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1. INTRODUCTION
Projects are unique, complex, multi-activity tasks constrained by predetermined time, cost and specification goals. Projects and their management are an increasingly widespread and important aspect of modern organizational life. According to Day (1994), they are thought to increase organizational flexibility and ability to deal with change.  There exists a large body of Project Management literature arising mostly out of engineering disciplines. The main part of this research is principally about the knowledge and experience of how to manage projects and organize the construction project management.

1.1. Background of Project Management

Since the main target is to have high-quality work, within budget and on schedule, all the processes and activities of a project should be appropriately planned and implemented in construction phase. Construction management, as a discipline, is dealt with to set up the processes for this aim. 

Project management is the collection of activities, such as tasks, concerned with successfully achieving a set of goals. This includes planning, scheduling and maintaining progress of the activities that comprise the project. Reduced to its simplest, project management is the discipline of maintaining the risk of failure at as low a value as necessary over the lifetime of the project (Levy,1987). Risk of failure arises primarily from the presence of uncertainty at all stages of a project. Defining the project management essentials is very important for the project success.

1.1.1. Construction Project Management Performance and Organization

The performance of construction project management is directly related to the organization rank of that project. Well organized projects have the possibility to demonstrate high performance. For this reason, the organization planning should be directed toward the identification of physical and mental tasks which need to be done (Shtub at all.,1994). Then, the tasks are placed into jobs so that they have the opportunity of being performed well, that is, the functions and responsibilities must be arranged and assigned comprehensively for some responsible individuals.

Project planning is an integral part of the project management activity and it affects the form of the organization. The objectives of the planning process are to provide a framework that enables the project manager to make reasonable estimates of resources, costs, and schedule (Pressman, 97). These estimates are made within a limited time frame at the beginning of a project and should be revised regularly as that project progresses. In addition, estimates should attempt to define ‘best-case’ and ‘worst-case’ scenarios so that project outcomes can be bounded. So, effective management of a project requires thorough planning of its progress. In order to achieve high performance, the project manager must anticipate problems which may arise and prepare tentative solutions to those problems. A plan drawn up at the start of a project should be used as a driver for the project. The initial plan is not static but must be modified as the project progresses and new information becomes available. Project planning is probably the activity that takes most management time (Sommerville, 2001). The planning process starts with an assessment of the constraints affecting the project. The progress milestones and deliverables are then defined and a schedule drawn up. In these processes, the project team, which include all members of the project managers own support team and the principle members of the design team, has a great effect on good performance of project. The importance of establishing the effective organization which ensures that clear lines of manager and that every member of project knows what will and must do to make project success not deniable.

 The performance and organization level is a part of the management communication framework, essential for motivation for all staff employed. The complement of good management communications is the provision of adequate feedback path through and across the organization.

1.1.2. Problem Statement and Justification of the Research Topic

Projects are accomplished resources, namely, people and things. Many of the required resources are only slightly under the effective control. The human resources must be organized to take advantage of the available physical resources. Thus one of the main concerns of project management is dealing with the constraints and emotional problem inherent in their use while trying to accomplish the project initiators technical performance goals within the schedule and budget. According to Adair (1979) managing people is often the most complicated part of managing a project, especially for newly appointed managers whose university training is primarily in a technical discipline such as engineering, and construction management.
So it is very important to develop appropriate approach to the organization of project management for each project environment considering all resources, risks and the actual conditions. All of the combining factors of organization should be evaluated in sake of success of the project.

1.2. Research Objectives and Relevant Research Questions

This master thesis is mainly focused on introducing the principles, practice and organizing the project management by following the entire processes from initial appraisal to final closedown. The main purpose of the study is to develop a general concern about construction project management fundamentals and to increase a special consideration about the organization of the project management. 

Particular research questions are defined in order to achieve this purpose. These questions are mainly related to the basics, procedures, responsibilities, processes, parties and principals of organizing project management. By examining and answering the following questions, it is aimed to constitute a general attitude across the organization of the project management.

Research Questions;

1. How can an organization be established functionally in the project life cycle?
2. What are the influences of project management body of knowledge in organizations?

3. How can the constraints of project management be explained?

4. How are the organizational structures of project management defined?

5. What are the criteria for selecting an organizational structure?

6. What are the roles and responsibilities of each team member?

1.3. Research Approach and Process

In order to answer the research questions a wide range of literature review has been done and documents related to project management have been thoroughly analyzed.  The information collecting system reflects the common structure of the project management issues; that is, the project management body of knowledge has been taken as the main structural skeleton for explicating the processes and procedures of project management. In this manner, the organization of project management is dealt with in detail.

1.4. Principal Achievements and Findings

In this study, it is expected to obtain crucial knowledge agenda for the organization of construction project which can be adjusted to any unexpected conditions of any project.

1.5. Limitations and the Population of the Study

This study is limited to the survey of related literature. All the sources of Near East University library, Eastern Mediterranean University library and the books, articles, papers, researches in digital format and related web pages on the internet have been used. The content of the research is limited to the project management and the organizing for project management.

1.6. Expected Benefits of the Study

This research will be helpful to the architects, engineers, managers, architectural students and so on, to constitute a specific approach to project management and organizing for it. Furthermore researchers can benefit from this study for their further experimental researches.

1.7. Structure of Thesis

Chapter1 is the introduction to the research. Here, a brief overview of the organizing for construction project management is presented. The problem statement, the scope of the study, research questions, and the other topics are explained.

In Chapter 2, the literature review is presented. Basic concepts of project management; project management for construction and engineering industry; the project management organization team and the basic steps in construction project procedure are described in detail.
Chapter 3 is about the methodology of the research. Chapter 4 is about the general structure of the construction project management. In this chapter, the project management body of knowledge has taken as the basis of the analytical explanation. The nine areas of management have been investigated.

The Chapter 5 focused on the organizing for project management. The three essentials which define the form of the organization, studied in this chapter: organizational formations of project management, organizational configuration of projects and the work breakdown structure (WBS) of the project. At the end of this chapter, criteria for selecting an organization are developed. The Chapter 6 is about the findings of research and evaluation of them in terms of the predefined research questions.

Finally, the conclusions of the study and recommendations for further researches are presented.
2. LITERATURE REVIEW

The efforts of an engineer or architect, who designs a project, and the constructor, who builds the project, are directed toward the same goal, namely, the creation of something which will serve the purpose for which it is built in a satisfactory manner. Construction is the ultimate objective of a design (Peurifoy and Ledbetter ,1985).   So, it is intended that the materials presented in this chapter will be helpful to gain an understanding about the related terms, concepts and applications of project management procedures. These procedures will be introduced in this chapter. 
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Figure 2.1. The Project Environment

The Project Environment consists of many relevant elements as seen in figure 2.1. In this chapter general definitions about concepts and processes of these elements will be introduced with the aim of drawing theoretical framework. The context defines the research limitations.

2.1. Basic Concepts of Project Management

Project Management is concerned with the overall planning and co-ordination of a project from inception to completion, aimed at meeting the client's requirements and ensuring completion on time, within cost and to required quality standards (Slack, 2001). 
Project Management is about thinking things through; having strategies for keeping   an eye on all of the processes and incidents; controlling which can be controlled and understanding/communicating the consequences of any changes made to the project (Levy, 1987).  Potential problems can be seen earlier and new adjustments on plans can be done to minimize the impact of the problems with a good project plan. Good project management helps ensure the project is a success, saves time and money and keeps people confident.

Since the “Project” itself constitutes the main core of the interest, before defining the related terms and concepts of project management, a distinctive understanding about the term “Project” should be developed. Then a common perception can be obtained more easily.

2.1.1. Definition and the Characteristics of a Project

The word project comes from the Latin word projectum from projicere, that means "to throw something forwards" which in turn comes from pro-, which denotes something that precedes the action of the next part of the word in time (paralleling the Greek πρό) and jacere, "to throw" (Lewis, 2002). The word "project" thus actually originally meant "something that comes before anything else is done". 

When the word was initially adopted, it referred to a plan of something, not to the act of actually carrying this plan out.  Something performed in accordance with a project was called an object. This use of "project" changed in the 1950s when several techniques for project management were introduced: with this advent the word slightly changed meaning to cover both projects and objects. However in certain projects there may still exist so called objects and object leaders, reflecting the older use of the words. 
A project could literally be as simple as cooking dinner, but in the context of the practice of project management, a project is best defined as an undertaking with a discrete start, a discrete finish, and some complexity (Meredith and Mantel, 2002).  Typical projects might include the engineering and construction of a building, or the design, coding, testing and documentation of a computer software program, or development of the science and clinical testing of a new drug. The duration of a project is the time from its start to its completion, which can take days, weeks, months or even years. 
According to Gido and Clements (1999) a project is an effort to accomplish a specific objective through a unique set of interrelated tasks and effective utilization of resources. 

Projects begin because a problem creates a need. In order to solve the problem or fulfil the need, it is essential to formulate a measurable goal.  Once a goal is set, developing a strategy to meet it is necessary. A project is the strategy to meet this goal. All projects must be defined in terms of time, budget, and performance. So, there are some common characteristic of a project. These are:

►A project; has a well defined objective

►A project is carried out through the series of interdependent tasks

►A project utilizes various resources

►A project has a specific time frame

►A project may be unique or one-time endeavor

►A project involves a degree of uncertainty

In the traditional approach, there are five stages in the development of a project: project initiation, project planning, project production and project monitoring and project completion. 

Project Life Cycle:  Project Life Cycle (Fig.2.2.) defines the beginning and the end of a project.  It varies based on the industry, organization, and/or application area. Generally speaking, project life cycles define the technical work to be done and the skills involved in each phase. The project management process is an integrative series of activities. It consists of and integrates five basic management processes within a project life cycle: initiating, planning, executing, controlling, and closing. 
The project life cycle concept is important because it underscores the influence that early project planning has impact on overall project success. Project success is determined by how well the project is defined and planned. In turn the sufficiency and effectiveness of project planning is strongly affected by organization project management preparedness (Chandra, 1986).
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                           Figure 2.2. Project Life Cycle

In these stages, Project management tries to gain control over four variables; time, cost, quality, scope. Obtaining the clearly-defined goals, definite time frame (beginning and end), limited use of resources and defined budget are essential.

2.1.2. Project Management

Project management is the process by which a proposed project is developed within a rigorous framework. Project Management is a formalized and structured method of managing change. It focuses on achieving specifically defined outputs so that planned benefits/outcomes are achieved. And effective Project Management is essential for the success of a business project (Day, 1994). The project scheduling, is the process of scheduling the various activities which need to be undertaken during a projects lifetime.

The Project Management Institute (PMI, 2003, p6) defines project management as; 
“Project management is the application of knowledge, skills, tools, and techniques to project activities in order to meet or exceed stakeholder needs and expectations from a project. Meeting or exceeding stakeholder needs and expectations invariably involves balancing competing demands among:

• Scope, time, cost, and quality.

• Stakeholders with differing needs and expectations.

• Identified requirements (needs) and unidentified requirements (expectations).”

So the project management can be accepted as the art of directing and coordinating human and material resource throughout the life of a project by using modern management techniques to achieve predetermined objectives of scope, cost, time, quality and participation satisfaction. It is a relatively new branch of management, being only a few decades old. 

A project is a singular task and Project Management is simply the management of that task. Examples of a singular task include: constructing an airport, putting a man on the moon, building a boat, organizing a conference, etc. According to Berkun (2005), the main aims of Project Management are;
 ►to link project goals and objectives to stakeholder (individuals and organizations who are involved in or may be affected by project activities) needs 
►to focus on customer needs 

►to build high-performance project teams 

►to work across functional boundaries  

►to develop work breakdown structures 

►to estimate project costs and schedules using simple, proven techniques 

►to meet time constraints 

►to calculate risks 

►to establish a dependable project control and monitoring system

These aims give the character to Project management being an integrative endeavor - an action, or failure to take action- in one area will usually affect other areas. The interactions may be straightforward and well understood, or they may be subtle and uncertain. For example, a scope change will always affect project costs, but it may not affect team morale or product quality. These interactions often require trade-offs among project objectives - performance in one area may be enhanced only by sacrificing performance in another. Successful project management requires actively managing these interactions, during the life cycle of a project that is a collection of generally sequential project phases whose name and number are determined by the control needs of the organization(s) involved in the project, the applications of knowledge, skills, tools and techniques to be used in project activities in order to supply these interactions with the aim of meeting stakeholders’ needs and expectations from a project (Lewis, 2002).
2.1.3. Conceptual Outline of Project Management

Engineering for construction begins long before a contractor moves onto the construction site. Infact, the total process of engineered construction may be thought of as consisting of six major elements (Fig.2.3.). Although these elements are shown as a linear process from definition through startup, the process elements often overlap.

	Project Definition
	(
	Preliminary Planning
	(
	Project Design
	(
	Procurement 

of Major Items
	(
	Project Construction
	(
	Project Startup


Figure 2.3. The Process of Engineered Construction

In this manner Project Management may be defined as the overall control of this total process to optimize the three major attributes of the process: quality, schedule and cost.  (Peurifoy and Ledbetter, 1985) 

The degree of persuasion over this three attributes is not constant throughout the construction process.  The pressure is the greatest at the project definition phase, but then rapidly decreases as the process continues. Therefore, to effectuate significant optimization of quality, schedule and cost, project management is perhaps needed the most during project definition and preliminary planning stage. In the first period of process the major decisions are made concerning overall project size and complexity, project location, time constraints, desired level of quality etc. For this reason, the proper management of the planning and decision process is very important.

Project management begins with planning, which includes getting the definition of success from key stakeholders (CEO, owner etc.) before the project starts. The project manager needs to understand the desired results in order to develop the project budget, define project deliverables and communicate what success will look like for the people who will be doing the work. 

There are two types of project management - strategic and tactical. Tactical project management involves planning, organizing and managing a single project within an organization. Strategic project management, usually a management function, is effective when several projects are being run at once, and involves prioritising current and forthcoming projects to meet with larger business objectives. 

2.1.4. Historical Background of Project Management Notion

Construction projects have probably always had a controller. In early Christianity times  cathedral construction  was organized by a master mason, who was responsible for both design and procurement processes; the latter included hire of craftsmen and negotiating their rates of pay, opening quarries for stone, timber felling and seasoning , and constructing forges (Day, 1994). The historical convention of the senior designer, being the definite head of the project team, continued until comparatively recent times. 

Project management was used as an isolated concept after the Sputnik crisis of the Cold War. After this crisis, the United States Department of Defense needed to speed up the military project process and new models for achieving this goal were invented.  

Projects are systems. The definition of a system is "a whole made up of interrelated parts." Projects are wholes comprised of interrelated tasks. In the 1950s, when systems analysis and systems engineering were first developed, management scientists applied systems engineering concepts to scheduling project efforts. 

In 1957 the Program Evaluation and Review Technique (PERT), as part of the Polaris missile submarine program was invented. At the same time, the DuPont Corporation, a large American chemical company invented a similar model called CPM, critical path method. PERT was later extended with a work breakdown structure or WBS (Slack at all. 2001). Critical chain is the latest extension to the traditional critical path method. The process flow and structure of the military undertakings quickly spread into many private enterprises. 

There are a number of guiding techniques that have been developed over the years that can be used to formally specify exactly how the project will be managed in USA. These include the Project Management Body of Knowledge (PMBOK), and such ideas as the Personal Software Process (PSP), and the Team Software Process (TSP) and PRINCE2. These techniques attempt to standardize the practices of the development team making them easier to predict and manage as well as track. 

The science of Project Management has developed considerably in the past 20 years. Especially, the past decade has seen substantial growth in interest in Project Management techniques, primarily as a result of increased uncertainty within the business environment. 
Many industries can not expect tomorrow to be like today, and they are turning to Project Management techniques as a way to cope with such changes. Today Project Management is a professional discipline, with a body of knowledge and a specific set of skills and competencies and a professional certification body, for example, the Project Management Institute (PMI) in USA.

Recently, there are major developments in management which reflects the acceptance of following approaches;
►the management process approach, 

►the management science and decision support approach, 

►the behavioral science approach for human resource development, and 

►having the sustainable competitive advantage (Heerkens,2001). 
These four approaches complement each other in current practice, and provide a useful groundwork for project management. 
2.1.5. Common Project Management Terminology and Procedures
Project management is seen as the art and science of estimating, allocating and managing working capital to yield an acceptable return on the investment (Ahuja, 1984). It is accepted as a quite new branch of management.
Project Management, according to the Project Management Institute's Project Management Book of Knowledge, is the application of knowledge, skills, tools and techniques to project activities in order to meet or exceed stakeholder needs and expectations (Kerzner, 2003). It is the process of planning, systematizing, and managing task and resources to complete a defined objective, usually within constraints of time, resources and cost. So the project management is the ability of directing and coordinating human and material resource throughout the life of a project by using modern management techniques to achieve predetermined objectives of scope, cost, time, and quality and participation satisfaction.
The project manager:  Project managers are responsible for planning and scheduling. They supervise the work to ensure that it is carried out to the required standards and monitor progress to check the development is on time and within budget (Lock, 2001). The project manager is the person who is responsible for the success or failure of a project. The project manager must bring together the troops to get the job done. A good project manager will be well organized with excellent logistical, estimating and follow up skills. He or she will be a first-rate communicator, both written and verbal, who can clearly communicate ideas to team members, management and the client. A strong problem-solving and multi-tasking ability is a must, and an iron hand in a velvet glove is a plus when dealing with unrealistic expectations. Morale must be kept up and a sense of urgency maintained so that nobody loses sight of the objective.
A good project manager sets out exactly what has to be done, who performs which tasks, and where they are to be performed. He/she also sets a definite schedule which should be adhered to. This planning must however, be a dynamic process in every respect, subject to continuous revision and improvement. The first step is always to nominate a project leader to take responsibility for the entire project  (Junnonen, 1999).
Project management is all about whole systems thinking. Just as it takes a whole tree to grow one apple it takes a whole system to build one building. The 14 elements in The Construction Keystone Model (Fig. 2.4) are developed to show that leadership is keystone that pulls all the elements of the project delivery system together. 
Without proper leadership the delivery of projects breaks down and problems occur. One element is not more important than another.  Any single element can have a dramatic impact on any other elements and the overall delivery of the project (Campbell, 2004).
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Figure 2.4. The Construction Keystone Model (Campbell, 2004)
The project managers role in client relations is also important.Successful construction project management is all about relationships. There is not a more important relationship than that of the project manager  and the client. The project manager/superintendent will spent more time with the client than any one else. 
Lele (1987), states that:  “Keeping customers happy is the best defense against competition.  The firm that keeps its customers happy is virtually unbeatable.  Its customers are more loyal, and they buy more, more often.  They're willing to pay more for the firm's products, and they stick with the firm through difficult periods, allowing it time to adapt to change.”
The Project Management Body of Knowledge (PMBOK) :  Project Management Body of Knowledge is an inclusive term that describes the sum of knowledge within the profession of project management. As with other professions such as law, medicine, and accounting, the body of knowledge rests with the practitioners and academics that apply and advance it. The Project Management Body of Knowledge includes proven, traditional practices which are widely applied as well as innovative and advanced ones which have seen more limited use. It is a collection of processes and knowledge areas generally accepted as best practice within the project management discipline.

