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ABSTRACf 

The construction industry is one of the largest industries worldwide. lleconstnaction of occupied 

buildings constitutes a significantly large portion of construction spending. Therefore, any research 

done in the area of reconstruction of occupied buildings is of high practical value. 

Projects dealing with reconstruction of occupied buildings have a unique character which diff'ers from 

that of new construction projects. Reconstruction projects are becoming increasingly more important 

as building owners as well as metropolitan cities face economic. environmental and space constraints 

for new construction projects. 

The primary objective of this study is to investigate the use of conventional control techniques in 

reconstruction projects in occupied buildings and conduct a comparison between the project 

performance of reconstruction projects and the project performance of new construction projects. 

To gather observational data, three different approaches were utilized in this research: A 

comprehensive literature review. interviews with saeral construction pnctitioners. and a participant­

observer approach was utilized 

This study researched and rediscovered the most commonly used project control techniques. Three 

quantifiable performance &ctors were utilized to conduct a comparison between reconstruction and 

new construction projects. The outcome was that, new constnaction projects outperform 

reconstruction projects. This study identified some of the problems and facton affecting the control 

of reconstruction projects. 

It is recommended that further research be undertaken to examine and investigate success factors 
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and other c:onbul leChniques which may contn"bute to enhancing the performance of reconstruction 

projects. 

It is also recommended that these facton and techniques be used to develop a model for a non­

traditional project control system to control reconstruction projects in occupied buildings. 
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CIW'l'Elll -----------------------------

INTRODUCTION 

Management of a construction project is one of the most challenging management assignments in an 

enterprise. The objective is, of course, to finish the project within budget and on schedule while 

maintaining the quality requirements of the specifications. Meeting this challenge is not acheived 

without an adequate planning and control system. 

1.1 WHAT IS PROJECT CONTROL AND WHY IT EXISTS ? 

The definition of control is " to check or verify, and hence to regulate• [Shorter Oxford English 

Dictionary]. It is also defined as • making situations behave according to certain desired performance 

criteria" [Beer, 1996]. Construction project control is more than just procedures. It is a process that 

generates a building or a facility at the lowest reasonable cost within a reasonable time ftame. 

Economic pressures and the lack of clear leadership within any construction organiation make 

project control essential to construction projects. Inflation has turned potentially successful projects 

into near disasters. Overruns of time and budget have destroyed many projects and damaged the 

reputation of the design professionals who prepared the plans. Modem clients expect construction 

professionals to employ a variety of control methods to combat rising construction costs and 

minimize project time. 
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1.2 PROJECT CONTROL SYSTEMS AS THE APPUCATION OF CONTROL 

TECHNIQUES 

Project control is not a specific set of services that can be applied in the same manner to each and 

every project. A project control system is not the development of something entirely new. It is more 

the bringing together of many proven project control techniques. Furthermore, because the exact 

combination of control techniques varies significandy to meet the unique needs of each project, no 

single detailed control system is appropriate for ev~ construction environment. Therefore, every 

owner, contractor and flll'D er should become aware of all project control techniques in order to be 

able to employ the most appropriate technique to his or her project. 

1.3 PROJECT CONTROL OPERATIONS WITHIN A FIRM 

Project control operations should be placed orpniationally close to the construction management 

functions. By no means should it be an element under accounting. However, accounting information 

should be made available to project control staft Project control staff utilize accounting information 

to perform their cost control functions. The presence of a computer system would be considered a 

great asset that supports project control. This system should be operationally independent of other 

systems such as accounting and payroll because it needs to be available at all times. 

In construction projects, where ~eral activities or disciplines are to be integrated and there is a need 

to coordinate the cooperation of various functional departments within the project organization, an 

appropriate project control system should act as the information centre to all parties .This system 

monitors and reports on every function performed by every party within the project organiation. 

Being the project information centre, difFerent ~ns associated with the project may have access 

to the control system to obtain data related to their duties within the project organization. 
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1.4 PROJECT CONTROL AND RECONSTRCUTION OF OCCUPIED BUILDINGS 

The construction industry is characteriz.ed by its size, diversity and complexity. It is also characterized 

by its di1fae11t work enviro1m1ertts and discip6nes. Unlike other industries which tend to have a single 

focus, the construction industry is made up of a raunber of separate work environments. Each of these 

environments tends to have its own characteristics while at the same time forming an integral part of 

the construction industry. 

An effective control system IIR1St take into consideration the unique characteristics and disciplines of 

each environment in order to ensure effective interaction and communication within the project 

environment. It is useful to review the primary environment of the project and to examine how data 

and information transfer between the diirerent parties. Effective control of data and information is 

essential in order to examine performance trends, influence outcome and modify adverse trends in -

performance. 

This thesis focuses on the basic environment of reconstruction projects in occupied buildings. The 

main objective is to determine if conventional control techniques are adequate for reconstruction 

projects of occupied buildings. A comparison is conducted between the project performance of 

reconstruction projects and that of new construction under the utilization of conventional control 

techniques. 

This work utilizes three different control functions to measure and compare the outcome of both 

types of projects. These control functions are cost, schedule and quality. These functions were 

selected as the basis for the investigation and comparison because they were reported as the most 

significant by the three main parties involved in any construction project: the owner, engineer and 

contractor. 
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1.4.1 WIiy Recoastnctio■ of Occupied Baldiap ! 

The construction industry is one of the largest industries worldwide. Reconstruction of occupied 

buildings constitutes a significantly large portion of construction spending. Therefore, research done 

in the area of reconstruction of occupied buildings is of high practical value. 

In spite of the increasing importance of reconstruction projects, surprisingly little is found in the 

literature concerning these types of projects. Thereby creating the need to study the social and 

economic impacts of these projects and also measure and control their outcome and performance. 

Projects dealing with reconstruction of occupied buildings have a unique character which diff'ers &om 

that of new construction projects. Reconstruction projects are becoming increasingly more important 

as building owners as well as metropolitan cities such as Toronto, New York and Los Angeles face 

economic constraints. Environmental and demographical constraints are two more factors which 

make the need for reconstruction of occupied buildings more appealing. 

Fie. I.I shows the spending on new construction vs. reconstruction since 1970 in one of the most 

congested municipalities in North America.. 

1.4.1.l De111Dgraplucal Fl6Ctors 

The change in population in metropo~ areas is a crucial factor which impacts the need for 

reconstruction~ occupied buildings. The popul~on in metropolitan areas increased dramatically in 

the last few decades due to a variety of reasons. One reason is outside immigration. Metropolitan 

Toronto ·is a good example of outside immigration, whereas Metropolitan.New York is a good 

example of inside immigration. Since these metropolitan areas suffer ftom lack of space to build new 

buildings, ·they tend to upsrade existing buildings in order to accommodate the increased service 
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requirements of the increased population. Increased enrollment in schools and universities is an 

example of this demopaphical factor. This factor imposes a need to increase the capacities of the 

schools or universities through expanding or replacing the existing buildings. Hospitals and 

government offices that are rendering services to the public face the same challenge. 

1.4.1.Z E1111iro11awldlll Factors 

The increased public awareneu of environmental hazards and the proposed regulations to overcome 

such hazards impose another constraint on building owners and local and central governments to 

comply with these regulations . This increases the need for more reconstruction projects. 

Asbestos removal is a good example in these types of projects. Since asbestos is designated as a 

hazardous material, building owners and public organizations are sponsoring programs to remove -

materials containing asbestos ftom their facilities. Unfortunately, asbestos is _present in floor tiles, 

ceiling tiles and pipe insulations which makes its removal and the subsequent replacement of the 

building components a complex and awkward task. This is due mainly because appropriate safety 

regulations have to be undertaken and the existing facility has to be kept operational during this type 

of reconstruction. 

1.4.J.J Social Faeton 

Social facton also contribute to the increasing need for reconstruction of occupied buildings. One 

example is Barrier Free Programs where building owners and public organizations adopt plans to 

upgrade their builclinp to secure accea to persons with disabilities. This may include removing stairs, 

constructing ramps, building elevator shafts and modifying existing washrooms. Such construction 

projects involve a larse amount of uncertainty and complexity. 
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1.4.1.4 Teciulogiclll tUUl Eco110llliclll Factors 

Given the high pace of change in science and technology, it is crucial to remain competitive in today's 

market place in order to meet the public expectations of the level of services provided by public 

organizations. These organizations have to design prosrams to continuously improve and upgrade 

their facilities. This may include interior renovations of a computer facility or a blood testing lab to 

accommodate more advanced equipments. Another example could be retrofitting the mechanical and 

electrical systems for energy conservation purposes. 

1.4.2 Definitions 

lleconstruction projects can be defined as the modification, conversion or phased complete 

replacement of an existing facility. Modification may involve expansions, additions, interior 

renovation or upgrading the 1hnctional performance of the facility. Conversion includes changing the 

type of the &cility to perform a ditferent function or provide a diff'erent service. Phased replacement 

is a complete replacement. However, because the building is occupied and the owners can not shut 

down the building during construction, both demolition of the existing facility and the construction 

of the new facility have to proceed in phases. 

In the last few years, building owners have invested large amounts or money in reconstructing 

existing buildings while keeping them operational. These reconstruction projects fluctuate ftom a few 

thousand to several million dollars. On July 12th, 1996, Princess Margaret declared the new Princess 

Margaret Hospital open. The new hospital included conversion, expansion and upgrading an existing 

building at a cost of9S million dollars. North York Board of Education will completely replace Earl 

Haig S.S. in a pbued replacement procedure at a cost of34 million dollars. Metro Toronto School 

Board launched an HV AC and liafltins retrofit project in 350 buildinp u a part of its massive energy 

conservation program at a cost of about 95 million dollars. Other organizations have programs for 

barrier free access and interior renovations prosrams that add up to millions of dollars. These 

millions of dollars worth of investments require tbrther research to study the performance of these 
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reconstruction projects and assess their outcome. The assessment of the outcome will assist 

in improving the performance of future projects. 

Table I.I shows the percentage of average spending on various reconstruction activities in recent 

years within one of the interviewed organizations in one of the most congested cities in North 

America Considering the reliability and accuracy of the data, it can be used as an indicator of the 

spending patterns in other organizations. 

NO. ACTIVITY % 

I Expansions and phased replacements 38.S8 

2 Upgrading the tbnctional performance of the facility 29.24 

3 Retrofit 24.46 

4 Interior Renovation 7.72 

Table 1.1 

Table I. I shows that expansions and replacements are the most tbnded reconstruction activities which 

absorb 38.S8 % ofthe available funds for reconstruction. Upgrading the functional performance of 

existing facilities absorbs 29 .24 % of the available funds. This may include upgrading the building 

fabric such as ~e construction and perfonnance of exterior walls or exterior windows. It may also 

include reroofing the entire facility to prevent leakage or heat losses. Making the facility accessible 

to people with disability and upgrading the drainage and storm systems are two imponant items. 

Almost one quarter of reconstruction funding goes to retrofitting activities. When owners can not 

afford the hip cost of replacing the facility, they retrofit the deteriorating mechanical and electrical 

systems. This may include boilers and chillers replacements or retrofitting for energy conservation 

purposes. 

7. 72 % goes to interior renovation~ accommodate new programs or to change the use of the space. 
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1.5 RESEARCH PROCESS 

This research studied the most common principles of project control techniques and the conventional 

methodologies of project manasement. Three approaches were utiJize,d to conduct this exploratory 

study: a comprebensive literature review, informal interviews with several construction practitioners; 

and field observation. 

As mentioned earlier in this work, very little useable information was found during the literature 

search concerning reconstruction projects. Most organizations that are involved in reconstruction 

projects of occupied buildings have developed their own management tools which they have modified 

throuah their experience. Therefore, a statistical survey approach was adopted to gather and obtain 

information about these types of projects. As a step in the direction of obtaining information that 

leads to the understanding of these projects, this survey is concerned with the evaluation of the 

performance of reconstruction projects in occupied buildinO and measuring their outcome. In order 

to have more useful and meaningful results, new construction projects were also surveyed in order 

that a comparison be conducted between project performance in reconstruction and project 

performance in new construction environments. 

The survey was also aimed at exploring and examining the use of conventional control techniques 

in both construction environments. The survey was conducted in the form of a questionnaire and 

structured interviews with a number of construction professionals to discuss the questionnaire. 

l.S.l Quatio■naire DeYelopaent 

A comprehensive research of the principles of project controls was conducted in order to develop 

the questionnaire, whose focus was to investigate the use of conventional control techniques and 

measure the performance of both reconstruction and grassroots projects. 

Test interviews were conducted to examine the validity of the questions and also to observe the flow 
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of questions. Input from the test interviews was used to revise the questionnaire. The revised 

questionnaire resulted in a set of practical, usetbl and objective questions. The questionnaire utilized 

three control functions as the basis for measuring project perf'ormance. These three functions were 

cost, schedule and quality. The questions were structured in such a way as to avoid any subjective 

answers as much as possible. The questions were tbrther structured to obtain quantifiable data that 

could be used to measure the cost, schedule and quality performances. These quantified measures 

were then used to compare the performance ':)f sevenl projects. 

1.5.2 Questionnaire Layout 

Appendix one includes a copy of the questionnaire. All questions were of the forced-response variety, 

Yes or No, in order to reduce the interview time and encourage more people to participate. Space 

was also provided, so that any additional data could be obtained in a free format. The questionnaire 

focused on the performance of three main control functions: cost, schedule and quality. These 

functions are considered by most construction professionals the main indicators of the overall project 

performance. 

Part l; Orpn;,•*• and Project Information 

The seven sections in this part were aimed at soliciting general information about the surveyed project 

and identifying its nature. Information such as type of organization, location, position of the 

interviewee within the organization, and the building type were required. The type of project and the 

project format were also required. 

Part 2; Cost Coptrpl 

In this part, four sections were included to gather measurable data to enable the researcher to quantify 

the cost performance of the project and also· identify the cost control techniques that are used for the 

project. The purpose of sections one, two and three was to obtain information related to the original 
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contract value, cost control planning tools and other tools used to measure, control and analyze cost 

progress. Section four, on the other hand, included questions designed to measure and analyze the 

outcome of the project such as contract value at completion, number of change orders and analysis 

of reasons for changes. 

Part 3; Sebcdvlc control 

The same layout which was used in part two was also used in part three. Part three included four 

sections desiped to measure and analyze the schedule performance of the project. The first three 

sections have solicited data regarding the planned duration of the project, schedule planning 

techniques and other techniques used to measure, control and analyze the schedule progress. Section 

four wu more concerned with the outcome of the schedule performance. 

Part 4; Quality Control 

The definition of the term quality varies among construction professionals. Also, different 

organizations have ditTerent perspectives as to what quality is. Therefore, in order to place bounds 

around this researdl, quality control for the purpose of this questionnaire was defined as inspecting 

and testing materials and workmanship for compliance with the contract specifications and the 

applicable codes. Several round table discussions took place with diff'erent construction practitioners 

to arrive at a set of quantifiable measures for quality. Section four includes seven questions designed. 

to exhaust the personal feelings of the interviewees and provide an objective evaluation of the quality 

performance of the project. 

Part S; CoptrGI fpnctiog1 Weighting Fac;tor 

Currently, there is no asreement within the construction industry as to the significance of cost, 

schedule or quality to the overall project performance. Also, diff'erent parties within a panicular 

project have the same disagreements. This part is an attempt to explore and investigate the views of 
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the construction practitioners in order to enable future researchers to assign weighting factors to 

those control fimctions 

Part ,; Other Qpntrol Fppctioa• 

This section was included to give the interviewee the opportunity to express in a tree format his / her 

views regarding other control functions that they believe could contnl>ute to the performance of any 

construction project, and particulary those which .,-e sensitive to reconstruction of occupied 

buildings. 

l.S.3 The Survey Data Collection Process 

Initially, the plan was to collect the data using the telephone and facsimile as the communications 

tools. 

The advantage of using this procedure was to encourage the project participants to complete the 

questionnaire at their own convenience. The data received through this method, however, was 

insufficient and there were some obvious misunderstanding of some questions. Therefore, interviews 

were conducted on a one to one basis with the project manager or the project administrator of the 

organization. In these intervi~ the questions were utilized as a vehicle to direct the interviewees 

towards dilFerent aspects of construction. In some interviews, more than one project was discussed 

and examined. However, a separate questionnaire wu completed for each individual project 

The need Cor confidentiality of certain data provided for this research was recognized. The participant 

companies and individuals were assured this confidentiality by means of a letter directed to them 

( copy of the letter is included in Appendix 2). This procedure assisted the researcher in obtaining 

reliable project data without compromising the confidentiality of proprietary data. The firms also 

became comfonable entrusting this data to the researcher. 
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CHAPTEa2 ----------------------------

PROJECf CONTROL FUNCflONS AND 1'BE PROJECf ORGANIZATION 

Before investipting and exploring the available principles of the project control techniques used in 

the constnaction industry, it is imponant to develop an understanding and appreciation ·of other 

facton that interact with the various control functions in forming an overall project control system. 

Fie. 2.1 shows the three maic control functions: cost, time and quality in addition to other related 

factors within the project organization. 

Fig. 2.1 shows how the project format, project parties, and project life cycle are all factors that 

affect the project control functions and determine to some extent which project control technique 

should be used to control certain functions. These factors are explained below. 

2.1 CONTROL FUNCTIONS 

The three main control functions u viewed in this thesis are cost, schedule and quality. The main 

objective of most construction professionals under reasonably normal circumstances is to finish ~e 

project on time, within budget and to the expected quality parameters. 

