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This is a techniques book designed to take you step-by-step through 
the latest planning and control techniques, particularly those used by 
the Project Management Software and the Project Management Body 
of Knowledge (PMBOK, 1996). 

The past ten years have seen project management continue to grow 
as a profession through a wide range of projects (both large and small). 
The project management body of knowledge (PMBOK) has been 
revised and expanded into nine knowledge areas, and employers are . 
increasingly encouraging their managers to gain professional project 

E management certification to comply with their quality managcment 
system. Project management techniques are now used outside the 

traditional project industries, and a management-by-project approach has been 
adopted by many large companies in an effort to keep their work small and 
manageable. 

Project Management Computing: Despite the advances in the project 
management software over the past twenty years (over 200 software packages 
are reported to be available), the project manager still needs to understand the 
basic principles of project management to apply the software successfully. 
Although there have been no new project management planning and control 
techniaues introduced since the sixties. the communication field has develo~ed 
through computer networks and the internet - both enhancing the 
information and control system. 

Target Market: This book is widely used on university degree programmes, 
executive management training courses, planning software courses, and 
professional certification (PMP). The undergraduate degree programmes tend 
to focus on project management principles and calculations, whilst the post- 
graduate degrees and MBA modules focus on applying project management 
principles through case studies and academic projects. The executive manage- 
ment training courses for practising managers focus on the practical planning 
and control techniques often using the delegates' projects as a live case 
study. The computer planning skills training courses teach clients how to use 
proprietary software (often having to explain basic planning techniques first). 
The professional certification examinations (project management professional 
[PMP]) are structured around the project management body of knowledge 
(PMBOK) to give a formal qualification which is internationally recognised. 



The third edition has been re-structured in-line with the revised project 
management body of knowledge (PMBOK, 1996), with a chapter on each of 
the nine knowledge areas. In addition there are chapters discussing project 
organisation structures, project leadership, project team building, and project 
management computing. The planning and control cycle outlines the special 
project management techniques through worked examples and exercises. 

Academically there is a trend away from knowledge based assessment 
towards competency based assessment where you are not assessed on your 
knowledge alone, but on tour ability to apply your knowledge. In this context 
project management competency is the-application of project management 
planning and control techniques to your projects - developing a plan and 
guiding your projects towards a successful completion. An Instructor's Manual 
with additional exercises, proformas and worked examples is available for 
lecturers using this book. 

Project Management Planning and Control Techniques is designed to give 
you the tools to develop your own project management system. I trust this 
book will help you achieve a successful career in project management. 

I have derived considerable benefit and ideas from lecturers, students, consul- 
tants and practising project managers who were willing to discuss the com- 
mercial application of project management techniques. The writing of this 
book was a team effort - I particularly wish to thank: 

Book proposal: Particular thanks to Steve Hardman at John Wiley & Sons for 
coordinating feedback from lecturers in Britain and Australia. 

Diagrams and DTP: Sandra Buchanan. 

Proof reading for content: Derek Archibald, Bob Burns, Peter Goldsbury, 
Steve Hinge, Mark Massyn, and Chris Naude (Chris also designed the com- 
puter screens). 

Proof reading for grammar and spelling: Sandra Buchanan, Linda Logan, 
Renee Bampfield-Dugan, and Tony Shapiro. 

Sketches: Ingrid Franzsen. 

Foreword: Particular thanks to my cousin Val Joyce. 

This book was written in Word 6 and Pagemaker 5, and the diagrams were 
drawn in CorelDRAW 7, using a Toshiba notebook often powered on 
location (Bay of Islands, New Zealand) by a wind generator and a solar panel! 
Final proof reading and DTP in Cape Town the Taven of the Seas. 

Rory Burke 
Stratford Upon Avon 



I must say I was rather chuffed when Rory asked me to write the foreword for 
his book - then I had second thoughts. I realised that as Rory is my cousin he 
could get me much cheaper than Clinton, Blair or even Cindy Crawford. Also 
I am a broadcaster by profession - speech comes easily, but writing is a chore 
to me. The odds were moving towards a sneaky opt-out on my part when I was 
struck by a remarkable coincidence - now you'll have to pay-attention to this. 

Rory's father was my first cousin on my mother's side. My father had a first 
cousin called James who also wrote books - so here I am - the exact fulcrum 
in the balance between James Joyce and Rory Burke. Such a unique literary 
position is not granted to many! 

Now there are of course differences between the two authors. Rory's work 
for instance has never been banned. Perhaps if he were to adopt a racier style 
this acqolade might come his way. On a scale of incomprehensibility I would 
rate Rory's work somewhere between Ulysses and Finnegan's Wake, but then 
Project Management is a subject in which I am blissfully innocent. I saw 
the film of Ulysses before I took up the book and will look forward to seeing 
the video version of Rory's book - and if there is a part in it for Arnold 
Schwarzenegger as Project Manager so much the better. 

Even though I have not read this book I must strongly urge you to buy a 
copy. You see Rory has promised to buy me dinner at the Royal IrishYacht 
Club the next time he sails into Dun Laoghaire, but only when the first 50,000 
copies are sold - and I'm getting hungry. 

Val Joyce 
Blackrock, Dublin 
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introduction To 
Project Management 

Project management offers astructured approach to managing projects. The purpose 
of this book is to outline the latest planning and control techniques used by industry 
and commerce, particularly those used by planning software and referred to in the 
Project Management Body of Knowledge (PMBOK). 

As projects grow in size and complexity, the ability to plan and control them has 
become a key project management function. The project manager must be able to 
develop a fully integratedinformation and control system to plan, instruct, monitor 
and control large amounts of data, quickly and accurately to facilitate the problem- 
solving and decision-making process. To achieve these goals the project manager needs 
a comprehensive toolkit - as a plumber works with a bag of tools, so the project 
manager works with a computer producing organisation charts, work breakdown 
structures, barcharts, resource histograms and cash-flow statements. 

Projects have traditionally been managed through a classic functional hierarchical 
type organisation structure, but with the increase of multi-disciplines, multi-departments, 
multi-companies and multi-national projects so there has been a trend towards 
management-by-projects, project teams and matrix organisation structures. As the 
project manager is the single point of responsibility, it is the project manager's job to 
set up a structure which meets the needs of the project, the needs of the organisation, 
the needs of the stakeholders and the needs of the individuals working on the project 
(see figure 1 ). 

1. What is a Project? 

The main difference between project management and general management (or any 
other form of management for that matter) relates to the definition of a project and 
what the project intends to deliver to the client and stakeholders. Here are two well 
stated and eloquent definitions: 

1 
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Figure 1: Intersecting Needs 
(where OBS = Organisation 
Breakdown Structure) 

Stakeholder's 

The Project Management Institute's (PMI) guide to the project management body of 
knowledge (PMBOK 1996, p.4) defines a project as: ".... a temporary endeavour 
undertaken to create a unique product or service. Temporary means that every project 
has a dejinite end. Unique means that the product or service is different in some 
distinguishing way from all similar products or services." 

Turner defines a project as: " ..... an endeavour in which human, (or machine), 
material andfinancial resources are organised in a novel way, to undertake a unique 
scope o f  work, of given specification, within constraints of cost and time, so as to 
deliver beneficial change defined by quantitative and qualitative objectives." 

Traditionally work in the construction industry and defence procurement were seen 
as projects, but in recent years most pro-active companies are structuring their work 
as projects (management-by-projects) and using project management techniques to 
ensure successful completion. 

Projects range in size, scope, cost and time from mega international projects costing 
millions of dollars over many years - to small domestic projects with a low budget 
taking just a few hours. Consider the following projects: 

The transition period during which a change occurs. 
Designing andconstructing a building, a house or a yacht. 
Designing and testing a new prototype (a car or a washing machine). 
The launch of a new product (advertising and marketing project). 
Implementing a new computer system (IT project, or upgrade). 
Designing and implementing a new organisational structure (human resource 
project). 
Planning and conducting an audit (quality management project). 
Improving productivity within a target period. 
Disaster recovery (limiting the damage of fires, floods or any type of accident). 
Olympics, or Springboks' tour of New Zealand (a sports project). 
Rolling Stones' world tour (an entertainment project). 
Moving house or going on holiday (a domestic project). 