This full body of knowledge includes knowledge of proven, traditional practices, which are widely applied, as well as knowledge of innovative and advanced practices, which may have seen more limited use. Project Management Body of Knowledge recognizes 5 basic process groups and 9 knowledge areas typical of almost all projects (PMI, 2003). The basic concepts are applicable to projects, programs and operations. The five basic process groups of Project Management are; 

►Initiating: A project is found feasible, a project manager is selected, and the project charter is created.
►Planning: It is planned how the project should go. Planning is an iterative process group that allows project managers and the project team to revisit as needed.

►Executing: The planned project is executed.

►Controlling: It is necessary to control the work to ensure that is done according to plan. 

►Closing: After the project work is complete, project team, owner and the customer have to verify the deliverables and then close out the project finances, team reports, and lessons learned.

All of these processes are connected to each other as seen in the Figure 2.5.

Processes overlap and interact throughout a project or phase. Processes are described in terms of inputs (documents, plans, designs, etc.); tools and techniques (mechanisms applied to inputs); Outputs (documents, products, etc.) (PMI, 2003)

[image: image4]
Figure 2.5. Processes of Project Management

The Project Management Body of Knowledge is a good source and these are arranged into the Initiating, Planning, Executing, Controlling and Closing process groups that can be used to manage a project effectively.

Project Management Plan: It is a formal, approved document used to guide both project execution and project control. The primary uses of the project management plan are to document planning assumptions and decisions, to facilitate communication among stakeholders, and to document approved scope, cost, and schedule baselines. A project management plan may be summary or detailed (Clough and Sears, 1991).
Project management plan is a medium for documenting project scope, tasks, schedule, allocated resources, and interrelationships with other projects. It also provides details on the involved functional units, required job tasks, cost and schedule performance measurement, and milestone and review scheduling. The project management plan includes an acquisition plan to define how the needed resources will be obtained and when. 

The ultimate purpose of the project management plan is to clearly define the roles, responsibilities, processes, and activities which will result in the major project being completed in: on-time, within budget, with the highest degree of quality, in a safe manner for both the individuals working on the project and for the travelling public, and in a manner in which the public trust, support, and confidence in the project will be maintained. 

Project management plan also addresses the design and construction phases of the major project life cycle, and ensures that the project will be managed holistically and as a continuum not incrementally as the project progresses. The project management plan can be viewed as a roadmap, which will help the project delivery team maintain a constant focus towards delivering the major project in accordance with the customers' needs, wants, and expectations.

Project Management Techniques: Project management techniques are methods for reducing uncertainty and, therefore, improving the odds of success. Whether managing a cost centre or a profit centre, every time taking on a project means taking on a risk. The more projects are taken, the more the risk can be magnified or reduced, depending on the ability to plan and manage projects. Project management techniques reduce risk in three fundamental ways: (Ahuja, 1984)
►Forecasting the future: When a person sees the future, he/she improve his/her odds dramatically. That’s why good sailors watch the weather reports so carefully. Project management techniques do not provide a clear picture of the future. Rather, they are like weather forecasting techniques; they leverage past experience to understand the present and provide a range of probable outcomes for the future. 

►Early problem recognition: Small problems are easier to solve than big ones. So the structured tools of project management enable early problem recognition and resolution. That includes cancelling or dramatically redirecting projects that have gone off track or no longer make sense. The difference is that these problem projects are found earlier, after spending less corporate resources, therefore reducing the loss. 

►Improved communication: There is no more common cause of project failure than communication breakdowns. Whether the misunderstanding is over what, why, or how to build the product, communication failures lead to wasted effort, time, and money. Every facet of project management improves communication, from techniques to gain early stakeholder cooperation, to scope management and cost control methods. The discipline provides a structured, systematic way to know and agree on every what, why, when, how, where, and who

Traditional project management techniques are used throughout the project life cycle. These include milestone and resource tracking, reporting using the "red, green, amber" format, deliverables with projected and forecast dates, issue resolution and risk management (Lock, 1993).
It is widely acknowledged that traditional project management techniques are no longer sufficient, as projects become more complex and client's demand reduced timescales. Problems that arise include inadequate planning and risk analysis, ineffective project monitoring and control, and uninformed post-mortem analysis. Effective modelling techniques, which capture the complexities of such projects, are therefore necessary for adequate project management. Project management techniques are applied to all installations and are supervised by individual project managers.

The Project Management Documentation: Project management documentation provides both a record of decisions and a means of documenting assumptions on which these decisions are based. project management documentation can also help the project team focus on the tasks required at a particular stage in a project and so should not be viewed as superfluous to the project (Moder at al., 1983).
Project management documentation can take on many different forms to include design diagrams, hardware/software architecture specifications, item descriptions, repository queries, and reports. The standard project management documentation includes:
►Deliverables register 

►Project plan 

►Project reports - usually weekly 

►Change control register 

►Change control detailed forms 

►Issues register 

►Received acknowledgement register

Web Based Project Management: Using web as a tool in project management is the key to successful project management in today’s global business environment. It significantly improves the operational performance of an enterprise by enhancing collaboration and coordination among project stakeholders. 

A web based project management environment improves the communication process among team members and project managers by providing instant access to issues, problems, assumptions, goals, news, lessons learned, discussion threads, documents, etc. This will enhance the communication process and improve the operational performance of an enterprise (Sifri, 2000). Project stakeholders interact, have access to desired information at appropriate times and maintain a shared vision about their project while staying focused on individual tasks. Team members can express and measure individual and group progress in meeting project objectives. Newly recruited team members can get up to speed on the project history with minimum disruption to other team members.  Team members can draw on the experience of similar projects when making project-related decisions. 

The Theory of Project Management consists primarily from concepts and causal relationships that relate these concepts (Whetten,1989). It is possible to broadly characterize a target theory of production/operations management (Koskela, 2000). This characterization applies also for project management, being a special type of production/operations management. 

A Theory of Project Management should be prescriptive: it should reveal how action contributes to the goals set to it. On the most general level, there are three possible actions: 

►design of the systems employed in designing and making; 

►control of those systems in order to realize the production intended; 

►improvement of those systems. 

Project management, and indeed all production, has three kinds of goal.  The goal of getting intended products produced in general is primary. Secondly, there are internal goals, such as cost minimization and level of utilization. Thirdly, there are external goals related to the needs of the customer, like quality, dependability and flexibility. 

An explicit theory of project management would serve various functions. In prior research, the following roles of a theory have been pinpointed (Koskela 2000): 

►It provides an explanation of observed behaviour, and contributes thus to understanding. 
►It provides a prediction of future behaviour. 

►on the basis of the theory, tools for analysing, designing and controlling can be built. 

►when it is shared, it provides a common language or framework, through which the co-operation of people in collective undertakings, like project, firm, etc., is facilitated and enabled. 

►it gives direction in pinpointing the sources of further progress. 

►When explicit, testing the validity of the theory in practice leads to learning. 

►Innovative practices can be transferred to other settings by first abstracting a theory from that practice and then applying it in target conditions. 

►A Theory of Project Management can be seen as a condensed piece of knowledge: it empowers novices to do the things that formerly only experts could do. It is thus instrumental in teaching.

2.2. Project Management for Construction and Engineering Industry

The management of construction industry projects requires knowledge of modern management as well as an understanding of the design and construction process. The basic ingredients for a project management framework (Stuckenbruck, 1986) is represented schematically in Figure 2.5. A working knowledge of general management and familiarity with the special knowledge domain related to the project are essential. Supporting disciplines such as computer science and decision science may also play an important role. 
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Figure 2.6.   Basic Ingredients in Construction Industry Project Management
              (Stuckenbruck, 1986)
In fact, modern management practices and various special knowledge domains have absorbed various techniques or tools which were once identified only with the supporting disciplines. For example, computer-based information systems and decision support systems are now common-place tools for general management. Similarly, many operations research techniques such as linear programming and network analysis are now widely used in many knowledge or application domains. Hence, the representation in Figure 2.6. reflects only the sources from which the project management framework evolves. 

2.2.1. Characteristics of Project Management in Construction Industry

Construction Industry Project Management is most vital than any other business sectors due to obvious reasons like cost, complexity, coverage, and importance financially, economically, socially or even legally. Construction Industry Project Management is not a simple task. In fact, it is hundreds of complicated tasks, all squeezed into one enormous task: a macro-task so insanely complicated that it is a miracle anything ever gets built at all.  There is probably no other discipline that is more difficult than Construction Project Management. The general goal seems straightforward: Build a project on-time, within budget, with the stated quality standards and in a safe environment. But research shows that less than 20% of most construction projects meet these four requirements (Hendrickson and Au, 2000). 

Specifically, project management in construction encompasses a set of objectives which may be accomplished by implementing a series of operations subject to resource constraints. There are potential conflicts between the stated objectives with regard to scope, cost, time and quality, and the constraints imposed on human material and financial resources. These conflicts should be resolved at the onset of a project by making the necessary tradeoffs or creating new alternatives. Subsequently, the functions during the project management for construction generally include the following: 

►Specification of project objectives and plans including delineation of scope, budgeting, scheduling, setting performance requirements, and selecting project participants. 

►Maximization of efficient resource utilization through procurement of labor, materials and equipment according to the prescribed schedule and plan. 

►Implementation of various operations through proper coordination and control of planning, design, estimating, contracting and construction in the entire process. 

►Development of effective communications and mechanisms for resolving conflicts among the various participants. (Hendrickson and Au, 2000)
Accordingly, the efforts during the construction project management usually are interested in controlling and reducing the cost of projects; decreasing overall time required for planning and implementation; providing continuous control, continuity and improve project coordination and maintaining checks; balancing relationship between owner, architect and contractor and monitoring, identifying and lessening project risks, to increase project success. 

A project organization will generally be terminated when the mission is accomplished. 

2.2.2. The Project Management Process

Construction management can be seen as the process of procuring a facility which fully satisfies a client’s requirement, within an approved time and cost. The specific stand point of project management is to understand the gate of process of project management. Generally, the project management is distinguished from the general management of corporation by the mission-oriented nature of a project (Ahuja, 1984).

Effective project management is a comprehensive process that involves planning, directing, and controlling all of the construction operation and resources. This process begins with the receipt of the contract document and extends through the completion and subsequent delivery of the project. The use of a comprehensive model maximizes the potential for completing project within budget and on schedule.

The project management requires five different managerial activities and can thus be most simply structured in five step process; 
1. Defining- defining the project goals

2. Planning- planning how and the team will satisfy the triple constraint (goal) of performance specification, time schedule, and money budget (the plan depends on the mix of human and physical resources to human resources to be used.

3. Leading- providing managerial guidance to human resources, subordinates, and others (including subcontractors), that will result in their doing effective, timely work.

4. Monitoring- measuring the project work to find out how progress differs from plan in time to initiate corrective action (this often leads to re-planning, which may force a goal definition change, with a consequent need to change resources.)

5. Completing- making sure that the job that is finally done conforms to the current definition of what was to be done and wrapping up all the loose ends, such as documentation. 

The first two steps are not necessarily separate and sequential, except when the project initiator issues a firm, complete, and unambiguous statement of the desired project output, in which case the organization that will carry out the project may start to plan how to achieve it. It is more common to start with a proposed work definition, which is then jointly renegotiated after preliminary planning elucidates some consequences of the initially proposed work definition. The definition must be measurable (specific, tangible, and verifiable) and attainable (in the opinion of the people who will do the work).

In simple terms, project management involves developing a plan, initiating the execution of the plan, and comparing actual progress to planned progress on a continual and ongoing basis. The project execution plan is a dynamic document that must be updated regularly in order to reflect the best information an available at any point in time. By continually updating and revising the plan it will reflect the most current and realistic roadmap for completing the project within the allotted time and budget. 
The project execution plan not only details the sequence of construction but also addresses financial and logistical aspects of the project. There is a clear relationship between the project sequence, project duration, and the ultimate project cost. The objective of the comprehensive project management process is to complete the construction project on schedule and within budget. These objectives are attainable if the estimate is accurate and the right resources in the right quantity are at the right place at the right time (Lester, 1991).
The ability to accomplish this balancing act is the most distinguishing factor between contractors. The contractor who is successful at accomplishing these objectives has a competitive advantage through a lower cost structure and ultimately has the opportunity to acquire more work at higher profit margins. Once this plan is developed, it must be communicated to the fabricator in the form of a delivery plan or schedule. Through effective planning, coordination, and communication this task can be an accomplished.

The ability of contractors to distinguish themselves and obtain a competitive advantage is directly related to their ability to plan, direct, and control the construction process. An effective planning process is one that is comprehensive and continual. An iterative process deviation in the construction plan can be quickly identified and evaluated (Culpin, 1989)
The triple constraint, an extremely important notion for project management, provides the defining parameters of a project. It consists of three dimensions:

1. Performance specification

2. Time schedule

3. Money budget

The key point the triple constraint illustrates is the need to simultaneously satisfy three independent goals- not just one. Money may actually appear in two dimensions of the triple constraint. It is obvious that it appears in the cost dimension, where it may include not only actual project expenses but, in some situation, capital expenses even though this may be in the organization capital budget as well. 
Normally, the triple constraint cost dimension involves the planned or actual project expense, usually including the overhead and the general and administrative burdens (Lock, 1993).
2.3. The Project Management Organization Team

Project management may involve dozen of firms and hundreds of people who need to be managed and coordinated. But they must know what has to be done, and who is to do, when it should be done, and how will be done. The proper planning is the step in communication of these intentions. To ensure team work, all major participants and stakeholders should be involved at each stage of the process. 
Every organization has a multiplicity of purposes at any given moment, if for no other reason than that to be composed of many individuals with varied skills, interests, personalities, and unpredictability’s. Thus, the project manager will often be frustrated by the many other directions the organization seems to be moving. 

These multiple directions arise because of personal aspirations and interests, because of various close-minded interests by different components of the organization, and because of many projects being carried out simultaneously. The customers and users, customers of customers, or other people, will also affect the organization. Thus, in many instances, the project manager even with a loyal and dedicated team may be frustrated in trying to achieve the project goal.

Lock (2001; 36) emphasized the following;

“When the project has been finished, the team and its project manager have no further purposes. As various aspects of the project are finished, so the team will gradually be reduced in size until it is finally disbanded when the project is finished.” 
2.3.1. Project and Program Identification

Projects are accomplished resources, namely, people and things. Many of the required resources are only marginally under the effective control of the project manager. The project manager must organize the correct human resources to take advantage of the available physical resources (Day, 1994).  

Project originate because something not done before must be done. Although going to work on same mornings may seem to be major undertaking, it is not usually considered a project. Going to work is an activity that repeats a prior activity, namely, going to work the day before (Slack et all., 2001).
Program is commonly used synonymously with project. Thus, the expression program management is often use interchangeably with project management, some organization use task management as well. Program management, project management, and task management are generally identical. But programs are usually larger than project, and projects are usually larger than tasks. Thus, there is some connotation of size when terms other than project management are used. Nevertheless, the techniques and methodology are essentially the same, differing only in detail (Adair, 1979).
2.3.2. Construction Project Manager
During construction project management, the construction project manager deals with the problems in social science, management, business, labour/legal relations and the interaction of governmental and private interests as they relate to major construction projects. 
He or she is essentially a high level manager who focuses on the coordinating the different needs of a project on a large scale. In particular, the construction manager is responsible for maintaining the relationship with all the contractors and subcontractors to ensure the smooth and timely completion of a project. 
The most important aspect of the position is one of defining the structure of the project management team and assigning roles and responsibilities to each member. Beyond this, the construction manager arranges and maintains project relationships with the trade contractors and designers associated with particular aspects of the project, including setting timetables for completion of certain sections and resolving conflicts as they arise. 

Beyond coordinating the internal workings of a project, the manager must develop plans to handle external concerns. These include handling equipment and materials suppliers, developing plans with local emergency and fire departments for on-site safety, and risk management.

Then the project manager has to deal with the constraints and emotional problem inherent in their use while trying to accomplish the project initiators technical performance goals within the schedule and budget. 
Managing people is often the most difficult aspect of managing a project, especially for recently appointed managers whose academic training is primarily in a technical discipline such as engineering, and construction management (Adair,1979).
2.3.3.  Coordination and Communication

Most projects involve more than one person. Typically, a technical expert is asked to perform in the area of his or her expertise. For instance, a carpenter works on wood framing, not the plumbing or electrical wiring in a construction project. 
Similarly, an expert on electronic circuit design works on the electronic circuit design task, not on the optical design task for an electro-optical system. The project plan is a way to inform everyone on the project what is expected of him and her and what others will be doing. Plan is a vehicle to delegate portions of the triple constraint down to the lowest reporting level.

If the people responsible for these tasks also participate in making the plans, they will have an added impetus to adhere to them. Thus, there is a golden rule for coordination. Get persons who will do the work to plan the work, it should be able to know more about it than anyone else.

If the project is performed in the office, other people in the organization for example, the owner will want to know where the project is headed, what is being done, and how long it will take doing it. 
Thus, project plans constitute an important communication and coordination document and may motivate people to perform better. 

2.3.4.  The Basic Steps in Construction Project Procedure

Construction project has very complex and interrelated activities as seen in the figure 2.7. This flow chart illustrates the principal procedures associated with a project. These include the owner’s input and basic contracting process that may lead to a contract. 
These activities are important and vital in sake of success of the implementation of project. Each process requires a great amount of work to be done.  Construction management processes and project processes are related. 
The construction project procedure is a continuous one, and some time processes overlap. This characteristic requires all of the activities, processes and functions to be planned by considering the other stage of the processes.  

The construction procedure which means designing and building  the thing which does not exist, from the beginning to the end,  should involve the holistic approach for every stage of the project and every process of the construction. Therefore, the possible problems can be foreseen.
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Figure 2.7. Construction Procedure Flow Chart (Paskewich, 1982)
3. METHODOLOGY, RESEARCH PARADIGMS, AND THE ANALYTIC FRAMEWORKS GOVERNING BASIC APPROACHES

This study focused on the construction project management with the purpose of establishing a general approach to project management by particularly emphasizing on organization. Since the organization is the one of the basic problems of construction project management, it is taken as the main central issue and therefore, defines the extents of this research. 

Thus, the main goal of the research, which is to develop an appropriate understanding about the essential structure of project management and consequently about the organization and coordination of project management, defines the characteristics of the research method. 

The literature review and survey method have been chosen for the research. The research questions, which are derived from the purposes of research, define the path of the progressive methodology. Step by step, the answers are tried to be located. The related resources are found in written texts or digital format, and used as the main supply of information. 

Research paradigms in the progressive methodology are originated from the project management body of knowledge essentials. There are nine areas for theoretical framework which are accepted as the nine management areas of construction project management: Integration, scope, time, cost, quality, human resources, communications, risk, and procurement management. 

Systematically, these paradigms are explored analytically and, involved processes and activities are defined. The organizing for project management issue is examined within the context of these management areas. The effects and the reflections of these processes are seen in the development of organization. So, these paradigms are studied deeply in order to achieve a functional approach which can be obtained from the pre-asked research questions.

Organizing for project management includes various roles and activities in the pre-construction phase and construction phase. These activities and the roles of the participants require well designed and defined practice. Methodologically, the possible ways which cause the formation of the organization is surveyed by considering existing theoretical and practical constitution. There are three systems which define the nature of organization: organizational formations of project management, organizational configuration of projects, and “the work breakdown structure” of the project. In this context the findings are revealed. Further, in the sixth chapter, the research questions are answered and the conclusions are accomplished. 
4. THE CONTEXT OF THE STUDY: THE CONSTRUCTION PROJECT MANAGEMENT 

The practices of construction project management are unique or nearly unique in comparison to other management disciplines. It provides the tools to plan, control, monitor track and manage resources, schedules, costs, and quality. Project management enable project to be on the right track within limited time and budget. Developing the construction plan is a critical task in the management of construction. In developing construction plan, it is common to adopt a primary emphasis on either cost or schedule control. Within the categories of expenditure, a distinction is made between costs incurred directly in the performance of an activity and indirectly for the accomplishment of the project (Meyer and Carr, 1974).

