF models for 

considering the uncertainty. There are many studies exploring the factors influencing 

the CF of the project and locating the reasons for uncertainty in CF models. 

Many models have been developed to assist contractors and clients in their CF 

forecasting. The majority of these have been based on standard CF S-curves, developed 

using the traditional manual approach, mathematical and statistical models (Odeyinka 

& Lowe, 2000). However, the qualitative impact of these factors needs to be quantified 

and integrated with the cash-in and cash-out mathematical models. The impact of each 

factor is reflected in its weight and effect (Y. Liu, Zayed, & Li, 2009). 

Bennett and Ormerod (1984) developed a computer program to improve a simulation-

based model including external factors affecting CF model. They used  as input data; 

weather data, resources, resource constraints, direct cost, indirect cost, bar chart 

schedule  and allocated probability distribution for each activity to produce cost and 

CF curve based on probabilistic cost and durations. Finally, confidence interval with 

CF curves were delivered. 

There are several factors that can affect CF liquidity, in sequence affecting the DSS in 

taking the decision for bid or no bid for a construction project. CF forecasting models 

need to incorporate the factors that affect cash inflow and cash outflow to achieve a 

reasonable accuracy with their project CF forecast (H. Chen, OBrien, & Herbsman, 

2005; Hwee & Tiong, 2002; A. Kaka & Lewis, 2003; Y. Liu et al., 2009). According 

to AlIssa and Zayed (2007) examples of these factors related to the CF and schedule 

risk assessment are summarized in Table 4  (cited from (M. Ahmed, 2012)) : 
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Table 4  Factors that affect highway construction project cash flows  

 
 

Where: (I): affects cash-in, (O): affects cash-out, (I&O): affects cash-in and cash-out. 

To adjust Cash flow-in and Cash flow-out, followed equations which developed by Y. 

Liu et al. (2009) are used to modify Cash flow-in and Cash flow-out in order to 

integrate the impact of the factors that affect the CF in and out transactions, using 

stochastic analysis. 
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Cash inflow model =  

Where:          is the weight of factor l. 

                      is the effect of factor l.  

                P is the percent of cash that represents the factors’ effect. 

                Cash inm is the owner payment for specific time period m. 

 

Cash outflow model =  

Where:    Wk is the weight of factor k. 

                       is the effect of factor k.  

                Cash outm is the estimated cash outflow of the project at a specific time m. 

                P is the range of percentage of cash that is affected by the qualitative factors.  

 

 It represents the cash involved in the counting that is valuated based on the judgment 

of the construction experts according to a triangular distribution. The results showed 

that P percent follow a triangle probability distribution, with a minimum value of 4%, 

a maximum value of 60%, and a mean value of 35% as shown in Figure 8:    

 

                        

Figure 8 Triangle Probability Distribution of p percentage 
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Table 5  Application of the adjustment model of the cash inflow 
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Table 6 Application of the adjustment model of the cash outflow 
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2.5.2 Probabilistic CF  
 

CF analysis started to be more an important concern in the construction management 

researches since the beginning of the 1970s when the risk and uncertainty raised in the 

construction sector. Construction companies suffered from the increasing interest rates 

and its extensive negative effects on the continuing construction projects (Kenley & 

Wilson, 1986). 

The hypothesis made in Critical Path Management (CPM) that activity durations are 

deterministic and known is rarely satisfied in real life where tasks are often uncertain 

and variable. Also, sometimes changeable and unpredictable nature of project activities 

cannot be modeled in classical CPM method, especially when schedule disruptions due 

to uncertainty are introduced. Equally, standard cost flow S-curves, usually derived 

from CPM, suffer from the shortcomings of their underlying scheduling technique; a 

fact resulting in unrealistic and sometimes inadequate estimations. This weakness has 

formed the stimulus for developing and presenting a new approach to project CF 

analysis in the existence of activity duration or cost uncertainty (Maravas & 

Pantouvakis, 2012). 

While it is widely assumed that the estimate and schedule of construction projects are 

related, presently these two planning tools (a range estimate and stochastic schedule) 

which considered essential for probabilistic CF, are often applied to construction 

projects independently of each other. This, therefore, makes it difficult to determine 

how the estimate and schedule for a specific project are related (Isidore & Back, 2002). 

However, According to Khosrowshahi and Kaka (2007) the probabilistic CF is also 

affected by the following project parameters which are incorporated into the Financial 

Model: 

-Retention parameters  

-Interest charge. 

-Payment Interval (often monthly). 

-Contractor’s Cost: methods of payments to sub-contractors and suppliers. 

-Mark-up: as % of the contractor’s cost. 

-Project Start Date: has impact on cash flow profile. 
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As well as, D. T. Hulett et al. (2011) mentioned that, Analyzing the time and cost risk 

together derives to a more reasonable probabilistic CF over time (which is affected by 

uncertain costs and uncertain schedules) as the output of the simulating analysis model. 

 

 

2.6 Decision Support System (DSS) 
 
Some of the situations and conditions are very complex and the decision making 

becomes very complex. So, decision analysis can help in such situations. Decision 

analysis involves decision problem decomposition into smaller problems. Then the 

decision analysis becomes a formal and easier mechanism after these smaller problems 

are dealt and solved individually and separately. In the purpose of DSS, simulation is 

required. According to Chung (2004) simulation modeling is the process of creating 

and experimenting with a computerized mathematical model for the system such as 

decision making. 

Computer program, either as stand-alone tools or as integrated computing 

environments for complex decision making are often given the common name of 

decision support system (DSS) (Druzdzel & Flynn, 1999). However, to make a right 

decision in business, you usually want to base on the data quality and ability to search 

through and analyzing the data in order to find trends, in which you be able to find 

solutions and make a strategic decision. 

 

 

2.6.1 DSS at Bid Project Stage 

 
DSS which is interactive, computer-based systems, aids decision makers in judgment 

and possibility choices. It supports framing, modeling, and problem-solving (Druzdzel 

& Flynn, 1999). Moreover, Quality of decisions is important, as particularly in 

complex systems, as management of organizational operations, industrial processes, 

or bidding processes (Seydel & Olson, 2001). 

Demonstration of decision-making process has many advantages, such as improved 

documentation and communication of the assumptions and techniques underlying. It 

has to be realized that the business decisions, such as taking a decision of bid or no bid 

30 
 



 

cannot be prescriptive purely, even the prescription is rational. It should be recognized 

that the decisions have not to be descriptive, though the description is enough realistic 

(Ahmad, 1990). 

For the reason of helping decision-makers understand the problem situation and hence 

make better decisions, many researchers tried to make a model that helps them at the 

bid stage. For example,  Zafra-Cabeza, Ridao, and Camacho (2002) designed a model 

to determine in a quick way and with minimum resources whether the bid is interesting 

or not for the company. However, the absence of stored electronic data (real or 

historical), was the decisive factors to undertake this work.  

 

 

2.6.2 CF Models as Component of DSS 

 
Due to the adverse economic conditions, the contractor decisions are mainly taking 

into account his financial capacity to support the project, in direct relation to the CF. 

The aim of CF forecasting analysis is to quantify the contractor potential financial 

effort due to the variation of several parameters: project duration, the date of 

commencement, the time interval for the invoice payment and the money needed in 

specific time (Purnus & Bodea, 2016). 

The development of CF forecasting models should be started before submitting 

tenders, as a wherewithal to preview the delivery of CF and the amount of equity 

required. CF forecasting models are used to preview fund-related requirements, as part 

of decision-making process and to manage the fluctuation of the project cash balance. 

An increase in the CF variation increases the target cash balance. This variation is 

related to the sample size of the tender (C.-W. Chen, Wang, Liu, & Chen, 2010). 

Numbers of techniques for CF forecasting and management vary in their levels of 

detail and accuracy, the amount of automation in compiling them, and the method to 

integrate the duration and money. Some of these techniques are probabilistic, but most 

of them are deterministic. For example, in an early work Nazem (1968) proposed a 

NCF model based on historical data, with the aim of discovering standard balance 

curves. He attempted to develop an 'ideal NCF reference curve' for use in predicting 

future capital requirements, whereas Hardy (1970) utilized a system with gross CF 

31 
 



 

curves derived from the application of built-up rates to a network schedule (PERT 

analysis), his model would be difficult to test because of the shortage of available cash 

payment data.  ( cited from (Kenley & Wilson, 1989)). 

Reinschmidt and Frank (1976) proposed a model for CF forecasting in the early 

planning stage of a project. This model integrated schedule and cost items using a 

simulation model applied to the stochastic duration of the activities. However, it does 

not consider the time lag’s impact on costs, which might be needed in CF forecasting. 

Ashley and Teicholz (1977) Suggested a CF forecast based on detailed methods of CF. 

They classified the direct cost by a number of cost categories such as labor, materials, 

and equipment which are specified as percentages of the total cost. This approach is 

very realistic because it considers the nature of the cost. However, each of these cost 

elements is assumed to be a fixed percentage of the total cost over the project’s 

duration. Moreover, this model also does not consider the effect of time lags on the 

costs.  

 Allsop (1980) established a library of S - curves connected to a computer program in the 

way the user can choose value curves of the similar projects to obtain the cost and time 

prediction and make CF analysis. Likewise, Khung (1982) made a computer program 

for delivering value curves faster  ( cited from (Melik, 2010)).   

The technique proposed by Sears (1981) is viewed accurately by manually integrating 

the schedule and cost items, but it requires considerable work, and again, it does not 

consider the time lag between the expenditure and payment of a related cost item.    

Au and Hendrickson (1986) improved a cash flow forecasting model. Their model 

defines the cumulative CF at the end of a set period, the net balance at the end of a set 

period and after receiving a payment, the total financing cost, the accumulated 

financing cost, the cumulative negative balance at end of a period, and the net 

cumulative CF or the project’s profit. 

Kenley and Wilson (1989) proposed a model which is highly flexible and adaptive to 

the profiles of individual projects. However, his attempt was not to derive a predictive 

model for future projects based on past projects, it was rather to demonstrate the value 

of assessing projects individually while providing a tool for doing so. But the model 

has a limited ability to fit irregular projects. 
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Kaka and Price (1991) Proposed a novel model built on cost commitment curves rather 

than value curves for developing CF in bidding stage. In their models, they got an ideal 

standard value for labeling the NCF of the project. The authors suggested that more 

reliable ideal curve would be obtained by using cost commitment curves instead of 

value curves. By deducting the cash out values from cash in ones, the NCF profile was 

attained. 