Other primary features of a project include: 
A start and finish (although they may be difficult to define - the start may have 
crystallised over a period of time and the end may be a slow phase out). 
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A life-cycle (a beginning and an end, with anumber of distinct phases inbetween). 
A budget with an associated cash-flow. 
Activities that are essentially unique and non-repetitive. 
Use of resources, which may be from different departments and need co- 
ordinating. 
A single point of responsibility (i.e. the project manager). 
Team roles and relationships that are subject to change and need to bedeveloped, 
defined and established (team building). 

Within the context of this book aproject may be defined as a beneficial changewhich 
uses the special project management techniques to plan and control the scope of work 
in order to deliver a product to satisfy the client's and stakeholder's needs and 
expectations. 

2. Project Management 

Project management is defined by the body of knowledge as: " ..... the application oj 
knowledge, skills, tools and techniques to project activities in order to meet 
stakeholder's needs and expectations from a project." In other words the project 
manager must do whatever is required to make the project happen - one could not 
have a wider all encompassing job description! 

This definition clearly identifies that the purpose of the project is to meet the 
stakeholders needs and expectations. It is therefore a fundamental reauirement for the 
project manager to establish who are the stakeholders (besides the client) and analyse 
their needs and expectations to define, at the outset, the project's scope of work and 
objectives (this will be developed in the Feasibility Study chapter). 

Peter Moms described project management as: " ..... the process of integrating 
everything that needs to he done (typically using a number of special project 
management techniques) as the project evolves through its life cycle [from concept to 
handover] in order to meet the project's objectives. " 

Companies performing projects will generally sub-divide their projects into several 
phases or stages to provide better management control. Collectively these project phases 
are called the project life-cycle. Along with the project life-cycle the other special 
project management techniques which form part of the project management integrative 
process are: 

Work breakdown structure (WBS) 
Critical path method (CPM) 
Resource smoothing 
Earned value 
Configuration control. 

Management-by-Projects: Many organisations are changing in nature as more of 
them are accomplishing their business through projects. This management-by-projects 
approach has been used in engineering, construction, aerospace and defence for many 
years, and now we see other organisations buying into the process; pharmaceutical, 
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medical, telecommunications, software development, systems development, energy, 
manufacturing, educational and service organisations. The management-by-projects 
approach encourages: 

organisation flexibility 
decentralised management responsibility 
an holistic view of problems 
goal-orientated problem solution processes. 

The importance and acceptance of the trend towards management-by-projects was 
endorsed by the International Project Management Association (IPMA) Project 
Management Conference in Vienna (1990) which adoptedmanagement-by-projects as 
its theme. 

General Management: Although this book is about project management, the successful 
project manager must also be competent in a wide range of general management skills, 
these would include: 

leadership instructing 
communication co-ordinating 
organising implementing 
stafing monitoring 
team building controlling 
planning 

General management also includes a number of support disciplines: 
computer systems sales and marketing 
legal contracts accounts and salaries. 
personnel and human resources 

The project manager would obviously not be expected to be an expert in all these 
fields, but for a project to be successful they may all need to be addressed at one time 
or another and as the single point of responsibility, the project manager will be 
responsible for either performing the work, 
or delegating it (see figure 2). 

/'-", 
Technical Management: The technical 
aspects of the project also need to be managed. 
On smaller projects the project manager may 
be expected to be the technical expert as well 
as the manager. In fact early on in your career 
you will probably only be appointed as project 
manager if you are a technical expert. 

There is usually a certain amount of 
overlap between project management, general 
management and technical management 
which can be simply presented as intersecting 
circles (figure 2). Figure 2: Intersecting Management 

Skills 
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3. Project Management Environment 

The project environment directly influences the project and how it should be managed. 
Projects are not carried out in a vacuum, they are effected by a wide range of stakeholders 
and issues. Consider the following: 

Stakeholders (all interested parties) 
Client / sponsor's requirements 
Your company's organisation structure 
Market requirements 
Competitors 
New technology 
Rules and regulations 
Economic cycle. 

For project managers to be effective they must have a thorough understanding of the 
project environment which may well be changing and so continually shifting the goal 
posts. The project environment consists of the numerous stakeholders and players that 
have an input or are effected by the project. All must be managed as any one person 
could derail the project. 

4. Project Management Software 

Today, powerful but inexpensive project management software is readily available for 
the personal computer. This availability has essentially moved project management 
computing away from the data processing department to the project manager's desk. 
This represents a major shift in the management of information. 

Whilst project planning software will certainly help the project manager plan and 
control their projects, its application will only be effective if the planning and control 
techniques are clearly understood. The purpose of this text is therefore to develop 
these techniques through manual exercises. 

O N E  COMPUT 

MCINY 
Disc IPLINES 
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5. Project Management Associations 

A number of project management associations and institutions have formed chapters 
around the world to encourage the development of project management as a profession. 
These chapters organise regular meetings and newsletters to keep their members informed 
about project management issues. Three key areas are: 

the body of knowledge 
certification of project managers (PMP) 
the global forum. 

Body Of Knowledge: Over the past fifty years a considerable body of knowledge has 
been built up around project management tools, skills and techniques. This data base 
of information has been developed into what is now called the project management 
body of knowledge (PMBOK) or simply the body of knowledge (BOK). The BOK's 
currently available are: 

The APM's BOK - Association of Project Managers (UK). 
The PMI's PMBOK - Project Management Institute (USA). 
The IPMA's BOK - International Association of Project Managers (formerly 
called INTERNET) 

The purpose of the body of knowledge is to identify and describe best practices that are 
applicable to most projects most of the time. There is widespread consensus about 
their value and usefulness. They are also intended to provide a common lexicon and 
terminology within the profession of project management. As a relatively young 
international profession there is still a need to converge on a common set of terms. The 
PMBOK describes project management under the following nine knowledge areas: 

Project ~ntegration: integrates the three main project management processes 
of planning, execution and control - where inputs from several knowledge areas 
are brought together. 
Project Scope Management: includes the processes required to ensure that the 
project includes all the work required, and only the work required, to complete 
the project successfully. It is primarily concerned with defining and controlling 
what is or is not included in the project, to meet the sponsors' and stakeholders' 
goals and objectives. It consists of authorisation, scope planning, scope definition, 
scope change management and scope verification. 
Project Time Management: includes the process required to ensure timely 
performance of the project. It consists of activity definition, activity sequencing, 
duration estimating, establishing the calendar, schedule development and time 
control. 
Project Cost Management: includes the process required to ensure that the 
project is completed within the approved budget. It consists of resource planning, 
cost estimating, cost budgeting, cash-flow and cost control. 
Project Quality Management: includes the process required to ensure that the 
project will satisfy the needs for which it was undertaken. It consists of determining 
the required condition, quality planning, quality assurance and quality control. 
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Project Human Resource Management: includes the process required to make 
the most effective use of the people involved with the project. It consists of 
organisation planning, staff acquisition and team development. 
Project Communications Management: includes the process required to ensure 
proper collection and dissemination of project information. It consists of 
communication planning, information distribution, project meetings, progress 
reporting and administrative closure. 
Project Risk Management: includes the process concerned with identifying, 
analysing, and responding to project risk. It consists of risk identification, risk 
quantification and impact, response development an nsk control. T '  Project Procurement Management: includes the process required to acquire 
goods and services from outside the performing project team or organisation. It 
consists of procurement planning, solicitation planning, solicitation, source 
selection, contract administration and contract closeout. 

The body of knowledge can be sub-divided into four core elements which determine 
the deliverable objectives of the project: 

Scope 
Time 
Cost 
Quality 

The other knowledge areas provide the 
namely: 

Integration 
Human resources 
Communication 
Risk 
Procurement and contract. 

Certification of Project Managers: 
The certification process offers a 
means for experienced project 
managers to gain a formal qualification 
in project management. There is a trend 
away from the knowledge based 
examinations which assess a person's 
knowledge, towards competence based 

!means of achieving the deliverable objectives, 

examinations which assess a person's 
ability to perform. The PMI's 
certification is called the Project 
Management Professional (PMP). 
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Global Project Management Forum: Project management has been an international 
profession for many years, but only recently have the global issues of project . . 

management been discussed. The first global project management forum was held in 
New Orleans in 1995 where 30 countries were represented and the second in Boston in 
1996 where 40 countries were represented. Some of the key topics discussed at the 
forum included: 

What industries or types of projects are the main users of modem project 
management in your country? 