A good construction plan is the basis for developing the budget and the schedule for work. In addition to the technical aspects of construction planning, it may also be necessary to make organizational decisions about the relationship between project participants and even which organization to include in project.

The essential aspects of construction planning include the generation of required activities, analysis of the implication of these activates, and the choice of the various alternative means of performing activities. 
In this chapter, general structure of the construction project management is analyzed in terms of the processes and organization types it includes in context of time, budget, activities held, cost, quality etc.

There are two Project Management Phases; Feasibility Phases  and Acquisition Phases. The feasibility phases are the concept and development phases of a generic project life sequence. Generally, these phases count for approximately 25% of the project time (Gray, 1981). The principle issues during these phases are cost, time, quality, and risk. Project controls should be established.  The acquisition phases are the implementation and termination phases of a generic project life sequence. Generally, these phases count for approximately 75% of the project time.  Project controls during the implementation phase emphasize performance measurement against cost, quality, and schedule baselines; maintain scope, cost, time and quality balance. Types of reports in this stage are related with the cost, schedule, performance status; S curves; earned value; variances; trends, and exceptions. The characteristics and the scope of the project plan have a great importance in acquisition of project management (Slack, 2001). At the same time it defines the quality of the project manager’s role and functions during processes of the project management body of language.

The project management body of knowledge is categorized into various areas which cover planning, scheduling, performance analysis, client / consultant relations, project and cost trend analysis, logistics management, cost control, organization and manpower planning, contract and materials administration and estimating and so on. 

As explained in chapter 2, page 21, there are nine construction project management knowledge area which has it is own management and planning requirements and instruments.   

4.1. Integration Management 

The project integration management knowledge area includes processes that are requisite to ensure all the project's components are well coordinated (PMI, 2003). This knowledge area embraces the project plan development processes, project plan execution processes, and integrated change control processes. Each process has a set of input and a set of output. Each process also has a set of tools and techniques that are used to turn the input into output.  Integration Management Processes include Project Plan Development, Project Plan Execution and Integrated Change Control.
4.1.1. Project Plan Development: Historical information, organizational policies, constraints, and assumptions are included and considered to form a project plan. Project planning methodology, stakeholder skills and knowledge, and a project management information system (PMIS) are taken the basis of development method. At the end of this stage the project plan and supporting details are obtained. Project plan development make use of the output of the other planning processes to generate a reliable, rational document that can be used to guide both project execution and project control. 
Table 4.1. Basic concepts of Project Initiation Phase.
	Activity 


	An element of work performed during the course of a project. An activity normally has an expected duration, an expected cost, and expected resource requirements. Activities can be divided into tasks. 

	Baseline 
	The original plan plus or minus approved changes. 

	Change Control Board(CCB)
	A formally constituted group of stakeholders responsible for approving or rejecting changes to 

the project baselines. 

	Code of Accounts
	Any numbering system used to uniquely identify each element of the work breakdown structure. 

	Deliverable 


	 Any measurable, tangible, verifiable outcome, result, or item that must be produced to complete a project or subproject. 

	Delphi Technique
	A forecasting technique used to gather information about future events on a project. It relies on

 gathering expert opinions. 

	Fast Tracking 
	Compressing the project schedule by overlapping activities that would normally be done in sequence. Also used to imply overlapping of normally sequential phases in a project life cycle. 

	Management By Objectives (MBO) 
	A system of managerial leadership that defines individual managerial responsibilities in terms of 

corporate objectives. 

	Operation
	Work that is ongoing and repetitive. 

	Program 


	A group of related projects managed in a coordinated way. Programs usually include an element

 of ongoing activity. 

	Project
	A temporary endeavor undertaken to create a unique product or service. 

	Project Charter
	A formal document issued by senior management which explains the purpose of the project 

including the business needs the project and the resulting product. It provides the project manager with the authority to apply organizational resources to project activities. 

	Project Life Cycle
	A collection of generally sequential project phases whose name and no. are determined by 

the control needs of the organization(s) involved in the project. 

	Project Notebook
	A detailed project plan. The notebook is updated throughout the life of the project. 

	Project Phase
	A collection of logically related project activities, usually culminating in the completion 

of a major deliverable. 

	Project Plan
	A formal, approved document used to guide both project execution and project control. The primary uses of the project plan are to document planning assumptions and decisions, to facilitate  communication among stakeholders, and to document approved scope, cost, and schedule baselines.  A project plan may be summary or detail. 

	Project Management
	The application of knowledge, skills, tools, and techniques to project activities in order to meet or  exceed stakeholder needs and expectations from a project. 

	(RAM)Responsibility Assignment Matrix
	A structure which relates the project organization structure to the WBS to help ensure that 

each element of the project's scope of work is assigned to a responsible individual. 

	Stakeholder 
	Individuals and organizations who are involved in or may be affected by project activities. 

	Statement of Work (SOW)
	A narrative description of products or services to be supplied under contract. 



	Work Authorization
	Process of sanctioning all project work. In cases where work is to be performed in segments due to technical or funding limitations, work authorization / release authorizes specified work to be performed during a specified period. 

	Work Package
	A deliverable at the lowest level of the work breakdown structure. A work package may be 

divided into activities. 


4.1.2. Project Plan Execution: The project plan, supporting detail, organizational policies, and corrective action are studied by using the general management skills, product skills and knowledge, work authorization system, status review meetings, PMIS, and organizational procedures, for execution of project plan. The outputs of this phase contain work results and change requests (Yancy, 2002).

4.1.3. Integrated Change Control: In this controlling stage, the project plan, performance reports and change requests are studied with the methods of the change control system, configuration management, performance measurement, additional planning, and project management information system. Then the project plan updates, corrective action, and lessons learned are obtained. Integrated change control is concerned with: 
►Influencing the factors which create changes to ensure that changes are beneficial. 

►Determining that change has occurred 

►Managing the actual changes when and as they occur 

Integrated change control requires maintaining the integrity of the performance measurement baselines; ensuring that changes to the product scope are reflected in the project scope; and coordinating changes across knowledge areas (change often affects cost, risk, quality, staffing, scope, time, etc.).
4.2. Scope Management

Scope is the sum of the products and services to be provided in a project and decomposes the major deliverables into smaller, more manageable components to provide better control. The work that must be done in order to deliver a product with the specified features and functions defines the project scope. The project scope management knowledge area is defined by the processes that limit and control the work included in a project (PMI, 2003). These processes ensure that all the work of the project is included. Processes in this knowledge area include the initiation process as well as all the processes related to the scoping of the project. Each process has a set of input and a set of output. Each process also has a set of tools and techniques used to convert input into output.  Scope Management Processes are Initiation and Scope Planning.
4.2.1. Initiation:  At the end of this phase, scope statement; supporting detail, scope management plan, project charter, identified project manager, constraints, and assumptions are obtained. Committing the organization to begin the next phase of the project is done. The process of formally recognizing that a new project exists or that an existing project should continue to its next phase.
4.2.2. Scope Planning: In this planning period the product description; project charter; constraints, and assumptions are analyzed by product analysis; benefit/cost analysis; identifying alternatives, and expert judgment methods. At last, scope statement; supporting detail, and scope management plan are done. The process of developing a written scope statement is as the starting point for future project decisions.  The scope statement forms the basis for an agreement between the project team and the project customer by identifying the project objectives and major project deliverables. Scope Management Plan ;
►A subsidiary element of the overall project plan. 

►Describes how project scope will be managed. 

►Describes how scope changes will be integrated into the project. 

►Should also include an assessment of the expected stability of the project scope. 

►Should also include a clear description of how scope changes will be identified and classified.

4.2.3. Scope Definition: Scope statement; constraints; assumptions; and historical information are evaluated with work breakdown structure templates (or WBS from a previous project) and decomposition (subdivision) methods in order to get work breakdown structure. 

4.2.4. Scope Verification: It is the process of formally accepting the project scope by the stakeholders (sponsor, client, customer, etc.) 

4.2.5. Scope Change Control  It is the process of controlling changes to project scope. A scope change control system; performance measurement techniques; and additional planning are used scope changes; corrective action, and lessons learned.

Table 4.2. Basic concepts of Scope Management Process   
	Product Scope 

Project Scope 
	The features and functions that are to be included in a product or service. 



	Scope Change 
	Any change to the project scope. 

	Scope Change Control 
	Controlling changes to project scope. 



	Scope Definition 

Scope Planning
	Developing a written scope statement that includes the project justification, the major deliverables, and the project objectives. 

	Scope Management
	A plan which describes how project scope will be managed and how 



	Plan 
	Scope change will be integrated into the project. Includes an assessment of how likely and frequently the project scope may change and a description of how scope changes will be identified and classified. 

	Scope Statement 
	A documented description of the project as to its output, approach, and content. (What is being produced?, How is it being produced?, and What is included?)

	Work Breakdown Structure (WBS)
	A deliverable-oriented grouping of project elements which organizes and defines the total scope of the project. 



	Work Package 


	A deliverable at the lowest level of the work breakdown structure. A work package may be divided into activities. 


4.3. Time Management
Project Time Management is a subset of project management that includes the processes required to ensure timely completion of the project. The efficient management of  time is one of the most important  aspects of project  management; frequently it is the most critical aspect for a client. Time itself is unmanageable, and if it is critical, must be treated as a diminishing resource from day one. 
Since, time as a resource can not be increased, it follows that time management really relates to the management of the activities involving any other resource within an allocated period (Lewis, 2002). Project Time Management includes the following major processes:
►Activity Definition
►Activity Sequencing
►Activity Duration Estimating
►Schedule Development
►Schedule Control

Table 4.3.a. Basic concepts of Time Management Process  (a) 
	Activity 
	An element of work performed during the course of a project. (Normally has duration, cost, and resource requirements.) 

	Baseline 
	The original plan plus or minus approved changes. 

	Arrow Diagram Method (ADM) 
	A network diagramming technique in which activities are represented by arrows. The tail of the arrow represents the start and the head of the arrow represents the end of the activity. Activities are connected at points called nodes to illustrate the sequence in which activities are expected to be performed. Also called Activity-On-Arrow (AOA). 


	Backward Pass 
	The calculation of late finish and start dates for the uncompleted portions of all network activities. Determined by working backwards through the network logic from the project's end date. 

	Concurrent Engineering 
	Generally speaking, an approach to project staffing that calls for the implementors to be involved in the design phase. (sometimes confused with fast tracking.) 


	Crashing 
	Taking action to decrease the total project duration after analyzing a number of alternatives to determine how to get the maximum duration compression for the least cost. 

	Critical Activity 
	An activity on a critical path. 

	Critical Path 
	The series of activities which determines the earliest completion of the project. The critical path is usually defined as those activities with float less than or equal to a specified value (usually zero). 

	Critical Path Method (CPM) 
	A network analysis technique used to predict project duration by analyzing which path has the least amount of scheduling flexibility. Early dates are calculated using a forward pass; late dates are calculated using a backwards pass. 

	Data Date (DD) 
	The point in time that separates actual (historical) data from future (scheduled) data. Also called as-of date. 


	Dummy Activity 
	An activity of zero duration used to show a logical relationship in the arrow diagramming method. Dummy activities are used when logical relationships cannot be completely or correctly described with regular activity arrows. Dummies are shown graphically as a dashed line headed by an arrow. 


	Duration (DU) 
	The number of work periods (not including holidays and other non-working periods) required to complete an activity or other project element. 

	Early Finish Date (EF) 
	In the critical path method, the earliest possible date in which the uncompleted portions of an activity or project can complete. Can change as the project progresses. 


	Early Start Date (ES) 
	In the critical path method, the earliest possible date in which the uncompleted portions of an activity or project can start Can change as the project progresses. 


	Effort 
	The number of labor units required to complete an activity or other project element. Should not be confused with duration. 


	Event-on-Node 
	A network diagramming technique in which events are represented by boxes (or nodes) connected by arrows to show the sequence in which the events are to occur. 

	Fast Tracking 
	Compressing the project schedule by overlapping activities that would normally be done in sequence (such as design and construction). 


	Float 
	The amount of time that an activity may be delayed from its early start without delaying the project finish date. (Also called slack, total float, and path float). 


	Forward Pass 
	The calculation of the early start and early finish dates for the uncompleted portions of all network activities. 


Table 4.4.b. Basic concepts of Time Management Process (b)   
	Free Float (FF) 
	The amount of time an activity can be delayed without delaying the early start of any immediately succeeding activities. 

	Gantt Chart 
	A graphic display of schedule-related information using bars. 

	Hammock 
	An aggregate or summary activity. 

	Hanger 
	An unintended break in a network path. Hangers are usually caused by missing activities or missing logical relationships. 

	Lag 
	A modification of a logical relationship which directs a delay in the successor task. 

	Late Finish Date (LF) 
	In the critical path method, the latest possible date that an activity may be completed without delaying a specified milestone (usually the project finish date). 

	Late Start Date (SF) 
	In the critical path method, the latest possible date that an activity may begin without delaying a specified milestone (usually the project finish date). 

	Lead 
	A modification of a logical relationship which allows an acceleration of the successor task. For example, in a FS relationship with a 10 day lead, the successor can start 10 days prior to the completion of the predecessor. 

	Level of Effort (LOE) 
	Support type activity (e.g., vendor or customer liaison) that does not readily lend itself to measurement of discrete accomplishment. Generally characterized by a uniform rate of activity over a specific period of time. 

	Logical Relationship 
	A dependency between two project activities or between an activity and a milestone. Four possible types: FS, FF, SS, and SF. (see logical relationships under concepts). 

	Master Schedule 
	A summary level schedule which identifies the major activities and milestones. 

	Milestone 
	A significant event in the project, usually completion of a major deliverable. 

	Milestone Schedule 
	A summary level schedule which identifies the major milestones. 

	Path Convergence 
	In mathematical analysis, the tendency of parallel paths of approximately equal duration to delay the completion of the milestone where they meet. 

	Precedence Diagram Method (PDM) 
	A network diagramming technique in which activities are represented by nodes. Activities are linked by precedence relationships to show the sequence in which the activities are to be performed. 

	ProgramEvaluation and Review Technique (PERT) 
	An event-oriented network analysis technique used to estimate project duration when there is a high degree of uncertainty with the individual activity duration estimates. 

	Project Network Diagram 
	Any schematic display of the logical relationships of project activities. Always drawn from left to right to reflect project chronology. Often incorrectly referred to as a "PERT chart". 

	Remaining Duration (RDU) 
	The time needed to complete an activity. 

	Resource Leveling 
	Any form of network analysis in which start and finish dates are driven by resource management concerns. 

	Resource-Limited Schedule 
	A project schedule whose start and finish dates reflect expected resource availability. The final project schedule should always be resource limited. 

	Scheduled Finish Date (SF) 
	The point in time work was scheduled to finish on an activity. The scheduled finish date is normally within the range of dates delimited by the early finish date and the late finish date. 

	Scheduled Start Date (SS) 
	The point in time work was scheduled to start on an activity. The scheduled start date is normally within the range of dates delimited by the early start and late start dates. 

	Slack 
	Synonymous with float. 

	Time-Scaled Network Diagram 
	Any project network diagram drawn is such a way that the positioning and length of the activity represents its duration. Essentially, it is a bar chart that includes network logic. 

	Total Float 
	Synonymous with float. 

	Work Item 
	Synonymous with activity. 


These processes interrelate with each other and with the processes in the other knowledge areas as well. Each process may engage effort from one or more individuals or groups of individuals based on the needs of the project. Each process generally occurs at least once in every project phase (Yancy, 2002)

4.3.1. Activity Definition in Time Management: This process involves identifying and documenting the definite activities that must be performed in order to create the deliverables and sub-deliverables identified in the work breakdown structure. Implicit in this process is the need to define the activities such that the project goals will be met.

► Work breakdown structure;

► Scope statement (the project justification and the project objectives);

►Historical information;  

►Constraints; (the factors that will limit the project management team’s options); and

►Assumptions; (which are considered to be true, real or certain for planning purposes) are used for activity definition.

Tools and techniques for activity definition are Decomposition and Templates. Decomposition means subdividing project elements into smaller, more manageable components in order to provide better management control. Templates means an activity list, or a portion of an activity list from a previous project, which is often usable as a template for a new project.

Outputs from Activity Definition phase are the activity list that includes all activities which will be performed on the project; documented supporting detail for the activity list and Work breakdown structure updates.

4.3.2. Activity Sequencing: This process involves identifying and documenting interactivity dependencies. Sequencing can be performed with the aid of a computer (e.g., by using project management software) or with manual techniques.
►Activity list

►Product description (Product characteristics often affect activity sequencing)

►Mandatory dependencies (Hard Logic; they often involve physical limitations)

►Discretionary dependencies (Soft Logic; they may limit later scheduling options.)

►External dependencies (The link between project activities and non-project activities)

►Constraints

►Assumptions

are used to obtain Project Network Diagram and Activity List Updates. 

Several network systems have emerged during the second half of the twentieth century, but these all fit within one or other of two principle groups, determined by the method of notation, activity on arrow system, often called arrow network and precedence networks, also known as activity on node or PDM networks; i.e. short for precedence diagram (Meredith, Mantel, 2002)  
The logical significance of the diagram (See figure 4.3) is that each event cannot be considered achieved until the activity or activities leading into it have been finished. Just then, the following event is started. In practice, each arrow on a real project network would have its task name or description written a long the length of the arrow. Descriptions are usually kept short, through lack of space on the diagram and, subsequently, in the appropriate computer date field.

All the activities comprising a project are joined by arrows which, unlike those in arrow diagrams, simply represent constraints or links. A dummy activity is an activity requiring no work and signifying no actual activity or duration. Dummy activities are usually unnecessary in precedence networks; in sense the logical links are all dummies (Harris, 1978). However, they can be useful as an interface activities common to two or more different subnet works in a complex work breakdown arrangement. 

There are some techniques and methods applied in the activity sequencing phase: Precedence Diagramming Method (PDM); Arrow Diagramming Method (ADM); Conditional diagramming methods; and Network templates.

Precedence Diagram Method (PDM): 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. It is also called Activity On Node. PDM can be done manually or on a computer. There are four types of logical relationships: Finish to Start, which is the predecessor activity must finish before the successor activity can start; Finish to Finish which the predecessor activity must finish before the successor activity can finish. Start to Start: The predecessor activity must start before the successor activity can start. Start to Finish: The predecessor activity must start before the successor activity can finish (Harris, 1978).
The PDM schedule consists of activity nodes and relationships arrow. Figure.4.1. is an example of how activity is related. 
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Figure 4.1. PDM activity terminology

When analyzing a PDM schedule, the activities are always grouped together into activity pairs. 
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Figure 4.2. Activity pairs

Arrow Diagram Method (ADM) is also called Activity on Arrow. It may require the use of dummy activities to define all logical relationships correctly. Only shows "Finish to start" relationships. This is a method of constructing a project network diagram using arrows to represent the activities and connecting them at nodes to show the dependencies. Figure 4.3. shows a simple project network diagram drawn using ADM. ADM can be done manually or on a computer.  While there are still contractors that use ADM, they are few and their numbers are declining. PDM has come forward as the most popular technique.
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Figure 4.3. An arrow network

Conditional Diagramming Methods  GERT (Graphical Evaluation and Review Technique)  and System Dynamics models allow for non-sequential activities such as loops or conditional branches. 