These three control functions are highly related. The failure of one control function will eventually 

lead to the failure of other control fianctions. Also, an attempt by the constNction team to achieve 

excellent performance in one function may lead to the failure of other functions. For example, an 

owner who attempts to minimize the cost of a facility may compromise on _the quality of the final 
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Fis- 2.1 Project Control ,unctions and the 
Project Orpaization 
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product which may lead to rework which may consequently lead to extra cost. 

Coit Coptrol; The control of cost is essential to all parties involved in a construction project. 

Owners, contractors and architects have a mutual interest in controlling cost. However, a contractor 

organization would n~rmally carry out the cost control fimction in a more detailed level than an 

owner or an architect organization. The contracting relationship between the owner and the 

contractor also impacts the level and type of ~st control. Different contract strategies are explored 

later in this chapter. However, for the purpose of this thesis, the focus is on a lump sum contract. 

Also, the depth and intensity of cost control varies significantly at the various stages of the project 

life cycle. The concept of project life cycle is discussed later in this chapter. 

Controlling the cost should be done in a reasonable way since it may atFect other control 

functions.lbe concept of cost control and several cost control techniques are investigated in chapter • 

three of this study. 

Schedule Control ; The time required to complete a construction project is usually of major 

significance to all parties involved. Similar to cost control techniques, schedule control techniques 

are impacted by the various stages of the project life cycle and the contract format. It should be noted 

that squeezing the project schedule more than its reasonable limits in order to meet unrealistic 

deadlines may have a negative impact on quality and cost. Also, stretching the schedule beyond a 

reasonable time frame may have the same negative impact on cost and quality. Schedule control is 

studied in greater details in chapter four. 

Oualitv Control; In this work, quality control is considered to be the process of testing and 

inspecting material and workmanship for compliance with the specifications and the applicable codes. 

This process is also impacted by the type of organization, contract format and the project life cycle. 

In this thesis, quality control is studied in a lump sum contract environment and within the execution 

and finish stases of the project life cycle. Also, quality control is highly related to both cost and 

schedule functions. Furthermore, quality may be considered as a product of cost and schedule control. 
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Quality control is discussed in more detail in chapter five. 

2.2 PROJECT CONTRACl'S 

Any construction project can be implemented under many contracting forms. Every contract form 

creates (lijfermf contractual relationships, obligations and reporting responsibilities which atrect the 

project control fi.anctions and, consequently, aff'ect the control techniques that are used to control 

these functions. 

It is posS1"ble to broadly categoriz.e the contracting formats into three generic formats. The three 

fonnats which are most widely used in the North American construction industry are (1) the lump 

sum (stipuJated price) contract. (2) the unit price contract and (3) the reimbursable cost (cost plus) 

contract [McKim, 1990) . 

. These contracting formats can be implemented in many forms such as a single contract form, multiple 

contract form or turnkey form. The following is a brief discussion of these main contracting formats. 

For the remainder of this thesis, however, the investigation focuses on the lump sum type contract 

between the owner and a single contractor. 

2.2.1 Lump Sum Contract 

Sing Contractor ; Under this form, the owner and one general contractor enter into a contract 

with a stipulated fixed price. The contractor has full responsibility of all construction work. The 

general contractor normally has the right to use any combination of his own forces and 

subcontracting, although the owner may reserve the right to approve all subcontractors and major 

vendors. Under: this type of contract, both the owner and the contractor establish and operate a 

project control system that corresponds to their needs. Different control techniques are investigated 

and presented in the following chapters. 
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Multiple Coptract1; This format is normally used in larger projects. The project is divided into 

major components and separate contracts are awarded for each component such as site work, 

concrete, .... etc. Usually, the owner establishes the overall project control system and requires the 

contractors to provide certain information in specified formats that enable the owner to combine these 

pieces of information and produce general reports. 

Turnkey; In this format, the owner gives the overall project functions, including engineering 

procurement and consauction to one firm. The select~ firm may handle all fimctions using its own 

stafF or may subcontract portions to other specialized firms. Usually, the turnkey firm establishes and 

maintains a project control system that integrates all activities. It is not the intent of this work, 

however, to investigate in details the control techniques that can be used for this contracting form. 

2.2.2 Unit price Contract 

Under this type of contract each unit of work has a specific price and the total price is arrived at by 

multiplying the number of different units by the respective unit prices. The owner should define the 

methods of field measurements before awarding the contract. This type of contract format can be 

performed in different forms such u single or multiple contracts. 

2.2.3 Cost Plus 

Under this type of contract the owner asrees to pay to the contractor his actual direct costs of doing 

the work plus a stipulated percentage for overhead and profit. This is in many ways the most 

favourable type of contract for a contractor since, although he cannot make any exorbitant profits, 

he is at least usured of not incuning a loss [Goldsmith, 1988]. This type of contract can also be 

performed in either single or multiple contract forms. 

Since there is a wide variety of contracting strategies that can be implemented in the construction 

industiy, covering all contracting forms is beyond the scope of this thesis. In this thesis, the emphasis 
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is on the lump sum type contract with a single contractor. 

2.3 PROJECT PARTIES 

All parties involved in any constnlction project ( owner, contractor and engineer) are interested in 

developing a project control system. In establishing a project control system, every organization 

should account for cenain interests depending on the type of the organiz.ation. 

F .. 2.2 shows the basic construction format. The owner enten into two separate contracts with an 

engineer and a contractor. These contracting panies in tum enter into a contract with their 

subcontracton or sub-consultants. 

f)WNEJl 

CONTRACfOR. 

Salle.._.. 

AllCHDl!CT/ 
ENGINEEll 

Subca ..... 

Ila- 2.2 ... Cwwwb wdoa l'onaate 
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2.3.1 Owaer 

The owner is the person or entity identified as such in the agreement. The term owner means the 

owner or the owner's authorized agent or representative as designated to the contractor in writing. 

but does not include the consultant [CCDC2, 1994]. The owner finances the project and inherent the 

property after completion. From an owner perspective, he or she must have assurance that the 

project will be delivered on time, on budget and with the desired quality and is suitable for the 

intended use. 

The level of involvement in a construction project and the level of control exercised by the owner 

depend on several facton. The skill of the owner is one major factor. In a knowledgable owner 

organization, where construction professional staff are available, the owner will exercise more 

detailed control than a non-knowledgable owner. In this work, only knowledgable owners are 

considered. The contracting strategy is also another factor that determines the level of control 

assumed by the owner. In a cost plus contract, the owner controls and verifies all the contractors 

expenditures. Also, in a unit price contract, the owner should review and measure all quantities of 

work performed. In a lump sum contract, which is considered in this work, the owner controls the 

general progress of work. 

The owner may require to know what be is paying for in each progress payment. Therefore, the 

project control system must be designed in such a way as to provide the owner with the baseline 

schedule and regular updates of actual sc~ule performance. Also, an agreed upon method must be 

established fo~ work measurement purposes so_ that no conflict arises duf!DS the processing of 

progress payments. In most co~ owners establish scheduling guidelines which include 

mobilization date, completion date and key milestone dates to correspond with expected delivery 

dates. 

For income and sales tax purposes, owners may require a project cost data in a certain format. For 

example, most OWMl'S require the Goods and Services Tax (G.S. T) to be identified separately on all 
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progress payments. 

The project life cycle is also a factor atrecting the level of control exercised by the owner. This is 

discussed in details later in this chapter. 

2.3.2 E■pneer 

The terms engineer, consultant and architect are u~ interchangeably. The consultant is the person 

or entity identified as such in the agreement. The consultant is the architect, engineer or entity 

licensed to practice in the province or territory ofthe place ofwork [CCDC2, 1994]. The engineer 

designs a facility for the owner that is suitable for the intended· use and also cost efficient. The 

engineer usually also assists the owner during the construction phase to deliver the project on time 

and on budget. 

In order for a project control system to be effective in an engineering organization, it must begin 

during the planning and budgeting or the work and continue during the conceptual and detailed 

engineerins phases. If these phases are part of a contract where engineering, procurement, and 

construction overlap, engineering project control should be integrated with procurement and 

construction project control. The project control system is also atfected by the project life cycle and 

the project format. 

2.3.3 Contnctor 

The contactor is accountable to both the owner and the engineer to construct the building according 

to the spedfications, drawinp and applicable codes. The contractor is also responsible to deliver the 

project on time and with the expected quality. 

Every construction firm is interested in a highly detailed project control system. Such control system 

should include detailed schedule and tracking reports on daily basis because the contractor controls 
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all subcontncton and coordinates their activities. Also, a construction firm should keep all cost data 

in a historical data bue so that this information can be used for the planning of future projects. The 

control system established by the contractor always depends on the contractual relationship between 

the contractor and the owner. 

2.4 PROJECT STAGES (Project Life Cyde) 

A construction project occurs over several stages during which a changing level of eff'on is required 

to complete each stage. The most important milestone in a project life cycle is fund approval. This 

mil~ is considen:d to be a Go/ No-Go decision for the entire project. Therefore, the project life 

cycle can be viewed as the pre-fund phase which consists of planning activities and the post-fund 

phase which consists of execution activities. For the constructor, the vital milestone is the tender 

award. This is when he / she becomes involved in the project . 

. Fis- 2.3 shows a "not to scale" diagram indicating the total efFon that is required by all the project 

parties during the four distinct stages of a project [ Wideman, 1995 ]. It should be noted that the level 

of etron exercised by each party in each stage of the project life is highly dependent on the 

contracting strategy. In this study, a single lump sum contract format is considered. Fig. 2.3, also, 

shows a diagramming indicating the ability to control the outcome of the project and how it relates 

to the ditraeut stages of the project life. It is clear that this ability declines as the project approaches 

its completion. 

The following is a discussion of the four main stages of the project life cycle. 

Conceive: This is the beginning of the planning phase. During this stage, preliminary drawings and 

block diqrams ~ produced in order to develop a general concept. As the scope is better defined, 

budgets and prelimimuy schedules are used to establish an economic study for the project. Although 

this stage requires minimal project control etfon, it still bas to be completed within pre-established 

deadlines. In this stage, the owner provides the architect with infonnation such as funding limitations, 
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design criteria and the intended use of the facility. The architect uses this information to develop the 

proposed concept. 

Develop: In this stage, the project is fbnber developed with additional engineering and drawing 

work. Additional engineering and economic studies are carried out to develop a better budget, 

schedule and cash flow profile. In this stage, the final budget approval is received and the level of 

effort builds up which requires extra project control eft"ort. In this stage, both the architect and the 

owner build work teams. These work teams work ~ogether to exchange information and make 

decisions that help in establishing a more detailed design and Ceuability study. 
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Execute: In this stase, a considerable amount of eff"ort is expended and the project reaches the 

highest level of expenditure. Most of the engineering. procurement and construction are completed 

in this stage. The physal project is produced to the scope, cost. time and quality requirements. The 

scope is defined throush the final approved set of drawings, the cost is established through a 

tendering process and the time and quality requirements are built into the specifications and contract 

documents. 

This stage requires the most considerable amount of projeet control. An extensive control work for 

cost, schedule and quality should be planned and implemented. In this stage, the architect produces 

the final drawings and work with the owner to tender the project. The contractor also in this stage 

joins the project team as a key player. The contractor has the highest share of project control and the 

owner and the architect also increase their control levels to be able to monitor the work progress. 

Finish: In this stage, the project is completed. Turnover, commissioning and training are the final 

steps. Receipt of final progress payment constitutes a completed project, not withstanding any future 

warranty work. 1be owner, architect and contractor carry out their final inspections. The contractor 

submits the final commissioning reports, manuals and warranties. The architect produces the final 

certification and the owner observes and participates in the process. The owner also reviews the 

documentation, then processes the final payment. In this stage a low level of control is exercised by 

all parties. 

Table 2.1 shows the level of control exercised by the three main project parties in the different stages 

of the project life cycle. It should be noted that in this table, a knowledgable owner and a single lump 

sum type contract are considered. 
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STAGE STEP OWNER. ARCHITECT CONTllACTOR. 

~ Concept M L NIA 

CONCEIVE Scope M L NIA . 
Budget H L NIA 

Feasability H M NIA 

DEVELOP Design M H NIA 

Approval H H N/A 

Final Design L H NIA 

EXECUTE Tendering M H M 

Construction H M H 

Final Inspection M M H 

FINISH Commisioning M M M 

Certification L L L 

H: High, M: Moderate, L: Low 

Table 2.1 

It is important to understand the life cycle concept of a project because the level of the project control 

process must be compatible with the level of effort at each stage. Smee the execution stage requires 

the most considerable amount of project ~ntrol, this work mvestigates the different techniques that 

can be employ~ during this stage ofthe project.life cycle. 

2.5 THE SCOPE OF THE THESIS 

Due to the wide diversity and sreat complexity of the construction industry and in order to have 

meaningful results of this research, the investigator placed bounds to identify the research area 

and the scope of this work. A single lump sum type contract is considered as the contracting strategy. 
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Also, a knowledpble owner who exercises a reasonable effort of project control is considered in this 

work. The execution stage of the project life cycle where all contracting parties increase their control 

efforts is also considered in this thesis. 

2.4 THE CONTROL PROCESS 

Y• 

Y• 

na. 2.4 Project Coatrol .,__ 

Project control, like any other control system, must follow a basic logical sequence. There must be 

(1) a plan, (2) a method for measuring performance, (3) a test for deviation of perfonnance from the 

plan, and ( 4) a decision and reaction proceu based on (3). Complete project control is achieved when 

the project manager controls the three control functions: cost, schedule and quality. Project control 

is comprised of determining the standards for each function, measuring the performance, testing for 

deviations and reacting to deviations [McICim, 1990). 

rag. 2.4 shows the basic conuol process for any control tbnction [Mckim, 1990]. This control process 
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can be described as a reaaive c:mlb'.ol process. however, it can also be extended to include a proactive 

control procesa by building forecasting techniques into the process. The control process should be 

able to answer the following questions: What is the project oudook? Is it improving or not ? If no~ 

what are the major &ctors controlling the project planned performance ? And finally what can be 

done as a corrective action to put the project back on track ? 

The following three chapters are the result of an exploratory study of the most common principles 

of control techniques used in the construction industry to control the three main functions: cost, 

schedule and quality, through the ditferent stages of the control process. 
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COST CONTROL TECHNIQUES 

Cost is a basic control function which should be included in any project control system. With the 

increase in size and complexity of construction projects, construction managers are faced with the 

need to have greater understanding of all their projects economic aspects. This will enable them to 

implement a greater degree of contro~ not only over the day-to-day cost of work which they manage, 

but also over the wider aspects of their work in general. 

Fi1 3.1 shows the cost control process. The basic control process which is shown in Fig. 2.4 is 

utilized to develop this cost control process. The cost control process is divided into two phases: 

reactive control and proactive control. In the reactive control phase, the cost control system is 

planned, executed, measured and the deviation determined if any. Also, a corrective action is usually 

taken if there is any deviation. In the proactive control phase, the project controller forecasts the cost 

performance. 

In this chapter, the various cost control techniques which can be used at the different stages of the 

cost control process are studied. Section 3. l discusses the planning levels for cost control whereas 

section 3.2- cfisa1sses the darerent techniques that can be used to measure and control cost progress. 

Section 3 .3 investigates cost performance analysis and finally section 3. 4 discusses reporting and also 

acting on cost performance which is of greater significance. 
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3.1 LEVELS OF COST CONTROL PLANNING 

Cost control planning should start as early as possible in the project life cycle. The ability to influence 

the final costs of a project ditninisbes as the project adY8Dces through each successive stage. Fil- 3.2 

shows this relationship graphically for the eucute and finish stages of the project life cycle. It appears 

&om this sraPh that the proje(:t team can influence the total cost much better in the final design stage 

than in the final inspection stage. This section discusses the difFerent levels at which a baseline plan 

can be established. 
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Fi1. 3.2 Ability to Influence Final Cost of a Construction 
Project 
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3.1.1 Bad1et Bueliae and Badaet Allocations 

Project budgeting is the first cost control technique that is used to control the cost of any construction 

project. The budget baseline level of control is mostly used in an owner or architect / engineer 

organization. It is so~ used with the contractor organizations as a secondary control. The 

budget baseline is generated through the estimating· process. Plannen within the owner and the 

architect organizations must develop a co~ estimate for the project whether or not the design 

documents are complete. As the project becomes ~er defined, the estimates are updated to reflect 

the new information. In a fixed price contract, this estimate is critical because it provides all quantity, 

cost and productivity targets used for the budget baseline. 

The budget baseline level of control has several advantages. It pro~des analytical methods and 

procedures, and establishes a reference point to monitor and control project costs. It also serves as 

the basis for the owner in the provision of funds as well as the disbursement of progress payments. 

The budget baseline also provides a baseline fi'om which forecasts and trends can be developed. It 

is important to mention here that budgets are treated as flexible rather than fixed plans, which can be 

adjusted when the appropriate conditions wanant such action. 

3.1.2 Work Packa1es Costin1 

A work package as defined in the Construction Industry Institute Publications, is a "well-defined 

scope of work that terminates in a deliverable product or completion of service."[ November, 1988 

]. Each package may vary in size, but it must be a measurable and controllable unit of work to be 

performed. To complete a work package, one or more tasks are performed. Thus, a work package 

may encompass the work of more than one crew. 

Breaking the budget baseline into budgeted work packages is a good cost control planning technique 

because it allows construction professionals to have better control of the project's components. The 

benefits of work packages are not limited to the projects under control only. Work packages also 
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provide a structure that facilitates a continuous planning cycle and conuols future projects through 

accunte historical cost data base. 