Another example of CF modelling is a Navon’s model which automatically integrates 

the bill of quantity (BOQ), cost estimate, and the schedule associated with a lower 

level of resources. However, if either the BOQ or the schedule is altered due to various 

changes, integration is likely to be more complicated and time consuming. Moreover, 

the main obstacle to automating the integration process is compatibility between cost 

items of the BOQ and activity elements of schedule (Navon, 1995). In attempt to 

override the lack in previous studies for the time lag’s impact on costs, the same 

researcher Navon (1996b) developed a CF model for the organizational level, using a 

exhaustive computer program which can be used at both the project and the company 

level to compute the expected assets cost and determine the loans needed. Because of 

the model incorporates the time lag, it is considered to be a good tool for CF 

forecasting. The system can determine the variance between the actual CF and the 

forecasted CF. However, this model does not consider the uncertainty environment. 

Hwee and Tiong (2002) developed a CF forecasting model. The model uses a program 

to predict the trend of CF in a project and accounts the uncertainty. The Internal Rate 

of Return (IRR) is presented as the performance of the project’s profit. During a 

project’s duration, the cumulative cash level usually shows a positive CF in the final 

part of a project. With more information about a project, the model readjusts itself to 

give a better prediction of the I.R.R. In different manner (A. Kaka & Lewis, 2003) 

presented a dynamic CF forecasting model that would assist contractors to plan and 

manage the CF of single project at a company level. The authors showed the 

relationship between 30% and 50% completion on one hand, and between 50% and 

70% completion on the other. The results showed that 50% and 70% completion of a 

project could be predicted from the actual cost of that project at the 30 % and 50% 

completion levels, respectively. 
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Park et al. (2005) proposed a model to forecast CF during construction based on the 

planned earned value. They introduced moving weights of cost categories, dependent 

upon the progress of the project. The authors defined moving weight as the weight that 

can be applied to the next month. This moving weight is adjusted and calculated by 

deducting the actual cost from the initial budget for an individual cost in each month, 

so the weight of each individual cost category in relation to the remaining budget 

changes every month. However, it has some shortcomings as it depends on managing 

the cost and earned value each month, and it ignores the inherent difficulties involved 

in obtaining reliable variables at the job site. 

At the same time, a model of special curve fitting from quantitative forecasting, 

combined with S-curve from the project management paradigm was developed by 

Mavrotas, Caloghirou, and Koune (2005). In order to examine the validity of the 

forecasting model, they performed an ex-post analysis. They applied the model to the 

data that were available in October 2002 (4554 incorporated sub-projects) and 

produced the forecasts for eight months later (June 2003). The conclusion was that the 

forecasting accuracy of the model was very promising for the specific future horizon 

(less than 1% deviation). However, it must note that for longer-term forecasts this 

deviation is expected to increase. 

Y. Liu et al. (2009) developed a CF mathematical model that considers uncertainty. 

Their model can be used as an automated tool to forecast CF. It should be noted that, 

this CF forecasting model has been defined by parameters W, P, and E which indicate 

to the weight of each factor, the percentage of cash involved and effect of each factor 

respectively. Moreover, it is assumed that interest would only be applied to negative 

CF. Alongside, C.-W. Chen et al. (2010) developed a CF forecasting model. Their 

model uses the average values of construction scheduling predictions to decrease 

variation, reduce costs and increase earnings, but this use of averaged figures can be 

considered one of its shortcomings. The authors collected cost estimate data from 42 

infrastructure project tenders. This data was collected for the CF analysis and used to 

build CF models. 

Ghyasi, Moosavi, and Tabari (2014) proposed CF model by using probabilistic 

approach. They try to develop a cost - schedule integrated CF model. The model which 

considered to be in the planning process is divided into 2 sections: cash-inflow and 
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cash-outflow forecasting. In addition, Their model considered most of the existing 

uncertainties in construction projects such as; uncertainty in the duration of performing 

activities, uncertainty in the time of starting the project, uncertainty in the project’s 

costs. 

 
Ock and Park (2016) suggested a mathematical algorithm for the modeling of CF in 

the planning stage of a construction project. Their methodology standing on comparing 

and analyzing problems in the CF forecasting model of existing construction projects 

and formulating measures to improve CF, As well as, deriving a CF forecasting model 

that takes account of the time lag in the planning stage of a construction project. They 

stated that time lag was an important variable in the CF of the project, so that their 

model helped as a CF forecasting tool to determine the optimal time lag at the planning 

stage for a construction project. 

 
 
2.7 CF Forecasting and Multi-Projects (MPs) 
 

Single-project settings are rare in business today. Usually, companies run more than 

one project simultaneously. To maximize profit the company is aimed to manage the 

whole project portfolio or MPs by a resource manager, whereas project targets are set 

by single-project managers (S.-S. Liu & Wang, 2010). Moreover, uncertainty in MPs 

scheduling, in job durations or resource availability, up to now is a point of criticism 

that should not be neglected. In single-project scheduling, this aspect is already part of 

the research, whereas in MPs scheduling it has not been considered yet (Krüger & 

Scholl, 2009).  

MPs environment is simply used to emphasize the multiplicity of projects in an 

organization, which may not be as well conveyed using the term portfolio. 

Furthermore, Relationships between projects are almost exclusively referred in terms 

of resource sharing and competition, without broader main descriptions of types. 

However, the industry has started to shift emphasis towards MPs environments 

(Blismas, Sher, Thorpe, & Baldwin, 2004). 

Despite the significance of client’s MPs Environments, there is a lack of construction-

related research on this topic. Research and academic publications on MPs 

management and modeling are generally restricted to disciplines outside construction 
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with a resultant lack of comprehensive guides to managing MPs in construction. The 

modeling and management of MPs are not simple as single project efforts and requires 

unique approaches, techniques, and tools that handle the scheduling and allocation of 

resources since it is more complex than that of single projects (Blismas et al., 2004).  

Tools to aid in project scheduling include Gantt charts and the networking tools, such 

as Critical Path Method (CPM) and the Program Evaluation and Review Technique 

(PERT). These tools are so well understood that they are incorporated in most, if not 

all, popular project scheduling software packages (such as @Risk and Primavera 

PertMaster Risk Analysis). Furthermore, they are applied to only one project at a time. 

In many practical environments where project scheduling is an important activity, 

resources are constrained in number and more than one project is active at any one 

time (Gonçalves, Mendes, & Resende, 2008). 

 
 
2.8 Methods for Assessing Single Project / MPs Uncertainty 
 

Recommended practice (RP) of AACE International includes the impact of schedule 

risk on cost risk. The methods presented in the RP are based on integrating the cost 

estimate with the project schedule. The probability and impact of risks/uncertainties 

are specified and linked to the affected activities and costs. Using MC techniques one 

can simulate both time and cost, permitting the impacts of schedule risk on cost risk to 

be calculated. As well as, activities' cost estimate should be a contingency-free while 

inputting in the simulating analysis model (D. T. Hulett et al., 2011). 

Cost of activities that are dependent on duration would tend to vary if schedule 

uncertainty occurs. According to Gilmer (2011) and D. Hulett (2011), the integrated 

cost-schedule probabilistic approach gives the most accurate information about project 

uncertainty. Integrating them into one simulation analysis based on the project 

schedule provides both: (1) more accurate cost estimate than if the affecting schedule 

risk was ignored, and (2) illustrates the importance of schedule risk to cost risk when 

the durations of activities using time-dependent resources (indirect cost) are risky.  

Whether a single or MPs, methods to assess uncertainty are grouped into three 

categories. Start with the Deterministic Assessment Method (DA method) which is 

traditional and specified contracts applied, whereas the Separated cost-schedule 
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Probabilistic Assessment Method (SPA method) is used in more complex integrated 

contracts in recent infrastructural tenders, and finally The Integrated cost-schedule 

Probabilistic Assessment Method (IPA method) which Integrates cost and duration and 

takes the effect from duration on cost. See Figure 9,10 and 11 (Wong, 2015): 

• DA method; Deterministic Assessment Method 

 
Figure 9 Deterministic Assessment Method 

 

• SPA method; Separated cost-schedule Probabilistic Assessment Method 

 
Figure 10 Separated Probabilistic Assessment Method 

 

37 
 



 

• IPA method; Integrated cost-schedule Probabilistic Assessment Method 

 
Figure 11 Integrated Probabilistic Assessment Method 

 

Never the less, (Chapman & Ward, 2011; D. Hulett, 2011) both considered the IPA 

method enable management with a basis for decision-making under uncertainty 

about: 

• The likelihood of completing the project on budget and on an end-delivery date. 

• The required contingency needed to provide the desired amount of certainty. 

• The most important sources of uncertainty so that a contingency plan can be 

developed. 

 

 

2.9 Profit and Contingency Ratios  
 

The bid price is the total of cost and markup amount. Bid prices could be estimated by 

using different strategies such as game theory based and CF based strategies. (Jha, 

2011) States that all statistical bidding strategies target to assist decision makers in 

selecting an optimal markup level. Usually, the bid price is  consisting of total cost and 

mark up amount (extra percentage) which include the main ratios of profit and 

contingency as shown in Figure 12  (Bahman-Bijari, 2010; Jha, 2011): 
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Figure 12 Representation of the bid price 

 

 
2.9.1 Determining Contingency 

 

Because of financial risks and uncertainties, contingency amount is used to cover 

expenses. Thus, contingency determination is very critical for success in 

competitiveness during the bidding stage and the company’s profitability. (Baccarini, 

2004) emphasizes that the assessment of cost contingency and its sufficiency have a 

severe importance for projects. In addition, Experience has proved that contingency is 

an amount of money that must be added to the main estimation to cover costs resulting 

from project definition or technological uncertainties (Burroughs & Juntima, 2004). 

The statement  "probabilistic method provides more accurate contingency prediction 

than the traditional approach" may not be valid for all situations. Weaknesses of the 

techniques and project risk environments can affect the efficiency of the results. 

Therefore, contingency assessment technique should be selected carefully by 

considering the project conditions in order to get the optimal contingency rate 

(Özçelik, 2015). 
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While Libyan Construction Contract  Management (LCCM)   considered the 

contingency rate depend on the amount of project total price and the highest 

contingency rate applied is 3.5% as shown next Table (LCCM, 2007): 

 
Table 7 Table of Contingency according to Libyan regulation 

 

 

A model was created in a recent study done by (Özçelik, 2015) indicate that; within 19 

countries and 19 completed projects (from 26 collected projects), which taking in 

account the correlation between Advance payment rate, contract type and different 

countries’ risk rate, the Contingency-Profit Curve (Polynomial Approximation) was: 

                  
Figure 13 Contingency-Profit Curve  

 

LCCM percentage in comparison with the graph obtained from (Özçelik, 2015) 

study, indicated that the highest profit rate would not exceed (10%), which 

Cost of Project in Libyan Dinar Contingency  
From 0  to  200,000 3.5% 
From 200,000  to  500,000 3.25% 
From 500,000  to  2,000,000 3.0% 
From 2,000,000  to  5,000,000 2.75% 
From 5,000,000  to  10,000,000 2.20% 
From 10,000,000  to  50,000,000 1.70% 
More than 50,000,000 1.60% 
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considered from compared model as low risk and low profit as shown in next risk- 

profit graph (Figure 14). 