= What industries or areas of application in your country have the greatest need 
for more or better project management? 
What industries or organisations offer the greatest opportunities for growth of 
professional project management in your country? 

The answers to these and other questions relating to standards, certification, a global 
PMBOK and advancing the project management profession were published by the 
PMI in 1996 as The Global Status of the Project Management Profession. 

6. Benefits of Project Management 

The benefits of using a project management approach, obviously follows on from 
addressing the needs of the project. The project manager is responsible for developing 
a plan through which the project can be tracked and controlled to ensure the project 
meets preset objectives. To do this effectively the project manager requires accurate 
and timely inforkation. This information should be supplied by the planning and control 
system, which outlines the scope of work and measures performance against the original 
plan. 

Although the planning and control systems will incur additional management costs, 
it should be appreciated that lack of information could be even more expensive if it 
leads to poor management decisions, mistakes, rework and overrun. Listed below are 
some of the main benefits associated with a fully integrated project planning and control 
system: 

Estimating: The estimate forms the basis of the project plan. If you cannot 
estimate and measure it, how can you manage it? The performance of the current 
project will form the estimating data base for future projects. If this data is not 
collected by the planning andcontrol system it may be lost forever and you will 
live to repeat your mistakes. 
CPM: The critical path method calculates the activities start and finish dates, 
together with the critical activities which determinethe duration of the project - 
delaying a critical activity will delay the project. 
Project Integration: Co-ordinates and integrates the contribution of all the 
project participants. 
Reporting Interfaces: The planning and control system's data base can be 
structured around the work breakdown structure (WBS) for project reporting 
and around the organisation breakdown structure (OBS) for corporate reporting. 



INTRODUCTION TO PROJECT MANAGEMENT 

Without an integrated system the two reporting requirements would have to be 
processed separately. 
Response Time: Timely response on project performance is essential for effective 
project control. The project planning and control system can adjust the content 
and frequency of the feedback to address the needs of the project, while the 
corporate systems may be less flexible. Consider the accounts department for 
example - they generally use amonthly reporting cycle where feedbackon invoices 
may be 4 to 6 weeks behind timenow. 
Trends: Projects are best controlled by monitoring the progress trends of time, 
cost and performance. This information may not be available to the project 
manager if the trend parameters are derived from a number of different functional 
sources. 
Data Capture: If the project progress reporting is based on information supplied 
by the functional departments, the project manager cannot control the accuracy 
of this information. The problem here is that it may only become obvious towards 
the end of the project, that the reporting is inaccurate, by which time it may be 
too late to bring the project back on course in order tomeet the project's objectives 
(see Project Control chapter). 
Single Point of Responsibility: With the project manager responsible for the 
complete project, this should limit scope overlap and scope underlap. 
Procedures: The planning and control system enables the project manager to 
develop procedures and work instructions which are tailored to the specific needs 
of the project. 
Client: The project manager is the project's single point of responsibility and 
the company's representative to the client. During meetings with the client the 
planning and control system will provide information about every aspect of the 
project. 

Project management may also be defined as a way of developing structure in a complex 
project, where the independent variables of time, cost, resources and human behaviour 
come together. Effective planning and control of projects requires a panoramic view, 
logical thinking, a feel for detail, good communication skills and a commitment to 
meet the challenge to make it happen. 

7. Role of the Project Manager 

It is appropriate to conclude this chapter with a few words on the role of the project 
manager. Experience has shown that the selection of the project manager is a key 
appointment which can influence the success or failure of the project. As the single 
point of responsibility, it is the project manager who integrates and co-ordinates all the 
contributions, and guides them to successfully complete the project. 

The role of the project manager should be outlined in the project charter (see 
Scope Management chapter) along with the purpose of the project. The following lists 
some desirable project manager attributes: 
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leadership ability 
ability to anticipate problems 
ability to integrate the project stakeholders 
operational flexibility 
ability to get things done 
ability to negotiate and persuade 
understand the environment within which the project is being managed 
ability to review monitor and control 
ability to manage within an environment of constant change 
ability to keep the client happy. 

We are witnessing a silent revolution - the transition from conventional functional 
management to project management. Its Goodbye MBA - hello M.Sc Project 
Management. I hope you're on-board! This concludes the Introduction to Project 
Management chapter, the following chapter will discuss the History of Project 
Management. 

Key Points: 

The project management body of knowledge (PMBOK) defines project 
management under nine knowledge areas. 
Project management has become a recognised profession with international 
accreditation of its members. 
Many companies are adopting a management-by-project approach with the 
project manager as the single point of responsibility. 

Further Reading: 

Association of Project Managers (APM)., Body of Knowledge (BOK) 
Morris, Peter., The Management of Projects, Thomas Telford, 1997 
Oosthuizen, Pieter., Goodbye MBA, International Thomson, 1998 
Project Management Institute (PMI)., Guide to the Project Management Body of 
Knowledge (PMBOK), 1995 
Project Management Institute (PMI)., The Global Status of the Project Management 
Profession, PMI publication, 1996 
PMI, website for the Project Management Institute (www.pmi.org) 
Turner, R., Handbook of Project Based Management, McGraw-Hill, 1993 



The History of Project 
Management 

The history of project management is often associated with the construction of the 
Egyptian Pyramids and the Great Wall of China. They were certainly large complex 
structures, built to high standards, which have stood the test of time and must have 
required an enormous workforce, but with no documented evidence the management 
techniques used can only be based on conjecture. Modem day project management is 
associated with Hemy Gantt's development of the barchart (early 1900's) and the 
techniques developed during the military and aerospace projects of the 1950's and 
1960's in America and Britain. 

Although Henry Gantt may be acknowledged as the father of planning and control 
techniques, it is widely accepted that the 1950's are the genesis of modern day project 
management. The 1950's and 1960's saw the development of many of the special 
distinctive project management tools and techniques which are referred to in the 
PMBOK, used by the planning software and developed in this book. 

Rapidly changing technology, fierce competitive markets and a powerful 
environmental lobby have all encouraged companies to change their management 
systems - in this sink or swim, adopt or die market project management andmanagement- 
by-projects was found to offer areal solution. 

1. Gantt Chart - 1900's 

The history of the barchart can be traced back to World War 1 when an American, 
Henry Gantt (1861 - 1919), designed the barchart as a visual aid for planning and 
controlling his shipbuilding projects. In recognition, planning barcharts are often called 
after his name - Gantt charts. The Handbook of Industrial Engineers (1982, p.11) 
acknowledges the Gantt chart for significantly reducing the time to build cargo ships 
during World War 1. 
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Figure 1 indicates the format of a Gantt chart, where the top and base are a calendar 
time-scale in days [l] and the activities [2] are listed on the left. The scheduling of each 
activity is represented by a horizontal line [3], from the activity's start to finish date. 
The length of the activity line is proportional to its estimated duration. 

Gantt further used this barchart to track progress by drawing a second line alongside 
the planned schedule to indicate work done [4]. The relative position of the progress 
line to the planned line indicated percentage complete and remaining duration, while 
the relative position between the progress line and Timenow [5] indicated actual progress 
against planned progress. 

Figure 1: Gantt Chart 

The Gantt chart has stood the test of lime and is widely used today as the most popuIar 
method of communicating planning information - people find them easy to use and 
understand. A survey by Microsoft Project users found that 80% of managers preferred 
the barchart for planning and controlling their projects. 
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2. Project Management 1950's and 1960's 

Nearly all of the special project management techniques we use today were developed 
during the 1950's and 1960's by the US defence-aerospace industry (DoD and NASA) 
- this includes program evaluation and review technique (PERT), earned value, 
configuration management, value engineeringand work breakdown structures (WBS). 
The construction industry also made its contribution to the development of the critical 
path method (CPM)  and the precedence diagram method (PDM), using network 
diagrams and resource smoothing - the motivation was scheduling urgency and 
engineering management. During this period large scale projects were effectively shielded 
from the environment, society, and ecology issues. The Apollo space programme and 
the construction of nuclear power stations typified projects of this period. Some of the 
key achievements during this period were: 

1950's - Development of PERT and CPM. 
1950's - Another significant development in the 1950's was the concept of asingle 

point of responsibility for multi-disciplinedprojects where one person would 
be made responsible for the project from concept to completion. Coupled 
with this approach came the project team, secondment and resource sharing 
through a matrix organisation structure. 