A work pedcas~ should also be larse enoup so that the scope of work could be competitively bid 

and contracted for by itself F ... 3.3 shows a sample work package costing sheet. The work packase 

level of control can be used within the orpni7.ations of an owner, engineer or contractor. 

Tide:----­

Code:-----

~!-

Scope 

Bud1et 

WORK PACKAGE COSTING FORM 

COST DATA 

Espenditura Chances 

Fi1- 3.3 Work Packa1e Co1tin1 Fonn 

3.1.3 Coat Breakdown Structure (CBS) 

Date:----­

Revision No.:--

Cost at Completion 

The Cost Breakdown Structure (CBS) is one of the most powerfbl techniques available for 

controlling a project. It involves a level-by-level hierarchial segregation of the project's components 

into a set of budgeted items. There are dift"erent levels of a project cost breakdown which can be 
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used. The first level is the facility level where the construction project is broken down to several 

facilities serving ditrerent purposes. The second level is a Functional Element Breakdown which 

breaks down the project further into components that relate exclusively to a part of the project that 

serves unique fimctions (e.g. excavation, cma~ finishing ... etc.). The third level is the Work Item 

level. With the work item CBS, as the name sugests, the project is broken down into very detailed 

budgeted and controllable activities (e.g. formwork, reinforcement steel, cast-in-place concrete, ... etc). 

It is important to mention that the CBS dollar value sh~d add up to the total construction contract 

value. If the contract includes Cash Allowances or Contingency Allowances, it is recommended that 

they be included as an item within the CBS of the project. Including these allowances within the CBS 

will ensure better cost control of the expenditure of these allowances. These allowances are usually 

included in the CBS at the Functional Element level. Contingency Allowance is a dollar amount 

allocated within the overall project budget to be used in dealing with any unforeseen condition. Cash -

Allowances, on the other hand, are amounts allocated towards specific activities, but the tbll extent 

of the work is not fWly determined at the time of the tender. Although this level of control is mostly 

used within the contractor organization, it can also be used within the owner organization. Fi1. 3.4 

shows a sample of CBS.[ Construction Industry lnstitut~ September 1987 ] 

3.1.4 Cost Codin1 

The cost coding structure is the framework upon which the cost control system is built. It provides 

a common language of identification and communication to be used by all those involved in project 

cost control. It can be used to identify and refer to the various components at the different levels of 

control such as Budget Baseline, work packages or cost breakdown structure. A good and accurate 

cost coding system is one which simplifies the task of referring to the items to be coded. The coding 

system should provide a wide range of characteristics which can be used to define the subject to be 

coded. The coding system should also have the ability to accommodate future additions to the list of 

items without the need to alter the basic codirig structure. 
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The cost coding structure should correspond with the cost breakdown structure. Fig. 3.S shows an 

example of cost.coding structu~. The lowest element level of CBS is called the cost account. This 

is comprised of the &cility, fimctional elements and work items. Each cost account is assigned a cost 

code. 11le cost code may consist of a.four or five digits numeric code or a combination of num~c 

codes and alphabetical characters. 
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F11- 3.6 shows an example of the cost code for the concrete work item. In order to have a coding 

system that is easily remembered, most computerized cost control systems use a coding system that 

is similar to the Master Fonnat Index System or the Construction Standard Institute format. 
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3.1.S Unit Costin1 
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Unit costing is usually used as a cost control technique in construction firms. By using a unit cost 

form, it becomes poSS1l>le to compare unit costs from week to week to monitor and analyze any 

sudden changes. Also, comparing the weekly unit costs to preset standard unit costs helps to 

control the cost on ongoing basis. 

3.1.6 Dual-Entry u a Cost Control Technique 

As mentioned in the literature, the dual-entry system is widely used in business bookkeeping 

worldwide. This system can also be used successfully in cost control planning. Dual-entry means that 

one cost entry in cost control is recorded and the cost is allocated to two accounts in two separate 

columns caDed "debit" and "credit", so that the sum of credits is equal to the sum of debits. Dual entry 

reduces the number of data entries and provides an automatic balancing of accounts through debit 

/ credit entries. It is believed that the best application for this technique is in the contractor 

organi7.ation. 
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3.1.7 Cull 11ow 

In all construction projects, there is capital flowing out &om the investor's resources at various stages 

of the project in the expectation that, sooner or later more cash will flow back into these resources 

(government projects excluded). Movements of cash, either into or out of the project account, are 

referred to u cash flows. Income or receipts are known u positive cash flows. In the cost control 

planning stage, a cash flow projection plan should be developed for all contracting parties. 

When a contract is awarded, the contractor may be asked to submit an estimate of progress payment 

requjrements over the life of the project. The owner then determines a realistic schedule of anticipated 

cash flows. This process assures the contractor prompt payment and eliminates any potential 

disruption due to shortage of fimds. The anticipated cash flow schedule enables the owner to 

determine his/ her long term investment options that yield hisher rates of return and coordinate the 

maturity of investments with the contractor's anticipated payment requests. 

3.2 MEASURING AND CONTROLLING COST PROGRESS 

After cost control planning is completed, the cost of any construction project should be controlled 

and measured throughout the various phases of construction until the project is completed. The 

following is the result of an examination of several measuring and controlling techniques that are 

used in the construction industry. 

3.2.1 Cost Ratio 

Every construction project includes some activities or tasks which take place over a very long period 

ofdme during ~on, or are continuous over the life of the project. These tasks are budgeted 

on bulk allocation of dollan rather than on the basis of production. Examples of these types of tasks 

are contract administration, mechanical and elecf:rical rough-in and quality assurance. The best control 

technique to measure these tasks is the cost ratio which is calculated using the following formula: 
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~ctalll Cost to DIM 
PocMI Co"'l'i«e • 

Em_,,_ Cost of eo,,,,ldio,. 
[ American Society of Civil Enaineen, 1987 ] 

The disadvantage of this technique, however, is that it does not give early warning of potential cost 

ovemms. This technique can be used in both an owner and contractor organizations to monitor the 

performance of those tasks that take place over a long period of time. 

3.2.2 Earned Value 

The earned value concept is used to measure the progress of a combination of unlike work tasks or 

a complete project. The earned value is based on the amount of work completed which is measured 

by the percent complete method described earlier in Article 3 .2. l. A project "earns" dollars as 

progres., in the various cost accounts is made. Earned value is also referred to as the Budgeted Cost 

for Work Performed (BCWP). For a single cost account, earned value can be expressed by the 

following equation: 

Similarly, the earned value concept can be used to summarize multiple accounts and calculate overall 

progress. The equation is as follows: 

(E.,,,. dolllln all tleCOIIIIIS) 

(B,,"6dal tlolllll'S all 11ecoallls) 
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The above form of earned value can be used to measure pedonnance using a Cost Performance Index 

(CPI): 

CPI• 
&nultltlollan 

Adllaltlollan 

If CPI is > 1.0 , it is favourable because the account is earning at a rate faster than actual 

expenditures. The earned value technique is mostly used within the contractor organization. 

3.2.l Coat Variance (CV) 

Cost variance is a technique used to measure the cost overrun or undenun of the budget established 

for the work accomplished to date based on the earned value. CV is calculated as the diff'erence 

between budpted cost of work performed (BCWP) and the actual cost ofworlc performed (ACWP) 

at any point over the life of the project. 

Where the Actual Cost for Work Performed (ACWP) is the actual cost for completed work items, 

including the completed part of work items in progress at a given data date. 

If CV has a (-) value, the cause should be identified and a correcti~c action should be taken. The 

causes could be technical problems requiring allocation of extra resources or inaccuracies in the 

original estimate of work. Causes may also be due to lower productivity or unexpected increase in 

material, labour or equipment costs. Cost variance is mostly used within a contractor organization, 

however, some owners use this technique. 
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3.2.4 Control Claan1e Orden aad Bad1et Variances 

A change is any modification to the original contract documents and the contractual agreem-,nts 

between the contracting parties ( e.g. specification drawings, scope, working hours, access, ... ,etc). 

Such modifications impact the contract cost. Cost control includes monitoring cost performance to 

detect variances from plan, ensuring that all appropriate changes are recorded accurately, preventing 

incorrect changes ftom being included in the cost baseline and informing appropriate stakeholders of 

authorized changes[ PMI, 1996 ]. 

A major source of change is a change in the scope of work originated by the owner. The designer 

is another source for changes relating to design coordination errors, unforseen conditions and new 

regulatory requirements. Site personnel may participate in initiating changes such as those related to 

existing site conditions, relocation of services to ·avoid interference, ... etc. 

J.2.4.1 lllf/HICI of Cluutps 011 Cost 

A change made while work is in progress may cause cost increases attnoutable to a combination of 

factors. The interruption aspect of the change may cause lower productivity. A potential delay might 

occur between the time a hold is placed on the work to be changed and new instructions are received. 

Equipment, Jabour and material used to remove or modify existing work also contribute to the extra 

costs due to changes. 

J. 2.4.2 Costi11g CluMtga 

Several techniques are employed for costing changes. Price adjustment may be negotiated before 

starting work changes. If the contract, however, includes unit prices for additions or deletions, unit 

prices may be used to arrive at a price for these changes. Historical data may also be used as a 

guideline in pricing changes. Fmally, the contractor may be asked to proceed with a change and price 

the work based on time and material. 
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J.2.4.J ColllrOIU11g Clumgo 

In order for cost control to be efficient. all project participants should take steps to familiarize 

themselves with all the reasons which may cause a change to arise and they should also be aware 

of the consequences oft!- changes. Changes should be resolved in a timely fashion as they occur. 

Delaying resolutions to changes may cause unnecessary disruption to the construction process. Once 

a change is recognized, the architect should i~ a Change Notice. This document is used to describe 

the scope of change and it requires the contracto~ to respond whether or not there are any cost 

implications associated with the change. Fis- 3. 7 shows a change control procedure that is being 

followed in the construction industry. 

Change orders should be documented on specific forms. These forms should be designed to indicate 

the number of changes issued to date, original contract value, revised contract value, reason for 

change and the necessary approvals. l'i&- 3.1 shows a sample change order form. 
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r.1- 3. 7 Cbaa1e Order Control Pncedure 
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ABC Ardlitect . 

123 Univenity Ave. 

Waterloo, Ontario 

L3A3K1 

laue Date----------------

Project Number--------------

Contnctor---------------­

Project Name---------------

Claan1e Order # 

Orisinal Contract Amount S -------­

Claan1e Order Approv_ed to Date S --------

Amount this Chan1e Order $--------

Revised Contract Amount S --------

Description ofChan1e-----------------------

Reasons for Chan1e------------------------

Approvals 

Owner 

Date-----

Architect 

Date-------

Fis- 3.1 Saaple Chan1e Order Fona 
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3.2.S Meuurin1 and ControDia1 Proaress Payments 

There should be a direct relationship between the amount of payments made to the contractor and 

the physical propess accomplisbed in the construction site. Such payments should be made with care 

and in a controllable fashion and should not result in undue risks being assumed by the owner. The 

payment certifier should visit the constnaction site before processing the payment certificate to verify 

that the progress being claimed on the payment request matches the actual site condition. 

Before the start of construction, the contracting parties should asree to a type of measurable 

performance plan against which performance can be measured to support progress payments. The 

most common approach used in the construction industry is the • schedule of values•. The schedule 

of values is a cost•loaded breakout of estimated construction costs that corresponds to the project 

work breakdown structure. It should include, however, items such u cash allowances, contingency -

allowances and mobilization. The schedule of values is initiated by the constructor and then verified 

by the owner or his /her representative. Once agreed upon, the schedule of values is used throughout 

the construction phase to calculate the value of physical performance in the construction site. When 

submitting the schedule of values for payments, it should include other information such as percent 

complete to date, amounts previously certified and amounts claimed for the current payments. Table 

3.1 shows a sample of schedule of values. 

The schedule of values control approach is nonnally equitable for both contracting parties. However, 

contractors sometimes tend to •&ont-loact• the schedule of values in order to reduce their risk or 

improve their cash flow. Front-loading is assigning higher dollar values to earlier work tasks and 

offsetting them by lower doDar values to later tasks. This strategy may introduce potential risk to the 

owner and should be avoided. 

The application for payment is done in the form of a payment certificate (invoice) which summarizes 

the information in the schedule of values. Table 3.2 shows a sample of a payment certificate. 
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Ite• Co■tract Completed Previously This Bili■I Balance to 

Descriptio■ Value To Date Billecl Complete 

AaNat " ."-at " Aaoaat " Aalolml ....... 
0100~ . 
0105 Mobilization --- 91 $4.900.00 20 s1000.oe 70 53500.N SS00.00 

Subtotal SSOOl.00 54500.N St000.00 53500.00 ssoo.oo 

0200 Sitlll! Wark 

0215 EKcavatio■ S10008.N • SIOOO.N 10 S1800.N 70 S,000.0I $21NN).00 

0220 Landscaping S4000.11 0 0.00 0 0.00 0 0.00 S4008.00 

Subtotal S14000.0 SIOOO.N S1000.00 S7000.00 saoo.oa 

0300r, -
0305Rebar SJ«NNt.00 15 S4SOJNJ 5 S150.00 10 SJN.N S2550.N 

0310 Fonawork S,000.00 15 S1050.N 5 SJS0.00 10 S700.N 559!0 

0315 Co■crete S4NI.N 10 $480.00 0 0.00 10 $400.00 SlQIO.OI 

Subtotal S14000.0 SHOO.N $500.00 S1400.00 S12100.00 

0900 Fini•h111!9 

0905Drywa0 SJSll.00 0 o.oo 0 o.oo 0 1.00 53500.00 

0910 Paintin1 S1500.N 0 0.80 0 0.00 0 0.00 SIS00.00 

Subtotal SSOOl.81 0 0.00 0 0.08 0 o.oo $5000.00 

Total Contract SllOIO.O 31 S14400.00 1 S2500.00 JI S11900.0 SUQI0.00 

I 

Table 3.1 Sample Schedule of Values 

44 



Application For Payment 

ABC Development 

300 Univenity Ave. 

Waterloo, Ontario 

L2N3K5 

1- Oriai•al Contract Value 

2- Audlorized Chan1es to Date 

3- Coatnct Value to Date 

4-TotalProsna 

S-Holdback 

6- Total Pros•m Less Roldback ( 4 - 5 ) 

7- Las Item 6 From Previous Application 

I- Net Amount Pa able this A lication 6 - 7 

Project# 96110 

Computer Lab. 

Date : Saly 31st 96 

AppL#2 

$31,000.00 

so.oo 
$31,000.00 

S14,400.00 

S1,440.00 

S12,960.00 

S2,2SO.OO 

S 10,710.00 
Table 3.2 Sample Certificate of Payment 

3.3 COST PERFORMANCE ANALYSIS 

Monitoring the actual cost at every stage of the project does not alone ensure that the performance 

will proceed aax>nling to the plan. It is also important to analyze the situation so that the appropriate 

action can be taken if needed. The control techniques which were discussed so far, can be considered 

as a reactive approach to control problems. This performance analysis method, however, can be 

considered as a proactive control approach which enables the construction team to anticipate any 

future problems. The following is an investigation of the analysis techniques which are used in the 

construction industry. 
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3.3.1 Tread Analysis 

Trending is a comparison of actual versus planned degrees of completion for a project over a given 

period of time used to determine whether the overall rate of project performance is increasing, 

decreasing or remaining the same. If the cost progress trend is decreasing or remaining the same over 

a certain period of time, an action should be taken to analyze and improve the project progress or to 

indicate the problem areas impeding the project progress. The cost trend analysis is performed at 

certain time intervals such u weekly or monthly. 

One of the analysis techniques that is used to develop the project cost trend is variance analysis. 

Variance analysis in simple words is comparing current performance with the planned performance. 

Cost variance and schedule variance are the two items mostly used to measure_ the cost performance 

and develop cost trend analysis. 

Cost variance (CV) was introduced and defined earlier in this work. Schedule variance (SV) is the 

difference between the project budgeted cost of work perfonned (BCWP) and the project budgeted 

cost of work scheduled (BCWS) at any point in time or data date. 

(SJ') =- (BCWP) - (BCWS) 

Fig. 3.9 shows the cost variance and the schedule variance plotted on the cost performance graph. 
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s 

Actual 

Datal>ate 

sv- Scbeclule Variance 
CV- Cost Variance 

Tbne 

Fla. 3.9 Cost and Scbeclale Variances 

F"11- 3.10 shows the cost variance trend for a project. It can be seen that the cost performance in the 

first month was not favourable u the contractor lost S1000. The cost trend in the second and third 

months shows an improvement from the first month and the current status was S 1500 favourable. 

Using this trend analysis graph, it may be concluded that the projected variance for the following 

month is+ S3000. 
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It should be mentioned that variance analysis is not meant-to be used alone. Variance analysis should 

be examined in coordination with contn'buting factors such as poor initial estimates, technical 

difficulties, .... etc. Trend analysis can be used in an owner, architect or contractor organization. 

However, in a contractor organization it is performed in a more detailed format. 

3.3.2 Forecast Analysis 

Cost forecasting is an attempt to predict the future cost performance of the project by utilizing the 

past and current performance of the project costs. Although there are various forecasting techniques 

available, no two techniques produce the same results. It is recommended that more than one 

technique be used to provide a range of possibilities. Three different forecasting techniques are 
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examined below. 

The first technique assumes that the cost from the data date froward will perform at planned rates 

whether or not these rates have performed well at this point. 

FAC zz (A~+ (&4C- BCWP) 

Where (F AC) is Forecast At Completion, (BAC) is Budget At Completion which is the Total Baseline 

Cost (BCWS) of a project or work package. 