 

 
 

Figure 14 Risk-profit evaluation graph 
 

 

2.9.2 Measurement of Profit 

 
Markup amount is the amounts added to the estimated construction cost which is 

defined as profit. (Jha, 2011) Specifies that markup quantity is the sum of profit 

amount, overhead cost, and contingency amount that includes both contingency 

reserve and allowances for risk. 

(Zions_Business, 2011) stated that, there are several ways to measure a company’s 

profits, one of the most common techniques that are used to analyze profitability is 

margin (or profitability) ratios, which can be explained as follow:  

 Net Profit = Operating Profit (plus any other income) –  

                      Additional Expenses – Taxes 

Net profits are measured as the difference between overall income and overall 

expenses incurred during the project duration. Profit rates in construction project bids 

are generally determined based on historical data and experience of companies. (UFC, 
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2010) states that for determining profit rate it should be taking into consideration the 

following factors: degree of risk, the relative difficulty of work, size of the job, the 

period of performance, contractor’s investment, assistance by the government, and 

subcontracting. 

As shown in Figure 15, markup has different definitions among general contractors, 

however, the majority of contractors define markup as a profit (Bahman-Bijari, 2010): 

 

Figure 15 Different Markup Definitions  
 

 

2.9.3 Overhead Costs 

 
In addition to the construction costs which is including labor costs, equipment, 

material, and tender prices should contain overhead costs. (UFC, 2010) specifies that 

overhead costs cannot be assigned to a specific construction activity. They are 

generally divided into two groups: 

 Project overhead: mobilization costs, project management team's salaries, 

security cost, etc. 

 General overhead: office rental fee, legal expenses, electricity fee, advertising, 

etc. 
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(UFC, 2010) states that in construction projects, overhead costs are commonly 

calculated based on historical data and experience of companies; however, these costs 

may vary from project to project, and a detailed estimation is required for complex 

projects. 

 

 

2.10 Conclusion of Literature Review 
 

CF is one of the important tools compulsory for controlling the cash movement of the 

company. Due to the necessity of the CF in the construction sector; many studies have 

been made to develop a reliable CF model for the construction projects. Many ways 

were experienced by the researchers to generate a reasonable CF model, such as curve 

fitting equations, mathematical techniques, and soft computing models which helped 

companies to determine the bidding cost during the tender stage. Even though a large 

number of studies about the CF had been done, there was no agreement for the 

applicability and reliability of the existing techniques for getting an efficient CF.  

For developing a more reliable CF estimation model, soft computing techniques were 

used. In addition, using of computerized cost - schedule integration models included 

much more detail than previous mathematical models for getting a more accurate 

estimate. The bill of quantities of the project, the expense of each resource and the 

duration of each activity should be determined in details by dividing the project 

elements into the cost of each activity. 

Nevertheless, during the study of many papers and researches about project risk and 

forecasting of CF, it became clear that they discussed many possible ways of treating 

with risk at the beginning or at the end of the project. Along with, most of them focused 

on CF management of a single project whereas many construction companies carry out 

several projects simultaneously, or projects portfolios with separate budgets and NCF, 

and calculating in deterministic way.  

It could be concluded that numbers of the studies did not consider risks and the 

uncertainties in construction projects so that the CF results could not comply with cost 

and time variations of the projects. These studies’ models were developed for giving 

only deterministic results with point estimations and they did not provide range 
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predictions resulting from the uncertainties, whereas rather than using a single source 

of information of estimated cost and/or time, it is very helpful to make decisions based 

on information that shows an estimated range of cost and/or time and its associated 

probability.  

As well as, no famous soft computing programs that deal with probabilistic CF (such 

as @Risk and Primavera PertMaster Risk Analysis) presented S-Curve CF for MPs at 

once, where such a thing which provide the risk-profit evaluation graph for MPs 

together enables projects manager to decide on sufficiency of the expected profit rate 

and in response to the undertaken risks. Moreover, using evaluation graphs of forecast 

CF for MPs together will enable contractors to perform cost and schedule risk analysis 

and evaluate their profits and contingencies during the bidding processes for projects, 

as well as give him DSS for solving future NCF problem at the bid stage.  
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CHAPTER 3 

 

 

 

METHODOLOGY 
 

 

For managing financial projects risks, most of organizations are concentrating on the 

individual project level which does not reflect the overall risks at organizations level. 

Just summing individual project’s risks can be significantly different from the total 

risks of company-wide viewpoints. Therefore, we are going to develop a method to 

give us the full picture for MPs at once, so the risks that comes from running these 

concurrent projects can be evaluated and managed adequately at the tender stage. 

 

 

3.1 Projects’ Cost and Duration Input 
 

The benefits of the proposed model will be demonstrated by using data of three real 

case projects. They are identified as the case study materials since their data is 

compiled over a duration of more than 12 months, in terms of a number of activities 

with their relations, total cost, total duration, and schedule. 

According to the literature study the traditional approach to CF prediction model 

usually involves the breakdown of the Bill of Quantities (BOQ) in activities to produce 

an estimated expenditure profile. This could be expected to be reasonably precise if 

the BOQ was accurate. Therefore, to get our projects’ activities that we need to input 

in our model, we need to extract them from their BOQ.  

Unfortunately, costs or/and time cannot be estimated with accuracy. Thus, in this 

phase, the expert estimation from data provided is needed. According to the literature 

study, the uncertainty in costs and time are represented by a 3-point estimate with 

optimistic, most likely and pessimistic scenarios. These scenarios are typically 
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discovered by in-depth interviews of those who understand the project and its risks. As 

well as, however, indirect cost is arrayed between 5 and 15%, therefore it has been 

taken 15% of total cost for each activity. 

Excel with Visual Basic Application (VBA) environment will be used to input our 

activities’ duration and costs as three points’ estimate, without adding any amount of 

profit or contingency (which will be added later during simulation of CF) for 

simulation purposes. As well as, from the literature review, the recommendation is that 

activities' cost estimate should be contingency-free while inputting in the simulating 

analysis model.  

 

 

3.2 Activities and Probability Distribution Function (PDF)  
 
Since the result is sensitive to the selected input distribution, selected for each 

probabilistic cost and duration item is important. Although the use of different 

distributions has an impact on the outcome of a probabilistic analysis, several studies 

concluded that beta and triangular distributions are the most suitable in project 

planning. Moreover, they focus on the use of a triangular distribution, which conveys 

a great degree of uncertainty. Therefore our study recommends focussing on the 

correct extreme of the probability distribution, rather than the precise type of 

distribution. This thesis mainly examines the application of triangular distributions, 

since it has the benefit that it can easily be collected from discipline experts. 

Even though our simulation depends on Excel spreadsheet, we prepared our model in 

most cases to work in VBA environment rather than depending on Excel equations. 

There are two main reasons of that, the first one is the deficit in Excel to come up with 

a long and complicated process analysis, the second one is the shortage in excel in 

some equations needed such as triangular distribution which not included in Excel yet.  

According to the literature review, an external Excel formula for triangular distribution 

function was introduced. The cumulative distribution function (CDF) of a triangular 

distribution with lower limit (a), mode (c) and upper limit (b) is the inverse of its 

function . Then a triangular-distributed random number can be generated by the Excel 

formula as follow:  
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=IF(r<=(c-a)/ (b-a), a+SQRT(r*(b-a)*(c-a)), b-SQRT ((1-r)*(b-a)*(b-c)) 

 

Where (r) can be generated by the RAND ( ) function. Storing the value from the 

RAND ( ) function in the variable (r) is important because the RAND ( ) function 

returns a new value each time it is called. 

 

                    

3.3 Contingency, Profit, and Other Ratio  
 

Since our three projects are done in Libya, so the contingency ratio should be obtained 

and applied from regulations of LCCM.  They   considered the contingency rate depend 

on the amount of project total price and the highest contingency rate 3.5%. This 

percentage in comparison with the graph obtained from the previous study (Özçelik’s 

model), indicated that the highest profit rate would not exceed (10%), which is 

considered by him as low risk and low profit. However, profit rates in construction 

project bids are generally determined based on historical data and experience of 

companies. 

Moreover, since cash-in value is deducting retention and applying billing time, we 

didn’t take in our account the retention money (usually 5%, returned after agreed 

contractual maintenance time after completing time). We assumed in our method that 

the contractor holds off retention1 percentage from subcontractors at the same rate it is 

held from him, so it will be ignored in CF deduction, as seen in literature review some 

researchers made same assumption in their study. 

Another ratio is Advance payment which is 10% to 30% depending on the contract 

agreement. In our model, advance payment is assumed to be paid to the contractor at 

the beginning of the project and its percentage is 10 % of the total price of the contract. 

However, it will be deducted from the cash-in flow during project months with the 

same percentage that has been applied. Furthermore, LCCM has given another risk 

ratio which maximizes the profit rate to the contractor according to the city of 

implementing work inside Libya (see Appendix A). 

1 Reserved money during project cycle to ensure the work is going as contract 
specified, it is usually 5%, and will be returned to the contractor after completing the 
project successfully. 
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3.4 Applying of Factors that Affect Project CF 
 

In order to make our method more precise, we are going to apply only the relevant and 

most important factors that affect cash-in and cash-out which obtained from the 

literature review. We will make the model in our method as default does not consider 

these factors and take their values as (=1) for pure simulation purpose. Otherwise, we 

can apply increasing number for cash flow-out (CFO-INC-N) as 1.047 and decreasing 

number for cash flow-in (CFI-DEC-N) as 0.95 as listed in table 8:  

 

Table 8 Chosen factors that affect cash-in flow and cash-out flow 
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3.5 Proposed Method 
 

Our method denotes the S-curve method as the main curve that represents relation 

between duration and CF interval for multi-project. S-curve method is a theoretical 

technique if used as a model at early stages when detailed pricing information is not 

available it would be successful. 

Hence, our method is dynamic, we are going to work with DA and IPA methods. The 

first one will be a reference to the second one (SPA method was ignored because IPA 

is more reliable). The simulation is going to work with two scenarios, starting with 

deterministic analysis where the most likely point only will be the reference for all 

projects (cost, duration, and CF) as an ideal representation for the normal work going. 