Network templates: Standardized networks can be used to expedite the preparation of project network diagrams. They can include an entire project or only a portion of it. 

The purpose of this phase is obtaining a network diagram which is an essential tool for the planning of complex projects. A network diagram provides a visual representation of how project activities progress. For very simple projects a bar or “Gantt” chart is adequate to simply show when all activities begin and end. However, as projects become more complex, some form of network diagram is necessary (Wiest and Levy,1977). Constructing a network diagram requires;

►writing all activities on ”sticky notes,“ including one for ”start project“ and one for ”finish project.”

►taping together several sheets of paper and hang them on a wall or use a white board.

►sticking the “start”node on the left of the paper and the “finish” node on  right side.

► referring to the dependency list and place activities that do not have predecessors to the immediate right of the start node.

►drawing arrows from the start node to all activities with no predecessors (each of these becomes the start of a network  ”path“).

►for each path, placing all subsequent dependent activities (successors) from left to right according to their relationships to one another.

►continuing to map out the sequence of activities for each path by drawing arrows connecting them (activities may have multiple dependencies with their paths and between paths)

►changing and rearranging dependencies as needed until the team achieves consensus.

►Connecting the last activities to the finish node with arrows.

Many software project management tools can do this but they require additional equipment such as large paper plotters. The project network diagram is often incorrectly called a PERT chart (for Program Evaluation and Review Technique). A PERT chart is a specific type of project network diagram that is seldom used today. In much the same manner that the activity definition process may generate Activity list updates to the WBS.

4.3.3. Activity Duration Estimating: This time estimate process is about guesstimating the number of work periods needed to complete each identified activity. In most organizations the project manager develops the duration estimates for the project as a whole with input from project team members. To achieve this, first, calculation of the amount of time it would normally take to complete the activity, assuming the resources assigned were working at their maximum capacity is done. In project management there are two kinds of time: effort and duration. Effort is the amount of time it would take to complete an activity if the person spent full time working on it without interruption. Duration is the amount of time the activity will take when other responsibilities are factored in. 
Creating initial estimates for effort and durations requires:

►Estimating the ”effort“ required for each activity.

►Determining how much time each activity owner will be able to actually spend on their activities in any given period.

►Determining activity durations by adjusting the effort estimates by the amount of dedicated time.

►Having the team members realistically review each other’s estimates and provide feedback.

►Adjusting initial estimates as needed.

►Recording the assumptions that underlie each estimate

►Comparement of Current Project to Past Experience

►Estimating Durations of Activities

Activity list, constraints, assumptions, resource requirements, resource capabilities, and historical information should be considered in time estimating. Expert judgment, analogous estimating (top-down estimating), and simulation methods used for estimating. At the end of this process Activity duration estimates, the quantitative assessments of the likely number of work periods that will be required to complete an activity and should always include some indication of the range of possible results; for example: 3 weeks ± 2 days to indicate that the activity will take at least 19 days and no more than 23 days; basis of estimates, and activity list updates are obtained. 

4.3.4. Schedule Development: It is the process of analyzing activity sequences, durations, and resource requirements to create the project schedule. If the start and finish dates are not realistic, the project is unlikely to be finished as scheduled. The schedule development process must often provide inputs, especially duration estimating and cost estimating prior to determination of the project schedule.

Project schedule is intended to match the resources of equipment, materials and labor with project task over time. A good scheduling can eliminate problems due to production process and the facilities, and insure the complication of a project as soon as possible. 
The weak scheduling can result in considerable waste as labors and equipment wait for the reliability of needed resources or the completion of preceding task. Delays in the compellations of an entire project due to a weak scheduling can also create losing for owner who is eager to start using the construction facilities.

Many owners require detailed construction schedules to be submitted by contractors as a means of monitoring the work programs. 

In schedule development process Project Network Diagrams, Activity Duration Estimates, Resource Requirements, Resource Pool Descriptions, Calendars, Constraints, Assumptions, Leads and Lags are evaluated and various tools and techniques (ie; mathematical analysis, duration compression, simulation, resource leveling heuristics, project management software) are used. (See Table 3 and Table 4 for definitions).
Mathematical analysis involves calculating theoretical early and late start and finish dates for all project activities without regard for any resource pool limitations. The most widely known mathematical analysis techniques are:  Critical Path Method (CPM), Graphical Evaluation and Review Technique (GERT),  Program Evaluation and Review Technique (PERT)

Critical Path Method (CPM) The most widely used scheduling technique is the critical path method (CPM) for scheduling. This method calculates the minimum completion time for project a long with the possible start and finish times for the project activities. (Moder et all, 1983). Many texts and managers regard critical path method as the only usable and practical scheduling procedure. Computer programs and algorithms for critical path scheduling are widely available and can efficiently handle project with thousands of activities.

Any delays the critical path would imply that additional time would be required to complete the project. There may be more than one critical path among all the project activities, so completion of the entire project, formally, critical path scheduling assumes that a project has been divided into activities if fixed duration and well defined predecessor relationships (Whitehouse, 1981).
A predecessor relationship implies that one activity must come before another in the schedule. No resource constraints other than those implied by precedence relationship are recognized in the simplest form of critical path scheduling. To use critical path scheduling in practice, construction planners often represent resource constraint by a precedence relation. 
A constraint simply a restriction on the options available to a manager, and resource constraint is constraint deriving from the limited availability of some resource of equipment, material, space or labor.

In essence, these restrictions imply that the constriction plan can be represented by network plan in which activities appear as nodes in network. Nodes are numbered, and no two nodes can have the same number or designation. The actual computer representation of the project schedule generally consists of a list of activities along with their associated durations, required resources and predecessor activities (Pinnel,1981).
►Graphical Evaluation and Review Technique (GERT), allows for probabilistic treatment of both network logic and activity duration estimates (i.e., some activities may not be performed at all, some may be performed only in part, and others may be performed more than once).

►Program Evaluation and Review Technique (PERT) uses sequential network

logic and a weighted average duration estimate to calculate project duration.
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Figure  4.4. Project Network Diagram with Scheduled Dates

At the end of the schedule development process “the project schedule and supporting detail”; “schedule management plan”; and “resource requirement updates “ are obtained. The project schedule may be presented in summary form (the “master schedule”) or in detail. Although it can be presented in tabular form, it is more often presented graphically using one or more of the following formats:
►Project network diagrams with date information added can be used (see Figure  4.4.)

►Bar charts, also called Gantt charts.  (see Figure  4.5.)

►Milestone charts (see Figure  4.6.)

►Time-scaled network diagrams (see Figure  4.7.)
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Figure 4.5. An example of Gantt Chart
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Figure 4.6. An example of Milestones Graphic
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Figure 4.7. An Example of Time-scaled network diagrams

Graphical presentation of project schedule is particularly useful since it is much easier to comprehend a graphical display of numerous pieces of information to shift through a large table of numbers.


4.3.5. Schedule Control:  It is the process of controlling changes to the project schedule. During schedule control, the factors that cause the change are determined and investigated whether the change is beneficial or not. Manipulation of the changed situation should be controlled as they occur. Schedule control must be thoroughly integrated with the other control processes of project management.

Project schedule, performance reports, change requests, and schedule management plan are the basics of the controlling process. Schedule change control system, which defines the procedures by which the project schedule may be changed, includes the paperwork, tracking systems, and approval levels necessary for authorizing changes is used for controlling.  
Performance measurement techniques  help to assess the magnitude of any variations which do occur. Additional planning is done if new changes require different time estimation and project management software is a useful tool considering control of the changes for schedule updates. 

4.4. Cost Management 

The project cost management knowledge area includes processes to ensure that a project is completed on time and within budget. These processes include resource planning and cost budgeting. Cost is, of course, necessary for planning a project, both to sell and manage the job. “The goal is to be as accurate as possible and to recognize that perfection is impossible. The more effort it put into cost or time estimate, the more accurate it is likely to be.” (Moselhi and EL- Rayes, 1993)

Estimating the cost of engineering projects can be difficult and uncertain. The uncertainty is due mainly to the extent of construction risk involved. In additions to the effects of construction risks, further uncertainty often arises due to the fact that there is nearly always pressure to generate optimistic cost estimates, particularly in competitive bidding situations, and this is coupled with the natural tendency of most people to be optimistic about the outcomes of endeavors on which they work. 

Table 4.5.a. Basic concepts of Time Management Process (a)

	Baseline 
	The original plan plus or minus approved changes. 

	Budget At Completion (BAC) 
	The estimated total cost of the project when done. 

	Budgeted Cost of Work Performed (BCWP) 
	The sum of the approved cost estimates for activities completed during a given period (usually project-to-date). 

	Budgeted Cost of Work Scheduled (BCWS) 
	The sum of the approved cost estimates for activities scheduled to be performed during a given period. 

	Chart of Accounts 
	Any numbering system used to monitor project costs by category (e.g., labor, supplies, materials). The project chart of accounts is usually based upon the corporate chart of accounts of the primary performing organization. 


	Code of Accounts 
	Any numbering system used to uniquely identify each element of the WBS. 

	Contingency Reserve 
	A separately planned quantity used to allow for future situations which may be planned for only in part ("known unknowns"). Contingency reserves are intended to reduce the impact of missing cost or schedule objectives. Contingency reserves are normally included in the project's cost and schedule baselines. 


	Cost Budgeting 
	Allocating the cost estimates to individual project components. 



Table 4.5.b. Basic concepts of Time Management Process (b)

	Cost Control 
	Controlling changes to the project budget. 

	Cost Estimating 
	Estimating the cost of the resources needed to complete project activities. 

	Cost Performance Index (CPI) 
	The ratio of budgeted costs to actual costs (BCWP / ACWP). CPI is often used to predict the magnitude of a possible cost overrun using the following formula: original cost estimate/CPI = projected cost at completion. 

	Cost Variance (CV) 
	Any difference between the estimated cost of an activity and the actual cost of that activity. In earned value, CV = BCWP-ACWP. 

	Earned Value 
	1.A method for measuring project performance. It compares the amount of work that was planned with what was actually accomplished to determine if cost and schedule performance is as planned. 2.The BCWP for an activity or group of activities. Definition (1) is also called Earned Value Analysis. 

	Estimate at Completion (EAC) 
	The expected total cost of an activity, a group of activities, or of the project when the defined scope of work has been completed. Most techniques for forecasting EAC include some adjustment of the original cost estimate based on project performance to date. 
EAC = Actuals-to-date + ETC. 
(Also known as Forecast Final Cost) 

	Estimate To Complete (ETC) 
	The expected additional cost needed to complete an activity, a group of activities, or the project. Most techniques for forecasting ETC include some adjustment to the original cost estimate based on project performance to date. 

	Fixed Costs 
	Costs that do not change based on the number of units. These costs are nonrecurring. 

	Life Cycle Costing 
	The concept of including acquisition, operating, and disposal costs when evaluating various alternatives. Also known as the total cost of ownership. 

	Management Reserve 
	A separately planned quantity used to allow for future situations which are impossible to predict. ("unknown unknowns") Management reserves are intended to reduce the risk of missing cost or schedule objectives. Use of management reserves requires a change to the project's cost baseline. 

	Parametric Estimating 
	An estimating technique that uses a statistical relationship between historical data and other variables to calculate an estimate. 

	Payback Period 
	The number of time periods up to the point at which cumulative revenues exceed cumulative costs and, therefore, the project has turned a profit. 

	Percent Complete (PC) 
	The percentage of the amount of work which has been completed on an activity or group of activities. 

	Project Cost Management 
	A subset of project management that includes the processes required to ensure that the project is completed within the approved budget. 

	Schedule Performance Index (SPI) 
	The ratio of work performed to work scheduled. (BCWP / BCWS) 

	Schedule Variance (SV) 
	Any difference between the scheduled completion of an activity and the actual completion of that activity. In earned value, BCWP - BCWS. 

	Value Analysis 
	A cost-reduction tool that involves careful analysis of a design or item to identify all the functions and the cost of each. It considers whether the function is necessary and whether it can be provided at a lower cost without degrading performance or quality. 

	Working Capital 
	Current assets minus liabilities. 


According to O’Connor (1994) Cost Management Processes are:
►Resource Planning; determining what resources (people, equipment, materials) and what quantities of each should be used to perform project activities.

►Cost Estimating; developing an approximation (estimate) of the costs of the resources needed to complete project activities.

►Cost Budgeting; allocating the overall cost estimate to individual work items.

►Cost Control; controlling changes to the project budget.
4.4.1. Resource Planning

To begin the resource planning process, the WBS, Activity Lists and Network Diagram  must be reviewed by the project manager and  the project team.  Proper conduct of the resource planning process requires:

► Identifying the Knowledge and Skill Requirements;  The key to the success of most projects is obtaining the right people in the right quantities to do the work. People can include a host of project-related personnel such as project team members, support staff, contractors, and customer resources. This requires understanding the nature of the work to be performed and identifying the knowledge and skills that will be needed. 
► Identifying Material and Equipment Requirements; In addition to people, resource planning involves determining what equipment and materials will be needed for the project, and in what quantities. Materials will normally include anything that is consumed in the course of creating the project deliverables. Equipment can include any tools, machinery, and computing equipment that will be required.

► Identifying the Project Resource Pool; the equipment and material resource pool is important, but the most important factor in resource planning is knowledge of the pool of qualified and potentially available people.  This resource pool description helps project managers understand whether or not their requirements can be satisfied or must be adjusted. Identifying the resource pool requires the project manager to consult with the relevant functional managers to identify what resources can be made available to the project and identify the names and availability dates of qualified people.

► Defining Resource Alternatives and Trade-Offs; when faced with shortages, the project manager must either develop alternative approaches to satisfying the project scope statement or document why project objectives cannot be met within the current constraints.

4.4.2. Cost Estimating 

Cost estimating involves developing an approximation of the costs of the resources needed to complete project activities. The costs of project include fix costs such as space and machinery, variable costs of materials, processes and people, and other costs such as failures and and repairs. These costs must be estimated in advance (O’Connor, 1994).
When a project is performed under contract, care should be taken to distinguish cost estimating from pricing. Cost estimating involves developing an assessment of the likely quantitative result—how much will it cost the performing organization to provide the product or service involved. Pricing is a business decision—how much will the performing organization charge for the product or service—that uses the cost estimate as but one consideration of many. Cost estimating includes identifying and considering various costing alternatives. For example, in most application areas, additional work during a design phase is widely held to have the potential for reducing the cost of the production phase. The cost estimating process must consider whether the cost of the additional design work will offset the expected savings.
Estimating the cost data requires:

►Evaluating relevant historical project cost data

►Estimating project costs

►Understanding the different types of estimates

►Utilizing correct estimating techniques

►Defining cost projection factors

►Proper use of interest rate calculations

►Document supporting cost detail

►Creating a cost management plan

Cost estimates are generally disaggregated into appropriate functional or resource based project categories. For example, labor and material quantities might be included for each of several physical components of a project. For cost accounting purposes, labor and material quantities are aggregated by type no matter for which physical component they are employed (Hendrikson and Au, 2000).
Tools and Techniques used  for Cost Estimating are; 

►Analogous estimating; Analogous estimation is also called “top down” estimating. It applies to actual costs of a similar project and requires the estimator to make a subjective judgment relative to the similarities between the two projects.

►Parametric modeling; Parametric estimation is a statistical method of estimating using data base of similar elements or a model that generates an estimate based on system performance and/or design characteristics of chosen model. 

►Bottom-up estimating; The Bottom-up estimate is also called the “engineering” method. It is the most detailed method of estimating. This estimating starts at lowest level of work (work package) in the WBS. The lower the WBS is decomposed, the easier it is to use this method. Hours are applied to the work packages and then "roll-up" to sub-total for subordinate tasks or activities and then to tasks or activities to provide a bottom-up developed estimate. Use of this estimate allows for costing by task or activity.

►Extrapolation estimation; is the most accurate of all techniques in that it uses actual data to extrapolate for a proposed project.

Computerized tools are used in many of the previously mentioned estimating techniques. Computerized tools are software tools used to allow “what if” scenarios to be modeled.

Cost estimating outputs include “cost estimates”, “supporting detail”, and “the cost management plan”. The cost management plan describes how cost variances will be managed. It is a subsidiary element of the overall project plan. 

4.4.3. Cost Budgeting 

Cost Budgeting is the process of allocating the overall cost estimates to individual work items in order to establish a cost baseline for measuring project performance. The initial project budgets must be derived from the cost estimates used when the tender or internal project proposal was prepared. 

The total budget should spread over the project work breakdown structure so that there is a specified budget for each work package. For true measurement and control, each budget element must correspond to an identifiable and measurable work package. Each of these budget elements and its associated work package must share a unique cost code against which manpower time sheet data, material cost and all other direct expenses can be collected and accumulated. 
Cost Budget  also involves establishing standards and a monitoring system by which costs of the project can be measured and managed thereby establishing cost controls. Life cycle costing is a method of doing this. Doing this will provide  the tools to measure the planned against the actual work, so that corrective action may be applied to overcome deviations from the project plan. 


One particular problem in forming a project budget in terms of cost accounts is the treatment of contingency amounts. These allowances are included in project cost estimates to accommodate unforeseen events and the resulting costs. 
However, in advance of project completion, the source of contingency expenses is not known. Realistically, a budget accounting item for contingency allowance should be established whenever a contingency amount was included in the final cost estimate. 

A second problem in forming a project budget is the treatment of inflation. Typically, final cost estimates are formed in terms of real dollars and an item reflecting inflation costs is added on as a percentage or lump sum. This inflation allowance would then be allocated to individual cost items in relation to the actual expected inflation over the period for which costs will be incurred. 

Developing a project budget helps to control project cost and requires:

►A knowledge of the types of costs and reserves

►Creating a time-phased cost baseline

►Creating the staffing plan, and material and equipment forecast (spending plan)

The project manager is responsible for the preparation of the project budget. Direct costs include: Direct labor costs that are calculated by multiplying number of estimated labor hours by hourly rate. The hourly rate is the loaded rate or burdened rate which includes hourly pay, health and life insurance, social security tax, payroll taxes, pension (if one), and workman's compensation. Inventory or material costs that account for components necessary to produce or build the product.  
Indirect costs (overhead costs) are those expenses incurred for the benefit of the overall project. Examples of indirect costs are cost of manufacturing, overheads, administrative costs, heating, lighting, training, and insurance to cover, worker injury. Sunk costs are dollars already invested in the project and cannot be recovered. 
Opportunity cost is the cost of not pursuing another opportunity without regard to risk. Variable costs are costs that are not fixed like labor costs. These costs vary in total depending on the situation within the project.  Point of total assumption costs is normally used in a Fixed Price Incentive Fee (FPIF) contract other costs include calculation of invoice payments.

The cost budgeting process’ outputs include Cost baseline - a time-phased budget used to measure and monitor cost performance (see Fig. 4.8.) It is developed by summing estimated costs by period and is usually displayed in the form of an S-curve.
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Figure 4.8. Illustrative Cost Baseline Display
4.4.4. Cost Control

Stories of construction projects running way over budget are all too common. Cost Control is concerned with influencing factors which create change to cost baseline, determining that the cost baseline has changed, and managing actual changes when and as they occur. Overruns in particular cost categories signal the possibility of problems and give an indication of exactly what problems are being encountered.