The second technique assumes that the rate of progress prevailing to date will continue to prevail. 

FAC=(BAQ /(CPI) 

The third suggested technique is probably the most difficult one to perform. However, it is the most 

precise and accurate technique. This technique requires a careful and objective reassessment of all the 

work that remains to be done to complete the project and the uncommitted costs relating to this 

work. It also requires the collection of subjective infonnation in the regular course of other work and 

an examination of trends and indicators. The forecaster simply uses all the information that may be 

available to make the projection. Forecast analysis can be used in any type of organiz.ation. 

3.4 REPORTING AND ACTING ON COST PERFORMANCE 

This stage can be considered a very important stage of the cost control process. Cost reports must 

be simple, accurate and timely. They should not contain useless information or irrelevant details. Cost 

reports should assist the project team in recognizing the problem and enable them to determine how 

and where a corrective action should be taken. The Collowing is an explanation of various reports that 

are used in the construction industry. 
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3.4.1 Cost Perf"ormance Report 

In this report the cost performance is measured for each work package separately and then summed 

for the overall project perfonnance. Variances are calculated for the current period and also from the 

start of the project and up to the time of the report. The report also shows overruns, undemms and 

predicted costs at completion. Table 3.3 shows a sample cost performance report. This report enables 

the project team to determine the problem at the work package level. A corrective action for cost 

overruns may include changing the scope of wo~ selecting different materials or adjusting the 

baseline budget. 

3.4.2 Project Bud1et Status Report 

This table is used for senior management staff'in an owner orpnmtion. It provides them with general 

information regarding the budgeted costs for the different categories of the project. It also includes 

the contingency and the its expenditures . The revised budget for the project (forecast at completion) 

can then be calculated. Table 3.4 shows a sample of this report [ Ahuj~ 1994 ]. 

3.4.3 Cash Flow Reports 

Fig. 3.11 and Fig. 3.12 show the monthly cash flow report and a cumulative cash flow respectively 

in an owner organiation. The reports include a comparison of the planned vs. actual cash flow. These 

reports help the owner predict the cash flow requirements. Since the amount of money paid to the 

contractor corresponds to the physical progress accomplished, these reports also help the owner in 

evaluating the overall contractor's performance. 

3.4.4 Corrective Actions 

All construction team members should be trained and experienced to respond to cost deviations in 

the appropriate manner depending on the circumstances. A corrective action that is usually taken by 
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the owner to deal with cost deviation is changing the scope of work. Change of scope may include 

accepting an alternative material or equipment at an affordable price. Scope change may also include 

eliminating a portion of the work to reduce the overall cost of the project. A corrective action by the 

contractor may include eliminating overtime work by increasing the labour force that are paid regular 

pay. If a corrective action is not feasible, then the project budget should be altered to accommodate 

the new requirements. 
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Projec:t : Expansion 10 ABC Facili1y 

Report DIie: July 31 .. 1996 

ITEM 

IOOOOenllllCGedirka 

2000SitWGdt 

3000C4allle 

4000M--, 

9000F---. • 

15000Mrl W 

16000Elaal 

c ... ... 
•.a.GO 

114,IIIO.GO 

I0.00 

IO.GO 

I0.00 

IO.OD 

ID.GO IO.GO 

111,a.oo 113,700.00 

I0.00 ••• 
ID.GO IO.GO 

to.OD ID.OD 

IQ.OD IQ.GO 

COST PIRJORMANCI REPORT 

c ... 
c.e ... . .. ......... 

I 

('8,5GO.GO) IO.GO •.•.GO l1,20II.GO 

'2,000.00 12,IIID.OO $17,700.GO $11,SOD.OO 

I0.00 I0.00 ••• ••• 
IO.GO IO.GO SO.GO ID.GO 

ID.GO ID.OD ID.OD I0.00 

to.OD IO.GO IO.GO ID.~ 

..... ..... ........ M v ..... e ..... c.e 

' 
,00) 

12,200.GO ('8,200,00) (11,000.GO) ta,200al ta,20II.GO so.oo 

$13,700.00 ($1,100.00) 12.•.oo 111,sao.oo 117,200.00 $2,200.00 

l').00 l'),00 I0.00 S7,700.00 s1;100.oo so.oo 

I0.00 SO.GO ID.GO St,ID0.00 11,IDO.OO to.OD 

I0.00 ID.OD ID.OD ,,, .... 00 •••. oo (M,G.00) 

IO.GO to.GO to.GO 12,sao.GO 12,500.00 I0.00 

1~ l~I~ ■l~l-~ I~ l~l~■t~l-~l~l~■t~l 

u, 
N 

Table 3.3 COit Perfonuace Report 
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WllkPackaae 

2000SitcWOlk 

3000 Slruclurll 

9000_.,inishi91 

15000Mechanical 

16000Bleclrical 

Toaaal 

Brukdow1 fl die Oriti1al Mm 0,,,.,,,. ... c .... ttaat Reeti••· , ...... ..._ Cllltftldioll ,_ Ori&lul c ....... At ..... C..tl■.- (+} (.} c----
S5,000.00 $4,000.00 SI00.00 S200.00 (S150.00) $5,150.00 

S24,IOO.OO $20,000.00 $3,800.00 Sl,000,00 $200,00 $24,600.00 

$21,400.00 $17,000.00 $3,600.00 SI00.00 $300.00 $21,100.00 

$7,350.00 $6,000.00 $1,000.00 $350.00 ($200,00) $7,550.00 

$4,650.00 $3,500.00 $950.00 $200.00 ($100,00) $4,750.00 

$63.200.00 $50.500.00 SI0.150.00 $2.550.00 $500.00 ($450.00} 163.150.00 

Table 3.4 Sample Project Budget Statu1 Report 
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I Fig. 3.11 Sample Monthly Cash Flow Report 
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CHAPTER 4 

PLANNING AND SCHEDULING CONTROL TECHNIQUES 

The time factor is of almost the same significance as cost to all parties involved in a construction 

project. The total cost of a project will increase if the project is to be completed in a very short 

period of time. This cost will also increase if the project is drawn out over a very long period. 

Planning and scheduling are control functions that construction professionals use to control and 

direct consttuction projects in order to complete those projects in a timely manner and consequently 

in a cost effective way. Planning and scheduling integrate the various tasks of the project within an 

interdependent time sequence. Fis- 4.1 illustrates the project planning and scheduling control 

process. 

It is clear from this figure that the scheduling control process follows the same sequence which was 

explained earUer in chapter two for the entire project control process. In this chapter, the different 

schedule control techniques that are used to measure, analyze, report and direct schedule 

performance in construction projects will be discussed. 

Section 4.1 discusses the tint stage of the schedule control process which is planning for schedule 
-

control. Section 4.2 discusses the most common schedule control techniques that are used in the 

second stage of the schedule control process which is measuring. Section 4.3 investigates the 

proactive approach to schedule control while section 4.4 studies reporting and corrective actions to 

schedule deviations. 
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4.1 PLANNING FOR SCHEDULE CONTROL 

The first step in the planning and scheduling process is to establish the baseline plan. The project 

plan is an essential document for the project activities because it covers the project ftom initiation 

through completion. Therefore, project planning <:an be defined as the establishment of the project 

activities and events, their logical relationships and interrelations to each other, and the sequences in 

which they are to be accomplished. A ~e can then be generated by adding start time, finish time, 

durations and constraints to each activity. 

Several techniques are used in planning and scheduling construction projects. The following is a 

discussion of various techniques that are used to establish a baseline plan and schedule in order to 

measure, track and redirect the project progress. 

4.1.1 Work Packa1es 

Similar to the use of work packages costing as a cost control technique, work packages are also used 

as a planning and scheduling control technique. The project is divided into groups or packages of 

tasks whose completion is required in order for the total project to be completed. The work package 

is perfonned by a single organization unit ( crew, shop, subcontractor, ... etc) and is the base for short 

interval planning and scheduling. The effective use of work packages throughout the construction of 

a project eliminates information lags among different phases, duplication of data capture and 

redundancy or inconsistency of data. Work packages can be used by all construction parties; 

however, in construction firms, a more detailed level of control is usually required. 

Fig. 4.2 shows a Work Package Catalog Form. This form includes all the related infonnation that 

help in the planning and scheduling control. Each work package catalog contains the following 

information: 

- Work Packaae ldentifien: These are the work package tide and work package code. 
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Work Package 1atle : 

Work Package Code : 

Responsal,ility : 

Scope: 

Enpneeria1 

Delivenbles 

WORK PACKAGE 

CATALOG 

Critical Equipment and Material 

lia • 11 DAT 

Dundon Precedia1 Activities 

Fis- 4.2 Work Packa1e Cata101 Fonn 

Succeedin1 activities 

- Responsibiity: This names the person or the firm responsible for the work. 

- Scope: This includes all elements of the work package and detailed description of the package's 

boundaries. 

- Enaineerin1 DeliYenbles: These list the drawings, specifications and procedures required by 
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the contractor to complete the work package. 

- Critiad Penn•nent Equipment -d Materials: These include all materials and equipment to be 

delivered and incorporated within the work package. They also indicate critical items which have 

a long delivery-lead time. 

- Schedule Data: This includes duration, preceding event and succeeding event. 

4.1.2 Work Breakdown Structure (WBS) 

Similar to the use of cost breakdown structures as a cost control technique, work breakdown 

structures (WBS) are also used u a schedule control technique in the construction industry. The 

development of a (WBS) involves dividing up the project into controllable pans suitable for schedule 

control. These pans are converted into schedule activities where one or more activity comprise one 

element of the (WBS). It should also be noted that if the project is broken down into overly broad 

elements, it is difficult to define the logical relationship that may exist between these elements. The 

work breakdown structure should be perfonncd in a manner that enables the construction team to 

determine and specify the relationships between work activities. WBS is a more detailed level of 

control. It is mostly used in a construction organization. It is important, however, that it is used as 

a communication tool between all parties in a construction project. 

4.1.3 Bar Charts 

A bar chart is also called Gantt Chart since it wu developed by Henry L. Gantt. It is one of the most 

widely used planning and scheduling techniques. A bar chart is a graphical presentation of project 

activities shown in a time-scaled bar line but with no links between the activities. 
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4. 1.J. l 1Hjillidoll6 

Adnitp Dwalioll: It is the length of time ftom the stan to the finish of an activity in any time units 

chosen for the project. It may be in houn, days, weeks or months. The estimation of an activity's 

duration depends on various factors such as type and quantity of work, the available resources, 

working hours and environmental factors that afFect the work. 

Milmo11,; It is an event of major significance in achieving the project objectives. Examples of 

milestone events are the start of the project, completion of the proj• key dates for delivering major 

equipment. 

4.1.J.2 Code Slnldllru 

A framework is established to communicate the schedule information to the team members. For each 

activity or work item, a great deal of data is received, stored and processed. The development of an 

adequate code structure increases the efficiency of transferring and communicating these data. The 

code structure should be hierarchial in format to permit expansion to various levels of detail and the 

summariation of data at any level. 

The parties involved in any construction project have different interests and expectations of the 

project schedule. The home office or the top management staff of any organization are interested in 

a summary level schedule whereas the site persoMel are interested in a more detailed schedule. It is, 

therefore, important to have a schedule with diff'erent levels. These levels are explained below. 

Level O : This level includes the entire project as one task with start and finish dates. 

Level 1 : This schedules the project into its major components. For exa,:nple, in a hish rise 
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building, every floor is considered as one task. 

Level 2 : Each floor is divided into east and west wings. 

Level 3 : This divides each wing into major components such as concrete, finishing, 

mechanical and electrical. 

Level 4: This further divides each major component into sub-components. 

4.1.J.4 DetWlopi•g •Bara,.,, 

The first step in preparing a bar chart is to develop the schedule levels that correspond to the needs 

of all the participants in the project. A list of the activities shown on the schedule have to be 

developed for each level and a brief description assisned to each activity that appears on the bar chart. 

The duration of each activity is then estimated taking into consideration all factors which could affect 

the duration. Each activity is assigned an identification code for future tracking. An appropriate time 

scale is selected which can be in days, weeks or months. The logic in which the construction activities 

are carried out is then developed. The various milestones within the project life should also be 

determined. Having all the above information, a bar chart schedule could be generated. 

There are usually duration adjustments and activity overlapping in order for the entire schedule to 

fit the required overall time frame. ~ii- 4.3 shows a sample bar chart schedule. Each schedule 

normally inc!udes other information such as ~e name of the company, the project and the project 

manager. Although Fig. 4.3 can be considered as a level 4 schedule, it can be filtered to produce a 

level 2 schedule that includes three summary tasks, washrooms, ramps (A) and (B) and the elevator 

shaft. This schedule also includes one milestone which is mobilization / start. 
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4.1.J.S A.,,,,,.a IUltl D~a of 

ta Bar au.,, Tt!el,IUlf,-

One of the major advantages is that, almost anyone can look at a bar chart schedule and decipher its 

meaning. On the other hand, the bar chart schedule can be very difticult to prepare, panicularly if 

there are numerous and complex relationships between the tasks that make up the schedule. 

4.1.J.6 Badiu Se,,_,,k 

A baseline schedule is normally developed prior to the start of any construction project to 

demonstrate the anticipated sequence, duratio~ and interdependencies for all the activities 

constituting the project. The most important part of this schedule is that it represents the construction 

team agreement and plan of work in order to meet the project finish date, and it also serves as the 

basis for project schedule control. 

The baseline schedule can be changed or modified during the course of construction due to 

unexpected conditions. It is used to assess the project program and identify problem areas during 

construction. 

4.1.4 Logic DiaP'8•• 

A logic diagram is sometimes termed a network. It is a graphic description of a project. There are two 

basic types of lope diagrams. 

4.1.4.1 Acdwl., 011 Anow ad Actmt., 011 Node Dia.,.,,.a 

Activity on Arrow (AOA) is a diagram made up of arrows and nodes. Words are written on the 

arrows to represent tasks. The nodes are circles that represent events. The Critical Path Method 

(CPM) is based on the AOA diagram. 
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Activity on Node (AON) is also made up of arrows and nodes. The nodes are depicted with a circle 

or with a box and they represent tasks. The precedence method (PM) is based on the AON logic 

diagrams. 

4.1.4.2 Oitkol Ptd MdluHl (CPM) 

It is a graphical presentation of a planned sequence of activities using an arrow diagramming 

technique. It shows the interrelationship of the elements comprising a project to determine the length 

of a project and to identify activities, events and constraints which are used on the critical path. It is 

also used to determine early start and finish, late start and finish and the floats. 

The critical path is the particular sequence of activities in a CPM network that has the least total float 

and is the longest path in the network. Therefore, the critical path is a chain of critical activities. Any 

delay in the duration of a critical activity causes a correspondent delay in the completion of the 

project. 

One of the principal benefits to be derived &om the preparation of a CPM logic diagram is that its 

preparation requires detailed analysis of the project which enables the project team to develop a better 

understanding of the project as a result of this detailed analysis. Fag. 4.4 shows a CPM using an arrow 

diagram (AOA). The critical path in Fig. 4.4 is presented by darker arrows. It links a chain of critical 

activities and each has FF=O. This diagram also includes four dummy activities that are referred to 

as (D). 

4.1.4.J T1te Pr«etk11ee MdluNl (PM) 

The Precedence Method (PM) is used in the construction industry. This is a method of constructing 

a project network diagram using nodes to represent the activities and connecting them with arrows 

that show the dependencies [ PMI, 1996 ]. A network is drawn after all activities and their 

relationships are defined. A precedence diagram developed for a particular project is used as a means 
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of communicating the work sequences among the project participants and is also used as a means of 

monitoring schedule performance. 

Fis- 4.! shows a sample (PM) diagram. This figure includes a logical presentation of the activities 

relationships using precedent diagramming. Each activity is presented by a box which includes the 

activity's name, identification number, duratio"9 start date and finish date. The critical activities are 

also identified by a darker presentation on this diagram. 

The network methods descnlJed previously do not provide a measure of uncertainty associated with 

the estimate of a particular milestone in a project PERT is a statistical treatment of uncertain activity 

performance time. It assumes a variability in activity durations based on a variability in production 

rates. PEllT focuses on events (nodes) that must occur prior to the successful completion of a 

project. PER.T requires four estimates for activity duration: the Optimistic Time (To), the Most Likely 

Time (Tm), the Pessimistic Time (Tp) and the Expected Mean Time or Expected Duration (Te). 

Opti,,,istic Tinw O:oJ : It is the minimum estimated time required for an activity to be performed 

repeatedly under similar conditions. 

Most Likt!& • Tinw q,,d : It is the estimated performance time for an activity that would most 

frequently be most achieved or be most probable to happen under a number of repeated similar 

conditions regarding activity completion. 
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Pasi,pmic Ti~ Q)J : It is the maximum estimated time required for an activity to be completed 

wh~ an unusually bad condition is experienced. 

&,~ct- P•rtdio• a«i : It is a statistically weighted estimate of the anticipated duration for an 

activity. It can be obtained using the following formula: 

To+4T111+Tp 
Te•-------

6 

The activity Standard Deviation (D) can be obtained as follows: 

The activity Variance (V) 

Tp - To 

6 

1 -v-D 

As explained above, PERT permits calculation of the probability of completing the project at 

specified times. However, the computed values of early event times and of probabilities for attainment 

of events at specified times are based solely on the durations of tasks that are on the critical path. 