Then using of three-point estimation as a probabilistic way (Monte Carlo technique) 

for simulation purposes.   

 
 

3.5.1 Single Point Deterministic Analysis (1-PA) 

 

Usually deterministic analysis will not be able to provide a realistic view of the 

financial efforts for a construction company since the projects are highly dynamic. But 

on the other hand, the absence of a true finishing date for our projects (since they 

applied and proceeded in up-normal time in Libya) lead us to use the result that comes 

from one point analysis (most likely) as the actual finish time for our projects at the 

optimal situation. So, the deterministic way will be used at validation stage with other 

reliable software to see the accuracy of our model. 

The process in the 1-PA should be performed as follow:  

 The most likely cost and scheduling items are assigned to the related activities. 

 The critical path2 for each project will be calculated once for DA. 

 The suitable percentage ratios are entered into the model. 

 Distributing payments on project’s months (the progress assumed to be measured 

monthly and interim payments are made one month after approving payment).  

2 The critical path represents the sequence or path of activities that take the longest to 
complete.  
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 Cash-in flow (CF-in) and Cash-out flow (CF-out) calculated, then NCF will be 

derived. 

 S-Curve between cost and time for NCF will be drawn. 

 

 

3.5.2 Three Point Probabilistic Analysis (MCA) 

 

Since the work in this study follows the probabilistic way, therefore the IPA method 

adopts the WBS as a common basis for the integrated probabilistic approach and links 

the cost, schedule and risk information to work packages. Here the MC simulation can 

analyze both the probability of exceeding schedule and budget targets simultaneously. 

In stochastic modeling, since there is no enough information at the bidding stage, a 

technique should be used for making reliable estimations with limited data. MC 

Simulation here is a powerful technique generally used in construction management. 

In cost - time integration based models, MC Simulation is generally used for 

developing CF projection of the project. 

The process in the model should be performed as follow:  

 The uncertain cost and scheduling items are assigned to the related activities. 

 The suitable probability distribution is selected. For instance, triangular 

distribution is generally preferred. 

 Simulation is running for several time of iteration. 

 Cost and duration will be calculated from three-point that has been given using 

MC formula. 

 The plots of cumulative frequency histogram (which obtained for the project cost 

and schedule results) are delivered. 

 The critical path for each iteration will be calculated (since it may differ over a 

number of iteration for IPA). 

 The suitable percentages ratios are entered into the model. 

 Previous studies recommended to integrate the risk factors on the cash flow 

model and it will provide more accurate results. Thus, risk factor index number 

which impact the project CF-in or/and CF-out may/may not entered (CFI-DEC-

N and CFO-INC-N respectively).  
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 Distributing payments on project’s months every time of iteration (the progress 

assumed to be measured monthly and interim payments are made one month 

after approving payment).  

  CF-in and CF-out calculated every time of iteration, then NCF will be derived 

according to the number of iteration. 

 S-Curve between cost and time for NCF will be drawn for all projects at once. 

 Finally, the results are deduced by user/experts. 

Critical Path Method (CPM) durations and costs should be increased or decreased up 

to the simulation models outputs. Calibration of project cost and duration at the 

planning phase prior to construction would incorporate uncertainty effects on the 

project. Therefore, CPM schedule of the case study projects is built on an Excel 

spreadsheet integrated with a CF calculation, so that the CF-out and CF-in are readily 

calculated every time with each iteration.  

 

 

3.6 Cost and Duration Simulation in the Proposed Method 
 
The simulation is used to generate a number of alternate schedules by randomly 

specifying the start times of activities, from early to late start times, while fulfilling the 

dependency requirements. In the model formulation, employing of the finish-start (FS) 

relationship, always considered for construction projects. However, activity 

relationship framework for each project in each iteration will be as follow: 

                                        Spi + dpi = Fpi 

                                                           Spj - Spi   ≥ dpi 
                                       Dp = FpN - Sp1 

                  p=1, 2… P;   i=1, 2… n;    all (i, j) ϵ Ap 

Where:     Spi is the start date of activity i in each iteration of project p. 

                 dpi is the simulated duration of activity i of project p. 

                 Fpi is the finish date of activity i in each iteration of project p. 

                 Spj is the start date of activity j which succeeds activity i. 

                 Dp is the simulated duration in each iteration of project p. 

                 FpN is the finish date of final activity in each iteration of project p. 

                 Sp1 is the start date of first activity in each iteration of project p.    
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                         P is the number of projects.                                                        
                 n is the number of activities in project p.     

                 Ap is the pair sets of activities with precedence relationships in project p. 

However, after modification of the external excel formula to model the triangular 

distribution function in VBA, the cost and duration can be calculated depending on the 

cumulative distribution function (CDF) of the triangular distribution. The model 

derives the MC cost and duration simulation for each activity by using the next formula 

and repeat the process for a number of iteration time. 

T = (c -a) / (b-a) 

If R <= T, Then 

MC value (cost or duration) will be 

= a + (b − a) × √ (T × R)) 

If R > T, Then 

MC value (cost or duration) will be 

= a + (b − a) × (1 − √ ((1 − T) × (1 − R))) 

Where:         T  is the tendency (direction of the sample toward the left or the right). 

                     R  is the random number (that come from the function RAND ( ))  

                     a  is the pessimistic value (minimum) in each iteration. 

                     c  is the most likely value (mode) in each iteration. 

                     b  is the optimistic value (maximum) in each iteration. 

In addition, the assumption that project cost and time are independent variables is not 

realistic. Instead, Monte Carlo simulation that addresses cost and time as dependent 

stochastic variables should be considered. 

Our MC simulation algorithm use the random numbers sampling of triangular 

distributions. This process, when repeated a large number of times, results in a 

probability distribution for the total project cost and the total project schedule. 

However, Cost and time simulation will be done for all activities to get simulated total 

project expenses and total duration schedule, but only the changeable critical activities 

during simulation will give the length of simulated total project duration, As well as, 

indirect costs for activities (especially that relay on critical path) will only fluctuate 
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among other costs by changeable duration when calculating cost and contingency 

integrated duration during simulation in each iteration, and it will be as follow: 

 As we know:                    TCp = DCp + ICp 

                                          DCp = ∑ dc𝑛𝑛
𝑖𝑖=1 pi 

                                                              icpi = 0.15*tcpi 

    ICp = ∑  ic𝑛𝑛
𝑖𝑖=1 pi  

But when take time effect:    If = (dpi-d’pi)/ d’pi        (*100 %) 

                                                                    n.icpi = icpi * If + icpi   [ pi = critical ] 

                                             n.tcpi = dcpi + n.icpi 

                                              N.ICp = ∑ n. ic𝑛𝑛
𝑖𝑖=1 pi 

                                                                   N.TCp = DCp + N.ICp     (or = ∑ n. tc𝑛𝑛
𝑖𝑖=1 pi)  

Finally to process to the CF:  MCC.Cpi = n.tcpi * G + n.tcpi 

                                               TMCC.C = ∑ MCC. C𝑛𝑛
𝑖𝑖=1 pi 

                                              p=1, 2… P;   i=1, 2… n;    all (i, j) ϵ Ap. 

Where:   TCp is the total cost in each iteration of project p.  

               DCp is the total direct cost in each iteration of project p.   

               ICp is the total indirect cost in each iteration of project p.   

               dcpi is the direct cost of activity i in each iteration. 

               icpi is the indirect cost of activity i in each iteration. 

               tcpi is the total cost of activity i in each iteration. 

               If  is the duration fluctuating factor in each iteration. 

               dpi is the simulated duration of activity i in each iteration. 

               d’pi is the deterministic duration of activity i. 

               n.icpi is the new indirect cost of activity i in each iteration. 

               n.tcpi is the new total cost of activity i in each iteration. 

               N.ICp is the new total indirect cost in each iteration of project p. 

               N.TCp is the new total cost in each iteration of project p. 

              G is the contingency rate. 

              MCC.Cpi  is Monte Carlo Cost + Contingency of activity i in each iteration. 

              TMCC.C is the total Monte Carlo cost + contingency of activities in each  

                          Iteration of project p. 

                     P is the number of projects.                                                        
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              n is the number of activities in project p.     

              Ap is the pair sets of activities with precedence relationships in project p. 

The reason that we are taking the change in time as a factor of effect to an indirect cost 

on the critical path activities, because of some resources such as workmen, rented 

equipment (e.g., drill rigs, cranes) and project management team (overhead), will 

respond to risks of the schedule. In other words, they cost more if they are engaged in 

the project longer than planned because of schedule delays.  

As mentioned previously in the literature review, analyzing the time and cost risk 

together derives to a more reasonable probabilistic CF over time (which is affected by 

uncertain costs and uncertain schedules) as the output of the simulating analysis model. 

Therefore, finding a way to analytically relate the estimated cost and schedule, in order 

to exploit the information, would supply additional information to make CF more 

reliable, and significantly aid in the minimization of the risk involved. 

 

 

3.7 Proposed Method and CF Forecasting 
 

The process to calculate NCF using MC simulation is starting with generating a 

random cost and duration values (per activity) for a number of iteration. All of the 

activity cost values and all of the activity duration values, respectively, are integrating 

to each other one by one to determine ‘MC cost + contingency’ (MCC.Cpi) for each 

activity of the project according to the number of iteration. Then Net cash flow (NCF) 

which is planned monthly-earned values, are simply derived as many as iteration 

number from CF-out and CF-in forecast. It is applied with expected billing period, 

which is the time lag between the dates of bill submittal and the progress payment 

receipt. However, it must be stipulated in the contract (usually one month).Thus, 

calculation of NCF will be as follow: 

                                CF-outpk = ∑ Pt ∗ MCC. C𝐹𝐹𝐹𝐹
𝑖𝑖=1 pi   

                                CF-inpk+1 = (CF-outpk* F+ CF-outpk) + (TMCC.C * R)/Z –Adv. /Z  

                                NCFpk+1 = CF-inpk+1 – CF-outpk+1 

                                               T NCF = (Adv. – CF-outpk) + ∑ NCF𝑍𝑍
𝐹𝐹=1 pk+1 

                                     k = 1, 2. . . Z   ;     ∀  i ϵ Fk  
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Where:  CF-outpk is the total expenses at the end of month (k) in each iteration. 

              Fk is the set of concurrent activities’ parts on the month (k) in each iteration. 

              Pt is the completed percent of activity i on month k in each iteration. 

              MCC.Cpi  is the MC cost + contingency of activity i in each iteration. 

              CF-inpk+1 is the CF-in the next month (k+1) in each iteration. 

              F is profit rate (*100%). 

              TMCC.C is the total Monte Carlo cost + contingency of activities in each  

                              iteration of project p. 