The problems of cost control are appropriately summed up in an old definition of a project as "any collection of vaguely related activities that are ninety percent complete, over budget and late." (Wideman, 1986). 

The task of project control systems is to give a fair indication of the existence and the extent of such problems. 

For cost control on a project, the construction plan and the associated cash flow estimates can provide the baseline reference for subsequent project monitoring and control. For schedules, progress on individual activities and the achievement of milestone completions can be compared with the project schedule to monitor the progress of activities.

Cost Control measures consist of:

►Work completion methods

►Earned value (EV) concept and terms

►Cross-checking of all control procedures to ensure compliance

►Analyzing requests for changes to the cost baseline

►Authorizing and monitoring changes to the cost baseline

►Updating the cost baseline and related documents

Cost control includes monitoring cost performance to detect variances from plan; ensuring that all appropriate changes are recorded accurately in the cost baseline; preventing incorrect, inappropriate, or unauthorized changes from being included in the cost baseline; and informing appropriate stakeholders of authorized changes. (PMI, 2003) 

Cost control inputs are cost baseline, performance reports, change requests, and cost management plan. In order to have effective cost control, there must be a system in place which includes both cost and time elements.

Many things can happen during the life of a project to alter the expected rate and magnitude of expenditure. The direction of change is usually upwards. Some of the reasons may be unavoidable or unforeseen but, in many cases, the fault will lie somewhere within the project organization. 
The principal purpose of cost control is to ensure that no preventable wastage of money or unauthorized increase in cost is allowed to happen (Moder et all, 1983). The following methods are used in cost control:  Cost change control system, which defines the procedures by which the cost baseline may be changed. Performance measurements are used to access the magnitude of any variations which do occur.
                              (example: earned value analysis)

BCWS: Baseline, Scheduled or Planned Costs 

BCWP: Amount budgeted for the work performed 

ACWP: Actual Cost of Work Performed 

BAC: Total Budgeted Costs 

EAC: Estimated at Completion 

VAC: Variance at Completion. 

The difference between the total amount the project was supposed to cost

(BAC) and the amount the project is now expected to cost (EAC). 

VAC = BAC - EAC 

CPI = BCWP / ACWP (measures efficiency) 

CV = BCWP - ACWP 

SPI = BCWP / BCWS (measures efficiency) 

SV = BCWP - BCWS 

Percent Complete (accomplished): 

BCWP/BAC (real value of work accomplished) 

Percent Spent: ACWP / BAC 

EAC = BAC / CPI or EAC = ACWP + ETC 

ETC = EAC - ACWP

4.4.5. The Cost Management Factors

1. Cost awareness by those responsible for design and engineering.

2. Cost awareness by all other project participants through out the life of the project.

3. A project work breakdown which yields work packages of management size.

4. Cost budgets, divided so that each work package is given its own share of the total budget.

5. A code of accounts system which can be aligned with the work breakdown structure.

6. A cost accounting system that can collect and analyses cost as they are incurred that can collect and analyses cost as they are incurred and allocate them with minimum delay to their relevant cost codes.

7. A practicable work schedule.

8. Effective management of well motivated staff, to ensure that progress meets or beats the work schedule.

9. A method for comparing expenditure with that planned for the work actually done.

10. Effective supervision and quality control of all activities ro aim at getting things right first time.

11. Proper drafting of specification and contracts.

12. Discreet investigation to ensure that the customer is of sound financial standing, with sufficient funds available to make all contracted payments.

13. Similar investigation, not necessary so discreet, of all significant suppliers and subcontractors new to the contractors experience.

14. Effective use of competitive tendering for all purchases and subcontractors to ensure the lowest cost commensurate with quality and to avoid committing cost that would exceed estimates and budgets.

15. Proper consideration and control of modifications and contract variations, including the passing on of justifiable claims for price increases to the customer.

16. Avoidance, where possible, of unbudgeted day works on construction contracts.

17. Where day works are unavoidable, proper authorization and retention of day work sheets.

18. Proper control of payments to suppliers to suppliers and subcontractors, to ensure that all invoices and climes for progress payments are neither overpaid nor paid too soon.

19. Recovery from the customer of all incidental expenses allowed for in the contract charging structure.

20. Proper invoicing to the customer, especially ensuring that claims for progress payments or cost reimbursement are made at the appropriate time and at the correct level, so that disputes do not justify the customer delaying payments.

21. Effective credit control, to expedite overdue payments from the customer.

22. Occasional internal security audits, to prevent losses through theft or fraud. 

Results of cost controlling process are (Ashgate, 2006): Revised cost estimates (modifications to the cost information used to manage the project); Budget updates (a special category of revised cost estimates, they are the changes to an approved cost baseline); Corrective action (anything done to bring expected future project performance into line with the project plan; Estimate at completion( (EAC) is a forecast of total project costs based on project performance)
4.5. Quality Management 


The project quality management is to ensure the result of a project meets the needs for which the project was executed. Processes such as quality planning, assurance, and control are included in this area. Quality is the totality of features and characteristics of a product or service that bear on its ability to satisfy stated or implied needs (Ireland, 1991). Some goals of quality programs include: 

►Fitness for use. (Is the product/service capable of being used?) 

►Fitness for purpose. (Does the product/service meet its intended purpose?) 

►Customer satisfaction. (Does the product /service meet the customer's expectations?) 

►Conformance to the requirements. (Does the product/service conform to the requirements?)
Project Quality Management is a subset of project management that includes the processes required to ensure that the project will satisfy the needs for which it was undertaken. Project Quality Management consists of quality planning, quality assurance, and quality control. 
Project Quality Management prescribes an important role in project planning and establishes the major functions of the project manager during project execution. The philosophy of the quality movement is followed through its development over the past century. 

Project Quality Management is a difficult knowledge area to define, The International Organization for Standardization (ISO) defines quality as “the totality of characteristics of an entity that bear on its ability to satisfy stated or implied needs.” (Twiant, 2006) Quality can be defined also based on conformance to requirements and fitness for use. Conformance to requirements means the project’s processes and products meet written specifications and fitness for use means a product can be used as it was intended.

Project Characteristics/Attributes that bear on quality are: Producibility (technology required); Usability (effort expended to use); Reliability (Mean-Time-Between-Failure; MTBF); Maintainability (Mean-Time-To-Repair: MTTR); Availability (Probability of performance)

4.5.1. The Purposes of Project Quality Management

The main purpose of Project Quality Management is to ensure that the project will satisfy the needs for which it was undertaken. Project Quality Management involves three main processes:

►Quality planning includes identifying which quality standards are relevant to the project and determining how to satisfy them. 

►Quality assurance involves periodically evaluating overall project performance to ensure the project will satisfy the relevant quality standards. 

►Quality control involves monitoring specific project results to ensure that they comply with the relevant quality standards while identifying ways to improve overall quality and it is the system for verifying and maintaining a desired level of quality in a product or process by careful planning, use of proper equipment, continued inspection, and corrective action as required. 

4.5.2. The Activities of Project Quality Management

Project Quality Management seeks to ensure that a project will meet its aims, that is, that the quality of the result is sufficient to meet the project's aims. Project Quality Management make certain there is a plan for managing, assuring, and controlling the project's quality. (PMI, 2003) Project Quality Management, describes the processes required to ensure that the project will satisfy the needs for which it was undertaken. 

Project Quality Management also comprises the activities required to optimize the quality policy and the processes of the project. Project Quality Management applies objective standards and processes to achieve the largely subjective goal of customer satisfaction through the continuous application of quality planning, quality control, quality assurance and continuous improvement throughout the project life cycle. 
Project Quality Management includes all the planned and systematic activities required to ensure that the project will meet the objectives for which it was undertaken and includes Quality planning, Quality Assurance and Quality control. 
Table 4.6. Basic concepts of Quality Management Process 

	Control 
	The process of comparing actual performance with planned performance, analyzing variances, evaluating possible alternatives, and taking appropriate corrective action as needed. 

	Control Charts 
	A graphic display of the results, over time and against established control limits, of a process. They are used to determine if the process is in control or in need of adjustment. 

	Corrective Action 
	Changes made to bring expected future performance of the project into line with the plan. 

	Cost of Quality 
	The cost incurred to ensure quality. Includes quality planning, quality control, quality assurance, and rework. 

	Pareto Diagram 
	A histogram ordered by frequency of occurrence that shows how many results were generated by each identified cause. 

	Performance Reporting 
	Collecting and disseminating information about project performance to help ensure project progress. 

	Project Quality Management 
	The processes required to ensure that the project will satisfy the needs for which it as undertaken. 

	Quality Assurance (QA) 
	The process of evaluating overall project performance on a regular basis to provide confidence that the project will satisfy the relevant quality standards. Also, the organizational unit that is assigned responsibility for quality assurance. 

	Quality Control (QC) 
	The process of monitoring specific project results to determine if they comply with relevant quality standards and identifying ways to eliminate causes of unsatisfactory performance. Also, the organizational unit that is assigned responsibility for quality control. 

	Quality Plan 
	A document setting out the specific quality practices, resources and sequence of activities relevant to a particular product, service, contract or project. (ISO-8402) 

	Quality Policy 
	The overall quality intentions and direction of an organization as regards quality, as formally expressed by top management. (ISO-8402) 

	Quality Planning 
	Identifying which quality standards are relevant to the project and determining how to satisfy them. 

	Total Quality Management (TQM) 
	A common approach to implementing a quality improvement program within an organization. 


4.6. Human Resources Management 

People are a major part of any project. There are several different people required and at various times. All the people have to be used effectively in order for the project to succeed. Project Human Resources Management includes the practices to make this part of the project successful and addresses the processes and functions needed to make most effective use of people involved with projects. Human Resource Management covers following  areas: 
►Recruiting 

►Identifying labor and staff skill requirements and availability 

►Developing training and development requirements 

►Dealing with workforce disputes, and 

►Health and welfare issues. (Wideman Comparative Glossary,2006)
 

Project Human Resource Management includes the processes required to make the most effective use of the people involved with the project. It includes all the project stakeholders; sponsors, customers, individual contributors etc. 
Table 4.7. Basic Concepts of Human Resources Management Process 
	Concurrent Engineering 
	An approach to project staffing that, in its most general form, calls for implementors to be involved in the design phase. (Sometimes confused with fast tracking) 

	Functional Manager 
	A manager responsible for activities in a specialized department or function. (e.g., engineering, manufacturing, marketing) 

	Functional Organization 
	An organization structure in which staff are grouped hierarchically by specialty. 

	Line Manager 
	(1) The manager of any group that actually makes a product or performs a service. 
(2) A functional manager. 

	Matrix Organization 
	Any organizational structure in which the project manager shares responsibility with the functional managers for assigning priorities and for directing the work of individuals assigned to the project. 

	Organizational Breakdown Structure 
	A depiction of the project organization arranged so (OBS) as to relate work packages to organizational units. 

	Project Management Team 
	The members of the project team who are directly involved in project management activities. On some smaller projects, the project management team may include virtually all of the project team members. 

	Project Manager 
	The individual responsible for managing a project. 

	Project Team Members 
	The people who report either directly or indirectly to the project manager. 

	Projectized Organization 
	Any organizational structure in which the project manager has full authority to assign priorities and to direct the work of individuals assigned to the project. 

	Responsibility Assignment Matrix (RAM) 
	A structure which relates the project organization structure to the WBS to help ensure that each element of the project's scope of work is assigned to a responsible individual. 

	Team Development 
	Developing individual and group skills to enhance project performance. 


4.6.1. Human Resources Management Processes 
Organizational Planning; is the process of identifying, documenting, and assigning project roles, responsibilities, and reporting relationships. Roles, responsibilities, and reporting relationships may be assigned to individuals or to groups. The individuals and groups may be part of the organization performing the project or they may be external to it. Internal groups are often associated with a specific functional department such as engineering, marketing, or accounting (Shtub et all,1994).
Staff Acquisition; getting the human resources needed assigned to and working on the project. At the outset of a project the right people must be selected to perform the necessary tasks.  Team Development; developing individual and group skills to enhance project performance. 

The key to the success of most projects is obtaining the right people in the right quantities to do the work. People can include a host of project-related personnel such as project team members, support staff, contractors, and customer resources. This requires understanding the nature of the work to be performed and identifying the knowledge and skills that will be needed. The project manager, in conjunction with the project sponsor and other key stakeholders, must review the WBS, activities list, and network diagram to determine the nature and extent of the work. From this understanding, they can identify the types of knowledge and skills that will be needed, along with an estimate of the actual number of people needed. 
Doing this well requires the experience to understand and anticipate people’s productivity and how to best divide up the work. In addition, the project manager should project when during the life of the project certain people will be needed so that they can be effectively phased in. Identifying the knowledge and skill requirements for the project requires:

The major interest of this research is organization of the project management. For this reason, human resource management an organization subjects will be discussed deeply in the chapter five 5.
4.7. Communications Management 

There is an extensive amount of communications that must occur in any project. Information must be generated in a timely manner. It must also be collected, disseminated, stored, and destroyed at the appropriate time. The project communications management knowledge area contains the processes to get this job done. 


4.7.1. Communications Planning is the process of determining the information and communication needs of the project stakeholders. The Communications Management Plan is a subsidiary element of the overall project plan.   The plan is dealt with the answer of these questions: Who needs what information? When will they need it? How will it be given to them? 
Communications management plan includes: 

►what methods will be used for gathering and storing information. 

►who should receive the information and how will it be sent. 

►a description of the information to be distributed. (including formats) 

►schedules showing when each type of communication will be produced. 

►a method for updating the communications plan.  (Yancy, 2002)

4.7.2. Information Distribution is the process of making needed information available to project stakeholders in a timely manner.  It should be provided to get project records easily, whenever it is needed. 


4.7.3. Performance Reporting is the process of collecting and disseminating performance information. This includes status reporting, progress measurement, and forecasting. Performance reviews, variance analysis, trend analysis, earned value analysis are done. 
Information distribution tools and techniques are used. 

In this process, performance reports such as gantt charts, s-curves, histograms, and tables are acquired.


Administrative Closure is the process of generating, gathering, and disseminating information to formalize phase or project completion. Performance measurement documentation, records of the product of the project and the other project documents are evaluated to form project archives and the formal acceptance of the project or phase. 


Goals of Interpersonal Communication are to develop an understanding the exact meaning and intent of others and being understood by other.

4.8. Risk Management 


Risk management must be an integral part of any project since everything does not always happen as planned. Project Risk Management includes the processes concerned with identifying, analysing, and responding to project risk. It is the continuous identification, reporting, analysis, prioritization, monitoring, and control of internal and external activities, conditions and/or events that can cause an undesirable project impact and an independent process that reviews the health and viability of a project.

4.8.1. The Risk Management Problem 


Risk management is an important means of controlling projects, improving project decision-making, and reducing uncertainty. If risk is not proactively managed, projects may be seriously threatened by "unplanned" events, which could result in cost overruns, schedule delays, quality issues, and/or failing to meet project objectives. 

Since project completion date and cost are reported as probability distributions, rather than single values, Project Risk Management is a means of improving the likelihood that a project will be completed on time and on budget, combined with mechanisms for mitigating risks uncovered during the risk assessment. Major risks to the project are identified, assessed in terms of the potential impact on the project, and diminishing actions developed where necessary. Facilitated risk identification workshops aid in team building and communication among project groups are done. Project Risk Management is a mean of demonstrating due diligence on the part o the project team to the stakeholders and it is performed by independent third party experts.

4.8.2. The Need for Doing Project Risk Management

Project Risk Management is an essential best way that supports sound business, program management and engineering processes. It allows management to be proactive rather than reactive and enables open and honest communication among all stakeholders, both internal and external to an organization. It is a continuous process that requires a sponsor to champion the cause and a facilitator to coordinate and execute the process. 

Project Risk Management must involve all members of the team and must become integral part of daily business and engineering activities (Sommerville, 2001). It can be seen as the art and science of identifying, assigning, and responding to risk throughout the life of a project and in the best interests of meeting project objectives. Project Risk Management is often overlooked on projects, but it can help improve project success by helping select good projects, determining project scope, and developing realistic estimates. 

Project Risk Management seeks to anticipate and address uncertainties that threaten the goals and timetables of a project. The uncertainties may include questions of material and parts quality; delays in delivery of sufficient materials to meet project needs; budgetary and personnel changes; and, incomplete knowledge or research. These risks lead rapidly to delays in delivery dates and budget overages that can severely undermine confidence in the project and in the project manager. Since Project Risk Management is process oriented, it remains possible to have a successful project and an unsuccessful product (for example, an office construction project that meets or beats all time, budgetary, and quality requirements yet opens in a depressed real estate market.) While any project accepts a certain level of risk, regular and rigorous risk analysis and risk management techniques serve to defuse problems before they arise.

There are two stages in the process of Project Risk Management, Risk Assessment and Risk Control. Risk Assessment can take place at any time during the project, though the sooner the better. However, Risk Control cannot be effective without a previous Risk Assessment. Similarly, most people tend to think that having performed a Risk Assessment; they have done all that is needed. Far too many projects spend a great deal of effort on Risk Assessment and then ignore Risk control completely.

4.8.3. Risk Management Processes 
The goal of project risk management is to minimize potential risks while maximizing potential opportunities.  It contains processes followed by  each  other as seen in   Figure 4.9.
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Figure 4.9. Risk Management Sequence
4.8.4. Risk Management Planning This process is used to decide how to approach and plan the risk management activities for a project. (Gray, 1981) The major output is the risk management plan, which does not include the response to specific risks. However, it does include methodology to be used, budgeting, timing, and other information 

Risk Identification Determining which risks might affect the project and documenting their characteristics. Risk and risk symptoms are identified as part of this process. There are generally two types of risks. They are business risks that are risks of gain or loss. Then there are pure risks that represent only a risk of loss. Pure risks are also known as insurable risks 

Qualitative Risk Analysis A qualitative analysis of risks and conditions is done to prioritize their affects on project objectives. An overall project risk ranking is produced as a result of this process. The risks are also prioritized. Trends should be observed. Risks calculated as high or moderate are prime candidates for further analysis 

Quantitative Risk Analysis is used to measure the probability and consequences of risks and estimate their implications for project objectives.  A prioritized list of quantified risks is produced as a result of this process. A probability analysis of the project is produced as well
Risk Response Planning is used to develop procedures and techniques to enhance opportunities and reduce threats from risk to the project's objectives.

Table 4.8 Definitions about Risk Management

	Amount at Stake 
	The extent of adverse consequences which could occur to the project. (Also referred to as risk impact). 

	Business Risk 
	The inherent chances for both profit or loss associated with a particular endeavor. 

	Contingency Planning 
	The development of a management plan that identifies alternative strategies to be used to ensure project success if specified risk events occur. 

	Contingency Reserve 
	A separately planned quantity used to allow for future situations which may be planned for only in part ("known unknowns"). Contingency reserves are intended to reduce the impact of missing cost or schedule objectives. Contingency reserves are normally included in the project's cost and schedule baselines. 

	Deflection 
	The act of transferring all or part of a risk to another party, usually by some form of contract. 

	Expected Monetary Value 
	The product of an event's probability of occurrence and the gain or loss that will result. For example, if there is a 50% probability it will rain, and rain will result in a $100 loss, the expected monetary value of the rain event is $50 (.5 * $100). 

	Impact Analysis 
	The mathematical examination of the nature of individual risks on the project, as well as potential arrangements of interdependent risks. It includes the quantification of their respective impact severity, probability, and sensitivity to changes in related project variables, including the project life cycle. 