1960 - NASA experiments withmatrix organisation structures. 
1962 - NASA introduces a PERT type system that emphasised the need for cost 

control and the WBS. 
1963 - Earned value adopted by the USAF. 
1963 - Project life-cycle adopted by the USAE 
1963 - Polaris was the first British project on which the contractors were required 

contractually to use advanced project management systems. 
1964 - Configuration management adopted by NASA as a set of administrative 

procedures to identify and document the functional and physical 
- ~ 

characteristics of a system and particularly to control, i.e. to review and 
document, proposed changes to that system. 

1965 - DoD and NASA move from cost-plus contracts towards incentive type 
contracts such as firm fixed price or cost plus incentive fee. 

1965 - The mid 1960's saw a dramatic rise in the number of projects in the 
- - 

construction industry that used modern project management techniques. 
1965 - The TSR-2 (swing-wing bomber) highlighted the problems of concurrency, 

i.e. starting the development and production before the design was stable. 
Increasing thescope of work led to cost ovenun and delays - eventually the 
project was scrapped. 

1966 - A report in 1966 stated that not enough time was spent in front-end definition 
and preparation (of the project life-cycle); there were wide variations in 
standards of cost and schedule control; and inadequate control over design 
changes. 

1969 - Project Management Institute (PMI) formed - the first formal institute for 
project managers. 
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3. Network Diagrams 

For a project plan to be effective it must equally address the parameters of activity 
time and activity logic. This logical relationship is required to model the effect schedule 
variance will have down stream in the project. As projects became larger and more 
complex, the Gantt chart was found to be lacking as a planning and control tool because 
it could not indicate the logical relationships between activities. Although the linked 
barchart will show logical relationships, it soon becomes cluttered as the number of 
activities and logical relationships increase. 

In the 1950's feedback from industry and commerce indicated that project cost and 
time overrun were all too common. It was suggested at the time that the project estimates 
were on the optimistic side in order to gain work, however a more important reason 
emerged which indicated that the planning and control techniques available to manage 
large complex projects were inadequate. This encouraged the development of scheduling 
methods which integrated project procurement, resources and costs. 

With these short comings in mind, network planning techniques were developed by 
Flagle, the US Navy and Remington Rand Univac. Flagle wrote a paper in 1956 on 
"Probability based tolerances in forecasting and planning". Although it was not 
published in the Journal of Industrial Engineers until April 1961, it was in a sense the 
forerunner of the US Navy'sprogram evaluation and review technique (PERT). Both 
PERT and Remington Rand Univac's critical path method ( C P M )  used a similar 
network format, where the activities are presented in boxes and the sequence of the 
activities from left to right show the logic of the project (see figure 2). 

3 4 5 8 
0 Task 2 2 0 Task4 4 

0 Task 1 2 s:q 

Figure 2: Network Diagram (showing logical relationships) 

Network diagrams were also being developed in other countries. In France Professor 
Roy developed Graphes et Ordonnacements (networks and schedules). In Russia a 
technique which translates to "Lattice Planning" was developed and in the UK the 
CEGB developed a CPM system for a maintenance overhaul at Keadby Power Station. 
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4. Critical Path Method (CPM) 

The main difference between CPM and PERT was how they addressed activity time 
durations. The accuracy of an activity's time estimate usually depends on the information 
available from previous projects. If an activity has been performed before, its duration 
can be reasonably accurately estimated. However, activities with a new scope of work, 
which are difficult to measure or dependent on other uncertain variables, may have a 
range of possible time durations. 

CPM used a deterministic approach, which suits a project where time durations 
can be accurately predicted, e.g. a construction project. While PERT on the other hand 
uses a probabilistic approach, which suits a project where time durations may vary 
over a range of possibilities, e.g. a research project. 

The critical path method (CPM) also called critical path analysis (CPA) was 
developed around 1957 by Remington Rand Univac as amanagement tool to improve 
the planning and control of their turnaround time (production to sales) - the benefits 
were quickly recognised and they soon paid back their development costs. 

CPM was initially setup to address thetime cost trade-off dilemmaoften presented 
to project managers, where there is a complex relationship between project time-to- 
complete andcost-to-complete. If you shorten the duration of aproject, will the project 
cost more or less? Some costs will reduce (plant hire), while others will increase 
(overtime). On large complex projects you need a model like CPM to work out the 
overall effect of these types of changes. 

The initial growth of CPM in the industrial market was slow. This was partially 
due to the lack of project management education and CPM training offered at the time 
by the universities and colleges, but also, as with the PERT application, the computer 
hardware and software facilities were limited compared with the personal computers 
of today. Further, the systems were not interactive. They required a batch card input 
through a hands-off data processing department, which often led to an inherently slow 
response. 

5. Program Evaluation and Review Technique (PERT) 

In the late 1950's the US Navy set up a development team under Admiral Red Raborn 
with the Lockheed Aircraft Corporation, and a management consultant Booz Allen & 
Hamilton - to design PERT as an integrated planning and control system to manage the 
hundreds of contractors involved in the design, construction and testing of their Polaris 
Submarine missile system. 

The PERT technique was developed to apply a statistical treatment to the possible 
range of activity time durations. A three time probabilistic model was developed, using 
pessimistic, optimistic and most likely time durations (see figure 3). The three times 
were imposed on a normal distribution to calculate the activity's expected time (see 
Risk Management chapter). 
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optimistic most likely pessimistic 

Figure 3: PERT 
Three Time 
Probabilistic Analysis 

The success of the Polaris Submarine project helped to establish PERT in the 1960's 
as a planning tool within many large corporations. At the time PERT was believed to 
be the main reason the submarine project was so successful, meanwhile CPM was not 
receiving anywhere near as much recognition even though it also offered a resource 
allocation facility. 

There were, however a number of basic problems which reduced PERT'S 
effectiveness and eventually led to its fall from popularity. Besides the computer 
limitations previously mentioned, statistical analysis was not generally understood by 
project managers, so I am sure they were pleased to see the end of standard deviations 

time 

Expected time = 0+4m+p 

and confidence limits. 
Other features of PERT, however, are seeing arenaissance as the benefits of milestone 

planning is becoming more widely used. By defining a series of milestones you can 
simplify the planning process at your level and make your contractors responsible for 
achieving their key dates. Even with the powerful planning software available today 
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there is a need to empower an increasingly educated workforce. 
The early differences between CPM and PERT have largely disappeared and it is 

now common to use the two terms interchangeably as a generic name to include the 
whole planning and control process. This is particularly so since Microsoft Project 
uses the term PERT for their network diagram view. 
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Network diagrams were originally developed as both activity-on-arrow (AOA) (see 
figure 4) and activity-on-node (AON) (see figure 5). The activity-on-arrow wrote the 
activity details on the arrow, while theactivity-on-node wrote the activity details in the 
node or box. Activity-on-arrow was initially preferred by engineers (ask any engineer 
who was educated in the 1960's), but with the transition from manual calculations to 
computers so the preference changed to activity-on-node. 

, 
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\ 

I , , . . . . . . . -.  
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Figure 4: Activity-on-Arrow (AOA) 

The benefits of activity-on-arrow (AOA): 
The activity (i, j) identification indicates the preceding and succeeding activities. 
When walking through a large network this can be very useful. However, it does 
mean that when an activity is inserted its neighbouring activities numbers will 
change. Whereas with AON inserting an activity only requires the logical links 
to be modified. 

Figure 5: Activity-on-Node (AON) 

The benefits of activity-on-node: (AON) 
AON offers a number of logical relationships between the activities, such as 
start-to-start,finish-to-finish and lag. This overcomes the AOA's need for dummy 
activities (see Lockyer, 1989). 
The AON also offers a professional presentation with a more structured format 
than AOA. 
AOA uses a dummy activity to clarify the logic, but it is possible to have a 
double dummy which is illogical. 