              R is premium region rate (*100%). 

              Z is the number of months in each iteration for project p.            

              Adv. is advance payment3. 

             CF-outpk+1 is the total expenses on next month (k+1) in each iteration. 

             NCFpk+1 is the net cash flow next month (k+1) in each iteration. 

             T NCF is the total cumulative net cash flow in each iteration of project p. 

NCF will be automatically calculated as many as iteration number of TMCC.C by 

distributing each line of them on its relevant duration (which differ in criticality from 

one iteration line to other), that produce as many as iteration number Monthly 

Expenses and Monthly profit Table for the project.  

Finally, however, the main aim expected from our method is to integrate Multi 

projects’ NCF graphs together, instead of presenting them individually, to help 

decision maker to take right decision and will be able to set the value of contingency 

funds in the comfort level and take right decisions when bidding for the projects. 

 
 

 

 

 

 

 

3 An amount of money that is given to the contractor to start the work and will be 
deducted during project period payments. 

55 
 

                                                 



3.8 Flow Chart of the Proposed Method 

 Figure 16 Flowchart process of the model (Methodology) 
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CHAPTER 4 

 

 

 

MODEL SIMULATION AND DSS 
 

 

The simulation is performed by the following steps: First, the uncertain cost and 

uncertain duration items are assigned to the related activities by using triangular 

distribution and optimistic (lowest), most likely and pessimistic (highest) values are 

assigned accordingly. The possible correlations between the items are entered into the 

model. Then, the plots of cumulative frequency histogram (which obtained for the 

project cost and schedule results) are delivered. Finally, NCF will be automatically 

calculated as many as iteration number for each project, then integrate Multi projects’ 

NCF graphs together, to help decision maker solve the future minus NCF when bidding 

for the projects.  

 

 

4.1 Introduction to the Simulation  
 
In CF forecasting at the bidding level, the key to success is how to build a reliable 

cash-in and cash-out model that reflects an uncertain activity cost which is distributed 

on a set of uncertain time. This research, therefore, presents an analytical procedure 

that enables decision makers to combine the techniques of range estimating and 

stochastic scheduling. This will involve combining probabilistic cost and probabilistic 

duration to reliably quantify their complex interactions. 

Moreover, range estimating and probabilistic scheduling for our simulation are 

involving the activity cost and durations as probability distributions rather than fixed 

deterministic quantities. Thus in our model the triangular distribution for the cost and 

duration activities have been defined. MC simulation algorithm use the generation of 
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random numbers which is applied to allow random sampling of this distribution. After 

a random cost and duration value (per activity) generated 500 time, all of the activities’ 

cost values and all of the activities’ duration values, respectively, are integrating to 

each other one by one to determine 500-time MCC.C of the project. This process 

results in a probability distribution for the total project cost and another for the total 

project schedule. Hence, having the total project cost and schedule represented as 

probability distributions allows for easy selection of a project cost estimate and 

schedule having a low probability of being exceeded.  

Finally, NCF will be automatically calculated 500-times from MCC.C by distributing 

each line of them on its relevant duration (which may differ in criticality through 

iteration process). This will produce as many as iteration number Monthly Expenses 

(CF-out) and Monthly profit (CF-in) Table for the project, that leads to the final step 

which is 500 line of NCF.    

however, the main aim expected from our model to integrate Multi projects’ net cash 

flow graphs together, instead of presenting them individually, to help decision maker 

set the value of contingency funds in the comfort level and take right decisions for 

solving the future minus NCF when bidding for the projects. 

 
 
4.2 Preparing and Entering Data to the Projects  
 

Three projects (which were applied in Libya) with data compiled over a duration of 

more than 12 months are identified as case study materials. Based on the results of 

combining analyses, we measure to see if the proposed model can be accurate, flexible, 

and simpler to typical field engineers on a project bid stage. 

From the first sheet in our model user can easily choose which project he wants to start 

with. After login the project entering data page, handy buttons will help the user in his 

work and guarantee less complexity and more straightforward job. Starting with the 

only one User-Form of entry data which can be used for all projects and contain all 

variables needed for our analysis. The reason of this, to reduce entry data time and get 

along with user demands who complained from too much User Forms entry in 

softwares. 
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Figure 17 Buttons to jump directly to the specified project sheet 
 

  

Figure 18 User-Form for project entry data 
 

To make it easier, no need of typing activity number or description since they have 

been already stored in program data base (which can be developed to contain more), 

and user can easily pick up the information required. As well as, constants’ percentages 

such as contingency, premium region, profit rate, and advance payment will be entered 

once then user can hide them, to continue only with variables needed. 

According to LCCM, contingency for projects was taken in regarding to the total 

capital amount of projects (3.25%, 3.0% & 3.0%, for project 1, 2 & 3 respectively). 

The profit rate for projects was taken only 10% as possible maximum, but more rate 

that increase profit such as premium region (according to cities of applied projects) was 
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applied according to LCCM (2.2% for all projects since they were applied in the same 

city). Finally, Advance payment was applied equally 10% for all projects. 

However, assumptions and the basic information about the project are listed below:  

o All projects are assumed to start on 01.01.2019, (they can hold different start 

but with lag not more than 3 months due to the model capability).  

o The relationship between the activities is only finish to start.  

o Six predecessors as maximum could be assigned to each activity.  

o It is assumed that the works all days of the week and no holiday is defined for 

stopping the work.  

o The activities that have many sub-activities like electrical works -mechanical 

works are grouped and the duration is given to the whole group.  

o The advance payment is assumed to be paid to the contractor at the beginning 

of the project and it is going to be deducted from the progress payments at 

each month at the same given rate. 

o The in-term payments (lag payment time) are incurred to the contractor one 

month after the completion of each work.  

o The progress payment of the subcontractors is going to take the same lag 

payment time that incurred to the contractor.  

o We assume that if the contractor retained the same retention payment from 

subcontractors and/or made reducing amount of expected profit (for example 

from 15% to 10%), the owner retention payment could be ignored in NCF 

calculation and it would be satisfactory. 

After entering data for project 1, 2 & 3 for simulation, the filled forms would be: 

 

Table 9 Ratios' Table for project 1, 2 & 3 respectively 
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Table 10 Data Table (cost & duration) for project 1 
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 Table 11 Data Table (cost & duration) for project 2 
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   Table 12 Data Table (cost & duration) for project 3 
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Our projects considered as still in a bid process and still not executed yet. We made 

assumption that they start at the same time, but if necessary we can apply lag time 

between them that should not exceed 3 months, to be within model capability which is 

24 months for all projects' durations. 

 

 

4.2.1 Simulation Process of the Method for Cost and Time  

 
This is the first part of the simulation, but before we start, some constraints on our 

projects due to our model limitations should be considered: 

 The Model deal with medium and small projects with no more than 50 activities 

as maximum. In some cases, we may need to combine some activities in order to 

fit with the numbers limit of activities. 

 Total duration schedule for each project should be no more than 18 months, and 

the lag between the projects should not exceed 3 months as maximum. As well as, 

duration for an activity shouldn’t exceed 90 days. 

 The Model works in a manual calculation excel environment to keep random 

number same for both integrated cost and duration calculation. Instead, it does the 

calculation only when they are needed including in its command buttons. So, from 

first auto message prompt our model will change default calculation setting from 

automatically to manual. 

After the completion of entering project data required by using the User Form, handy 

buttons will help user to do deterministic one point analysis (1-PA), and Monte Carlo 

simulation analysis (MCA) for both cost and duration activities. Bearing in mind, cost 

and time simulation will be done for all activities to get simulated total project 

expenses and total duration schedule, but only the changeable critical activities during 

simulation will give the length of simulated total project duration, As well as, they will 

only fluctuate indirect costs among other costs when calculating simulated cost and 

contingency integrated duration (MCC.C).  

As mentioned before, usually indirect cost is arrayed between 5 and 15%. Therefore, 

it has been taken 15% from each activity cost, and considered only the part of the cost 

that susceptible to duration change between deterministic time and simulated Monte 

Carlo time. In addition, additional buttons give choices whether to delete the analysis 
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result only in case of repeating the analysis process or to delete whole thing and start 

again. However, one of the functions for these buttons is notifying user by messages if 

he pushes them in unappropriated manner. 

 

Figure 19 Entering and analyzing command buttons 
 

For example, after doing calculation with these buttons and taking the frequency from 

500 iteration of activity (A) cost only, we can clearly see in next histogram graph the 

random data sampling is in  a triangular shape, which mean that our model equations 

work fine in regard to the triangular distribution formula for cost and/or time. 

 

 

Figure 20 Triangular distribution of random sampling for Project 1 Cost (A) 
 

In addition, our model initially calculates 1-PA and MCA tables and makes simulation 

process to calculate the MCC.C. After that, our model does these next things in 

sequence, it presents percentages value of cost and duration in tables, then draws 

project schedule graph according to the statistical confidence level (80%). Finally, it 

does a small statistical analysis of probabilistic simulation (cost and time) data and 

gives us the following graphs and tables (for all project 1, 2&3): 
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Table 13 Calculation for 1-PA for project1 
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Table 14 Calculation of 80% values of MCA for project1  
 

 

67 
 



 

Table 15 Calculation for 1-PA for project2 
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 Table 16 Calculation for 80% values of MCA for project2 
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Table 17 Calculation for 1-PA for project3 
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Table 18 Calculation for 80% values of MCA for project3 
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Moreover, as we can see in the following tables and figures, our model simulates the 

cost and duration from data provided and calculates their probability of occurrence. 

Tables from 10% to 90% values of cost and duration, then a small statistical analysis 

of probabilistic simulation (cost and time) data for all projects (P1, P2 & P3) are 

obtained from simulated data tables followed by projects  schedule graphs are 

illustrated. 

 
Table 19 MC percentages and MCA & 1-PA values for cost & time P1 

 

 

Table 20 MC percentages and MCA & 1-PA values for cost & time P2 
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Table 21 MC percentages and MCA & 1-PA values for cost & time P3 

 

Table 22 Statistical analysis of probabilistic simulation data for Project1 
 

 
Table 23 Statistical analysis of probabilistic simulation data for Project2 

 

 
Table 24 Statistical analysis of probabilistic simulation data for Project3 

 

 
 
From the Tables that contain cost and duration results for 1-PA and MCA simulation 

(10% to 90%), we can see that our simulation value of total cost and time for selected 

statistic confidence 80% fluctuates closely around deterministic result of 1-PA which 

gives positive impression of our method forecasting. As well as, deterministic result 

located between optimistic value (10%) and pessimistic value (90%) of MC simulation 

for integrated cost and duration. However, projects schedule graph according to the 

statistical confidence level (80%) would be as displayed next: 
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Figure 21 Model schedule graph of 80% MCA result for project 1 
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Figure 22 Model schedule graph of 80% MCA result for project 2 
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Figure 23 Model schedule graph of 80% MCA result for project 3 
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4.2.2 Simulation Process for Forecasting the Cash Flow  

 
Second part of the simulation is for NCF forecasting where payments need to be 

distributed on projects’ months. However, the progress usually is measured monthly 

and interim payments are made one month after approving of the progress payment. 