4.2 MEASURING AND MONITORING SCHEDULE PROGRESS 

The different techniques of creating a baseline plan and schedule for the different activities in any 

construction project were discussed in anicle 4.1. The construction team needs to measure and 

monitor periodically the prosress of these activities. This can be considered the second stage in the 

schedule control process. The following is an explanation of the most common techniques used to 

measure work progress. 
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4.2.1 Activity Units Completed 

This technique is usually used with a quantifiable activity such as concrete, steel, excavation, ... etc. 

This measure is presented in percentage of completion based on units of work completed to date. It 

can be obtained by ~e following formula: 

Adllal Ullits to "'1te 
Par:~111 ColllJII~ =--------x 100 

Total Forecat Ullits 

The advantage of using this technique is that it is accurate and easily audited. When using this 

technique, the total forecast units have to be updated whenever a change order is incorporated into 

the wor'Jc. This technique can be applied in both an owner and contractor organizations. 

4.2.2 Incremental Milestones 

This technique is similar to the activity units completed and it is also based on percentage of 

completion. However, it is not based on the activity level but rather on the major milestone level. It 

is used when the eff'ort required to determine the completed units for each activity is not justifiable. 

It is also used when the activity includes sub-tasks that ~ust be handled in sequence. This technique 

is useful to top management and senior staff because it enables them to monitor the performance of 

the project in a generic format. It can be used in all types of organizations. 

4.2.3 Start / Finish 

This technique is applicable to activities that do not have intennediate milestones or when the effon 

required to perform the activity is difficult to estimate. With the Start I Finish technique, start is 

assigned SO% and finish is assigned 100 %. 
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4.2.4 Mu .. er Jad1ement 

This is a subjective technique and is usually used for relatively minor activities where more discrete 

techniques can not be used. 

4.3 SCHEDULE PERFORMANCE ANALYSIS 

After using the previously mentioned techniques to measure the progress of different activities, the 

project participants can use the measured data to ana1ya the schedule performance and consequently 

take the appropriate corrective action if a deviation is detected. The following discussion provides 

several techniques for analyzing schedule performance. 

4.3.1 Propras Curves "S Curves" 

S curves are widely used in the construction industry by both owners and contractors. The 

information provided by the baseline schedule and plan are used to plot the time-phased progress 

plan against its respective percent of completion. Usually, two curves are plotted for each proj~ 

one uses the late start dates for each activity and the second uses the early start dates for each 

activity. Using the actual measured data enables the project team to plot a third curve representing 

the actual progress. 

Using the S curve shown in Fis- 4.6 enables the project team to successfully analyze the schedule 

perfonnance. The ideal project progress is usually when actual performance is maintained between 

the late and early curves. If the actual performance occurs outside these boundaries, the performance 

should be studied and a corrective action taken. 
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4.3.2 Time Variance 

Variance analysis is widely used in the construction industry. Variances can be obtained by comparing 

planned man hours versus actual man hours or planned percent complete versus actual percent 

complete. F• 4. 7 shows a schedule performance analysis graph based on time variances for planned 

percent complete versus actual percent complete. In Fig. 4. 7 the project achieved 300/4 complete at 

a later date than the planned date, the time variance equals dt. 

72 



%Coaplrta 

100 

IO 

40 

... .,. .. __ _ 

dT • Time Variuc:e 

I'll- 4. 7 Sclaedale Perfonnaee ( Tlale Varlace) 

4.3.3 Time Variance Trend and Forecast 

Time variance can be used to develop a trend and a forecast analysis for the schedule performance 

of any project. Fi1. 4.1 shows a sample time variance trend and forecast for a construction project. 

A positive time variance means the project is ahead of the planned schedule and a negative. time 

variance means the project is behind the planned schedule. 
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As shown in F11- 4.1, in the first month the project was 10 days ahead of schedule, whereas in the 

second month it was only 3 days ahead of schedule and in the data date it was five days behind 

schedule. This trend can be used to forecast an anticipated time variance of (-12) days at the next 

update. However, this forecast analysis may not be correct because there are usually other factors 

affecting the project throughout its life cycle which have to be considered when forecasting the 

schedule performance. 

4.3.4 Analysis Tree 

As it was mentioned in the above article, each data has significance in itself. The forecaster, however, 

should take a combination of various data in order for the total situation to be closely analyzed. For 

example, if the Schedule Performance Index (SPI) is less than 1.0, this is certainly a problem (SPI = 
BCWP / BCWS). Howev~, the (SPI) alone does not point to the cause of the problem. When the 

Total Float (TF) is introduced into this analysis, a better evaluation of the cause of the problem can 
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be obtained. Table 4.1 shows an analysis tree with the possible combinations using the (SPI) and 

(TF). 

SPI> 1.0- A•ead or schedule oa critical path; •ore work bein1 done 

. dlaaplanaed . 

TF>0- SPl• 1.0- A•ead or schedule oa critical patll ; some shortfall in work 

oanoa-eriticalactivities. 

SPl<l.0- A•ead or schedule oa critical path ; sipificant shortr• in ... . . ..... 

SPI> 1.0- Critical path oa schedule ; more work bei•1 done oa non-

critical activities th•• planned. 

TF=0- SPI-1.0- Critical path on schedule; total work volume is u planned. 

SPl<l.0- Critical path on schedule; sbortfaD in work on non-critical 
... 

SPl>l.0- Critical path activities behind schedule; total work more 

din planned indicatin1 acess attention to non-critical 

activities. 

TF<0- SPI= 1.0- Critical path activities behind schedule; total work volume 

u planned meanin1 too much attention to non-critical 

activities. 

SPl<l.0- Critical path activities behind schedule; total work less 

than olanned: need more overaO effort. 

Table 4.1 Analysis Tree ( TF and SPI) 
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4.4 REPORTING AND DIRECl'ING SCHEDULE PERFORMANCE 

Three stages have been discussed so far within the schedule control process ; the baseline pl~ 

measuring schedule progress and analyzing schedule performance. It was discussed earlier in this 

work that it is unlikely for the actual activity duntions to be exactly as planned or for the actual 

construction sequence to be exactly as depicted in the logic diagram. There may also be additions or 

deletions to the scope of a construction project which affect the schedule. Therefore, it can be 

concluded that, there is an immediate need for regular updating, reporting and directing the project 

schedule which is the fourth stage within the schedule control process. 

In addition to the analysis graphs which were presented previously, the following are various 

reporting tools that can be used to communicate schedule information among the project team 

members. 

4.4.1 Perce■t Complete Report 

This report presents the percentage of completion of each activity at the data date. It can be presented 

in both tabular format or bar chart format. Table 4.2 shows a percentage of completion report in a 

tabular fonnat and Fig. 4.9 shows a percentage of completion report in a bar chart format. 

4.4.2 Trackin1 Report 

Schedule progress tracking report is one of the most useful reports that is widely used within the 

consttuction industry. It compares the actual physical schedule progress to the baseline schedule. This 

assists the project team to identify the problem areas and take action as necessary. 

Fie- 4.10 shows a tracking report in a bar chart format. In this report, each bar is divided into two 

horimntal bars. The bottom one is representing the baseline schedule while the top portion is further 

divided into two spaces. The dark ponion represents the actual progress achieved whereas the rest 
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represents the remainder of the task. A quick analysis of this schedule enables the project team to 

evaluate the progress of each individual task. 

4.4.3 As-Built Schedule 

r .. 4.11 prcsmts an as-built schedule in a logic diagramming format. An as-built schedule includes 

the actual start and finish dates of each activity. It is a very essential tool for schedule control. It 

provides the actual history of construction activi~es and can be used to forecast the schedule 

performance for similar activities. The as-built schedule is also a very valuable tool that can be used 

in cases of disputes. In Fig. 4.12, tasks in progress have a slash whereas the completed tasks have a 

full cross. It can also be noted that a completed critical task is removed from the critical 

path. 

4.4.4 Activity Crashing and Activity Overlappin1 (Corrective Actions) 

Activity crashing and activity overlapping are two techniques used as corrective actions in cases of 

schedule slippage. 

Activity crashing is completing an activity in less than its normal duration. To completely crash an 

activity is to complete that activity in the least possable time by means of working extended hours and 

multiple shifts and by committing to it all the resources that can be used to reduce the task duration. 

It is recommended that the cost implications of crashing an activity be evaluated before proceeding 

with crashing this activity. 

Overlapping activities means to introduce lead or lag time to two interrelated activities so that they 

share some time frame without affecting the construction sequence and thus result in time gain. 
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CIIAPlDl 5 

QUALITY CONTROL 

Quality facilities enhance the safety, productivity and environment of the people and economic 

activities they serve, and are achieved through a process of planning, design, construction, operation 

and maintenance that must work effectively at all stages. In construction, quality is obtained though 

conformance to adequately developed requirements, requirements clearly stated to set forth the 

characteristics which the constructed facility l'JIUst have to serve its users well. 

An essential precondition for assuring construction quality is getting the requirements right and 

stating them clearly and accuntely in the drawings and specifications to be followed by the 

construction team. 1be owner, engineer and contractor, being the three major panies involved in any 

construction project, have difrerent roles and interests in controlling quality. Owners pay for a facility 

to be built within certain expected parameters of quality. Engineers and architects produce complete, 

clear and accurate drawings and specifications. They also set the quality parameters that meet the 

owner's expectation. Contractors supply material, labour and equipment in accordance with the 

quality parameters. 

In this chapter of the thesis, the third main ·control function, quality control, is defined and the 

development and implementation of quality systems are studied. For the purpose of this work, 

however, the emphasis is on the process of inspecting and testing workmanship and material for 

general compliance with the specifications and contract documents. 

The quality control process should follow the control process outlined in Fig. 2.4. Fi1. 5.1 shows the 
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quality control process. 

In this thesis, all of the control functions are discussed within the execution stage of the project life 

cycle since most of the efforts spent on project control are being exercised during this phase. The 

quality control~ is also disa1ssed within the execution phase of the project life cycle. After the 

design is completed, both the owner and the architect develop their plans for the quality control 

process. Once the contract is award~ ~ contractor develops his own quality process which 

responds to preset requirements by the contract _documents. The project team then establishes the 

overall control process for the entire project. This process is discussed in more details in the following 

pages. 
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S.1 DEFINITIONS 

According to the dictionary, quality means "a degree of excellence and superiority in kind." The 

literature provided diffeaent definitions for the term quality. The American Society of Civil Engineers 

manual defined quality as "the totalitl· of features, attnbutes and characteristics that bear on ability 

to satisfy a given need: fitneu for purpose and meeting the requirements." The American Society for 

Quality Control termed quality "a systematic approach to the search Cor excellence." 

Also, in the literature there were no generally accepted definitions of the terms quality assurance and 

quality control, and the two are used interchangeably by many practitioners within the construction 

industry. One definition of quality aaurance is "a structured approach to business management and 

control, which enhances the ability to consistently provide products and services to specifications, 

program and cost." It was observed, however, through interactions with construction professionals 

that the term quality control is more frequently used in the construction industry, and thus the term 

quality control was used in this study. The term quality control is used to descnbe all those planned 

or systematic actions undertaken to provide adequate confidence that a product, process or service 

conforms to established requirements. These actions include inspections, tests and evaluation of 

services. 

5.2 PLANNING A QUALflY SYSTEM 

The first step in the quality control process is to plan the quality control system. Setting up a quality 

system is likely to be one of the most important steps in a construction project life. The implications 

for project performance are very real. Quality planning involves identifying which quality standards 

are relevant to the project and determining how to satisfy them [ PMI, 1996 ]. 

A quality system can be considered the documented expression of the project quality policy. It should 

be noted that, each organization ( owner, architect or contractor) usually has its own preestablishecl 

quality system. This system, however, should be modified to meet the specific requirements for the 
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individual project. 

S.2.1 Quality Staadarm aad Specifications 

The first step in the planning of a quality system is the preparation of clear and tight specifications 

for the project. The architect and the sub-consultants are responsible for putting together and 

finalmng these specifications. _The interviewees indicated that, at this stage, the architect, owner and 

sub-consultants fonn teams of specialists to review the specific requirements for various sub-systems 

such as mechanical, electrical and architectural. Those teams usually meet with authorities having 

jurisdictions to discuss and clarify unique conditions. 

The architect and the sul>consu1tants should incorporate the specific requirements of the owner teams 

and authorities having jurisdictions into the project specifications. The successful preparation of the 

specifications highly contn1Jutes to the overall success of the project. It eliminates any future disputes 

with local authorities or conflict with the owner expectations which in tum may result in extra costs 

or time delay. 

The consultant also builds the specifications according to the standards and applicable codes. In 

Canada, the Standards Council of Canada is the coordinating body of the National Standards System, 

a federation of independent orpnizations working towards the improvement of standardization in 

the national interest. The National Standard of Canada is a series of standards which have been 

approved by the Standards Council of Canada. Also, the Canadian Standards Association (CSA) is 

engaged in approvals of products and services. The CSA standards are used widely by industry and 

commerce and often adopted by municipal, provincial and federal governments in their regulations. 

S.2.2 ResponsibDida and Q■ality control 0'1•■izatioa Structure 

It is necessary that the project team determines its policy and develops its objectives and goals. 

Policy can be defined as the direction in which the team wishes the proj~ to move. Objectives and 
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goals are the actions that have to be taken in order for the project to move into the required direction. 

A quality system can fimction effectively only if it is pan of the overall control system created to 

achieve the required objectives in accordance with the defined policy. 

Quality system standards require responsibilities to be clearly defined by management. People with 

a delegated responsibility for quality must have the authority to stop and reject poor work and take 

action to prevent repetition. Training is also an essential requirement for staff' engaged in inspection. 

In the construction industry, quality organmtions are set up to meet the requirements of a specific 

contract. These organizational structures need to be defined on organizational charts backed up by 

a text defining responst"bilities of key people. In a construction project, the owner, engineer and 

contractor are each given a role in controlling quality. It is also required that verification activities in 

all construction stages be carried out by companies independent of the construction or consultant 

firm. The independent role of the verifier is a mandatory requirement. This implies that verification 

of one's own work is unacceptable although there are grey areas. 

Fig. S.2 shows a typical quality control organization structure for a construction project. This figure 

shows the diff'erent players who are involved in controlling quality in a typical construction project. 

Due to the complexity and diversity of the relationships between those involved in quality control, 

it was not pouable to present the quality control structure in a hierarchial format. This investigation 

reveals that those key players interact with each other during the construction operations to 

communicate certain information and ,-eceive feedback. 

S.3 MEASURING QUALITY PERFORMANCE 

The second stage of the quality control process is to measure quality performance, document and 

report compliance with or deviation &om the quality requirements. These quality measurements take 

place through a series of inspection and testing by qualified professionals. 
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5.3.1 Iupectio■ ud Testi■1 

Inspection is an important means or controlling conformance to requirements and is an essential part 

or any quality coiltlol system. The value or inspection, however, has limits and over-inspection wastes 

the owner's resources, increases the construction costs and creates adversarial relationships among 

the construction team. The resources available ror inspection must be deployed effectively and are 

most produclive when all the project parties accept the value and relevance or inspection or testing. 

To assure this effective deployment and acceptance, the owners together with their consultants 

should develop integrated inspection plans ror their construction projects. These plans should be 

reviewed with the constructor prior to commencing construction. These plans should also have input 

&om the independent inspection organizations and from authorities having jurisdiction. The plan 

should include criteria ror acceptance and rejection orwork. 

Although the contractor is not generally involved in ronnulation or the plan, it is imponant that the 

contractor understands the contents or the plan and recognizes that the engineering, construction and 

inspection and testing organiz.ations concur with it. The integrated plan helps to assure the uniformity 

or inspections from one inspector to another and reduces the frequency or office consultations to 

review standards ror acceptance or work. 

Engineering tools and procedures that utilize modern electronics, computers and other new 

technologies are being used as inspection and testing tools in the construction industry. By using these 

tools, the task or inspection can be accomplished quicker u less labour is used, and more reliable 

information about the quality or construction in place become available. Computers and 

communication technology enhance both the contractors' and owners' abilities to review inspection 

data and monitor construction performance. A computer based building automation system, ror 

example, enables the owner to have full control or the &cility from a central location and also inspect, 

commission and verify the performance or all the equipment in the building ftom the same central 

location. 
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5.3.2 Documentation 

A quality system can not function eflectively unless it is communicated effectively among the project 

team members. This etrective communication is carried out through an efFective documentation 

system. Documentation can be defined as "any recorded information descnl>ing, defining, specifying, 

reporting or certifying activities,, requirements,, procedures or results." 

S.J.2.1 Quality M111111als 

The purpose of a quality manual is to provide an adequate description of the quality control system 

while serving as a pennanent reference in the implementation and maintenance of that system. A 

typical quality manual includes information such as the company's philosophy and organization. It also 

includ~ the project quality assurance. 

S.J.2.2 SttuUli11g IIIStntcdou tutti Proc_,,ra 

It is one of the most essential management tasks to ensure that those responsible for executing the 

work are aware of the scope of their work A quality system standard requires that this be achieved 

by the establishment, maintenance and implementation of documented procedures and instructions. 

Instructions can be defined as "the written and/ or spoken direction given in training.• Procedure can 

be defined as •a document that specifies or describes how an activity is to be performed.• 

S.J.2.J Site IIIStnlctiou 

The instructions and procedures discussed in the previous article were related to procedural and 

organizational matters. There is another type of instructional document required to provide help and 

support to those responsable for executing the work. Very often,, site personnel face a situation where 

the requirements are not clear. The engineer or the concerned party usually issues site instructions 

as a clarification to the extent and quality of work required. Site instructions do not usually change 
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the prescribed quality or extent of work and neither do they have an impact on cost. 