	Insurable Risk 
	A particular type of risk which can be covered by an insurance policy. Also referred to as a pure risk. 

	Management Reserve 
	A separately planned quantity used to allow for future situations which are impossible to predict. ("unknown unknowns") Management reserves are intended to reduce the risk of missing cost or schedule objectives. Use of management reserves requires a change to the project's cost baseline. 

	Mitigation 
	Taking steps to lessen risk by lowering the probability of a risk event's occurrence or reducing its effect should it occur. 

	Monte Carlo Analysis 
	A schedule risk assessment technique that performs a project simulation many times in order to calculate a distribution of likely results. 

	Opportunities 
	As related to risk, positive outcomes of risk. 

	Project Risk Management 
	Includes the processes concerned with identifying, analyzing, and responding to project risk. 

	Risk Event 
	A discrete occurrence that may affect the project for better or worse. 

	Risk Identification 
	Determining which risk events are likely to affect the project. 

	Risk Management Plan 
	A subsidiary element of the overall project plan which documents the procedures that will be used to manage risk throughout the project. Also covers who is responsible for managing various risk areas; how contingency plans will be implemented, and how reserves will be allocated. 

	Risk Quantification 
	Evaluating the probability of risk event occurrence and effect. 

	Risk Response Control 
	Responding to changes in risk over the course of the project. 

	Risk Response Development 
	Defining enhancement steps for opportunities and mitigation steps for threats. 

	Threats 
	As related to risk, negative outcomes of risk. 

	Total Certainty 
	All information is known. 

	Total Uncertainty 
	No information is available and nothing is known. By definition, total uncertainty cannot be envisaged. 

	Uncertainty 
	The possibility that events may occur which will impact the project either favorably or unfavorably. Uncertainty gives rise to both opportunity and risk. 

	Work around 
	A response to a negative risk event. Distinguished from contingency plan in that a workaround is not planned in advance of the occurrence of the risk event. 


4.9. Procurement Management 
Obviously, there are numerous challenges when it comes to managing the supply chain components of a complex infrastructure, the project procurement management knowledge area includes processes that are used to manage what to procure and when to procure it. 

4.9.1. Procurement Management Processes 

According to PMBOK (PMI, 2003):
Procurement Planning  is the process of identifying which project needs can be best met by acquiring products or services outside the project organization and involves knowing whether to procure, how to procure, what to procure, how much to procure, and when to procure. Considering scope statement, product description, procurement resources, market conditions, constraints, assumptions, the procurement management plan and statement of work (SOW) for each planned contract are figured out. Make-or-buy analysis, expert judgment, and contract type selection (fixed, cost reimbursable, etc.) are done in the planning.


Solicitation Planning in this process preparing documents needed to support solicitation. Procurement documents such as IFB's, RFQ's, and RFP's are obtained, the subjective or objective evaluation criteria that will be used to rate or score proposals is defined.

Solicitation is the process of obtaining information (bids and proposals) from prospective sellers on how project needs can be met. Most of the actual effort in this process is expended by the prospective sellers, normally at little or no cost to the project. Proposals prepared by the sellers explaining how the seller can provide the requested product or service. 


Source Selection is the process of receiving the bids and proposals from the sellers and applying the evaluation criteria to select a provider. Contract negotiation is done in three ways: Weighting system: a method for quantifying qualitative data in order to minimize personal prejudice on source selection; Screening system: involves establishing minimum requirements of performance for one or more of the evaluation  criteria; and Independent estimates: the procuring organization may prepare its own estimates as a check on proposed pricing. These estimates are generally referred to as should cost estimates. Finally the contract is signed.
Table 4.9. Procurement Management Concepts 
	Back Charge 
	Cost of corrective action by purchaser and chargeable to the supplier under terms of the contract. 

	Bid Protest 
	allows an unsuccessful supplier an opportunity to protest the award of a government contract to another supplier. 

	Bill of Lading 
	A receipt issued by a carrier for merchandise to be delivered to a party at some destination. 

	Constructive Change 
	occurs when the PM's conduct enables performance differing from that prescribed by the contract. The PM's conduct in effecting constructive change may either be affirmative or a failure to act. Not part of change control of contract: For instance, if final product performs better than standard specified in contract, or if the PM increases the quality over and beyond what's stated in the contract. 

	Contract 
	a legal document of purchase or sale which is binding on both parties. 
When entering into a contract, the people involved must have legal capacity to do so. (the definition of legal capacity varies from state to state). Consideration must be provided to both parties (in other words, there must be sufficient cause to contract). There must be mutual assent. 

	Invitation for Bid (IFB) 
	PMBOK equates this with Request for Proposal and recognizes that it may have a more specific meaning in certain application areas. (appropriate for high dollar, standard items.) 

	Low-ball 
	In order to get an award, a contractor may submit at bid that's unrealistically low. 

	Pink Team Review 
	A seller responds to an RFP by developing a proposal. For sanity purposes, the proposal is passed through the pink team once the outline is completed. The pink team looks at the outline through the perspective of the buyer. The purpose of the team is to catch problems with the proposal in the early stages. 

	Price Forecast 
	based on information gathered and analyzed about demand and supply. This forecast provides a prediction of short and long term prices and the underlying reasons for those trends. 

	Red Team Review 
	Once the proposal is in draft form, it passes through a red team which again looks at the proposal through the buyer's perspective. 

	Reformation 
	A judicial remedy by which a court interprets the contract so as to express the real intention of the parties (this is different from changes to the contract) 

	Request for Proposal (RFP) 
	A type of bid document used to solicit proposals from prospective sellers of products or services. In some application areas, it may have a more specific meaning. (appropriate for high dollar, non-standard items). 

	Request for Quotation (RFQ) 
	PMBOK does not distinguish between RFQ and RFP. However, PMBOK does recognize that some application areas have a more specific meaning for RFQ (appropriate for low dollar items such as supplies and materials). 

	Statement of Work (SOW) 
	Describes the portion of the product to be contracted. In general, this is different from the product description (which tends to be more broader). Under the circumstance where the seller is producing the entire product, the distinction between SOW and the product description becomes moot. Government terms: SOW is reserved for a procurement item that is a clearly specified product or service, and Statement of Requirements (SOR) is used for procuring an item that is presented as a problem to be solved. 


Contract Administration is the practice of ensuring that the seller's performance meets contractual requirements. Correspondence, contract changes, and payment requests are organized at the time it is necessary. 
Contract Closeout is the process of completing and settling the contract including any resolution of open items. Contract file and formal acceptance and closure are the outputs of this stage.

4.9.2 Contract Origination

A contract can originate in two ways: unilaterally or bilaterally. Unilaterally; common form for contract is a relatively simple type of document called a purchase order. A purchase order is used when routine, standard cost items are needed. A purchase order is legally binding and should be specific. Bilaterally: Procurement documents are used to solicit proposals from prospective sellers. The procurement document then becomes the basis for the seller's proposal. Request for quotation (RFQ) ,Request for proposal (RFP), and Invitation for bid (IFB) 

There are different types of the contract;

►Principal Types (a.Cost  b.Fixed )

►Unit Price (a.Simple purchase order b Fixed price per unit of goods or service) 

►Cost-Plus-Award-Fee (CPAF):

►Cost-Plus-Percentage of Cost (CPPC) 

►Cost-Plus-Fixed Fee (CPFF) 

►Cost-Plus-Incentive Fee (CPIF) 

►Fixed Price-Plus-Incentive Fee (FPI) 

►Firm-Fixed Price (FFP) 

►Examples of Contract Types  see ekler…

4.9.3. Contract Execution Special Considerations 

In order to prevent disagreements; the conditions of Changes, Specifications, Quality Control, Warranties, Waiver, Bonds, Performance, Payment, Breaches, and Negotiation  should be identified clearly in the contract . 

5. ORGANIZING  FOR   PROJECT MANAGEMENT PROCESSES

Identifying management utilities in an organization has a great importance on executing the functions of planning, organizing and controlling.  One of the major concerns of this thesis is to constitute a framework to cover all management activities by analyzing management along all knowledge areas described in Chapter four and functional lines of all related processes . 

The project management deals with coordinating the dynamic processes of interrelated functions, which are neither totally arbitrary nor rigidly preset. Certain management principles can be derived from an intellectual analysis of these management functions. So, in order to achieve project objectives it is necessary to set appropriate organization for project. In this chapter, the basic components of organizing for project management will be studied in context of management procedures. Project management body of knowledge is taken as a base for this organizational approach which will be link to the all management areas. Actually, the management of construction projects requires knowledge of modern management as well as an understanding of the design and construction process. Thus, to decide the system of organization will exist in context of the requirements of these processes. Construction projects have a specific set of objectives and constraints such as a required time frame for completion so that these objectives and requirements have great effects on organizing project management.

The fundamentals of project management involve the allocation of work to the participating units at the planning stage, and the continuous integration of output through the execution stage. The efforts of the participants are coordinated to complete their assigned tasks, and the final assembly of their work is achieved on time and within budget, is the main concern of project management. While the relevant technology, institutional arrangements or  processes will differ,  the management of such projects has much in common with the management of similar types of projects (Hendrickson and Au, 2000).

In this manner, organizing for project management has a great importance in order to achieve project’s predefined goals effectively. The breakdown of work; the allocation of specific tasks to individuals and sub-contractors; the management and control during execution; and finally, the integration of the parts into the pre-specified whole are the spotlights of the project management. “Adequate technical skills and availability of resources are necessary but rarely sufficient to guarantee project success. There is a need for coordinated teamwork and leadership (Shtub, 1994).

In general, organizations set up management structures to facilitate the achievement of their overall mission. Both the project organizational structure and the work breakdown structure should be designed to achieve the project’s objectives and should be under project management control (Shtub, 1994). Project manager has a great responsibility doing so.   The design of the project organizational structure is one of the early tasks of the project manager. In performing this, project manager should concentrate on

►issues of authority,

►responsibility, and

►communications.

The project organizational structure, should be formed according to the nature of the project; the nature of the participating organizations; and the environment in which project will be performed. The work content of the project defines the structure of the organization of the project also. For this reason, project manager should have enough information about common structure types and the characteristics of the project very well.

All management processes include three types of configuration. These structures define the basic formation of the organization.

1) The organizational formation of each participant in the project (the client, the prime contractor, sub-contractors, and perhaps one or more government agencies);

2) The organizational structure of the project itself, which specifies the relationship between the organizations and people doing the work;

3) The work breakdown structure of the project; that is the way the work content is divided into small, manageable parcels that can be allocated to the participating units.

Accordingly, in this section, these components are admitted the basic elements which define the organizational character. Thus, the argument of organizing for project management procedures is introduced and considered in the context of organizational formation, organizational structure and work breakdown structure of the project. 

5.1. Organizational Formations of Project Management

Organizations carry out the projects using human, money and other resources to achieve previously defined goal. In order to understand the organizational formation of a project, the structure of the participating organizations must first be addressed. An organization can be more efficient by decentralizing authority, responsibility and accountability. Theorists have devised various ways of partitioning an organization into subunits to improve efficiency and to decentralize authority, responsibility, and accountability. The mechanism through which this is accomplished is called departmentalization (Lewis, 2002). In all cases, the objective is to arrive at an orderly arrangement of the interdependent components. 

 “Every company has  its own ideas about how to organize  itself and its work. It is higly probable that if three companies doing the similar work, could be compared, three different organization structures  would be found. Further all three companies might be equally successful, implying that it is not always possible to say with determination or accuracy that there is one best organization solution.” (Gray,1981).
Therefore, declaring exactly how every project should have its organization structured is impossible.  But giving information about the properties that are essential for efficient organization is possible. An effective organization will ensure that clear lines of authority exist, and that every member of the project knows what he or she must do to make the project a success. This is part of the management communication framework, essential for motivating all the staff employed.

A variety of structure is used by organization to perform project work. The actual arrangement may depend on the proportion of the company business that is project oriented, the scope and duration of the underlying tasks, the capabilities of the available personnel, preference of the decision makers, and so on. 

Considering the functional similarity, types of processes used, product characteristics, customers served, and territorial considerations the organizations can be classified as Functional organizations; Project-oriented organization; -accordingly, Matrix organization (both functional and project oriented); Product Organization; Customer Organization; and Territorial Organization.  which are discussed in the following topics.

5.1.1. Functional Organization

The functional organization structure derives from the assumption that each unit should specialize in a specific functional area and perform all the tasks that require its expertise. Many companies are organized as a hierarch with functional departments that specialize in a particular type of work, such as engineering and sales (see figure 5.1.). These departments are often broken into smaller units that focus on special area within the function. Upper management may divide a project into work tasks and assign them to the appropriate functional units. The project budgeted and management through the normal management hierarchy. 

The functional organization structure is the most common organization structure for ongoing operation and repetitive work. In a functional organization staff members are grouped by specialty or discipline (marketing, engineering, research, etc.) line of authority and reporting relationships are hierarchical. Each functional unit has a manager and upper- level management has authority over functional unit managers. In this structure, permanently established groups of people are organized according to their special skills or disciplines.

 In a functional organization the work is divided between the groups, each concentrating on their area of knowledge. Due to the hierarchical organizational structureballs, queries and requests must be passed among department heads, causing delay. The ownership of the project is shared among the functional managers, which may cause no one to take ultimate ownership. Change requests must pass through multiple departments for approval, causing further delays (Galbraith,1971).

Although best suited to ongoing operation the functional organization structure may also be used to perform project work. Because functional units are groups of specialist, most project will require the expertise of multiple functional units. When a project dose crosses function line it is divided and assigned to the appropriate functional areas.
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Figure 5.1. Portion of typical functional organization.

As seen figure 5.1. functional organization follows the classical hierarchical management model. Each employee reports to exactly one supervisor. The groups are divided along knowledge lines with a marketing group, sales group, engineering group and these groups are further sub-divided. The person asked to manage a project in a company group to which he or she belongs. 

Specialists are grouped by function, encouraging the sharing of experience and knowledge within the discipline. This favors a continuity and professional expertise in each functional area. Because such an organization is dedicated to perpetuating the existing functional groups, however, it can be difficult for a project to cross functional lines and obtain required resources. It is not uncommon for hostility to exist between different function that is, there are barriers to horizontal information flow, and open channels tend to be vertical, within each function. Absence of a project focal point may trouble a customer interested in understanding the projects status, and functional emphasis and loyalties may impede completion. As practical matter, the only real focal point is at the top, with the president or general manager, who has for more to do than adjudicate cross functional conflicts.

The functional organization emphasizes functional skills by concentrating these in a small group. Thus, functional experts spend most of their time in proximity to and rubbing shoulders with people of similar skills. Unfortunately, this can isolate them from others with whom they must work if the project is to be successful. Many technical be true of other specialists, such a computer programmers. Because each individual function is best able to communicate with it-self, inter-functional communication is often impeded and cooperation hindered.

However, if all the projects required personnel resources including the project manager, are located with single functional group, many of the problems can be avoided. Thus, when all project resources are located in one group, the functional organization may be a good choice.

While organizations may differ, the same basic principles of management structure are applicable to most situations. 

Meredith and Mantel (2002) and Thamhain and Kerzner (1984) summarize its advantages and disadvantages as follows;

►Efficient use of collective experience and facilities

►Institutional framework for planning and control

►All activities receive benefits from most advanced  technology

►Effective use of production elements

►Career continuity and growth for personnel

►Well suited for mass production of items

Disadvanteges are;

►No central project authority

►Little or no project planning and reporting

►Weak interface with customer

►Poor horizontal communications across functions 

►Difficult to integrate multidisciplinary tasks

►Tendency of decisions to favor strongest functional group. 

5.1.2. Project-oriented Organization

The second organizational formation, Project-oriented Organization (which is called as “projectized” also)  is based on assigning projects to each organizational unit. It is the antithesis of a functional organization.  In this type of organization the various functions, such as engineering and finance are performed within each unit. So, similar activities and processes are performed by different elements of organization as seen in figure 5.2. duplication of resources occurs. 
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Figure 5.2. Project oriented organizational structure

This decentralized set-up is referred to as the project oriented organization as each project manager has autonomy in managing the project (Hendrickson and Au, 2000).
The focus is on teams with cross functional expertise. A team may consist of resources from sales, marketing, engineering and other areas. The team’s task is to complete the project. The make-up of such an organization may be complex, possibly divided along product lines, but with each area properly staffed with the expertise necessary to complete projects.

Resource costs are generally higher for a projectized organization as the organization must have sufficient expertise to assign full-time to different project simultaneously. This type of structure is generally seen in larger companies that can afford the overhead (Galbraith,1971).

When compared to the functional organization, there are basic differences in terms of responsibilities and activities. In project-oriented organization, each engineering group will decide on the system that fits its requirements best, whereas the engineering department might have the responsibility of selecting the most appropriate system in a functional organization. Advantages of project-oriented organizations are:

►Strong control by a single project authority

►Rapid reaction time

►Encourages performance, schedule, and cost  tradeoffs

►Personnel loyal to a single project

►Interfaces well with outside units

►Good interface with customer

►The project manager is the owner of the project and is ultimately responsible.

Disadvantages

►Inefficient use of resources

►Does not develop technology with an eye on the future

►Does not prepare for future business

►Less opportunity for technical interchange among projects

►Minimal career continuity for project personnel

►Difficulty in balancing workloads as projects phase in and out.

5.1.3. Matrix organization with a functional orientation

Matrix organization is a hybrid structure provides a sound basis for balancing the use of human resources and skills as people are shifted from one project to another.  The matrix organization can be viewed as a project organization superimposed on a functional organization with well-defined interfaces between project teams and functional elements. In the matrix organization, duplication of functional units is eliminated by assigning specific resources  of each functional unit to each project (Shtub et all, 1994).
Most organizations fall somewhere between the fully functional and fully projectized organizational structure. These are matrix organizations (Galbraith,1971). Main benefits of this type of organizations are;

►Better utilization of resources

►Technology and skills transfer one project to another

►Adaptation to changing environment

►Focusing on both the functional and project dimensions.

In matrix organization a project manager is responsible for completion of the project and is often assigned budget. The project manager essentially contracts with the functional managers for completion of specific tasks and coordinates project efforts across the functional units. The functional manager assigns work to employees and coordinate work within their areas.

Since construction projects may be managed by a spectrum of participants in a variety of combinations, the organization for the management of such projects may vary from case to case. On one extreme, each project may be staffed by existing personnel in the functional divisions of the organization on an ad-hoc basis as shown in Figure 5.1. until the project is completed. On the other hand, the organization may consist of a small central functional staff for the exclusive purpose of supporting various projects, each of which has its functional divisions as shown in Figure 5.2. 

There are many variations of management style between these two extremes, depending on the objectives of the organization and the nature of the construction project. On the other hand, a construction company whose existence depends entirely on the management of certain types of construction projects may find the project-oriented organization particularly attractive. While organizations may differ, the same basic principles of management structure are applicable to most situations. 

The matrix organization structure combines elements from both the project and functional structure. A project manager takes warship of project and guides it through the other functional department. The principle advantage of the matrix structure is that it balances the long- term objectives of the organization will the short-term objectives of specific project. The long- term health of an organization depended on staff development, the efficient use of specialized resources, and improved technical capabilities. Short- term project goals are simply to deliver quality product according to the agreed upon schedule and budget.
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Figure.5.3. Matrix organization structure

A matrix organization may be either weak, balanced or strong, depending on the project manager’s power compared to that functional manager. The project manager’s power may derive form financial control, seniority, or simply his or her persuasiveness. Thus, it is possible to have both a weak and strong matrix within a single organization simultaneously.