While deterministic NCF for 1-PA is calculated already when pushing its relevant 

button, our model do calculation for probabilistic Monte Carlo Cash Flow (MCCF) by 

dealing with each line (from 500 iteration) of cost and time simulation to make 500 

activities line of MCC.C, then distributes each line of them with its relevant duration 

(which differs in criticality from one line to another) automatically on Monthly 

Expenses Table for project 1, 2 and 3 by pushing relevant button. 

We should pay attention to that, Excel computes the number of days between two 

dates, which for most things is just fine but it does not include both date endpoints 

which creates a problem. This is an easy issue to overcome, since we can simply add 

1 to the result cell. 

  
   
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 24 Buttons to distribute payments on months for project 1, 2 & 3 
 
It is worth mention that, there is an option to apply factors that affect CF-in and CF-

out.  At default the model does not consider these factors and take their values as 1 

which mean that they were not considered for pure simulation purpose. Otherwise we 

can apply increasing number for CF- out (CFOINC-N) as 1.047 and decreasing number 

for CF- in (CFI-DEC-N) as 0.95 which were obtained previously and mentioned in 

methodology chapter. 
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Whether the calculation of MCCF for project 1,2 &3 starts in the same month or 

different start with lag not exceed 3 months, the model deals with all cases by 

distributing payments on months and calculating cumulative expenses, cumulative 

earning and in sequence NCF. It will be automatically calculated 500 time from 500 

time of MCC.C by distributing each line of them on its relevant duration (which differ 

in criticality from one line to other) and produce 500 time Monthly Expenses and 

Monthly profit Table for any project. However, our Model leave last printed values in 

MCC.C table and Monthly Expenses and Monthly profit Table, as 80% values that 

come from NCF table in backward calculation. 

It has been noticed that, the 80% values of duration in MCC.C table (which come from 

backward calculation of 80% values NCF table) slightly differ in some values and 

more closer to the accurate (deterministic) than 80% values of duration and cost that 

came from first time simulation. That because of the simulation of “integrated cost & 

time” and calculation of NCF work separately, so the 80% NCF line when applied on 

the cumulative simulation curve will bring in backward calculation MCC.C (and in 

sequence duration ) with slightly different values (around  1% difference). 

Bearing in mind, length of months in NCF tables (project 1, 2 or 3) differs according 

to the changeable length of each activity during simulation, which give in result 

different values of NCF (positive and negative) in each month. This thing can be 

clearly seen next when putting 10%, 80% and 90% net cash flow graph together. 

 

 
Figure 25 Changeable activities duration according to the simulation 
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Table 25 80% values for MCC.C for project 1. 
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Table 26 80% values for MCC.C for project 2. 
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Table 27 80% values for MCC.C for project 3. 
 

 

However, it should be noted that, Excel consider empty cell as zero which interrupt the 

graph drawing, so to come over this we put it as error (#N/A) which will not be 

displayed. In the following pages tables of MCCF (80%value) for all projects, as well 

as, NCF from 10% values till 90% values tables will be displayed respectively: 
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 Table 28 MCCF 80%value for P1 
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Table 29 MCCF 80%value for P2 
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Table 30 MCCF 80%value for P3 
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Table 31 NCF from 10% values till 90% values table for project 1 
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Table 32 NCF from 10% values till 90% values table for project 2 
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Table 33 NCF from 10% values till 90% values table for project 3 
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4.3 Simulation Results 
 
It is noticeable that, all projects 1, 2&3 MC simulation results were fluctuating closely 

to the deterministic (single point calculation) whether regarding cost, duration and/or 

NCF, which means that the accuracy and reliability of our simulation method were 

obtained. Result graphs for all projects are illustrated bellow: 

Figure 26 Monte Carlo simulation for Cost P1 
 

 

Figure 27 Monte Carlo simulation for Duration P1 
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Figure 28 Monte Carlo simulation for Cost P2 
 

 

Figure 29 Monte Carlo simulation for Duration P2 
 

 

 

 

 

 

89 
 



 

 

Figure 30 Monte Carlo simulation for Cost P3 
 

Figure 31 Monte Carlo simulation for Duration P3 
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Moreover, when putting Tables that contain 80% values of MC simulation for both 

cost and duration in comparison with 1-PA results (for cost and duration), it shows that 

the results of MC simulation fluctuate closely around deterministic results of 1-PA, as 

it can be seen in Tables 34,35 & 36: 

 

Table 34 80% values of MCA with 1-PA results of P1 
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Table 35 80% values of MCA with 1-PA results of P2 
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Table 36 80% values of MCA with 1-PA results of P3 
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The probability percentages from 10% (which considered as best case) till 90% (which 

considered as worst case)   of cost completion and duration of finishing according to 

simulation result was plotted as output of the model process and presented as follow: 

 

Figure 32 MC total cost & Duration results with frequency P1 
 

 

Figure 33 MC total cost & Duration results with frequency P2 
 

 

Figure 34 MC total cost & Duration results with frequency P3 
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In addition, S-Curve of total cost and total duration resulted from 500 iterations was 

plotted for all projects and it illustrated as follow: 

 

 
Figure 35 Cost vs Duration P1 

 

 
Figure 36 Cost vs Duration P2 

 

 
Figure 37 Cost vs Duration P3 
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The Model drew the most statistic confidence level forecasting cumulative MCCF 

(80% value) which show the expected future differences between CF-in and CF-out 

during project life cycle, as well as, the NCF graphs which is the expected future 

cumulative losing and earning amount that happened monthly through the project 

process  for all projects automatically, as shown next: 

 

Figure 38 Cumulative MCCF (80% value) & net cash flow for P1 
 

 

Figure 39 Monte Carlo net cash flow (80% value) for P1 
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Figure 40 Cumulative MCCF (80% value) & net cash flow for P2 

Figure 41 Monte Carlo net cash flow (80% value) for P2 
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Figure 42 Cumulative MCCF (80% value) & net cash flow for P3 
 

 

Figure 43 Monte Carlo net cash flow (80% value) for P3 
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We could also see MC net profit forecasting for all projects at 10%, 80% and 90% 

values together at once which give us a clear view of what will be going on during 

monthly phase’s payments at optimistic or pessimistic levels, as well as, the maximum 

and minimum amount of budget required to cover future negative months for each 

project. 

Figure 44 MC net profit forecasting at 10%, 80% and 90% for P1 
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Figure 45 MC net profit forecasting at 10%, 80% and 90% for P2 
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Figure 46 MC net profit forecasting at 10%, 80% and 90% for P3 
 

Also it is noticeable that, the prediction of NCF may differ from positive to a negative 

for one month simulation from 10% value to 90% value. That happened because of 

changing length of each activity during simulation, which lead in results different 

values of NCF in each month. 
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4.4 Risk Analysis Scenarios for P1, P2&P3 
 
Risk analysis which leads to a hard decision making became one of the most important 

scientific fields. It has been used by big companies, institutes, industrial sectors and 

Governments with professional consultants to take a right hard decision among several 

true ones (Snowden & Boone, 2007).  

 

 

4.4.1 Decision Tree (DT) as Aid to Risk Analysis Scenarios 

 

The best way to illustrate scenario analysis is DT which is a graphical tool enabled for 

evaluation of various conditions and for the case inference. This method are useful to 

compare the cases, to come up with final optimum option selection. This tree is shown 

in diagrams and show the correlative decisions and associated probabilities and 

impacts (Thaheem, De Marco, & Barlish, 2012). It starts with a decision that you need 

to make by drawing a small square to represent this towards the left. From this box 

lines towards the right for each possible solution would be drawn, and write that 

solution along the line. The lines should be kept apart as far as possible so that thoughts 

could be expanded. Squares represent decisions, and circles represent uncertain 

outcomes (Babeker, 2010; Quinlan, 1986).  

Probability estimation is considered as a calculation of the summary measure (the 

mode, the average, or just a conservative estimate). The assumption then has to be 

made that the selected value is certain to occur (assigning a probability of 1 to the 

chosen single-value best estimate). However, Probability is used to express 

quantitatively the beliefs and expectations of experts or the simulation result regarding 

the outcome of a particular event (Savvides, 1994). 

 

 

 

 

 

 

Figure 47 Decision Tree mechanism  
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4.4.2 Risk Analysis Scenarios Using DT 

 

Since many scenarios could accrue when contractor put in his mind the allowance of 

postponing one month may be happened for any project that he bid for (the penalty of 

delay for one month is ignored). The model deals with this issue by taking seven 

possible arrangement of delay (one month for any project). Firstly, the model combines 

10% and 90% of all projects for all scenarios, then picks the worst negative NCF in 

each line of them and specifying the month, after that applying DT mechanism by 

multiplying every worst value in its percentage to come up with the most worst value 

in each scenario. Finally, the best of the worst values (the less one) would reflects the 

best arrangement order for the projects that should be taken in consideration from the 

decision maker. However, DT and table of combined projects (10% and 90%), as well 

as, the 80% which is our confidence level interpretation are illustrated next:  

 

 
Figure 48 Scenarios of decision tree for 10% & 90% all projects 
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Table 37 10% & 80% & 90% of calculated prefered scenarios 
 

 

It was noticed that, the best arrangement that cover most of negative NCF months for 

all projects is (1+1+0), which means that the project 1 and project 2 should start 

together but one month after project 3. This arrangement of sorting the contractor may 

be able to handle within documentation period after the signing of the contract. 

Otherwise, fixed start for projects will be applied to each project in our model. Bearing 

in mind that, ignoring risk analysis mean 0+0+0 order which reflects the original start 

of each project even with different month. However, the contractor have to solve 

possible negative NCF that may come by delaying payment to sub-contractors, 

borrowing from the bank in specified negative months, or even not to bid for the project 

that give the worst NCF. 

Finally, the target goal, these handiest graphs that come next (figure 49 and 50) which 

help decision maker in contractor company to decide how to solve future possible 

negative NCF, by looking at negative and positive amounts in each month for proposed 

undertaken projects. In addition, our confidence level (80%) gives a good expectation 

to the decision maker to relay on when solving NCF negative months problems. 