S.J.2.4 Doe•nwld Coldrol a,ul ll«onls 

All of the quality control system documents are subject to change. If these changes are not controlled, 

the system will break down. It is important for every construction organization to have a documented 

procedure which identifies the persons responsible for the original preparation and approval of 

documents and which ensures that subsequent changes are reviewed and approved. 

Document control should also keep track of all site visit reports issued by the owner, consultant, 

independent inspection firms, authorities having jurisdictions and the contractor's staff through a 

proper filing system. 

This step can be considered the most significant step within the measuring stage of the quality c~ntrol 

process. In this step, the result of quality measures is documented, reported and communicated to the 

project team members. It also becomes apparent in this step whether or not the delivered material, 

equipment or workmanship meet the quality requirement. 

5.4 CORRECTIVE ACTIONS 

The last stage of the quality control process is to take a corrective action when deviations in quality 

performance occur. To prevent the reoccurrence of faults, prompt and effective actions should be 

taken to identify and correct the causes. Defective work can have many sources such as incorrect or 

lack of work instructions including documents, faulty materials, tools or methods and human error. 

Responsabilities should be clearly defined so that in a case of defective work, action can be taken at 

once through the proper channels. The cause of the defect must be found and corrected, otherwise 

the same problems may be,~ Documentary evidence of all corrective actions and the reasons 

for them should be retained. 
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Corrective actions may include modifications to the design, specifications or working methods. 

Co~ actions may also include enforcing compliance with the specifications which may require 

repair or rework. Repair can be defined as the process of restoring a non-conforming characteristic 

to an acceptable conditibn even though the item may still not conform to the original requirement. 

Rework can be defined as the process by which an item is made to conform to the original 

requirement by completion or correction. 

The quality concepts discussed earlier in this chapter were found suitable for both new construction 

and reconstruction projects. It was also found that every organization develops its own quality system 

and employs it in both types of construction. This study, however, revealed that other control 

functions may be useful in controlling reconstruction projects. A detailed analysis of these findings 

will follow in chapter six. 
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CIIAPl'Ell6 ---------------------------

RECONSTRUCTION VS. NEW CONSTRUCTION 
ANALYSIS AND COMPARISON 

This chapter analyzes and presents the results of this research. Thirteen successful interviews were 

conducted with construction professionals from thineen ditferent organizations. This sample of 

thirteen organizations is a good representation of the three main parties involved in any construction 

project; the owner, architect and contractor. Those representatives provided the research with factual 

information and knowledgable opinions about the control and performance of forty different projects. 

Due to the confidentiality of the data, each project was given an identification number from one to 

forty, and the organizations were also given an identification number from one to thirteen. The data 

gathered were grouped and analyzed using the Empirical Mathematical approach. When the 

mathematical approach was not available due to the nature of the data, textual descriptive analysis 

was used. 

6.1 PROJECTS INFORMATION 

Certain criteria were established to select projects for this study. Since one of the objectives of this 

research was to perform a comparison between reconstruction and new construction projects, data 

were obtained for a runber of projects in both environments. This information was used to establish 

trends . for the performance of these projects. Also, in reconstruction projects, a criteria was 

established that all projects should be implemented within or in the vicinity of an existing fully 

occupied and fully operational facility throughout the construction period. 

Measures were taken to reduce the impact of the wide divenity in the construction industry and 
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eliminate the effect of external facton that may have a negative impact on the comparison of the 

collected data. To this etfect, most projects were selected in the same geographical area that being 

Southern Ontario, and all had the same building type that being institutional with the exception of one 

project which was commercial. Furthermore, all project formats were strictly lump sum except one 

project which was turnkey. Thus, the impact of external facton such as weather conditions or 

different codes or jurisdictions was greatly reduced. This selection criteria resulted in the selection 

of about forty projects out of forty five which were originally recommended by the survey 

participants. 

The survey included twenty five reconstruction projects and fifteen new construction projects. 

Appendix 3.1 includes the profile of the surveyed projects. 

6.2 PERFORMANCE FACTORS 

The optimum objective of any construction manager is to finish the project on time, within budget 

and to the expected quality standard. This statement simply indicates the three main functions that 

determine the success or failure of any construction project. 

An effort was made to develop a quantifiable measure that enables the construction team to measure 

the degree of success or failure of any construction proj~ and also establish a bench mark to 

compare the performance of ditrerent projects. 

This section discusses cost and schedule performance. It also discusses the overall performance of 

construction projects. Quality performance will be discussed later in this chapter. 

6.2.1 Cost Perl'onnance Factor (CPF) 

The variable Cost Performance Factor (CPF) was developed to be used as a means of measuring cost 

performance of construction projects and to establish a bench mark to compare the cost performance 
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of different projects. 

This cost per(ormance factor utilizes the cost overrun as the basis for measuring cost performance. 

This approach was derived from the general practice in the constnaction industry and was also 

confirmed by the different construction professionals that were interviewed. The construction industry 

considers cost overrun an indicator of poor cost performance of a construction project. 

The Cost Performance Factor can be obtained usinJ the following formula: 

t1C 
CPF•-------XIH 

origilllll co11trt1et ""1•e 
For11U1la fl/ 

Where iJC is the total value or change orden issued during the project life. Appendix 4.1 includes 

the calculations of the CPF for the SUl'W)'ed reconstruction projects. These cost performance factors 

were multiplied by 100 as an adjustment factor to produce numbers that are easy to handle and to 

present. Appendix4.l, also includes the calculated mean values and standard deviations (SD) ofthe 

cost performance facton for reconstruction projects. 

Appendix 4.2 includes the CPF calculations- for the surveyed new construction projects. Appendix 

4.2 also includes calculations of the mean value and standard deviation (SD) of the CPF for new 

construction project.I. Table 6.1 summarizes these findings and presents the calculated values for 

both construction environments 
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RECONSTRUCTION NEW CONSTRUCTION 

CPF SD CPF SD 

19.9 18.37 4.SS 4.3 

Table6.1 

It is obvious from Table 6.1 that new construction projects have better cost performance history at 

a mean value of 4.SS and SD of 4.3 than reconstruction projects in occupied buildings which tend 

to have a higher cost ovemm rate at CPF mean value of 19.9 and are more volatile at SD of 18.37. 

6.2.2 Schedule Performance Factor (SPF) 

Schedule performance factor is another variable created to measure the schedule performance of 

construction projects and establish a bench mark for comparison purposes. 

SPF mimes schedule slippage as the basis for measuring the schedule performance of a construction 

project. There is an agreement among construction professionals that schedule overrun is a good 

indicator of schedule performance and consequently of the overall project success. 

SPF can be obtained by the following formula: 

t1S 
SPF•---------- XIOI Fo,.,,,.la/l/ 

ori6illlll tlllratio11 of th proj«t 

Wher a S is the total time delay during the project life. Appendix 4.1 includes the calculations of 
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SPFs for the selected reconstruction projects. These numbers were also multiplied by l 00 to obtain 

~eable and meaningtbl numben. Appendix: 4.1, also, shows the calculations of the mean value 

and standard deviation of the SPFs for reconstruction projects. 

Appendix 4.2 includes the calculations or SPFs for new construction projects. These calculations 

were used to arrive at a mean value and standard deviation of SPFs for new construction projects. 

Table 6.2 summarizes the findings of this research in regards to schedule performance. These 

findings prove that reconstruction projects have a higher tendency for schedule slippage at SPF mean 

value of 22.28 and are more volatile at a standard deviation of 26.1 S . New construction projects, 

on the other hand, are more stable at SPF mean value of 12.SS and standard deviation of 14.15. 

RECONSTRUCTION NEW CONSTRUCTION 

SPF SD SPF SD 

22.28 26.1S 12.SS 14.1S 

Table 6.2 

6.2.3 Project Performance Factor (PPF) 

ProjeC?t Performance Factor wu established in an attempt to define a quantifiable measure for the 

overall project performance and also to create a bench mark for future comparison studies. Initially, 

the intention was to include a quality perforinance factor in PPF. It wu discovered, however, that 

the combination of CPFs, SPFs and the obtained quality performance &cton would result in non­

manageable numbers. Therefore, a combination of CPF and SPF only was ptilized to obtain an 

indication of the overall performance of the project. Quality performance will be discussed separately 
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in this chapter. 

PPF can obtained by using the following formula: 

CPF + SPF 
PPF =- ------- For11111la [JI 

2 

Information gathered in the survey assisted in assigning weighting factors to the various control 

functions. The participants were asked to assign weighting facton to the cost, schedule and quality 

functions. The obtained data were grouped and tabulated. 

Appendix 4.3 tabulates the opinions that were expressed in the interviews. Table 6.3 summarizes 

the findings and includes the obtained mean values for these weighting factors. 

CONTROL FUNCTION COST SCHEDULE QUALITY 

WEIGHTING FACTOR. 370/4 28.90/4 34.1% 

Table fi.3 

As seen in Table 6.3, schedule and cost obtained relatively close weighting factors. The above 

formula was, therefore, used in this research to obtain PPF. 

It is recommended that this approach be followed in future research. However, it is advisable to 

gather _future data on a project by project basis and also group the data for engineers, owners and 

contractors separately. 

Appendix 4.1 and 4.2 include the calculations of PPFs for both new construction and reconstruction 

projects. Appendices 4.1 and 4.2, also, show the mean values and standard deviations for both 
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reconstruction and new construction projects respectively. 

Table 6.4 concludes the findings of this research that pertain to performance filcton and their 

standard deviations. 

Table 6.4 shows that PPF gives the same indications of the projects performance as CPF and SPF. 

This research reveals that the cost performance of reconstruction projects is 200/4 of the cost 

performance of new construction projects. Additionally, the schedule performance of reconstruction 

is about 500/4 of the schedule performance of new construction. These measures indicate that 

improving the cost performance of reconstruction will yield better results and will also contnbute to 

the improvement of the overall project performance. 

RECONSTRUCTION NEW CONSTRUCTION 

CPF SD SPF SD PPF SD CPF SD SPF • SD PPF SD 

19.9 18.3 22.3 26.2 22.9 17 4.S 4.3 12.6 14.2 9.2 9 

Table,.4 

6.3 COST AND SCHEDULE OVERRUN ANALYSIS 

In the previous section performance facton were obtained and a comparison study conducted 

between reconstruction and new construction projects. Schedule overruns were utilized as a means 

of measuring the project performance. In this section an attempt was made t~ determine and identify 

the reasons that mostly contnbute to schedule and cost overruns in l>Qtb constnaction environments. 

A preliminary investigation identified nine reasons which may contnbute to cost or schedule overruns. 

This section is an attempt to determine the significance of each reason. 
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6.3.1 Coat Overrun 

The answers provided in section 2.4 of the questionnaire were srouped and tabulated and mean 

values were obtained. While the questionnaire was structured to obtain factual information in a 

numeric format; details of the specific elements that can contn1>ute to cost overruns were obtained 

in the interviews. 

Appeadm 5.1 shows the contnbuting tictors to cost_ ovemms in reconstruction projects in occupied 

buildings. It appears that the notorious contn"butor to cost overruns is unforeseen existing site 

conditions at a mean value of 52.8%. 

Responses from the panicipants indicated that removal of concealed haz.ardous materials such as 

asbestos is a major element of unforeseen existing site conditions. Concealed services such as piping 

or duct work and inaccurate as-built drawings are also major elements of unforeseen site conditions. 

Appendix S. l also shows that scope changes and design coordination contribute to cost overruns. It 

was reponed that during reconstnaction in occupied facilities, the end users very often discover during 

the construction process that the proposed design does not support the intended use of the facility 

which trissers a massive amount of change orders. 

Appendix 5.2 shows the contributing factors to cost overruns in new construction projects. Unlike 

reconstruction projects, unforeseen site conditions are not the highest contributors to cost overruns. 

The appendix. illustrates that the scope of work changed by the owner was the highest contributor. 

6.3.2 Schedule Overrun 

One of the objectives of this research was to investigate the reasons for the delays of construction 

projects, especially in reconstruction of occupied buildings. The participants were asked to assign 

a percentage to each factor that contnbute to the overall delay of the project. These percentages were 
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grouped and mean values were obtained to assess the contn1Jution of each item to the schedule 

overrun. 

Appendix 5.3 demonstrates the findings. Unforeseen existing site conditions was reponed as the 

biggest contnbuting factor to schedule overruns in reconstruction projects. This was followed by 

scope and design change. 

Appendis 5.4, on the other~ shows that the critical factor which causes schedule delays in new 

construction is the change of scope by the owner followed by weather conditions. The impact of 

existing site conditions in new construction projects is not of great concern at only 1 S.S. 

Table 6.5 summarizes the findings of this research and tabulates the reasons for cost and schedule 

overruns in both construction environments. 

This study revealed that the cost and schedule perfonnance of reconstruction projects are sensitive 

to the same factors to some degree. Therefore, it is recommended that control techniques should be 

developed to eliminate or reduce the effect of these &ctors in order to achieve significant 

improvements in reconstruction projects. 

CONTRDIJTING RECONSTRVCl'ION NEW CONSTRUcrION 

l"ACIOIIS COST SCHEDULE COST SCHEDULE 

U■fonee■ esllda1 11te caadlllalll 52.1% 47.1% 21% 15.!% 

Scape dlu1e •1 owaer 1,% ll.3% 52% 47.1% 

Dellpdl-• 13% 13.4% 23.6% lf.'7% 

Sdaedaleproll .... 1.2% 

Prealnae11t ........ 2.6% 11.6% 4.4% 

....... nn. ..... 10.1% '-'" J.4% 13% ........,, .... ..,. ... M% .7% 7% 

Wadlercead....., 6% 

Poor perf'o.,.._. •1 CC111t~ 5.6% 

Table6.5 
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6.4 CONTROL TECHNIQUES 

The following pases are an attempt to investigate the use of conventional control techniques in both 

construction environments and compare the performance of new construction to reconstruction 

projects under the utiliation of conventional control techniques. The obtained data was also analyzed 

to identify those techniques which are associated with relatively successful projects. 

6.4.1 Cost Control Techniques 

This section investigates the use of conventional cost control techniques in both new construction and 

reconstruction projects. This section also explores other cost control techniques that may be used in 

reconstruction projects to enhance their performance. 

A comprehensive literature review led to the identification of eleven different control techniques. 

Those techniques can be considered .the most commonly used cost control techniques. The 

participants were asked to identify which of the eleven techniques were used to control the cost of 

their projects. Furthermore, they were given the opportunity to share their experience with the 

researcher and provide other techniques. 

The questionnaire indicated that seven cost control techniques were most frequently used, and those 

are presented in Appendix 6.1 together with the number of occurrences for each interviewed 

organization. The result is su~ in Table 6.6. 

Table 6.6 shows that Budget Baseline and Cost Breakdown Structure are the most frequently used 

levels of planning for a cost control system. Also, in the execution and measuring steps of the cost 

control proceu, the following techniques were reported as the most ftequendy used techniques: Unit 

costin& Cost variance, Cash flow analysis and Schedule of values. Surprisingly, no forecasting 

techniques were reported in the surveyed projects. 
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CONTROL TECHNIQUES T .... Na.af 

Oa:llrn■ca 

···-·-··· 22 

Om ■,--tdlWII Stndara ., 
UllltC.U.a 14 

&lnetlValae s 
0-Vutaace 21 

C_. l'low Auly■la 15 

Sclled■le afV..._ 23 

Table 6.6 

In an attempt to identify the cost control techniques that contributed to the improvement of the cost 

performance of the project, the most ftequendy used cost control techniques were classified into 

groups Cl and Cl. Appendix 6.2 illustrates the surveyed projects and their respective cost control 

techniques together with their cost performance factors. 

This work revealed that projects associated with group Cl experienced better cost performance than 

projects associated with group C2. 

Group Cl: [ Budget baseline, Cost breakdown structure, Schedule of values, Cost variances] 

Group C2:[ Work packag~ Unit costing, Cost ratio] 

Groups Cl and C2 above indicated that planning the cost control system at the budget baseline and 

CBS level render better results than projects that utilize work packages as the only level of cost 

control" planning. They also indicate that better cost performance is associated with the \ltiJintion of 

schedule of values and cost variances as cost control techniques to measure the performance of the 

cost and identify any deviation from the original cost. On the other hand, the use of unit costing and 

cost ratios alone to measure and monitor cost performance did not render high cost performance. 
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Table 6. 7 summarizes this information. 

COST RECONSTR.UCTION NEW CONSTRUCTION 

CONTllOL CPF CPF 

Cl 6.7 2.9 

Cl.C2 20.2 10.6 

C2 37.2 

Table6.7 

It should also be noted that the CPF for reconstruction projects associated with aroup C 1 has a mean 

value of 6. 7 . whereas it is 2.9 for new construction projects. This indicates that new construction 

projects outperform reconstruction projects when the same conventional control techniques are 

utilized. 

One non traditional cost control technique was indicated in the survey . It suggested that cash 

allowances may be utilized as a cost control technique to assist in reducing the cost overruns in 

reconstruction projects. Any undetermined scope of work at the time of tendering may be included 

in the contract through cash allowance. When the scope becomes more defined during the 

construction process, the owner is then able to solicit prices from vendors or subcontractors to carry 

out this ponion of work under the supervision of the general contractor. This method can be applied 

to demolition work. rerouting of existing services or removal of hazardous material. 

This process eliminates or reduces the painful and costly change orders. It is recommended that 

further research be conducted in this area to discover other cost. control techniques. These new 

techniques could be utihed in reconstNction projects in occupied buildinp in place or conventional 

control methods to reduce cost overruns. 
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,.,.2 Schedule Control Tedaniques 

This section studies the schedule control techniques that are used in both construction environments. 