There are many other management tools which present information in a box, for example, 
work breakdown structures, organisation breakdown structures andflow charts. After 
carrying out the activity calculations, both methods should produce exactly the same 
result. Activity-on-node presentation is generally known today as a network diagram. 
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7. Project Organisation Structures 

Up to the mid 1950's projects tended to be run by companies using the traditional 
functional hierarchical organisation structure, where the project work would be passed 
from department to department. There were also examples of pure organisation 
structures where everyone worked on the same project (e.g. The Manhattan Project). 
But as projects became more complex (particularly the aerospace and military projects), 
meeting budgets became more important, delivering the project on time was more 
crucial and working with many disciplines, departments or companies became a fact 
of life - so out of necessity "projectfocused" organisation structures started to develop. 

In the 1950's Bechtel was one of the first companies to use a project management 
organisation structure to manage their oil pipeline project in Canada where responsibility 
was assigned to an individual operating in a remote location with an autonomous team. 
This is a good example of an organisation structure with the project manager as the 
single point of responsibility with autonomous authority over a pool of resources. The 
norm during this time (and still is for many companies) would be for the head of 
department or functional manager to be responsible for the project as it passed through 
their department. The project approach is to assign responsibility to one person who 
would work on the project full-time through the project life-cycle from initiation to 
completion. In due course this person was called the project manager. 

As the responsibility shifted from the functional managers to the project managers 
so the functional departments were increasingly seen as a pool of company resources 

- ~ 

which could be used on any project. This new organisation structure where the project 
lines of responsibility and authority overlaid the functional lines of responsibility and 
authority became known as the matrix organisation structure (see the chapter on Project 
Organisation Structures). This enabled companies to work on many projects at the 
same time, share resources, address scope overlap and underlap, and most importantly 
have one person dealing with the client. Matrix organisation structures were soon to 
become synonymous with project management (see figure 6).  

Figure 6: Matrix 
Organisation Structure 

Civil Structural Mechanical 
Manager Manager Manager 

Project Project Lines of Y O 

Manager 
Resposibility 
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8. Project Management in the 1970's 

The Vietnam war, the OPEC oil embargoes and environmental pressure groups all 
developed rapidly in the 1970's to constrain projects across a wide range of industries 
and commerce. Environmental matters became a project issue: pollution (oil spills), 
nuclear waste, noise pollution (Concorde), and roads (impact on the countryside). 

Project management continued to grow and develop into a multi-disciplined 
profession with distinctive tools and techniques, High technology companies outside 
the defence and construction industries were starting to use project management systems 
effectively. 

This was a period of refinement as the problems of using the distinctive tools and 
techniques became apparent. During this period, public sector projects experienced a 
high failure rate. This could be attributed in part to poor project definition (scope 
management), poorly defined project organisation structure (matrix structure), and 
failure to consider the impact of external factors. 

Project management associations in America (PMI) and Britain (APM) were 
establishing project management as a profession, as project experience was beginning 
to supersede ideas, project results were starting to reinforce concepts and the distinctive 
tools and techniques were being refined. 

9. Project Management in the 1980's 

In the 1980's there was a significant increase in the influence of external stakeholders, 
the green issue and CND -this put increasing pressure on designers to find acceptable 
solutions for all the stakeholders. 

As project management tools and 
techniques proliferated in the 1960's, Time 
were refmed in the 1970's, so they were 
integrated in the 1980's into accepted 
practices. The integration of time, cost 

Preference 
and quality was initially presented as a 
triangle of balanced requirements - 
where a change in one parameter could 
affect the others (see figure 7). This was 
later joined by scope and the OBS to 
indicate that the scope of work was 
performed through an organisation 
structure. There was also an increasing 
awareness of external issues, so the cost Quality 
project environment was included (see 
figure 8). Figure 7: Time, Cost and Quality 

Triangle (trade-oft) 
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Figure 8: Project Environment Model (which encourages project managers to 
look at the bigger picture) 

In the 1960's and 1970's project management tools and techniques tended to focus on 
the implementation phase of theproject life-cycle (see figure 9). The implementation 
phase certainly accounted for the greatest level of effort where the majority of the 
expenses were incurred, but in the 80's the emphasis was beginning to shift and focus 
more on the initial front-end of the project which has the greatest opportunity to add 
value (see figure 10). This is where the stakeholder's needs are analysed, feasibility 
studies are conducted, risk and uncertainty assessed and the product or facility designed. 
The front-end approach further emphasised that the cost of making any changes due to 
design errors or the client changing the scope were becoming increasingly more expensive 
as the project progressed. 

The product life-cycle encouraged the designers to look at the bigger picture and 
consider the trade-off between construction costs and maintenance costs. They were 
also encouraged to consider how upgrades, expansion, decommission and disposal 
would be carried out (see Project Life-Cycle chapter). 
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Figure 9: 
Project Life- 
Cycle (showing 
barchart and 
level of effort) 

Figure 10: Project 
Life-Cycle (showing 
potential to add value 
and cost of changes) 

Y 
W 
3 

The 1980's saw a 
proliferation of personal 
computers and an 
explosion of software, 
both for business applications in general and project management specifically. The 
project manager with a computer, which began as the exception, soon became the 
norm. The pressure was now on for the project manager to also become computer 
literate. 

Professionalism was developed through ethics, standards and accreditation which 
led to the first project management body of knowledge (PMBOK). This offered an 
integrated and structured approach rather than an ad-hoc collection of tools and 
techniques. 

21 
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10. Project Management 1990's 

In the 1990's fierce competition from the Far East encouraged leaner and meaner, 
flatter and more flexible organisation structures, together with a more efficient systems 
approach. Large companies found that by using a management-by-projects approach 
they could assign their work to many small project teams, which were able to quickly 
respond to innovation and market competition and keep the spirit of the small 
entrepreneurial company alive even in large corporations. The nineties saw increasing 
deregulation, Gatt agreements, reduced tariff barriers and an expanding IT facility 
communicating through the Internet. 

Total quality management (TQM) emerged as a comprehensive project management 
technique, emphasising the importance of the client, continuous improvement, team 
work, and management through the project life-cycle. 

11. Project Management Profession 

The INTERNET was formed in 1965, originally as a forum for European project 
managers to exchange experiences and information - it is now an umbrella organisation 
for many national project management associations. Since the 1960's the Internet has 
now come to mean something else, so the original Internet now calls itself the 
International Project Management Association (IPMA). The American equivalent 
organisation is called the Project Management Institution (PMI) and was formed in 
1969 primarily for the American market, but now has many chapters around the world. 

The PMI started offering project management certification in 1983 with their Project 
Management Professional (PMP) examination. This signalled a new level of 
professionalism and was soon followed by other project management associations with 
their own certification programme. It should be noted that a professional in American 
terminology is equivalent to a skilled person in the UK, which should therefore, be 
seen as an entry level qualification. 

The first project management body of knowledge (PMBOK) was released by the 
PMT in 1986 in an attempt to present project management as a highly structured 
discipline, rather than a collection of tools and techniques (see the Introduction to 
Project Management chapter for more details). 

12. History of Project Management Computing 

The development of schedule barcharts, network diagrams and other distinctive project 
management tools were originally developed for manual calculation. These tools were 
gradually computerised during the 1960's and 1970's using mini and mainframe 
computers, but it was the introduction of the personal computer ( ~ ~ j ' t h a t  ushered in a 
dramatic explosion and proliferation of project management software. Some of the key 
dates to remember are: 
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1977 Launch of Apple 11, the f is t  PC. 
1979 Launch of VisiCalc, the first spreadsheet. Lotus and Excel were released a 

few years later. 
1981 Launch of the IBM PC - this established the market standard. 
1983 Launch of Harvard Project Manager, the first planning software package. 
1990's Launch Windows, networks, Internet and email. 

The introduction of the PC in the late seventies (Apple 11) and the IBM PC (1981) in 
the early eighties with accompanying business software encouraged the growth of 
project planning software and the use of project management techniques. 

The history of PC based project management computing dates back to 1983 with 
the launch of the Harvard Project Manager a planning software package. Although 
this may be an isolated event it does reflect the general development of a broad range 
of management software taking place at the time. 