Moreover, he could put in his consideration NCF boundaries where the worst expected 

case would be 10% value and the best expected case would be 90% of MC NCF for all 

projects in preferred order. However, they presented as follow: 
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Figure 49 Integrated NCF for all projects 10% & 90% possibility 
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Figure 50 Integrated NCF for all projects 80% 
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4.4.3 Decision Making and Choices 

 
As we can see from previous Tables and Figures, from the best projects arrangement, 

the pessimistic case of predicting would be 10% with $111,863 NCF value at the end 

of all projects (Aug/2020). In this case the worst month for the contractor is Sep/2019 

when he need to cover -$73,595 come from the three projects expenses. On the other 

hand, by looking at the optimistic case of predicting which would be 90% with 

$131,717 NCF value at the end of all projects (which is the same end month of 10%). 

The worst months for the contractor are Nov/2019 and Dec/2019 with total amount of 

-$ 71,338 which is quite close to the previous 10% expectation. If the contractor 

consider the delay for sub-contractors would be on an amount does not exceed $20,000 

where he can manage the payment to them later on. Thus, to override this problem the 

contractor need to go the bank and borrow $50,000 in the first of Sep/2019 and return 

the money in the first of Jan/2020. These four months will deduct from him around      

$1,170 when applying monthly 7% annually interest rate. His final NCF will be 

between $110,693 and $130,547.   

However, NCF of 80% possibility come with the same negative months in comparison 

with 90% but with slightly different amount (around -$16,000) which may the 

contractor put it in consideration and try to offer this amount from any internal source. 
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CHAPTER 5 

 

 

 

VALIDATION AND VERIFICATION OF THE MODEL  
 

 

5.1 Introduction to the Validation and Verification 
 

There are four verification methods: test, demonstration, analysis, and inspection. 

While some consider simulation to be the fifth method, most practitioners consider 

simulation to be one of test, analysis, or demonstration. Verification methods defined: 

The management of verification should be responsive to lessons learned from past 

experience. On the other hand, validation is proof that the users are satisfied, regardless 

of whether the specifications have been satisfied or not. Traditionally, validation 

occurs at the project’s end when the user finally gets to use the solution to determine 

the level of satisfaction. When considering the process of validation, recognize that 

except for the product level having just the ultimate or end user, there are direct users, 

associate users, and ultimate users at each decomposition level and for each entity at 

that level, all of whom must be satisfied with the solution at that level (Forsberg, Mooz, 

& Cotterman, 2005). 

A well-designed model should be  

• A close estimate of the real system. 

• It should be logical and not so complex that it is possible to understand. 

The model is necessary to be tested and validated. Many kinds of validity can be made 

to verify that the model works as builder intended. Thus, running the program with 

historical data can determine whether the model performs as the real environment or 

not during the specified historical period. 
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For the accuracy of the test, the error should vary around ±3% at the extremes. In 

construction, this range is considered well within acceptable limits and demonstrates 

the reliability of the model (Kaka & Price, 1991). 

 

 

5.2 Validation Using the Deterministic Against the Probabilistic 
 
As mentioned previously, in the construction industry the error range reference of 

forecasting is taken within ±3% of the contract amount. This is considered an 

acceptable limit and demonstrates the reliability of the proposed model. Measurement 

of Accuracy by using actual (in our case deterministic) and forecasting (selected 

confidence level 80% values) to measure the error of forecasted NCF by the following 

equation: 

Forecast error = ((actual-forecast)/actual)*100 

Forecast error for project 1, 2&3 NCF= {(|24,015- 24,752|/ 24,015) +  

                                                                   (|38,247- 38, 980|/ 38,247)+ 

                                                                   (|62,680- 64,932|/ 62,680)}/3*100= 2.86% 

 

Which meet the acceptable amount of error range, and validate our method. As well 

as, one of the nicest graphs is the next (figure 51,52 and 53), where we can see S-Curve 

of cumulative MC CF-out (80% value) fluctuates closely around S-Curves of 

cumulative CF-out that resulted from the deterministic analysis (1-PA), that give clear 

picture of the previous process of validation for the method. 
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Figure 51 Cumulative CF-out for MC 80% & 1-PA for project1 
 

 

 

 

Figure 52 Cumulative CF-out for MC 80% & 1-PA for project2 
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Figure 53 Cumulative CF-out for MC 80% & 1-PA for project3 
 

 

5.3 Validation by Comparing with Similar Software 
 
By using commercial software such as PertMaster Risk Analysis which was designed 

to do probabilistic analysis for both cost and duration simulation of a single project, 

the close results could be seen for both the model and this program. However, we 

should pay attention to the different technique in simulation, whereas PertMaster use 

Latin Hypercube way to simulate cost and duration with iteration, our Model use MC 

way for simulation. The difference between them in the way of taking samples from 

probability distribution. MC take random number from probabilistic area in each time 

of iteration stochastically, while Latin Hypercube divide the probabilistic area to an 

intervals then take stochastic random number from intervals equally. 

When we entered the three projects in PertMaster software, results calculation of 

deterministic Analysis for both programs (our Model and the PertMaster) was same, it 

gave similar results in term of cost and time. As well as, for probabilistic calculation, 

the model gave quite close percentage to the statistic confidence level of the program 

which is also 80%. Thus the validation and verification of our Model was obtained by 

ensuring that we do the right things and we do things right.  
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The followings are Tables and Figures from PertMaster software for all projects: 

Table 38 PertMaster activities with preceding task and duration for P1 

Table 39 PertMaster deterministic cost for project 1 
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Figure 54 Histogram of simulated cost for P1 
 

It can be noticed that, our simulation of cost for project 1 at confidence level (80%) 

was 327,482 and PertMaster simulation at the same confidence level (80%) = 319,318 

which they are quite close to each other’s. 
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Figure 55 Histogram of simulated duration for P1 

Here as well the numbers came close to each other’s, our simulation time for project 1 

at confidence level (80%) gave 457 days to finish and PertMaster simulation at its own 

confidence level (85%) gave 444 days to finish. 
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Table 40 PertMaster activities with preceding task and duration for P2 

Table 41 PertMaster deterministic cost for project 2 
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Figure 56 Histogram of simulated cost for P2 
 

It can be noticed that, our simulation of cost for project 2 at confidence level (80%) 

was 530,259 and PertMaster simulation at the same confidence level (80%) = 510,126 

which they are not far from each other’s. 
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Figure 57 Histogram of simulated duration for P2 
 
Here as well the numbers came close to each other’s, our simulation of time for project 

2 at confidence level (80%) gave 523 days to finish and PertMaster simulation at its 

own confidence level (85%) gave finishing after 507 days. 
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Table 42 PertMaster activities with preceding task and duration for P3 

Table 43 PertMaster deterministic cost for project 3 
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Figure 58 Histogram of simulated cost for P3 
 

It can be noticed that, our simulation of cost for project 3 at confidence level (80%) 

was 863,274 and PertMaster simulation at the same confidence level (80%) = 834,152 

which they are quite close to each other’s. 
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Figure 59 Histogram of simulated duration for P3 
 

Here as well the numbers came close to each other’s, our simulation time for project 3 

at confidence level (80%) gave 521 days to finish and PertMaster simulation at its own 

confidence level (85%) gave 505 days to finish. 
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5.3 Discussion of Validation results 
 

It can be concluded that, the demonstrated charts and graphs of PertMaster Risk 

Analysis software does the same works as our method does, but the new method that 

had been applied in the model has more advantages in these points: 

• The cost and schedule of each project are integrated to create the cost that is 

sensitive to the fluctuated schedule during the simulation. 

• It does include risk factors that affect simulated cost to produce more reliable CF 

based on experts’ opinion. 

• It presents the probabilistic NCF for MPs at once which is considered a new 

method eases the difficulties that face the decision maker in Contractor 

Company. 

• It does scenario analysis for different possible starting schedule for all projects 

and provide the optimum solution that gives the best NCF for portfolio projects. 

On the hand, there is some limitation such as: 

• Delay Penalty is not included for delaying projects one month. 

• Retention money (usually 5%) is not included in NCF calculation since it 

assumed to be deducted from sub-contractors. 

• Correlation among cost and schedule are not included when make the simulation 

for CF. 

• Sensitivity analysis for the project activities is not included, while it is included 

in PertMaster software.  
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CHAPTER 6 

 

 

 

CONCLUSION 
 

 

6.1 Final Conclusion 

 
Current researches mainly focused on cash flow risk analysis of single projects, despite 

the fact that majority of the construction companies manage several projects at the 

same time.  Hence existing studies lack the capability to provide an integrated risk 

identification and decision support tool for cash flow risk management of multiple 

projects.  

To fill this gap this study presented a method doing CF for MPs and determined 

schedules, cost and periodical CF using the probabilistic approach in an effort to 

improve decision making process for risk management of MPs, especially during 

bidding stage. In addition, this research aimed to enable improved MPs cost and 

schedule by integrating them during simulation to get better result and account the 

most important financial factors that may affect CF of the project to achieve sound 

NCF probability graph and assisting contractors to look into the future and maximize 

projects profit at bid stage.  

Three real projects that were constructed in Libya have been used to illustrate the 

benefits of the proposed method. The projects were inputted in the decision support 

system of the proposed method which was developed using Excel and Visual basic for 

applications with MC technique using triangular probability distributions. Both the 

duration and the cost of an activity were modeled as random variables, and 

accordingly, the cumulative cost at each time point also became a random variable 

along a project’s progress. The probabilistic multi project cash flow was obtained by 

integrating MC technique with CPM analysis, which enables to determine a project’s 
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NCF status related to specific payment method and time. MC simulation allows 

probabilistic CF analysis to include uncertainties in both schedule and cost.  

Understanding how to expect risk in cost and time proactively, and dealing with these 

variables in an uncertain way using MC simulation by the contractor became essential 

for managing risks effectively and efficiently. Our model’s MC simulation provides 

the decision-maker with a range of possible outcomes and the probabilities how they 

will occur for any choice of achievement. It shows the possibilities of the outcomes 

along with all possible consequences at the beginning of the road decision. However, 

Managing risk effectively and efficiently allows construction companies to enjoy 

greater productivity, financial savings, and the improved success rate in new projects 

and helps in better decision making. 

Nevertheless, making a right decision in business, usually based on the data quality 

and ability to analyze the data in order to find trends, in which to find solutions and 

make a strategic decision. So such the DSS provides a conceptual basis for decision 

making by combining separate potential decisions of various issues through a single 

model. It also speeded the problem-solving process and provided better ways of 

viewing and solving problems. 