The literature review has determined eleven ditferent schedule control techniques. The participants 

were asked to identify which schedule control techniques were used to control their projects. The 

results of the survey determined that six difl'erent schedule control techniques were mostly used to 

control the surveyed projects. The details of the results were included in Appendix ,.3 and 

summarized in Table 6.1. 

CONTROL TECHNIQUES TotalNo.ol 

Occanw■cea 

Work 8realulowa Stnctun 14 

llarOart 27 

c.P.M. 11 

Perceat Coaplete 2S 

1ac ...... ta1Mlleatone 19 

Time Varlaace 11 

Table6.I 

Table 6.8 indicates that WBS is the most frequently used level of schedule control in the surveyed 

projects. Also, Bar Charts and C.P .M. are the most frequently used techniques for schedule control 

planning. In the measuring and monitoring steps of the schedule control process, Percent Complete, 

Incremental Milestone and Time Variances were most frequently used. 
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The schedule conttol techniques which were associated with a higher schedule performance were 

grouped as S 1. On the other hand, the schedule conttol techniques which were associated with lower 

schedule performance rate were grouped u S2. Table 6.9 summarizes these results and the details 

are included in Appeadm 6.4. 

Group SI: [Bar chart at the detailed activity level, Percent Complete, C.P .M., Incremental Milestone J 
group S2: [Bar chart at the work packages level, Work Breakdown Structure] 

Group S 1 indicated that using both Bar charts at the detailed activity level and C.P .M. as the schedule 

control planning techniques yield better schedule performance. Also, the utilization of Incremental 

Milestone and Percent Complete u measuring and monitoring schedule conttol techniques result in 

achieving higher schedule performance. 

Group S2 indicates that the project team used planning techniques, but they did not utilize any 

measuring or monitoring techniques. Therefore, it was not passable to identify any schedule 

deviations. 

SCHEDULE RECONSTRUCTION NEW CONSTRUCTION 

CONTROL SPF SPF 

Sl 7.17 6.6 

Sl,S2 20.72 1S.9 

S2 100 

Table 6.9 

One successful non traditional ~ control t~hnique was reported as an attempt to improve the 

schedule performance in reconstruction projects in occupied buildings. This technique is the 
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integration of the operation schedule of the existing facility with the construction schedule. In large 

projects in occupied facilities, the owner is usually responsible for the procurement of some special 

equipment and their relocation from one place to another. The combination of this process with the 

construction schedule enhances the schedule performance significantly because it keeps all the 

parties informed of all the ditferent aspects of the project. 

It is recommended that fiuther research be carried out to identify more techniques that can contribute 

to further enhancement of schedule performance in reconstruction projects in occupied buildings. 

6.5 QUALITY PERFORMANCE 

For the purpose of this research quality control was defined as the process of inspecting and testing 

workmanship and materials for compliance with contract specifications and the applicable codes. The 

intent of the study was to gather infonnation pertaining to the quality performance of the project and 

use this information to conduct comparisons in a quantifiable fashion. 

6.S.1 Quality Control Plannin1 

As a result of some discussions with a number of construction professionals, three questions were 

included in part four of the questionnaire to examine quality control planning in the tested 

organizations. The intent of two of the questions was to examine whether a clear definition of 

management responsal>ilities towards quality as well as a quality control organizational structure were 

included in the project quality manual. The thir~ question examined the involvement of independent 

inspection firms in the quality control plan. 

All the surveyed organizations had established a quality control system. This system is usually 

modified to suit the specific needs of the individual project. The survey revealed that each 

organi7.ation utilized the ~e quality control system for both new construction and reconstruction 

projects. 
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Responses to the questionnaire indicated the followins: 

l. All reconstruction and new construction projects bad the quality control organizational structure 

clearly defined. 

2. Responsabilities of individuals towards quality were also clearly defined. 

3. All the organizations interviewed do not have ~ quality controller position. It is the responsibility 

of the site superintendent or the project manaser to oversee and coordinate the quality control 

process. 

4. Independent inspection firms were also used to the same degree in both construction environments. 

6.5.2 Measurin1 Quality Performance 

A preliminarily investigation was conducted within the construction industry in an attempt to develop 

questions that provide a quantifiable measure to quality performance. The outcome of this preliminary 

study was the development of four quantifiable measures to quality performance of construction 

projects. Those four measures are the estimated cost for rework or repair, number of rework or 

repair requests, number of orders to comply by authorities having jurisdiction and number of users 

complaints. The interviewed organizations did not have sufficient data at the time of the survey in 

tenns of rework, repair and orders to comply by authorities having jurisdiction. The available data, 

however, indicated that both new construction and reconstruction projects received almost similar 

directions from engineers and inspectors with authorities having jurisdiction. 

Appendm 7.1 tabulates the obtained data for reconstruction projects and Appeadis 7.2 tabulates 

data for new construction projects. Table 6.10 summarizes this data. 
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QUALITY CRITERIA RECONSTRUCTION NEW 

CONSTRUCTION 

Cost or rework ( Percenta1e of Total 1.6% 0.21% 

Cost) 

No.olreworkreqaesu 7.4 1.3 

No. of usen comolaints 7.1 l 

Table6.10 

Table 6.10 indicates that reconstruction projects received more users complaints at a mean value of 

(7 .8 ) complaint per project compared to new construction projects which received complaints at a 

mean value of ( 1 ) per project. 

Table 6.10 also indicates that reconstruction projects experience higher cost for rework required at 

a mean value of ( 1.6 %) of the original cost of the project compared to (0.2'1°/4) within new 

construction projects. 

The above information also indicate that reconstruction projects received more rework requests at 

a mean value of( 7.4) request per project while new construction had a mean value of(l.3 ). 

The above analysis helps to provide useful indicators which can reflect a true trend to the current 

quality performance of reconstruction projects u compared to new construction projects. 

,., OTHER CONTROL FUNCTIONS FOR RECONSTRUCTION ,aoJECTS 

Another objective of this research wu to explore other control functions than co~ schedule and 

quality which can be managed in order to optimize the outcome of reconstruction projects in 

occupied buildings. The result of a brainstorming exercise with the interviewees wu some fruitful 

infonnation and knowledgable opinions regarding other control functions that may contribute to the 
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success or failure of reconstruction projects in occupied buildings. This is not meant to imply that 

these fimctions are not of significance to new construction but rather that reconstruction projects are 

more sensitive to these &cton. 

6.6.1 Commullication Control 

Several interviewees cited communication control as the key to the success of reconstruction 

projects. The architect, owner and contractor are ~y the three main playen in new construction 

projects. There are other players in reconstruction projects, however, who become heavily involved 

and affected by the construction process. These are the facility users, facility operaton and in most 

cases the public. 

The involvement of these patties early in the process eliminates UMecessary hardship which could 

be caused by poor communication. Problems may be related to inadequate scheduling and 

coordination between the construction operation and the operation of the facility or the intenuption 

of existing services to the building (water, power, ... etc). A recommended technique is to conduct 

regular meetings with the users and operation staff in order to keep them informed and receive their 

feedback. 

6.6.2 Scope Control 

The scope definition and control of any project can determine whether or not the project is 

successful. In: order to determine this, the end user's requirements and objectives must be kno~ 

quantified and documented. De relationship of the end product to those requirements can then be 

determined and can provide a measure of the project's success. Early documentation and 

communication of the scope to all parties increase the chances for success. The users, normally, in 

the vicinity of the construction work, observe the progress of construction. If their expectations are 

not built into the project, then a very lensthy list of change orders can be expected. Providing 

adequate as-built drawings for the existing facility also assists in developing a more precise scope 
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definition. 

6.6.3 Site Control 

Proper and adequate site control is crucial to all construction projects. However, the unique 

clwacteristics of reconstruction of occupied buildings give site control more significance. Working 

within an ocaapied and tblly operated filcility makes reconstruction projects struggle for space. Space 

congestion introduces a variety of challenges. Available storage space and hoisting of material and 

equipment are examples. Also, access to the &cility and sequencing of equipment are other 

constraints. Providing enough parking spaces or alternate parking for users is one of the major 

problems that faces reconstruction projects. 

Site control in reconstruction environments should start in the preliminary planning stages of the 

projects. All of the above factors should be taken into consideration when laying out the extent of 

construction. 

6.6.4 Safety Control 

The construction industry is committed to safe practices either in a new construction or 

reconstruction environment. Every construction organization is responsible for establishing its safety 

management· programs for construction projects in response to the Health and Safety Act and its 

regulations. Working in or in the vicinity of an occupied building imposes additional constraints for 

safe practices. These constraints come from two different sources. The first source is existing buiJding 

components as it is likely that these components contain hazardous materials such as asbestos, PCB 

and lead . The second source is the occupants because their existence in the building imposes 

limitations on activities that produce odou~ smoke or noise. These concerns should be included in 

the contract documents to avoid possible future disputes that may result in cost or schedule overruns. 
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CHAPl'ER 7 ----------------------------

CONCLUSIONS AND RECOMMENDATIONS 

Reconstruction projects are becoming increasingly more important as metropolitan cities face 

economic and space constraints to new or srauroots projects. Social and demographical factors also 

contribute to the increasing need for the upgrading and expanding of existing facilities. 

Reconstruction projects in occupied buildings are different from new construction projects in many 

ways. Reconstruction projects involve work in or in the vicinity of an existing facility which imposes 

limitations on the owner, engineer, contractor, operator and user. These limitations include 

insufficient information about the existing Cacility, physical space limitations and operational 

limitations which make reconstruction projects unique because of the degree of freedom available to 

all parties. 

7.1 CONCLUSIONS 

The primary objective of this study was to investigate the use of conventional control methods in 

reconstruction projects in occupied buildings and conduct a comparison study between the project 

performance of reconstruction projects and the project perfonnance of new construction projects 

under the utili7.8tion of conventional methods: 

In order to achieve this objective, the most commonly used project control techniques were 

researched and reviewed. The three main approaches utilized in this study were a comprehensive 

literature review, informal disaassi"ns with construction professionals and observations based on the 

experience of the writer. The intent was to provide the reader with an insight and appreciation of the 

different project control techniques used to control the three main control functions which are cost, 
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schedule and quality. The external facton which affect these control functions and which are part 

of the entire control system were also explored. External &cton included project life cycle, project 

format and the project parties. 

A questionnaire was developed usins the researched principals of control techniques in order to 

obtain factual data to perform comparisons between the project performance in both construction 

environments. 

Thirteen organizations panicipated in this research and provided valuable data pertaining to forty 

projects. It is believed that this sample of organizations and surveyed projects adequately 

represented the construction market. It is also believed that the appropriate data collection mechanism 

was used and that the data collected from the various organiz.ations can be trusted. This statistical 

survey can , therefore, be descn"bed as exhaustive. 

The use of conventional control techniques in both construction environments was investigated. The 

tested organiz.ations used almost the same conventional control techniques to control the surveyed 

new construction and reconstruction projects. 

Three ditrerent performance factors were described in.order to obtain a quantifiable measure and 

establish bench marks for comparison. These three factors are Cost Performance Factor (CPF), 

Schedule Performance Factor (SPF), and Project Performance Factor (PPF). 

Using the above factors, the comparison study revealed that new construction projects tend to 

perform at a much better rate than reconstruction projects. Reconstruction projects have a higher 

tendency for ~bedule overrun and cost overrun. 

This work also performed an analysis of the contributing factors to schedule and cost overruns in 

reconstruction projects. This analysis indicated that unforseen existing site conditions is the biggest 

contributing factor to both cost and schedule ovemans followed by the change in scope of work or 
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the design by the owner or engineer. 

Two non-traditional techniques were reported in the interviews as a means of reducing cost overrun 

and schedule ovemm. Cash allowances was reportedly utilized to control expenditures for the 

undefined portions of the scope of work at the tender time. Also, reported was the integration of the 

existing filcility operation schedule into the new construction schedule in order to avoid any conflict 

during the operation, which may consequently cause major delays. 

For the purpose of this study, quality control was defined as the process of inspecting and testing 

workmanship and materials for compliance with the contract specifications and the applicable codes. 

The tested organiDtions and the surveyed projects seemed to have the same quality performance for 

both new construction and reconstruction. However, this investigation indicated that reconstruction 

projects in occupied buildings tend to have more user complaints during the construction process 

which pertain to noise, dust, smoke and other safety related concerns. 

The survey provided the participants with the opportunity to descnl,e in a free format other control 

functions that may contn'bute to the success of reconstruction projects and also identify problems that 

are unique to reconstruction projects. The reported problems included lack of information about the 

existing facility, space limitations for construction operations, maintaining health and safety of the 

occupants, and the involvement of more players such as building users. Therefore, other control 

functions may include site control, communication control, safety control and scope control. 

This research also gathered information related to assigning weighting factors to the three main 

control functions, cost, schedule and quality which may assist future researchers in this respect. 
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7.2 RECOMMENDATIONS 

The literature search provided a large body of information on the subject of new construction 

projects. However, very little useable information regarding reconstruction projects in occupied 

buildings was found. This work could be considered a step in the direction of developing and 

documenting quantitative data and a body of knowledge on reconstruction projects in occupied 

buildings. 

It is recommended that further research be conducted to develop more nontraditional cost and 

schedule control techniques in order to enhance the cost and schedule performance of reconstruction 

projects. The developed perfonnance factors in this research can be used as bench marks to measure 

any improvement in performance. 

This research identified four control functions that are critical to the success of reconstruction 

projects. These functions are safety control, scope control, site control and communication control. 

It is also recommended that future research develop a set of techniques in order to optimize the 

performance of these tbnctions. The approach used in this study in assigning weighting factors to 

cost, schedule and quality control functions can also be followed to assign weighting factors to scope, 

site, communication and safety functions. 

It is also strongly recommended that future research develop an objective model of the processes of 

designing, planning and controlling reconstruction projects in occupied buildings. 

Since the owner is the most concerned party with scope definition, communication, safety and site 

control in addition to cost, schedule and quality, it is recommended that the proposed model be 

developed within the owner organization. 
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APPENDICES 

APPENDIXl 

Part 1: Orpaizatioa and Project lnformatio■ 

1.1 Type of your organization 
□ Owner □ Engineer/ Architect □ Contractor 
1.2 Location of the project 
□ Southern Ontario □ Northern Ontario 
□ Western Ontario □ Eastern Ontario 

1.3 Your position in your organiz.ation 
□ Owner □ Project Manager □ Contract Administrator 
□ Other, please specify _____ _ 

1.4 Type ofbuilding 
□ Institutional □ Commercial □ Industrial 

l .S Type of project 
□ Interior renovation □ Upgrading Functional Performance 
□ lletrofit □ Expansion □ Phased replacement 
□ New Construction ( Grassroots) 
□ Other, please specify _____ _ 

1.6 Project format 
□ lump Sum □ Cost Plus □ Tum Key 
□ Other, please specify _______ _ 

1. 7 Subcontract format 
□ lump Sum □ Cost Plus □ Tum Key 
□ Other, please specify __ -_____ _ 

Part 2 Cost Co■trol 

2.1 Original contract value S ___ _ 
2.2 Used the following techniques as cost control planning tools: 

2.2.1 Bud&et baseline □ Yes □ No 
2.2.2 Work packages costing □ ·Yes aNo 
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2.2.J Cost breakdown structure 
2.2.4 Unit costing 

□ Yes 
□ Yes 

ONo 
□No 

• Other, please specify ___________ _ 
2.3 Used the following techniques u tools for measuring, controlling and analyzing cost progress: 

2.3.1 Cost ratio □ Yes □ No 
2.3.2 Earned value □ Yes □ No 
2.3.3 Cost variance □ Yes □ No 
2.3.4 Cash flow analysis □ Yes □ No 
2.3.4 Schedule of values for progress payment processing O Yes □ No 
2.3.S Trend analysis □ Yes □ No 
2.3.6 Forecast analysis □ Yes Q No 

Other, Please specify ______ _ 

2. 4 Project final cost 
2.4.1 Contract value at completion S ____ _ 
2.4.2 No. of change orders issued 
2.4.3 Change orders included the following percentage of the following items 

• Unforseen existing site conditions % 
• Scope of work changed by owner % 
• Design change % 
• Schedule problem % 
• Procurement Problem % 
• Design coordination problem % 
• Other, please specify___________ % 

Part 3 Schedule Conml 

3.1 Original duration of the project ( to the date of substantial completion ) 
3 .2 The followins techniques were used for schedule plannins: 

3.2.1 Workpackages 
3 .2.2 Work breakdown structure 
3 .2.3 Bar chart scheduling at the detailed activity level 
3 .2_.4 Bar chart at the work package level 
3.2.S Critical Path Method ( C.P.M) 
3.2.6 Precedence Method ( P .M. ) 
3 .2. 7 Program Evaluation and Review Technique (PERT) 

□ Yes 
□ Yes 
□ Yes 
□ Yes 
□ Yes 
□ Yes 
□ Yes 

Other, Please specify_, ___________ _ 

---
□ No 
□ No 
□ No 
□ No 
□ No 
□ No 
□ No 

Month 

3 .3 Used the following techniques u tools for measuring, controlling and analyzing schedule 
progress: 

3 .3 .1 Percent complete □ Yes □ No 



3.3.2 Incremental milestone 
3.3.3 Propess curves analysis ( S curves) 
3.3.4 rune variance analysis 

Other, Please specify ________ _ 
3 .4 Project schedule outcome 

□ Yes 
□ Yes 
□ Yes 

□ No 
□ No 
□ No 

3.4.1 Fmal duration ( to the date of substantial completion) ____ Month 
3.4.2 Please indicate the percentage that the following factors contn"buted to the slippage of 

the schedule: 
• Unforseen existina site conditions 
• Scope change 
• Design change % __ 
• Procurement problems % __ 
• Design coordination problems % __ 
• Other, please specify ___________ _ 

3.4.3 Duration between substantial completion and final completion ___ weeks 

Part 4 Quality Control 

( For the purpo• of this question, _QC is meant to be inspecting and testing workmanship and 
materials for compliance with the contract specifications and the applicable codes ) 

4.1 R.esponsa"bilities of management towards quality control clearly defined 
4.2 Quality control organizational structure clearly defined 
4.3 Involvement of independent inspection firms 
4.4 Please indicate the estimated cost for rework or repair 
4.S Please indicate the number of documented rework or repair requests 

□ Yes 
Cl Yes 
□ Yes 
s ---

4.6 Please indicate number of orden to comply by authorities having jurisdiction. __ 
4. 7 Please indicate number of users complaints 

Other, Please specify ___________ _ 

Part ! Control lunctiom wei1htin1 factor 

CJNo 
ClNo 
CJNo 

Please indicate weiahtins percentage for each control function u outlined in the example below 

Cost% 
Example 

Schedule% 

Schedule% _30_ 

Quality%__ = %100 

Quality %_30_ = %100 



Part 6 Otlaer coatrol raactioas 

Note ( The information required in this section is very important for this research, 

your cooperation is highly appreciated ) 

This survey is based on three control functions, cost, schedule, quality. Please indicate below what 

other control filnctions should be considered for reconstruction projects conttol together with reasons 

for such functions and the appropriate techniques or tools to control it. 