The sequence of dates indicates that the project management techniques were 
developed first, followed by hardware and software. The situation has changed in 
recent years where the computer facilities are now leading the development of the 
management techniques. The limiting factor now is project management education and 
training. This more than any other factor is holding the key to successful implementation 
of the latest project management technology. 

This concludes the chapter on the History of Project Management - the following 
chapter will introduce the Project Life-Cycle which is widely used as a model to visualise 
the whole project from the cradle to the grave. 

Key Points: 

Henry Gantt designed the barchart in the early 1900's. 
Most of the planning and control techniques used today were developed in the 
1950's and 1960's on US defence and aerospace projects. 
The personal computer (PC) ushered in a dramatic explosion and proliferation 
of project management software. 

Further Reading: 

Lockyer, Keith., Critical Path Analysis, Financial Times Pitman, 1991 
Morris, Peter., The Anatomy of Project's, Thomas Telford, 1997 
Morris, Peter., The Management of Projects, Thomas Telford, 1994 



Project Life-Cycle 

The project life-cycle and the work breakdown structure (WBS) have come to the 
forefront in recent years as key frameworks or structures for sub-dividing the project's 
scope of work into manageable phases or work packages. Where the WBS is a 
hierarchical sub-division of the scope of work, the project life-cycle sub-divides the 
scope of work into sequential project phases. 

The PMI's guide to the body of knowledge (PMBOK, 1996, p. 1 1) states: .... "because 
projects are unique and involve a certain degree of risk, companies performing projects 
will generally subdivide their projects into several project phases to provide better 
management control. Collectively these project phases are called the project life- 
cycle." 

When I first heard the termproject life-cycle, it struck me as an odd expression, I 
had previously only heard of a life-cycle being applied to tadpoles and butterflies! But 
on closer inspection all projects do pass through a number of recognisable stages from 
initiation to completion. And as these stages are interrelated and dependant on each 
other, so it is reasonable to say the project passes through a project life-cycle. 

1. Project Life-Cycle (4 phases) 

There is general agreement that most projects pass through a four phase life-cycle 
under the following headings (see figure 1): 

Concept and Initiation Phase: the first phase starts the project by establishing 
a need or opportunity for the product, facility or service. The feasibility of 
proceeding with the project is investigated and on acceptance moves to the next 
phase. 
Design and Development Phase: the second phase uses the guidelines set by 
the feasibility study to design the product and develop detailed schedules and 
plans for making or implementing the product. 

2 4 



Implementation or Construction Phase: the third phase implements the project 
as per the baseline plan developed in the previous phase. 
Commissioning and Handover Phase: the forth phase confirms the project 
has been implemented or built to the design and terminates the project. 

Figure 1: Project Life-Cycle (this is a typical presentation showing 
barchart, project phases, level of effort and level of expenditure) 

Concept & 
Initiation 

Design & 
Development 

Implementation or 
Construction 

Commission or 
Handover 

For example, consider a simple house building project which passes through the 
following four phases: 

I I I 
I I I 
I I I 

I 

R I I I I 
I I I 
I I I 
I 1 
I I I 
I I I 
I I I 

Concept and Initial Phase: The desire for a new house develops into a need. The 
options and alternatives are considered, and the feasibility of the best options are 
evaluated. 

Design and Development Phase: The preferred option is now designed and developed 
in detail, together with all the associated planning of schedules, procurement, resources 
and budgets. The land and long lead items may be bought in this phase. 

Implementation or Construction Phase: The contracts are let and the house is built 
to the detailed plans developed in the previous phase. Changes may be made to the 
original baseline plan as problems arise or better information is forth coming. 

Commissioning and Handover Phase: The building is inspected and approved. The 
house is now ready to be handed over to the owner and family. 
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Taking the project life-cycle model a step further, consider some other interesting 
characteristics: 

The project phases take their name from the deliverables of the phase, e.g. 
initiate, design, construct or handover. 
The sequence of the project phases generally involve some form of technology 
transfer or handover from one phase to the next phase, such as: 

project brief to design and development 
detailed design to manufacture 
construction to commissioning 
commissioning to operation. 

This has also been called over-the-wall transfer if it is not accompanied with 
appropriate discussions and explanations. 
The end of a project phase is generally marked by areview of both the deliverables 
and performance in order to determine if the project should continue into the 
next phase. 
Each phase can be planned and controlled as a mini project. 
Each phase may be performed by different departments or companies. 
As the project progresses through the phases, if the goals and objectives change 
so the project management process should reflect these changes. 

Some other characteristics of the project life-cycle which will be developed in the 
following sections includes: 

Inputs, processes and outputs within each phase. 
Key activities, milestones, hold-points and approvals within each phase. 
Overlaps between phases (fast tracking). 
Plotting level of effort (labour or cash-flow) against the life-cycle. 
Plotting level of influence against the cost of changes (to show front-end 
importance). 
Project life-cycle costing. 

2. Input, Process and Output Format 

Theproject life-cycle sub-divides the project into a number of definable project phases 
or stages and these phases in turn can be further sub-divided into an input, process and 
output format. This is consistent with the body of knowledge's approach to describing 
the project management process in terms of input, output, tools and techniques (see 
figure 2). 

3. Key Activities, Milestone, Hold-Points and Approvals 

Within each phase there may be a number of key activities, milestones and hold-points 
which help to focus the project team and impose control. The following proforma would be 
a useful document for capturing and presenting this information (see figure 2 and 3). 



PROJECT LIFE-CYCLE 

cost-benefit analysis 

Figure 2: Project Life-Cycle Components(for a typical project, using this as 
a standard proforma relate the components to one of your projects) 
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Figure 3: Project Life-Cycle [generic] (developed from the PMBOK series, 
volume 1, Wideman and Fellow, 1991, p. 111-2) 

4 Total Project Life Cycle F 

TIME 

Plan bAccomplish 

4. Overlap Between Phases (fast tracking) 

The project phases are shown here in sequence, but in practice there may be some 
overlap between the phases. Deliverables from the preceding phase are generally 
approved before work starts on the next phase. However, if the deliverables are approved 
progressively and work begins on the following phases before the previous phases are 
totally complete, this practice would be called fast trackirrg. For example on a ship 
building project the construction of the hull may start progressively as the drawings 
are available and similarly be commissioned progressively as the work is completed. 
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CONCEPT 
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- Gather data 
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-goals, objectives - basic economics, 
feasibility 

-stakeholders 
-risk level 
-strategy 
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- Identify alternatives 
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next phase 

Phase 3 
IMPLEMENTATION 

Execute 
(E) 

-Set up: 
- organization 
-communications 

- Motivate team 
-Detail technical 
requirements 

-Establish: 
-work packages 
-detailed schedule 
- information control 
systems 
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services 

- Execute work 
packages 
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-time 
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- master plan 
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proceed 
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TERMINATION 
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- Finalize pmduct(s) 
- Review and accept 
-Transfer product 
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-Evaluate project 
-Document results 
- Releaselredirect 

resources 
- Reassign project team 
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Figure 4: Project Life-Cycle(showing the barchart of the four main 
activities overlapping the project phases) 
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5. Level of Effort 

Concept 

Design 

Constuction 

Commission 

Theproject life-cycle is often presented with its associatedlevel of effort. This level of 
effort could be any parameter that flows through the project that can be measured, but 
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it is most commonly expressed as manhours or costs. These can be presented 
as a line graph of rate of expenditure andlor a line graph of accumulated expenditure 
(see figure 1). 

The profile clearly shows a slow build-up of effort during the initial phases as the 
project is being designed and developed. The build-up of effort accelerates during the 
implementation phase to a maximum as the work faces are opened-up, before a sharp 
decline as the work is completed and commissioned and the project draws to a close. 