Weak/Functional Matrix: The weak matrix may operate somewhat like a functional organization. A project manager (often called a project administrator under this type of organization) with only limited authority is assigned to oversee the cross-functional aspects of the project. The functional managers maintain control over their resources and project areas. This matrix still retains most of the problems associated with a functional organization. The project administrator’s role is to attempt to alleviate communication issues between functional managers and track overall project progress.

Balanced Functional Matrix: A project manager is assigned to oversee the project. Power is shared equally between the project manager and the functional managers. Proponents of this structure believe it strikes the correct balance, bringing forth the best aspects of functional and project-oriented organizations. However, this is the most difficult system to maintain as the sharing of power is a very delicate proposition. This is also the most complex organizational structure to maintain.

Strong/Project Matrix:  The strong matrix may operate somewhat like project organization. A project manager is primarily responsible for the project. Functional manager provide technical expertise and assign resources on an as-needed basis. Because project resources are assigned as necessary there can be conflicts between the project manager and the functional manager over resource assignment. The functional manager has to staff multiple projects with the same experts.

Project managers in matrix organization are often concerned about the work of task being done by people in functional organization. Obviously, project managers wish to allow and encourage these people to have as much autonomy as possible to promote synergism, which should enhance the entire organization efficiency and quality of work. This is particularly true where the functional groups have worked well in the past and have specific knowledge and expertise relevant to the task at hand. Conversely, the project manager is responsible for the ultimate result, must integrate each functional groups contribution, and thus wants to retain as much control and influence over each functional group as possible. Striking a satisfactory balance between these conflicting objectives is very difficult.

5.1.4. Product Organization

In a mass production environment where large volumes are common such as in consumer electronics or chemical processing, the organizational structure may be based on the similarity among products. This structure facilitates the use of common resources, marketing channels, and subassemblies for similar products. 

5.1.5. Customer Organization

Some organizations have certain customers. For example an organization may serve only health sector or defense industry. By forming the contractor’s organization around it is principal client, it is much easier to establish good working relationship.

5.1.6. Territorial Organization

Organizational formations may be based on territorial consideration in some cases. Especially service organizations should be located close to customer tend to be structured along geographical lines. For example Central Anatolia Branch of any organization may serve rapidly and easily to the clients who live within that geographic places.

5.2. Organizational Configuration of Projects

The organizational configuration of a project should be devised as early as possible in the project’s life cycle.  The most appropriate structure depends on 

►the nature of the project

►the environment in which the work is performed

►the structure of the participating organizations

Almost for every project, client organization starts the project procedures by defining the needs, and then contractor is responsible to make plan to satisfy those needs.

5.2.1 The Integration of the Project Participant 

The corporation amongst participants on construction projects is very important for the sake of project organization success and requires a number of issues need to be considered. According to Sayles (1991) these  main areas of integration are; 

Management, Sayles simplified management tasks into two basic groups; contingency responses, coping with potential and actual threats to the integrity of the work system and its regularities (i.e. maintaining the system) and uncertainty reduction; seeking the improve the system and adopt to changing circumstances. The specific project roles and responsibilities of a project management organization will vary.  
Works; The main factors which influence work are;
►Motivation to work; the effort, valency and expectation of work.

►Relevant to work; to the individual and the organization.

►Supports for work; the appropriate tools and materials

►Capacity to work; the skill, experience and ability of the individual.

►Organization of work;  the structure, work flow and relationship.

►Management of work; the leadership and management style

►Behaviour at work; the activities in which the individual engages.

►Performance at  work; the quantity and quality of work output.

►Rewards for work; including both intrinsic and extrinsic rewards.

ü; Behavioural science  suggests that there are two differing views of roles (Gray and Suchocki,1996).  A role is imposed on or adopted by an individual. The occupational role is fully specified and performance is measured against the effectiveness of meeting the specifications. The person is unimportant because the role exists and will be fulfilled irrespective of staff movement and so the organization will continue. Although specifications exist it is known that they may be incomplete or vague. The individual will be part of a “role set” and will communicate and work with others within that set. The clear understanding of the role of each project participant is fundamental. If any development occurs which is inappropriate to the role, it can cause friction, resentment, and reduce productivity. 
Teamwork; Team building attempts to streamline the interaction of a group of individuals who are co-operating within a work environment.  It acknowledges the role of management, the nature of work, and the characteristics of individuals. Construction projects could be viewed as being composed of many teams arranged in a hierarchy, illustrated in figure 5.4.
Interaction: is how communication occurs and it is examined to see if appropriate systems are being employed. The most common process of project team interaction on construction project is through meetings.
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Figure 5.4.  Hierarchy of Teams on Construction Projects

5.2.2. The Effective Features in Choosing an Organizational Structure

According to Shtub et all (1994); the primary factors which should be taken into consideration in defining the selection of the organization structure as follows; 

1. Number of projects and their relative importance; if an organization is dealing with projects only once in a while, a functional structure supported by ad hoc project managers may be the most appropriate one. As the number of the projects increases, their organizational budget etc. increases, the organizational structure should adapt by moving to a matrix structure with stronger project orientation.

2. Level of uncertainty of cost, schedule and performance in projects; a project oriented structure preferred when there are high levels of uncertainty in cost, schedule and performance management.

3. Type of technology used; in case of the project based on different technologies, establishing the matrix organization is the best appropriate way. If each projects focused on  a technology that is specialized by one functional area, the functional  organization may be preferred.  When projects are based on several technologies and the work content in each area is sufficient to employ enough people, a project –oriented structure can be selected. Again, for the research and development projects, a project oriented structure may be best.

4. Project complexity; Projects with high level complexity is suitable for the project-oriented structures; low complexity projects may be handled effectively in a functional organization or a matrix arrangement with a functional orientation.

5. Duration of projects; short projects can be handled by within a matrix organization whereas long projects require project-oriented structures.

6. Resources used by projects; if the amount of shared resources is high, a matrix arrangement with a functional orientation in organization is best. If the common resources amount is low the project-oriented structure is proper to be chosen. 

7. Overhead costs; by sharing facilities and services among projects, the overhead cost of each project is reduced. A matrix organization should be preferred if there is an endeavor to decrease overhead cost is necessary.

8. Data requirements; If many projects share the common database, matrix arrangement with a functional orientation is preferred. 

In addition to this, the organizational structures of client and the contractor must be taken into consideration also.

5.2.3. Important Attributes of Project Manager in Organization

The construction work should be performed by teams of people who share the same motivations. Management’s role, at all levels is to set objectives, organize, motivate, measure performance, and to develop the people in teams ( O’Connor, 1994). 

The project manager is a person selected to supervise the efficient process of the acquirement. He/she is the qualified general contracting organization which performs the construction management under a professional services contract with the owner.  The construction manager, as the construction professional on the construction team, will work with the owner and the architect from the beginning of design through construction completion, and provide leadership to the team.

The project manager role is of key important to the success of project, since project manager is responsible for planning, organizing and controlling the project. A good project manager must be familiar with a large number of disciplines and techniques. 

The roles of Project Manager; implementing the operation of any project the individuals most capable of directing and effecting change are the managers. Mintzberg; (1973) examined the work of managers and classified their roles into three groups; 

► Interpersonal Roles, 

► Informational Roles, 

► Decisional Roles. 

Manager’s interpersonal roles can be taken as figurehead, liaisor and leader characters which are originated from the manager’s authority and status. Informational roles are derived from interpersonal roles and the information they provide. Manager’s general task is related having monitor, disseminator and spokesman responsibilities. Decisional roles are derived from manager’s authority and information. These are entrepreneur, disturbance handler, resource allocator, negotiator roles.

The role of the project manager may start at different points in the life cycle of a project. Some managers are involved from the beginning, helping to select the project, form the team, and negotiate the contract. Its essential and perhaps the most difficult part of the project manager job to pay close attention to the entire picture without losing sight of the critical details, no matter how slight. (Lester, 1991)

The project manager has to trade off different aspects of the project each time a decision is called for; question like how important is the budget relative to the schedule? And should more resources be acquired to avoid delays at the expense of a budget overrun.

The project manager must be able to apply interpersonal influence in order to lead the project team. The functional structure within the matrix organization is responsible for priorities, coordination, administration and final decision pertaining to the project implementation.

“The project manager must have the responsibility and authority to resolve various conflicts such that the established project policy and quality standards will not be jeopardized. So in general, the project manger authority must be clearly documented as well as defined, particularly in a matrix organization where the functional division managers often retain certain authority over the personnel temporarily assigned to a project” (Avolio and Bass 1997).
Authority, Responsibility and Accountability of Project Manager;   the project manager is usually responsible for assigning responsibilities, delegating authority and holding people accountable for result. It is the key principles on which all organizational structure are based. It is important to understand these concepts and the relationship between in order to create affair and effective organization structure.
Authority is the power to make decisions, use resources and influence people. There are two main types of authority, first assigned authority granted from a higher authority and the second, de facto authority acquired from knowledge, expertise and interpersonal skill. The project is usually granted authority to spend among from the budget. 

Responsibility is the obligation to fulfill commitments. For example the project manager has responsibility for the success of project. Accountability is the existence of consequences for accomplishing or not accomplishing or not accomplishing assigned responsibilities. For example, a project team that shares responsibility for on time delivers might earn abounds for finishing a head of schedule.

The manager should need to accomplish the assigned responsibility. The project manager might share with quality assurance some of the responsibility for insuring the quality of the product, but the manager is still at least partially responsibility for the overall quality of the product. There is a close relationship between authority, responsibility and accountability. According to management theory, authority should be commensurate with responsibility and those with responsibility should be accountable, no one would complain about having more authority than responsibility but the reverse would set unreasonable expectation.

Authority commensurate with responsibility dose not, however, means having complete control over the means of accomplishing the desired results, manager and ever technical people often have to rely on people out side of their control. Authority and responsibility are usually assigned to an individual but they can also be shared among members of a team. A group may also decide to share authority and responsibility if it is impossible to reach consensus on the assignment of authority and responsibility within the group (Stallworthy  and Kharbanda1985).

Table 5.1. The works to be done by Construction Manager during the Planning and Design Phases

	a)
	consulting with, assisting and making recommendations to the Owner and Architect on all aspects of planning for the Project's construction



	b)
	to review the Architectural, Civil, Mechanical, Electrical and Structural plans and specifications as they are being developed and to advise and to make recommendations with respect to such factors as construction feasibility, possible economies, availability of materials and labor, time requirements for procurement and construction and project costs



	c)
	providing input for life cycle cost studies and energy conservation requirements. 

	d)
	assisting in the coordination of all sections of the drawings and specifications, without assuming any of the Architect's normal responsibilities for design



	e)
	making budget estimates based on the Owner's program and other available information.  The first estimate may be a parameter type and subsequent estimates will be in increasing detail as quantity surveys are developed based on developing plans and specifications  



	f)
	to continue reviewing and refining these estimates as the development of the plans and specifications proceeds, and to advise the Owner and the Architect if it appears that the budgeted targets for the Project cost and/or completion will not be met  



	g)
	Preparing a final cost estimate when plans and specifications are complete.  (On most projects, the General Contractor - Construction Manager, because of his financial responsibility, will be able to provide a guaranteed maximum price at the time the Construction Team has developed the drawings and specifications to a point where the scope of the Project is defined.)



	h)
	recommending for purchase and expediting the procurement of long-lead items to ensure the delivery by the required dates

	i)
	making recommendations to the Owner and the Architect regarding the division of work in the plans and specifications to facilitate the bidding and awarding of contracts, taking into consideration such factors as time of performance, availability of labor, overlapping trade jurisdictions, and provisions for temporary facilities



	j)
	Making a market survey and soliciting the interest of capable contractors

	k)
	reviewing plans and specifications with the Architect to eliminate areas of conflict and overlapping in the work to be performed by the various contractors



	l)
	taking competitive bids on the work, when working drawings and specifications are completed  

	m)
	After analyzing the bids thus received, either awarding contracts or recommending to the Owner that such contracts be awarded.  The exact procedure will depend upon the contract with the Owner

	n)
	At an early stage in the Project, preparing a progress schedule for all project activities by the Owner, Architect, Contractors and himself  



	o)
	closely monitoring the schedule during both the design and construction phases of the Project and being responsible for providing all parties with periodic reports as to the status of each activity with respect to the Project schedule


Table 5.2. The works to be done by Construction Manager during the Construction Phase.
	a)
	Maintaining competent supervisory staff to coordinate and provide general direction of the work and progress of the contractors on the Project 



	b)
	Observing the work as it is being performed, until final completion and acceptance by the Owner, to assure that the materials furnished and work performed are in accordance with working drawings and specifications



	c)
	Establishing an organization and lines of authority in order to carry out the overall plan of the Construction Team



	d)
	Establishing procedures for coordination around the Owner, Architect, Contractors and Construction Manager with respect to all aspects of the Project and implement such procedures.  He will maintain job sire records and make appropriate progress reports



	e)
	In cooperation with the Architect, he will establish and implement procedures to be followed for expediting and processing all shop drawings, samples, catalogs, and other project documents



	f)
	Implementing an effective labor policy in conformance with local, state and national labor laws.  he will review the safety programs of each contractor and make appropriate recommendations 



	g)
	Reviewing and processing all applications for payment by involved contractors and material suppliers in accordance with the terms of the contract 



	h)
	Making recommendations for and process requests for changes in the work and maintain records of change orders



	i)
	Furnishing either with his own force or others all General Condition items as required



	j)
	Performing portions of the work with his own forces if required by the Owner to do so



	k)
	Scheduling and conducting job meetings to ensure the orderly progress of work 



	l)
	When the Project is of sufficient size and complexity, the Construction Manager will provide data processing services as may be appropriate 



	m)
	Referring all questions relative to interpretation of design intent to the Architect



	n)
	Monitoring of the Project progress schedule, coordinating and expediting the work of all of the contractors and his own forces and provide periodic status reports to the Team



	o)
	Establishing and maintaining an effective cost control system, monitoring all Project costs  



	p)
	Scheduling and conducting appropriate meetings to review costs and be responsible for providing periodic reports to the Team on cost status




5.2.4. Management of Human Resources and the Project Team

The organizational planning should be directed toward identifying the task required to accomplish organizational objectives, grouping them into jobs, and assigning the individuals and groups. Responsible personnel should be provided with relevant information, appropriate measures of performance, and motivation to accomplish these objectives (Lester, 1991).
A particularly significant project development of new product or business venture that will have long duration require the full time efforts of a group may be supervised by a project team. The project has its own management structure and budget as though it were a separate division of the company.

The project team will include all members of project manager own support team and the principal member of the design team, another specialists and advisers that may become necessary and including a construction manager or management contractor should such appointment be made.

Each person joining the project must be given a job description that defines reporting relationships, responsibilities, and duties. Task responsibilities must also be defined. Each person need to know the task in which expected to participate and in what capacity. The linear responsibility chart is a useful tool for defining individual task and responsibilities. Once the roles of all team members have been established, it should be introduced to each other properly and their function explanted (Kliem and Ludin 1992).

The roles of a team member tend to change over time as the project moves from one phase of its life cycle to the next, because confusion and uncertainty cause conflict in roles in the project. The project manager should also help in reducing anxieties and uncertainty related to life the project, when a project reaches its final stages. The project manager should discuss of the future role in the organization of each team number and prepare plan that ensures a smooth transition to that new role, by providing a stable can help team member focus on the job at hand. 
Once the project manager has got the feeling of a project, decided on the initial task to be tackled and established a budget for the support team, the next consideration must be the selection and appointment of the key member of that team.

An important aspect of motivating is the generation of a team spirit, in which all members of the team strive to meet common goals. It is obviously easier to establish a team spirit when a project team actually exists, as opposed to the case where the people are dispersed over a matrix organization which has to deal with many projects.

If the work is being conducted for a government defiance contract, or for any other project that requires a secret or confidential environment, the establishment of a project team greatly helps the organization to contain all the work and its information within close, secure boundaries.

5.3. The Work Breakdown Structure of the Project

A Work Breakdown Structure is a results-oriented family tree that captures all the work of a project in an organized way.  It is often portrayed graphically as a hierarchical tree, however, it can also be a tabular list of "element" categories and tasks or the indented task list that appears in your Gantt chart schedule. 

The WBS initiates the development of the Organizational Breakdown Structure (OBS), and the Cost Breakdown Structure (CBS). It also provides the foundation for determining Earned Value and activity networks. (Wideman Comparative Glossary,2066 )
The Work Breakdown Structure (WBS) is a key planning tool used to define a project in terms of its deliverables while providing a method for breaking these deliverables into meaningful work efforts. It is  a schematic representation of the disaggregation-integration process by which the project manager plans to execute the project.  By defining the project in this way, the WBS enables the project manager to clearly describe the hierarchical nature of the work to be performed and establishes a foundation for other elements of the formal project plan including the project’s resource plan, budget, organizational plan (OBS) and master schedule. 

Work Breakdown Structure (WBS) is an output of the scope definition process and used as input into the scope change control process. Basics of developing a WBS: 

►Identify main issues. 

►Break down each subject into smaller deliverable units. 

►Subdivide deliverables into measurable units. 

►Define each work package as sub-contractible units of work. 

►Review for patterns and anomalies. 

►Review again. 
Developing a WBS is helpful to define what tasks must be done;  who will do each one;  how long will each task take; what materials / supplies are required; how much will each task cost? (Lewis, 2001): Examples of names of WBS structure levels are; Program, Project, Task, Sub-Task, Work Package; the  lowest level of a WBS.
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Figure 4.1. An Example of WBS (PMI,2002)
 

The WBS should be designed with consideration for its eventual uses. WBS design should try to achieve certain goals:

►It should be compatible with how the work will be done and how costs and schedules will be managed,

►It should give visibility to important or risky work efforts,

►Allow mapping of requirements, plans, testing, and deliverables,

►Foster clear ownership by managers and task leaders,

►Provide data for performance measurement and historical databases, and

►Make sense to the workers and accountants.

6. DISCUSSION and CONCLUSIONS
In this chapter, answers to the research questions will be thoroughly discussed in connection with the general purpose of the whole study. 

6.1. The Organization in the Project Life Cycle
A project organization must be well prepared for each issue along the project life cycle. Therefore, the phases, the characteristics and the necessary tasks in every stage should be known, and possible problems should be anticipated. Each member of the project should perform his/her own responsibilities.  A generic project life cycle may have the following phases: 

Conceptualization: A need must be identified for the project. The definition of the problem to be solved may be uncertain. Feasibility studies may be done during this phase to clarify the problem before proceeding. 

Order of magnitude:  Costs may be obtained. Other items that may be identified at this phase include stakeholders, risk, goals and objectives, strategy, potential team, and alternatives. The output of this phase is the project charter which grants permission for the project to proceed with the next phase. 

Development/Planning: What is to be done is determined exactly. A problem statement is developed along with objectives, strategies for achieving the objectives, and detailed work plans to support the strategies. The scope baseline is determined. Budgetary costs are determined, and the budget is developed. A risk assessment is done. The work breakdown structure is established. The players are identified along with the levels of authority, responsibility, and accountability. Control systems are developed (if not already in place) and quality standards determined. Detailed planning is completed and placed in the project plan / notebook. The project plan/notebook serves as the controlling document throughout the life of the project. 