It became clear that, if CF-in and CF-out is properly planned and manipulated by the 

model, it could supply the funds necessary to meet the cash requirements of all projects 

when merging their NCFs together, even (some time) without need of loan from the 

bank. CF forecast at bidding stage gave an indicator about negative and positive lines, 

in negative line we may go to the bank for borrowing, otherwise delaying the payment 

to subcontractors in negative month with their early knowledge. Moreover, using the 

proposed method which give evaluation graphs of forecast CF for MPs at once forms 

the backbone of the DSS and enable contractor to perform cost and schedule risk 

analysis and evaluate his profits and contingencies during the bidding processes of 

projects, and even give him a good support in his decision for bid or not to bid for any 

project decision. 

In this study, a probabilistic CF risk model was developed and became a DSS tool that 

provides a conceptual basis for decision making by combining separate potential 

decisions of various issues through a single model. It also speeded up the problem 
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solving process by providing better ways of viewing and solving problems. The 

advantages of the proposed method would be mainly as follow:  

• The use of a probabilistic CF model is more useful than a deterministic one, this 

can provide the decision maker with a wider picture regarding the expected CF 

of the project.  

• The new method can help the user to integrate the effect of the different risk 

factors on the expected project NCF for multiple projects simultaneously.  

• The proposed model allows contractors to predict not only when, but mostly 

what amount of money should be borrowed or obtain from internal sources 

(other projects) and when and what amount of money should be returned.  

• The proposed model integrate the time, cost and risks of a project, and provides 

a better tool for decision-making.  

• The proposed model provide stakeholders (who are not necessarily expert in 

statistics) with visual information which make them more comfortable to make 

risk assessments.  

• the developed model can provide a broader picture regarding the different NCF 

scenarios using decision tree theory when it can seriously improve the decision-

making process regarding the different start of the projects (delay one month 

scenario).  

• The model proved to be a simple and fast forecasting tool to be used by 

contractors who appreciate the importance of CF forecasting at the tender stage. 

 

6.2 Recommendations for Future Work  
 

 The Proposed model should be augmented to include the following:  

 Using different type of construction projects with their percentages and risk 

factors data after their successful finishing time for validation purposes.  

 Extending the time capability of the model more than 24 months to enable more 

time lag between projects.  

  Include the sensitivity analysis to know which activity is more risky than others.  
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APPENDICES 

 
 
Appendix (A) 
 

Table of last approved cost of project design and execution for Libyan utility 
office In English (selected Items for construction work only): 

 

No: Work Description unit price per 
unite L.D 

A‐ Site locating and certificating   

1‐ Cleaning the site from obstacles and throw them in 
a public waste landfill. 

M2 1.200 

2‐ Leveling the site by filling and excavation 
according to a specification required (± 50 cm). 

M2 4.400 

3‐ Demolition for any old building and take them 
in a public waste landfill to prepare the site for 
a new work. 

M3 27.000 

B‐ filling and excavation work   

1‐ Excavation for foundations in any kind of soil 
(except rocky soil). 

M3 26.400 

2‐ Excavation for foundations in a rocky soil. M3 35.000 

3‐ Excavation for foundations with draining work and 
treating the bottom by appropriate aggregate soil 
with compacting. 

M3 86.000 

4‐ Filling with accepted soil (or imported soil) with 
compacting. 

M3 9.000 

5‐ Filling with appropriate imported soil for 
agriculture purposes. 

M3 15.000 

C‐ Concrete works   

1‐ Importing and pouring normal concrete (25N/mm2) 
for slabs, under foundation and ground beams (10 
cm). 

M2 39.600 
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2‐ Importing and pouring reinforcement concrete 
(25 N/mm2) including steel bars for ground 
slabs, foundation, ground beams and supported 
walls. 

M3 316.800 

3‐ Importing and pouring reinforcement concrete 
(25N/mm2) including insulator and water 
resistance material for a water tank (+pump, 
+sanitary & electricity connections) 

Number 10875.00
0 

4‐ Importing and pouring reinforcement concrete 
(25N/mm2) including steel bars columns. 

M3 396.000 

5‐ Importing and pouring reinforcement concrete 
(25N/mm2) including steel bars for roof slabs and 
beams. 

M3 246.400 

6‐ Importing and pouring reinforcement concrete 
(25 N/mm2) including steel bars for stairs 
according to drawings. 

M3 352.000 

7‐ Importing and pouring reinforcement concrete 
(25N/mm2) for outside decoration according to 
drawings. 

M3 396.000 

8‐ Importing and pouring reinforcement concrete 
(25N/mm2) for doors and windows sill according 
to drawings. 

M3 396.000 

D‐ Wall works   

1‐ Importing and constructing walls by bricks (20cm) 
according to drawing. 

M2 149.600 

2‐ Importing and constructing decoration walls by 
decorated bricks according to drawing. 

M2 48.400 

E‐ Sanitary works   

1‐ Importing plastic tubes (P.V.C) 2”: 6” for 
sewage system and rain drain system. 

M 16.280 

2‐ Importing and constructing sewage & electricity 
holes with bricks (20 cm) and steel cover (60 kg) 
as drawing. 

Number 176.000 

3‐ Importing and installation of plastic tubes (PPR) 
0.5”, 0.75” & 1” as drawing. 

M 5.720 

4‐ Importing and installation of taps according to 
specification required in drawing. 

Number 22.000 
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5‐ Importing and installation of sinks for toilets & 
basin for kitchens according to specification 
required in drawing. 

Number 396.000 

6‐ Importing and installation of Banyu & bath for 
bathrooms according to specification required in 
drawing. 

Number 264.000 

F‐ Plastering & Painting works   

1‐ Metal mesh between bricks and concrete outside 
and inside building. 

M 5.000 

2‐ Two layers of cement for outside plastering works. M2 4.400 

3‐ Plastering works for inside building. M2 6.160 

4‐ Three faces of painting for walls and roofs 
according to specified color as required in drawing. 

M2 3.080 

5‐ Two faces of graphite painting for wall outside 
building. 

M2 3.080 

G‐ Tile works   

1‐ Importing and installing of floor tiles 
(25cm*25cm*2.5cm) as specified in drawing 
specification. 

M2 17.600 

2‐ Importing and installing of mosaic tiles for 
bathrooms and kitchens walls (20cm*30cm) as 
specified in drawing specification. 

M2 30.800 

3‐ Importing and installing of dovetailed 
pavement tiles (6cm thickness) as specified in 
drawing specification. 

M2 8.000 

4‐ Importing and installing of slip resistance ceramic 
tile (1cm thickness) for floors as specified in 
drawing specification. 

M2 48.400 

5‐ Importing and installing of marble tile (3cm 
thickness) for floors stairs and kitchen as specified 
in drawing specification. 

M2 158.400 

H‐ Metal works   

1‐ Importing and installing of stairs barrier and 
balcony barrier with painting as specified in 
drawing specification. 

M 114.400 
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2‐ Importing and installing of decorated steel for doors 
with painting as specified in drawing specification. 

M2 176.000 

3‐ Importing and installing of protecting steel for 
windows with painting as specified in drawing 
specification. 

M2 123.000 

I‐ Wood works   

1‐ Importing and installing of doors and windows 
from specified wood type with painting as in 
drawing specification. 

M2 211.200 

2‐ Importing and installing of doors and windows 
(P.V.C) type as specified in drawing 
specification. 

M2 190.000 

3‐ Importing and installing of doors and windows 
from Aluminum as specified in drawing 
specification. 

M2 246.400 

J‐ Electricity works   

1‐ Importing and installing of electric keyboards as 
specified in drawing specification. 

Number 1056.000 

2‐ Importing and installing of electric cables 0.4 & 0.6 
cm (with electric switches and plugs) as specified 
in drawing specification. 

M 198.000 

3‐ Importing and installing of phone cables (with 
plugs). 

M 22.000 

4‐ Importing and installing of lamp and electric 
devices and connection needed as specified in 
drawing specification. 

Number 48.000 
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Table of premium region According to Cities (inside Libya): 

 
premium C

i

 

Region 

2.2 Tripoli‐Tajora‐Alzwia 

   
W

es
t 

2.3 Alkhoms‐Zliten‐Mesilata 
2.4 Mosrata‐Tawerga 
2.5 Gerian‐Azizya‐Kikla 
3.1 Zowara‐Sobrata‐Sorman 
4 Baniwaled 

4.2 Hisha 
4.3 Mezda‐Nesma 
4.4 Jado‐Yefrin‐Zintan 
6.2 Abonjem 
6.4 Nalot‐Kapaw‐Temzen 
7.5 Algeryat 
8.2 Alshwerif 
9.4 Daraj 
10.7 Gedamis 
4.5 jedabya‐Zytona 

   
M

ed
iu

m
 

5.4 Albriaga‐Beshir 
5.7 Sert‐Abohadi 
6.7 Benjawad‐Raslanof 
8.9 Merada 
9.1 Alzahra 
9.3 Wddan‐Sokana‐Hon 
10.1 Zalla 
10.4 Aujala‐Jalo 
10.5 Zilten oil field 
13.4 Sarer wells field 
13.8 Alfoga 
15 Aboshberm Valle 

15.7 Tazerbo 
16.1 Zigan 
18.1 Alkofra 
19.8 Rebyana 
22.1 Assara 
22.5 Alawinat 
2.9 Bengazi‐Kwefia‐Gemenis 

   
Ea

st
 

3.7 Darna‐Albaida‐Algobba‐Shahhat 
3.8 Zawiat_Almesawes 
3.9 Almarg‐Alagoria‐Addresiya 
5.4 Tobrok 
6.1 (212Km) from Egdabya desert 
6.7 Imsaed‐Alashab well 
10.4 Aljagbob 
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13.9 Brak 

   
So

ut
h 

15 Sebha‐Temenhint 
15.6 Edri‐Bergen 
16.5 Zwela‐Taragen 
17.4 Awbari‐Garma 
17.8 Temessa 
18 Tesawa‐Morzek 

18.7 Alkatron 
19.9 alweg 
20.1 Alawinat 
20.3 wawalkaber 
21.8 wawalnamos 
21.9 Gat‐Alberkit 

 

 

Table of Contingency: 

 
Cost of Project in Libyan Dinar Contingency 
From 0 to 200,000 3.5% 
From 200,000 to 500,000 3.25% 
From 500,000 to 2,000,000 3.0% 
From 2,000,000 to 5,000,000 2.75% 
From 5,000,000 to 10,000,000 2.20% 
From 10,000,000 to 50,000,000 1.70% 
More than 50,000,000 1.60% 
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Appendix (B) 
 
BOQ of Culture center (Arabic language)  
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BOQ of Health Care center (Arabic language) 
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BOQ of Faculty Theater project (Arabic language) 
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