From this curve one would naturally assume that as the greatest level of effort 
occurs during the implementation phase, then this is the most important phase 
determining the success of the project - this is after all where the product is made. 
Certainly the tools and techniques developed in the 1960's (PERT, CPM, WBS) were 
all focusing on this phase. But we need to consider the difference between efficiency 
and effectiveness - efficiency is doing activities right, while effectiveness is doing the 
right activity (see next section). 
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6. Level of Influence vs Cost of Changes (front-end importance) 

In the 1960's and 1970's project management tools and techniques tended to focus on 
the implementation phase of the project life-cycle which certainly accounted for the 
greatest level of effort where the majority of the expenses were incurred, but in the 
1980's the emphasis began to shift and focus more on the front-end of the project 
where the design decisions were made. This is where the stakeholder's needs are 
analysed, feasibility studies conducted, value management encouraged, project risk 
assessed and the product designed. Therefore the initial phases offer the greatest potential 
to add value, whereas the implementation phase, even though it lias the greatest 
expenditure, should do no more than implement the product as designed. Further the 
cost of making any changes due to design errors or the client changing the scope, were 
recognised as becoming increasingly more expensive as the project progressed (see 
figure 5). 

As projects become more involved and complex, together with time pressures to 
shorten the implementation phase, so the need to get the design right from the outset 
becomes more important. Consider a shipbuilding project, where the cost of changing 
the engine room arrangement at the concept and design phases would be the cost of 
design hours to reproducing a number of drawings. However a change at the 

Figure 5: Potential to Add Value / Cost of Changes (showing typical cost of 
changes in the IT industry) 

30 
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implementation phase would not only incur design costs, but also the cost to remove 
machinery already fitted, together with the cost of new equipment, additional labour 
and maybe penalties for late delivery. This cost profile encourages model testing and 
computer aided simulation where ideas and options can be developed and tested cost 
effectively before the implementation phase. 

The stakeholders level of design influence, or potential to add value to the project 
reduces as the project progresses. As the design develops, so design freezes must be 
imposed progressively for the design to progress. For example, if the foundations are 
changed after the building has been designed, then all the design figures must be 
recalculated. 

This is clearly illustrated in figure 5 where the level of influence and cost of changes 
are plotted against the project life-cycle. At the outset of the project the potential for 
adding value and cost savings are at their highest, but steadily reduce as the project 
progresses - loosely mirroring this curve are the associated cost of any changes. The 
financial encouragement is therefore, to spend proportionally more time and effort 
during the initial phases to get the design right before implementation. 

From Henley Management College MBA programme notes (1997): 
Hitachi claim that 75% of the production costs are determined by the design. 
Mazda fmd that more than 50% of a product's quality is determined in the 
design phase. 
In the software industry it has been found that the cost of correcting an error 
when the software is in use is at least 250 times greater than fimding and correcting 
it at design stage. 
It is estimated that over 40% of software errors occur during the requirement 
specification and design phases. 

The opportunities for improving performance and results on all types of projects are at 
the front-end. The ability to influence the project, to reduce project costs, build-in 
additional value, improve performance and increase flexibility is highest at the very 
early conceptual and design stages. But by the time the construction or implementation 
gets under way, the ability to influence the costs has reduced considerably. It therefore 
follows that the project manager should be appointed during these early phases to 
ensure that the maximum advantage is taken to influence the project effectively. 
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7. Level of Detail 

The project management philosophy of sub-dividing the scope of work into a number 
of smaller units to increase the level of detail and control can also be applied to the 
project life-cycle. Each phase can be sub-divided into a further four phases as outlined 
below (see figure 6): 

Project Life-Cycle 

I 

Figure 6: Project Life-Cycle (showing how each phase can be sub-divided into its 
own four sub-phases) 

The concept phase could be sub-divided into the following sub-phases: 
Concept: should we carry out a feasibility study 
Design: plan the feasibility study, select the team 
Implement: perform the feasibility study 
Commission: closeout the feasibility study and present the report. 

The same type of sub-division can be applied to the other three project phases, and if 
required, these sub-phases in turn can be sub-divided until an appropriate level of sub- 
division is achieved. Theproject life-cycle can also be sub-divided along the lines of 
the stakeholders, designers, contractors and suppliers with each having their own four 
phase project life-cycle which integrates with the client'sproject life-cycle. 

Another method of sub-dividing theproject life-cycle is to integrate it with the work 
breakdown structure, where each work package can have its own four phase life-cycle 
(see figure 7). 



PROJECT LIFE-CYCLE 

Figure 7: Project Life-Cycle of each WBS Work Package (each work 
package can be sub-divided into their own four phase life-cycle) 

8. Product Life-Cycle (8 phases) 

The classic project life-cycle only considers the project from concept to handover, 
however if the project was to build a facility, a factory, a computer system or sports 
stadium then looking at the project from the client's perspective the efficient operation 
of the facility and the return on investment should also be considered. To look at the 
wider picture we use what is termed theproduct life-cycle which considers the facility 
from the cradle to the grave (figure 8). 

This view highlights why decisions made during the initial phases can have alarge 
impact during later phases even though they may be many years away and the facility 
may he operated by another company. It is important to look at the project as a whole 
from conception to disposal, to ensure that all the interrelated activities are identified. 
Seemingly simple decisions made during the initial phases of the project (equipment 
selection. for example) could have a major impact on future equipment arrangements. 
By looking at theproduct lije-cycle as a whole these issues can be highlighted. 

Pre-Project Phase: Projects usually evolve from the work environment or market 
within which your company operates. There is usually some event which triggers the 
project, consider the following: 
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develop a new product based on your R&D 
upgrade a system (computer system) to take advantage of new technology 
market research identifies market changes 
responding to a competitor's new product 
expand your facilities to meet increased demand 
disaster recovery, accident, or cyclone damage. 

Managing the pre-project environment is part of your project selection process. 

Project Life-Cycle: (four phases already discussed) 
Conception and Initiation 
Design and Development 
Implementation and Manufacture 
Commissioning and Handover 

Operation Phase: Although the operation phase may be the whole purpose of the 
project, it usually falls outside the project manager's sphere of influence. However the 
project manager would interface with the operation's manager with respect to: 

handover 
maintenance 
upgrade and expansion 
disposal. 

Maintenance Phase: The maintenance phase(s) are embedded in the operation phase 
to keep the facility operational. Ease of maintenance and minimum impact on production 
are important design considerations. 
Up-Grade, Expansion Phase: also called half-life refit. At some point the facility 
will require a major upgrade, refit or expansion to keep it running efficiently and 
competitively. New technology, competition, market requirements, rules and regulations 
are all factors influencing this phase. Consider managing this change as a mini project 
- these type of projects are characterised by tight time scales to get the facility up and 
running again without effecting their markets and clients. 

Ease of upgrade or expansion is a consideration here - was it allowed for in the 
initial design? A good example of where expansion was incorporated in the design is 
the dual-carriageway to Southampton. Although only two lanes were initially built, 
the bridges were constructed to span four lanes, so that when they want to build the 
additional two lanes they will not have to rebuild the bridges as well. 

A good example where expansion was not planned for is the Auckland harbour 
bridge. Originally built with four lanes, but within ten years the volume of traffic 
demanded another four lanes. Fortunately the bridge supports were over designed and 
could accommodate the additional lanes clipped-on to the outside. Any company 
working in a high technology environment will be well aware of the short life-cycle of 
their products. Upgrades and the ability to accommodate new technology are essential 
if the computer system for example, is going to respond to the market place. 

Your company's organisation structure will also change with time, particularly if 
the company has adopted a management-by-projects approach. The organisational 
structure should consider this at the design stage; flexible organisation structures, 
even office space, computer facilities and car parking. 
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Project Life-Cycle Operation Life-Cycle 
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Ma~ntenance Project 

Figure 8: Product Life-Cycle (showing product phases and the 
mini project phases of the maintenance project, upgrade project 
and disposal project) 
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Decommission and Disposal: The final part of the product life-cycle is 
decommissioning and disposing of the facility. As people become more aware of the 
environment, so the impact of disposing of a facility needs to be considered at the 
design phase. A good example of where disposal would appear not to have been thought 
through is the decommissioning of nuclear power stations. It is reported that Britain 
has budgeted over 10 billion pounds to decommission their Magnox power stations. 
Another environmental issue is the decommissioning of offshore oil rigs, recently an - - 
oil company had to abandon plans to dispose of a oil platform at sea after bowing to 
environmental lobbing. 

9. Life-Cycle Costing 

Projects are often implemented to provide a facility or to produce a product which will 
give the client a return on their investment. By looking at the bigger picture the designers 
are able to trade-off the cost of the construction with the cost of maintenance, upgrading, 
expansion and disposal over the life of the facility. The extreme case would be acheap 
construction which turned out to be expensive to maintain, difficult to upgrade and 
expand, and environmentally sensitive to dispose of. 