ControlFunc:tion Reasons Control Tools 
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APPENDIX2 

Dear Sir 

The Construction Engineering Group at the University of Waterloo is conducting a research in the 

area of construction projects control. We are interested in both the construction of new facilities ( 

Grassroots projects ) and reconstniction of existing occupied facilities. We would appreciate your 

participation in this research by permitting Mohamed. Attalla ( Graduate Student ) to meet with your 

project management staff to discuss the attached survey. 

We would like to inform you that, according to the research policies of the University of Waterloo 

, all the information provided in this survey will be kept strictly confidential. The outcome of this 

research will be made available to you upon your request. 

If you have any questions please contact us at the above address. Thank you in advance for your 

cooperation. 

sincerely 

Professor: Robert McICim, Ph. D., P. Eng. 

Mohamed Attalla, P. Eng. ( Graduate Student ) 
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APPENDIX 4.1 
Perf'omaMee Pacton, Recollltnldioa Projedl 

PROJECT Cost PerfonllllaDe Scbedule Perf'onnance PROJECT 
ID Original !Final ~PF Oriapnal Final SPF PERFORMANCE 

Cost 
~.S.000.00 

Duration Duration FACI'OR 
1 S920,000.00 7.1 10 18 80 43.6 

2 $249,500.00 S270,000.00 8.4 3 3.3 10 52.8 

3 Sl47,000.00 s212.000.00 44.2 3 3.3 10 27.I 

4 $142,000.00 Sll.5,000.00 .Sl.4 3 3.3 10 30.7 

s S29S.OOO.OO S3S2,000.00 19.3 3 3.S 16.7 11 

6 S209,000.00 S259,000.00 23.9 3 3.S 16.7 20.3 

7 S278,127 . .SS S319,000.00 14.7 4 s 2S 19.9 

8 S360,747.0I $423,000.00 17.S s 8.S 70 43.8 

9 S300,000.00 s.ss.s.000.00 8.S 4 6 so 61.5 

10 S 198,500.00 S220.393.00 11 4 4.3 8 9.S 

11 S331, 129.00 S383,194.00 . 13.S 4 4.S 12.S 13 

12 $113,600.00 s12.s.000.00 10.6 4 4.S 12.S 11.S 

13 $100,823.00 S113,.000.00 12 4 4.S 12.S 12.3 

14 S199,500.00 $214,.000.00 8 3.S 4 14 11 

15 $41,802,000.00 $44,9.S 1.,930.00 7.7 11 11 0 39 

16 $85,000.00 SI 10.000.00 29.4 2 2 0 14.7 

17 $104,500.00 St ts.000.00 10 2 2 0 s 

18 SI 1,500,000.00 s12.200.ooo.oo 6.1 13 IS IS.4 10.8 

19 ss1.ooo.oo SlS0.000.00 208 2 s I.SO 179.3 

20 $179,000.00 wo.000.00 21.S 4 4.S 12.S 20.S 

21 SI 10,000.00 S140,000.00 27.3 4 4.S 12.S 19.9 

22 s202.ooo.oo Sll l,000.00 4.4 4 8 100 Sl.2 

23 $189,800.00 S22 l,870.00 16.9 3 3 0 8.S 

24 SS90,000.00 $690,000.00 17 4 s 2S 21 

25 S2S,619,000.00 S26,483,211 . .SO 3.4 28 34 21.S 12.S 
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APPENDIX 4.1 

RECONSTRUCTION PROJECTS 

- Cost Perf'onn-ce Factor ( CPF) 

CPF is calculated based on Formula [1] 

CPF = 19.9 SD= 18.37 

- Schedule Performance Factor ( SPF ) 

SPF is calculated based on Formula (2) 

SPF= 22.28 SD= 26.1S 

- Project Perf'omaance Factor ( PPF ) 

PPF is calculated based on Formula (3] 

PPF = 22.91 SD= 17.00 

Project # 19 was not included in these calculations, since its data was out of pattern. 
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APPENDIX 4.2 
Performance Fadon, New Co■structioa 

PROJECT COit Perf'ormance Scbadule Performance PROJECT 

ID Original rmal CPF Oriaiml Yulll SPF PERFORMANCE 
COit CCllt Duralion Duration FACTOR. 

26 $4.927.211.10 $4.915.023.90 1 15 11 0 0.5 

27 $650.000.00 $692.000.00 6 . .5 6 7 16.7 11.6 

28 $474.000.00 $491.000.00 5.1 5 6 20 12.6 

29 S 168,000.00 $117.000.00 11.3 3 3.5 16.7 14 

30 S 1,395,000.00 Sl,590,177 .00 14 6 6.33 5 . .5 9.8 

31 S2, 710,000.00 S2,162.000.00 5.6 1 11 57.1 41.1 

32 $1,350,000.00 $1,550,000.00 2.4 18 20 11.1 6.8 

33 S 1,000,000.00 Sl,025,000.00 2.5 7 8 14 8.1 

34 $730,000.00 $745,000.00 2.1 6 6.5 I 5.1 

35 $2,500,000.00 $2,400,000.00 0 8.5 9 5.9 J 

36 S7, 761,200.00 $1,025,000.00 3.3 15 11 20 11.7 

37 S253,000.00 $265.000.00 4.7 4 4 0 2.3 

38 Sl,329,906.00 S 1,460,000.00 9.7 6 6 0 4.8 

39 $450,000.00 $450,000.00 0 5.5 6 9 4.5 

40 $2,875,000.00 S2.880,000.00 0 11 . .5 12 4.3 2.1 
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APPENDIX 4.2 

NEW CONSTRUCTION PROJECTS 

- Cost Performance Factor ( CPI') 

CPF is calculated based on Formula [1] 

CPF = 4.SS SD = 4.3 

- Schedule Performance Factor ( SPF) 

SPF is calculated based on Formula [2] 

SPF= 12.SS SD= 14.1S 

- Project Performance Factor ( PPF) 

PPF is calculated based on Formula [3] 

PPF=9.S SD=9.79 

12S 



APPENDIX 4.3 

CONTROL ORGANIZATION mENTD'ICATION ToCal Maa 

FUNCTION 

I 2 J 4 5 ~ 7 • 9 10 11 12 13 Vahle Val• 

Coat 35 41 50 50 45 35 X .u 20 11 33 X 33 407 37 

Schedule 40 25 20 30 10 40 X 34 20 ll 33 X JJ 311 28.9 

OaalltY 25 l5 JO 20 45 25 X 33 A 33 33 X 34 375 34.1 
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APPENDIX 5.1 

CONTRIBUTING l'ACl'OIIS TO COST OVERRUN 

RECONSTRUCl'IONPROJECl'S 
CONTRIBl.1I1NO PRO ~15 mENTIFICATIONS 

1 2 3 4 5 6 
Unfonoenaistiaa ... 40 .50 90 .50 65 60 

Scope of work c....,_. by DWllllr 10 0 0 10 10 20 

Desipcbanp 20 25 0 20 5 0 

~bedule problems s 0 0 0 0 0 

Procurement pl'Oillla s 0 10 0 10 0 

Desip~pNl.hn 20 25 0 20 10 20 

RcauJarocy ........... 0 0 0 0 0 0 

CONTRIBUTING F.-· • • PROJECl'S IDENTIFICATIONS 
IS 16 17 11 19 20 

u exulin11i1S 4:, 30 100 65 IO 10 

Scope of work dlaqlcl by DWllllr 20 70 0 s 10 30 

Daipchanp 10 0 0 0 10 30 

~bedule pn>lllcma 0 0 0 0 0 5 

Procurement problem 0 0 0 s 0 5 

Desip~pd,ln 25 0 0 20 0 10 

Rqularocy requuemlll• 0 0 0 5 0 10 
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7 I 9 10 11 12 13 14 
55 .50 .50 45 '3 45 40 45 

20 30 10 15 13 17 10 10 

s 0 10 20 IS 11 20 21 

0 0 0 0 s 0 4 7 

0 0 10 12 0 0 0 0 

20 20 10 I s 7 16 LO 

0 0 10 0 9 20 10 7 

Talal Mma 
21 22 23 24 25 Value Value 
10 100 35 60 31 1320 52.8 

30 0 20 20 20 400 16 

30 0 45 20 9 326 13 

5 0 0 0 l 29 1.2 

' 0 0 0 66 2.6 

10 0 0 0 23 269 10.8 

10 0 0 0 9 90 3.6 



APPENDIXU 

CONTRIBUtlNG FACl"OIIS TO COST OVE-VN 

NEW CONSTRUCl'ION PROJECl'S 

~

,.,.. ITOlll Maa 
DI r, ~ _lll] ]11 .... .E _u .. ~ .. ~-, ~- - 40 y..a.r rn: Value ~-- 20 II 40 ,7 40 25 25 20 l5 11 JO 20 317 21 

Scapsrlwmk ..... .,_ ,. 12 100 fO 7 12 so fO so so SJ ... s, ,s so 7IO n 

1-.aclllall 22 • ... JD 15 25 so 21 2D 2& 2S JO 35' 23.6 

Sc:Wule ...... . 
l'\um ...... 
o.._.......r[ .. ,....._ JO 17 2 49 3.4 

R•• IDIJ...-~~---

128 



APPENDIX S.3 

CONTRIBUTING •ACfOIIS TO SCHEDULE OVE1Ul1JN 
RECONSTRUCDON PllOBCl'S 

CONTRIBtmNG ■ 25 mONS & 

l , l 4 ~ 6 
Unfoneenexialma_.. 3CJ 40 50 60 ,0 

Seopeofworltc:haa.- byOWlllr 25 

Oaipc ..... 20 25 20 

Ptocuranent prablla 50 50 20 25 

Daip c:oordiMlioa prallllm 40 25 

RquJalDcy requiraaa• 

Poor Pera IMO by C-IIIICIDr so 

C0l"I• - """ml NT"~ ~~ . & 

15 16 17 II 19 '7f'I 

u mastina ... 50 40 3CJ 60 rs 
Seope ofworltCUIIIICI byOWlllr 35 

Daipdlaqs 20 25 20 35 

Proculemeat pn,blaa so 50 20 10 

Daip coonlin■lima problem 40 25 s 

Reawaoeyrequi.-

PoorPcrilnnancabyCae!,ldar so 
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7 I 9 10 11 12 13 14 
45 30 60 65 ,, 70 55 70 

20 30 20 15 16 20 IS JO 

20 15 15 10 20 

5 

35 

4 LO 

40 

TGlal Mela 
11 Z2 2] 24 23 V■lue V■I• 
15 100 Jl 60 60 1195 47.1 

35 20 40 10 331 13.3 

35 45 10 335 13.4 

10 290 11.6 

s 15 190 7.6 

s 19 0.7 

140 S.6 



APPENDIXS.4 

CONTRIBUTING FACl'ORS TO SCHEDULE OVERRUN 

NEW CONBrRUCl'ION PROJECl'S 
1'-Ul'I ~~~ IT- IMaa 

"DI rJ :wll 31 TI ll.11 M -~ .. ~-, - - 40 v ... Value 

u---.- u II 40 J!l JO 2111 10 lD ., ., 10 15 233 15.5 

ScapcafMllk ..... ., .... 45 12 • • • 50 50 45 50 55 50 • JO JO 707 47.l 

n..tdllllas 20 25 2D 10 25 50 lD 10 10 25 25 250 16..7 

W .... c; ,. 10 lO ., 20 " ,0 6 

Plw•.-.,...._ u 2111 10 lO '5 4.4 

n..twa 5 cr5cn,...._ 2111 s , 10 10 50 3.3 

R I I , ..... • 10 2D 2D ' 2D IS ., 105 7 
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APPENDIX 6.1 

CONTllOL TECHNIQUES ORGANJUDONmENTD'ICAUON Tata1Ne.e6 

1 2 J .. 5 ' 7 I , 10 11 Occarnacea ........... 5 1 l 2 J J 2 l J l 22 

c.t •--~ Stnctllna 7 1 2 l J l J l " 
UaltC ..... 1 1 2 .. J J l 14 

EanedValue 2 2 1 5 

COltV....._. ' l 2 2 .. 2 J l 21 

Cullna.Aulyall J 1 l 2 l l l l J l 15 

SclledlllealV..._ I 2 .. J 2 l l 1 1 23 
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APPENDIX 6.2 

UCONSTllUCTIONPROH:Cl'S NEW CONSTRUCTIONPROJEcrs 

PROIECl 
. 

CPI' GROUP PROIEcr CPI" GROUP 

m m 
1 '7.l Cl 26 l Cl 

2 M Cl r, 6.5 Cl,C 

l 44.2 C2 21 5.1 Cl 

4 51.4 C2 2' lU Cl,C 

5 19.J Cl,<:2 30 14 Cl,C2 

' 219 C2 31 5.6 Cl 

'7 14.'7 Cl,C 32 2.4 Cl 

I 1'7.5 Cl,C2_ 35 I Cl 

15 '7.'7 Cl 36 3.3 Cl 

1, 2'.4 C2 

1'7 11 Cl 

11 6.1 Cl 

19 2-.6 

20 21.5 Cl,C2 

21 2'7.J Cl,C2 

22 4.4 Cl 

23 16.9 Cl,C2 

24 1'7 Cl,C2 

25 l.4 Cl· 

Projects 9 to 14 and 37 to 40 were not incorporated into this analysis because data pertaining to the 

utilized control techniques were not provided. 
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APPENDIX 6.3 

CONTaOL TECHNIQUES ORGANIUUONmENTD'ICAUON TatalNe.el 

1 2 J 4 5 ' 7 I , II 11 Occarn11a1 

Work Brea,,,,_.. Structare 4 l 4 l J l 14 

Baraan 1 1 2 2 4 3 2 l l 3 l 27 

c.P.M. I l 2 I I l l l l 10 

Perceatc_, .... I 2 2 2 3 2 l l J l 25 

1ac ..... ta1·m,1- 7 l 2 2 J l I I I It 

TIIDeVutace 4 1 2 l 3 11 



APPENDIX 6.4 

UCONSTRUCl'IONPROJEct NEW CONSTRUcrtONPROIEtt 

PROJECT SPP GROIJP PROJECI' SPI' GROUP 

m m 
l • SJ 2' I SI 

2 11 SI 27 1'97 Sl.S2 

3 11 Sl 21 21 Sl.S2 

4 11 SI 2' 1'97 SI 

5 16..7 SI JI 5.5 S2 

' 16..7 S1.S2 31 57.1 Sl.S2 

7 25 S1.S2 32 11.1 S1.S2 

I 71 52 35 53 SI 

15 I SI 3' 21 S2 

., 0 SI 

17 0 SI 

•• 15.4 SI.S2 

19 150 S2 

20 12.S SI 

21 12.S SI 

22 100 S2 

23 I Sl 

24 25 S1.S2 

25 21.5 s1.s2 

Projects 9 to 14 and 37 to 40 were not incorporated into this analysis because data pertaining to the 

utilized control techniques were not provided. 
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APPENDIX 7.1 

Quality Performance, Recoa1truction Projects 

PKOJEct COST 01' UWOIUC NO. 01' UWORIC N0.01' USERS 

m. REOUESTS COMPLUNTS 

1 3% 41 20 

2 1% 5 2 

3 2% 5 4 

4 2% 5 5 

I 3% 4 30 

16 1% l 2 

17 1% ! 1 

II 1% 10 ! 

19 0% 0 10 

20 2% 2 2 

21 2% 2 2 

MEAN 1.6% 7.4 7.1 
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APPENDIX 7.2 

Quality Perlonnaac~ New Construction Projects 

PROJECT COST 01' REWORK NO. 01' UWOIUC NO.Ol'USERS 

m. REOUISTS COMPLUNTS 

27 IA% l l 

211 l-l'% 3 2 

29 1.2% l 0 

JO IA% l 0 

31 IA% 1 2 

35 1% 0 0 

36 0.1% 2 2 

MEAN 0.27% 1.3 l 
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