Implementation/Execution: The lines of communication between teams and team members are established. Work packages are established and implemented. Definitive estimates are determined. Goods and services are procured. Scope, quality, time, and cost are directed, monitored and controlled. Problems are resolved. 
Termination/Close-out: The product is finalized, reviewed and accepted. Product responsibility is transferred. The project is evaluated and the results documented. Resources are redirected or released, and the project team is reassigned.

Most project life cycle descriptions share a group of common characteristics: 

►Cost and staffing levels are low at the start; higher towards the end of implementation, and drop rapidly as the project nears conclusion.
►The probability of successfully completing the project is lowest at the start of the project. Hence, risk and uncertainty are highest at the start of the project. 
►The ability of the stakeholders to influence the final characteristics of the project product is highest at the start of the project and becomes progressively lower as the project continues. This can largely be contributed to the increased cost of changes and error correction as the project develops.  
Project life cycle includes some effort in a specific period of time. In Figure 2.2., it is noticed that it is the Project Life Cycle that almost all projects spend the greatest resources at the end of the project. If a project manager can flatten the line out more projects typically are more successful.  
6.2. The Influences of Project Management Body of Knowledge in Organizations
There are nine knowledge areas for Project Management Body of Knowledge. These are (PMI, 2000):

►Project Integration Management (Elements are coordinated)

►Project Scope Management (Including all necessary work)

►Project Time Management (Completing a project within time constraints)

►Project Cost Management (Completing a project within resource constraints)
►Project Quality Management (meeting the project specifications, adequately)
►Project Human Resource Management (Effectively using workers)

►Project Communications Management (Efficiently processing information)  

►Project Risk Management (Minimizing impact of adverse occurrences)

►Project Procurement Management (Acquiring needed resources)

Each knowledge area contains some or all of the project management processes. For example, Project Procurement Management includes Procurement Planning, Solicitation Planning, Solicitation, Source Selection, Contract Administration and Contract Closeout. 

Much of Project Management Body of Knowledge is unique to project management e.g. critical path (CPM) and work breakdown structure (WBS). Some areas overlap with other management disciplines. General management also includes planning, organizing, staffing, executing and controlling the operations of an organization. Financial forecasting, organizational behaviour and planning techniques are also similar.

So, each management process of these areas requires exact organization in terms of definition of tasks, individual’s job definitions, and a well organized project team. In order to achieve this, all the involvement of these processes should be considered  by project manager(s) and project owner. 

6.3. Coping with the Constraints of Project Management
The triple constraint exists in project management. It is a significant notion and provides the defining parameters of a project. It consists of three dimensions:

1. Performance specification

2. Time schedule

3. Money budget

All projects are defined and characterized by this triple constraint. The key point the triple constraint illustrates is the need to simultaneously satisfy three independent goals- not just one. Money may actually appear in two dimensions of the triple constraint. It is obvious that it appears in the cost dimension, where it may include not only actual project expenses but, in some situation, capital expenses even though this may be in the organization capital budget as well. Normally, the triple constraint cost dimension involves the planned or actual project expense, usually including the overhead and the general and administrative burdens. At the same time, cost dimension defines the employment of quality staff. 
It is not easy to satisfy these constraints because most of what occurs during any project conspires to pull the performance below specification and to delay the project so it falls behind schedule, which usually makes it exceed budget. The successful project manager must be alert to potential problems to achieve the triple constraint. “Under the best of circumstances, it is difficult to achieve the triple constraint. However, it is also normal for the triple constraint to change during the course of the project”. (Lock, 1993). A well organized project team and qualified project manager(s) could have the capacity to manage these constraints. So, the characteristics of the organization is very important in satisfying the triple constraint. The selection of the organizational structure has a direct relationship to these constraints. 
6.4. The Organizational Structures of Project Management
Organizing for project means establishing roles, responsibilities, lines of authority, and reporting relationship between the individual and groups of individuals working on a project. The resulting organization structure determines how these individuals  will communicate, interact and make decisions during the course of the project.

A good organization structure maximizes collaboration within groups and minimizes interaction between groups. To use a programming analogy, a good organizational structure is one that creates strongly cohesive groups with minimal coupling between groups. A cohesive group is one with narrow focus and mutually supportive responsibilities. Coupling between groups is a measure of communicating and interaction required between ropes during routine work activities. High cohesion within groups tends to result in low coupling between groups. A project is performed by one groups of individual working together. A group of individuals working together in harmony is considered a team, team have their own structure that shapes how they communicate, interact, make decision, and distribute work. An effective organization will ensure that clear lines of authority exist, and that every member of the project knows what he or she must do to make the project a success. This is part of the management communication framework, essential for motivating all the staff employed. A well motivated group can be a joy to work with. A badly informed group, with vague responsibilities and ambiguous levels of status and authority, likely to be poorly motivation, slow to achieve result, costly to run and extremely frustrating to work with.

The formation of organizational structures depends on three basis; 

1) The organizational formation of each participant in the project (the client, the prime contractor, sub-contractors, and perhaps one or more government agencies); functional organization, project- oriented organization, matrix organization, product organization, customer organization, territorial organization

2) The organizational structure of the project itself, which specifies the relationship between the organizations and people doing the work; the nature of the project, the environment in which the work is performed, and the structure of the participating organizations are the basic parameters which characterize the organization.

3) The work breakdown structure of the project; that is the way the work content is divided into small, manageable parcels that can be allocated to the participating units.

Each structure type has different type of organization schema and specifications about the task identifications (see Chapter 6). A well organized management system can be successful with a well chosen structure type. 

6.5. The Criteria for Selecting an Organizational Structure
The followings are the criteria for selecting the appropriate organizational structure.
1. Technology: A functional organization and process oriented organization have one focal point for each type of technology. The knowledge gained in all operations, project, and product is accumulated at that focal point and is available to the entire organization. Furthermore, experts in different areas can be used efficiently since they too are a resource available to the entire organization.

2. Finance and Accounting: These functions are easier to perform in functional organization, where the budgeting process is controlled by one organization element capable of understanding the whole process. Such an entity is in the best position to develop a budget that integrates the organization goals within individual project objectives.

3. Communications: The functional organization has clear lines of communication that follow the organizational structure. Instructions flow the top down, while progress reports are directed over the same channels from the bottom up the functional organization provides a clear definition of responsibility and authority, and thus minimizes ambiguity in communications. Product process structures have vertical as well as horizontal communication lines. In many case, communication between units responsible for the same function on different project processes or product lines might not be well defined.

4. Responsibility to a project/product: The product or product oriented organization removes any ambiguity over who has responsibility for each product manufactured or project performed. The project manager has complete control over all resources allocated to the project along with the authority to use those resources as he or she see fit. The one to one relationship between an organization element and project or product eliminates the need for coordination of effort and communication across organizational units and thus makes management easier and more efficient.

5. Coordination: As mentioned, the project product oriented structure reduces the need for coordination of activities related to the project or product, however, more coordination is required between organization units performing the same function on different products. 
6. Customer relations: The project product oriented organization provides the customer with single point of contact. Any need for service, documentation, or support can be handled by the same organization unit. Accordingly, this structure supports better communications and frequently better service for the customer compared to the functional structure. Its performance closely approximates that of pure customer oriented organization structure.

The organizational structure of project should be designed as early as possible in the projects life cycle. A clear definition of communication channels, responsibilities, and the authority of each participating unit is key element affecting project success. The most appropriate structure depends on the nature of project, on the environment in which the work is performed, and on the structure of the participating organizations . (Shtub et all,1994).
In most projects it is not enough to adopt the organization structure of the prime contractor. The client organization usually initiates the project by defining it specific needs, while the contractors responsible for developing the plan to satisfy those need.

6.6. The roles and responsibilities of each team member
Building project organizations are temporary. When the project is completed, the organization is broken up. Most actors only take part for a limited time. Some of the most important roles in a building project organization are played by the client, designer, contractor, sub contractor, material supplier, machine supplier and the user. It is through coordinated actions of these actors that the building is actually built. 

The primary roles and responsibilities of each team member should be established and published so that each entity clearly recognizes what it is expected to do and likewise what it should expect for the other team members. The following list summarizes the primary roles and responsibilities of each member of the team, i.e. Owner, Designer, Contractor, Subcontractor.

Table 6.1.  : The owner’s primary responsibilities in the construction of the project 
	Owner

	-Establish Policy

	- Give direction to the project

	-Provide coordination between Owner, other government and regulatory organizations, community organizations, utility companies, Phase Project Team, the Design team and the Construction Manager.

	-Define Standards

	-Furnish information

	-Review and approve

	-Inform state regulators and appointees, other concerned agencies, users, neighboring communities, and the public

	-Provide the site

	-Remove hazardous materials

	-Provide funds

	-Make timely payments


Construction Management Team (Contractor/CM):
The Construction Manager’s role is to assist the Design Team to fulfill their responsibilities during the design phase, select the optimum construction team and then to deliver the completed facility in accordance with the Project Goals. 
Table 6.2. The Construction Manager’s responsibility
	Preconstruction Phase


	- Evaluate design for constructability, cost and schedule impact


	- Prepare estimates of probable construction cost.


	- Compare estimates with budget and advice on reconciliation.


	- Furnish a Guaranteed Maximum Price and completion date.


	- Prepare an integrated Master Schedule of the design/construct process.


	- Implement a Management Information (reporting system)


	- Advise on materials, methods, systems, and equipment.


	- Recommend division of work into Work Categories.


	- Conduct and lead Value Engineering sessions.


	- Recommend and implement long lead procurement.


	- Track and facilitate resolution of critical issues.


	- Establish relationships and coordination with local community.


	- Evaluate and pre-qualify potential subcontractors.


	- Prepare Bidding Documents


	- Prepare a Project Procedures Manual defining roles and procedures, etc.


	- Define and implement a Bid Management Process.


	- Furnish a Performance and Payment Bonds.


	- Develop and monitor Construction Documents Completion Schedules.


	- Develop Shop Drawing and Submittal Schedule commensurate with construction requirements.


	
	Construction Phase

- Execute and administrate subcontracts in accordance with procedures.

- Implement a site management organization and facilities.

- Implement procedures for control of costs, schedules, and quality.

- Implement application for payment and accounting procedures.

- Schedule and chair coordination meetings.

- Communicate with local community and city and county leaders.

- Report on current progress and future plans.

- Manage submittal and shop drawing process.

- Implement and manage the Change Order process.

- Manage substantial and final completion process.

- Coordinate record drawings, manuals, warranties, etc., for Owner.

- Provide services as necessary through the Warranty period.

- Develop and implement a project safety program and monitor Subcontractor compliance.

- Administrate Project Insurance requirements for the duration of the const. phase.

- Conduct a Preconstruction Conference with successful bidders.

- Schedule and conduct all meetings related to const. activities.

- In collaboration with the Subs, develop const. schedule which integrates the various separate Subs

and their Sub-subs. Schedules into one complete schedule that substantially completes the work

within the contract time.

- Using the schedule, compile log of submittals and the dates the submittals will be required from the

Subs. And returned when they have been reviewed by the A/E.

- Issue all instructions to Subs.

- Inspect the work for defects and deficiencies subject to review by A/E, and reject work, which

does not conform to Contract Documents.

- Process all communications between the Subs and the A/E requests for information, change

proposal requests, field orders, change orders, etc.

- Review and process all shop drawings and samples from Subs prior to submittal to A/E.

- Provide selected Special Conditions items.

- Document, track and manage the resolution of all const. related problems.




Construction Manager, negotiates subs; monitors sub’s performance; implements procedures for: Schedule Control, Quality Control, Submittal Control, Change Order Management, Site Management, Safety/Security management, Start-up and Commissioning, Project Close out; provides data for project reports and MIS; schedules regular coordination meetings and directs Field Staff.

Table 6.3 Responsibilities of individuals on the Construction Management Team: (a)
	Partners’ Executive Committee


	- Set Policy


	- Monitor Contract Compliance


	- Liaison with Owner and Executive Director.


	- Furnish resources.


	- Affect procurement of performance and payment bond for amount of GMP.


	- Negotiate terms of contract between Owner and CM.



	
	Project Director

- Direct general project activities

- Develop basic documentation for contract between Owner and CM.

- Comply with CM Agreement.

- Liaison with A/E & PM

- Appoint and monitor CM staff

- Keep Executive Committee informed

- Communicate with relevant agencie s

- Affect achievement of project goals


	Preconstruction Manager
- Manage development of the preconstruction phase Contract deliverables

- Prepare bidding “front end” docs

- Manage contract procurement

- Develop construction administration systems and procedures

- Develop Project Safety Program

- Develop Project cost accounting and payment process

- Develop construction sequencing and site utilization plan

- Manage the Bidder Pre-qualification Process




Table 6.4. Responsibilities of individuals on the Construction Management Team (b)
	Preconstruction Coordinator – Chief Estimator

	- Establish project budget


	- Manage estimating process


	- Manage scheduling process


	- Manage Value Eng. Process


	- Liaison with Design Team


	- Define Bid Packages


	- Manage GMP process


	- Initiate and implement Cost Reporting process


	- Schedule and monitor const. doc completion dates


	- Review const. docs for compliance with budget and require design team to redo docs that do not


	comply with the intended scope and budget



	
	Community Relations Manager

- Communicate relevant project info to local community leaders, organizations and governmental

Agencies

- Monitor community sensitivity to Project

- Initiate programs to involve community

- Monitor project MFBI compliance

- Provide point of contact for MFBI referrals and to prospective Subs

- Publish Newsletter quarterly




Table 6.5. Responsibilities of individuals on the Construction Management Team (c)
	 Field Office Administration Manager

	- Define and implement Office Admin. Procedures

	- Initiate and manage MIS including: Monthly Reports, Project Cost Status, Project Schedule Status, Open Issues, Project Milestones, Cash Flow projections, Contingency Status, Document tracking system, Change Order Log, Progress Photographs

	- Coordinate secretarial and word processing services

	- Implement and manage project filing system

	- Implement and monitor payment and billing process

	- Implement and monitor project accounting system

	- Manage and monitor computer systems

	- Monitor Sub & Vendor Bonds and Insurance Status


Table 6.6. Responsibilities of individuals on the Construction Management Team (d)
	Contract Administrator


	- Manage all aspects of contract relationship with assigned Subcontractors:


	- Planning and scheduling of the Sub Work


	- Shop drawings and submittals


	- Contract changes


	- Communications


	- Schedule of values


	- Application for payment


	- Request for information


	- Coordination with the work of others


	- Back changes


	- Correction of non-conforming work


	- Claims and dispute resolution


	- Utilization and training


	- Procurement of Bond and Insurance documentation


	- Monitor progress in maintenance of as-built documents


	- Close-out Subcontract upon achievement of final completion of Work


	- Monitor assigned Sub actual progress vs. the Schedule


	- Provide interface between the Subs and Owner



	
	Project Engineer

- Assist the CA’s and Superintendents in performance of their duties

- Take primary responsibility for the execution of the shop drawing submittal and review process

- Take primary responsibility for the job-site record keeping tasks and entry of data into Software

-Program being used

- Coordinate approved shop drawings with field construction activities

- Prepare and maintain all Operation and Maintenance Manuals for Subs and distribute as required by the Contract documents.

- Expedite material/equipment purchases and deliveries

- Expedite responses to RFI-s and RF-Cost proposals

- Assist the Chief Estimator and CM in performing quantity surveys and pricing exercises




Table 6.7. Responsibilities of  Project General Superintendent on the Construction Management Team 
	Project General Superintendent

	- Responsible for the day-to-day coordination and scheduling for the efficient operation of all aspects of the field construction activities

	- Responsible for insuring materials, manpower, and equipment required to meet daily/weekly/monthly schedule commitments are procured and delivered to the site in timely manner

	- Responsible for on-site coordination of the work of all Subs in support of the Schedule

	- Responsible to insure that the various trade foremen are aware of the Schedule and the Work is

	performed in a timely manner

	- Responsible for field Quality Control (QC) Program implementation and Administration

	- Responsible to maintain a daily log of all const. activities, incidents, and material deliveries

	- Support the Project Safety supervisor in administration of the Project Safety Program

	And instilling a safe attitude among all supervisors, employees and subs working on site

	- Monitor and advise the CM on the day-to-day labor relations status

	- Manage and administrate the Project Security Program

	- Manage and admin the Project radio communication system

	- Participate in Sub conferences prior to start of new work activities on site

	- Review all Sub daily reports and QAT reports

	- Report to the CM and/or PM all situations and incidents that have potential to evolve into claim or dispute

	- Schedule and coordinate all required field inspections of the Work


Table 6.8. Responsibilities of  Design Team on the Construction Management Team 
	Design Team


	Design Phase


	- Identify and quantify all space, quality and adjacency needs


	- Conduct site evaluation


	- Evaluate budget in relation to program


	- Identify and comply with all regulatory agency requirements


	- Evaluate appropriate Materials, systems and components


	- Evaluate Life Cycle and Operating costs


	- Coordinate and communicate with all project team members


	- Analyze and advise on future expansion needs and impacts


	- Prepare: Annotated program, Schematic Designs, Performance Specifications, Design development Documents, Construction Documents


	- Advise on phasing of construction Bid Packages


	- Review and make recommendations on Estimates and Schedules


	- Assist in Value Engineering


	- Assist in Bid Management



	
	Construction Phase

-Review and approve/comment on all submittals

- Interpret Construction Documents

- Inspect and approve/comment on quality of work

- Assist in problem resolution

 Participate in site progress meetings

- Specify and monitor testing and inspecting procedures

-Prepare documentation to implement changes

-Assist in evaluating progress payments




Design Team:

The Design Team is responsible for ID and analyzing the Owner’s needs, interpreting these needs, and then developing a program, a master plan and finally Construction Documents. The Design Team is responsible for monitoring the progress of construction and advising the Owner on the performance of the Construction Team in relation to the requirements of the Contract Documents.

Table 6.9. Responsibilities of Subcontractor on the Construction Management Team 
	Subcontractor’s Responsibilities:

	Each Subcontractor is responsible for the following:


	- Construction of the work in the Subcontractor’s scope in accordance with the plans and specifications.

	- Performance in a prompt and diligent manner in accordance with the schedule without hindrance to the project.

	- Employment of competent supervision and the necessary assistants who shall be in attendance

	the project site when work is being performed.

	- Provide qualified labor to execute the work and achieve the specified quality.

	- Observe and inspect installation of his own work and correct non-conforming work without waiting for the Architect or CM to reject non-conforming work.

	- Attend all job related meetings.

	- Schedule and coordinate his subcontractors and vendors.

	- Provide the CM with scheduling information including the duration estimates, planned crew size, planned procurement dates, of required shop drawings, and any other information needed to coordinate and schedule the work.

	- Maintain, on size, a complete set of contract documents properly annotated with current as-built data and incorporated addendum and bulletin changes.

	-Cooperate with the Contractor/CM and fellow Subcontractors whose work may interfere with his work.

	- Clean up debris and rubble created by his work on a frequent and regular basis.

	- Comply with the requirements of the Project Safety Program and OSHA requirements.

	- Plan his work in advance so as to identify problems and notify the CM promptly to avoid delay to the schedule.

	- Accurately prepare and submit application for payment in the required format in a timely manner.

	- Accurately prepare, review, and submit Shop Drawings and Product Data for approval in the required format in a timely manner.


As a conclusion, Organizing for project management is extremely significant concern in the construction management area. Carefully defined parameters, all effective factors should be considered in the procedures of construction project management in the context of organizing project management.
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