One of the methods of addressing this problem is to make one company responsible 
for all aspects of the product life-cycle, thus eliminating any short term construction 
gains. These are often called BOT contacts (Build, Operate and Transfer), or BOOT 
contracts (Build, Own, Operate and Transfer), or ROT contracts (Refurbish, Operate 
and Transfer) where a company is given a licence to finance, build, operate and sell a 
product. Governments find these contracts attractive as they are seen to provide facilities 
without having an impact on their budget. The facility could be a power station, bridge 
or tunnel and the investors would receive a return by selling their product through 
electricity bills, or tolls. 

This concludes the chapter on the Project Life-Cycle, the following chapters will discuss 
the Feasibility Study and Project Selection. 

Key Points: 

Most projects can be sub-divided into four generic phases; concept, design, 
implement and commission. 
The product life-cycle looks at the bigger picture from the cradle to the grave. 
The level of influence curve and cost of changes curve clearly shows the 
importance of getting the design right before implementation. 

Further Reading: 

Barnes, N 81 Wearne, S., The Future for Major Project Management, International 
Journal of Project Management, Vol 11, No 3, August 1993, pp 135-142 
Wideman, Max, A Framework for Project and Program Management Integration, 
PMBOK Handbook Series - volume 1,199 1 



Feasibility Study 

Ideas, needs and problems crystallise into projects in different ways. The process of 
project formulation varies in different companies and on different types of projects. 
Whichever way your projects develop there should at some point be afeasibility study 
to not only ensure the project is feasible, but also ensure it is making the best use of 
your company's resources. 

1. Feasibility Study Initiation 

The lead up to the feasibility study is the formalising of the project with the project 
charter. Thepmject charter outlines the purpose of the project and what it is meant to 
achieve. Likewise the feasibility study should be formalised with requirements, 
boundaries and expected outcomes: 

who is responsible 
project brief and proposal to be analysed 
who should be involved 
level of detail 
report back date 
budget for the feasibility study. 

At this point senior management have only made the decision to proceed with the 
feasibility study, the decision to proceed with the implementation of the project will be 
made later - presumably based on the feasibility study's recommendations. 

2. Appoint the Feasibility Study Team 

It is a senior management responsibility to select the project manager or team leader 
for the feasibility study. After that it is the project manager's responsibility to select 
the feasibility study team. Some of the issues are: 

3 7 
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technical expertise 
basic team selection criteria (see chapter on Project Teams) 
involve the stakeholders 

It is most important that the team membership should include a representative of the 
future operators. This will allow the future operators to feel that they had an input into 
the design and a certain amount of control over their destiny. The company should 
make sure that the team leader and team members have sufficient time to develop the 
new product. This may mean releasing them from part or all of their present duties. 

3. Plan the Feasibility Study 

The feasibility study should be managed as a mini project using the planning and 
control techniques outlined in this book. It will also have its ownproject life-cycle (see 
figure I): 

Concept: outline 
the purpose of 
the feasibility 
study 
Design: plan 
how you intend 
to carry-out the 
feasibility study 
Implement:  
perform the 
feasibility study 
Commission: 
confirm the 
feasibility study 
has produced the 
required report. 

Figure 1: Project Life-Cycle (of feasibility study) 
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The purpose of the needs analysis is to determine the needs and expectations of all the 
stakeholders. Project stakeholders are organisations or people (both internal and external) 
who are either actively involved in the project, or whose interests are effected by the 
project being implemented. It is the project manager's responsibility to identify all the 
stakeholders and determine their needs and expectations. These needs and expectations 
should then be managed, influenced and balanced, to ensure project success. The project 
manager should create an environment where the stakeholders are encouraged to 
contribute their skills and knowledge which may beuseful to the success of the project. 
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Consider the following headings: 
Originator: the person who suggested the project. 
Owner: the person whose strategic plan created the need for the project. 
Sponsor: the company or client who will authorise expenditure on the project - 
this could be an internal client. 
Project Champion: the person who makes the project happen. Often a person 
with influence in high places. 
Users: the people who will operate the facility on behalf of the owner when the 
project is completed. 
Customers: the people who receive and pay for the benefit from the facility. For 
example we are all customers for electricity, telephones and commercial travel 
facilities. Customers may prefer a wide range of fashionable products - this 
would encourage short production runs and quick turn-round times. 
Project Team: the team members who plan, organise, implement and control 
the work of the contractor to deliver the facility within the constraints of time, 
cost and quality (also consider the effect on their families). 
Senior Management: within your company who you need to support your 
project (mentor support). 
Functional Managers: within your company who will be supplying the workforce 
for your project (matrix structure). 
Boss: your boss, the person you report to, can play an important role in 
establishing your working environment, the support you receive and your career 
prospects within the organisation. 
Colleagues: although they may not be working on your project, indirectly they 
can supply useful information and offer moral peer support, or conversely peer 
pressure. 
Contractors: the external companies or people offering specialist expertise to 
supplement the company's resources. 
Suppliers and Vendors: the external companies or people who supply materials 
and equipment. They have a wealth of experience which should be tapped. 
Supporters: the parties who provide goods and services to enable the facility to 
be built, for example the suppliers of telephones, electricity, postal service and 
even the corner shop. Financial support through the banking system could also 
be included here. 
Legal Requirements: rules and regulations both nationally and internationally 
that must be complied with. 

There are other stakeholders (usually external) who may not be directly involved with 
the project, but can influence the outcome: 

Regulatory authorities - health and safety 
Trade unions 
Special interest groups (environmentalists) who represent the society at large 
Lobby groups 
Government agencies and media outlet 
Individual citizens. 
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Some stakeholders are interested in the outcomes of the project, while others are only 
interested in the project while it is being implemented. Stakeholders can be further classified 
into those who arepositively affected and those who are negatively affected by the project. 
Tn this situation can the positively affected compensate the negatively affected parties? See 
the dam project example in the section on Cost-Benefit Analysis (page 48) to quantify the 
stakeholders risk tolerance as this will influence their reaction to the project Where mssible . .. 
identify the key decision makers (those with power) and focus your attention on their 
needs. Any differences between the stakeholders should be resolved in favour of the client 
and customers, but not necessarily at the expense of the other stakeholders. 

Table 1: Stakeholder, Needs, Expectations, and Priority (proforma) 

Some stakeholders will support the project, while others will oppose the project. It is 
important to address those who oppose the project and discuss their fears, becauseit is 
these stakeholders that could derail your project particularly if they have power. Some 
of their concerns may be valid and with some flexibility could be accommodated. At 
the end of the day you may not be able to please all your stakeholders and in this 
conflict environment you will need to establish the priority of your stakeholders' needs 
and make your decisions accordingly. 

5. Define the Client's Needs 

The starting point for a project is usually to address a problem or a need, which may be 
internal or external to your company. The sponsor may start a project to implement a 
change, make a product, enter a new market or solve a problem. The evolution of 
needs from something quite vague to something tangible that serves as the basis of a 
project plan is the project manager's challenge. Some of the objectives may be stated 
as: 

The product must carry out a certain function at a predefined rate. 
The product must operate in a specific environment. 
The product must have a working life of so many years. 
The project's budget mnst not exceed $ x. 
The project must meet certain specifications and standards. 
The product mnst achieve reliability requirements. These may be quantified as 
mean time between failures (MTBF). 
The product must be energy efficient. A car would quantify this requirement as 
miles per gallon or kilometres per litre. 
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The product must meet statuary health and safety regulations. 
The ergonomics must be consistent with the latest accepted practice. 
Ease of maintenance and repair must be incorporated into the design. 
A predetermined level of system redundancy and interchangeable parts must be 
achieved. 
The operational requirements must achieve predetermined manpower levels and 
automation. 
The product must be manufactured with a predefined value of local content. 
The product must provide opportunities for future expansion. 
The project must be operational by a predefined date. 
The product must be manufactured by approved and accredited suppliers, if 
necessary pre-qualified by an audit. 
All suppliers must have implemented an approved quality management system. 
All suppliers must have a good track record, supported by references. 
All suppliers must be flexible to accommodate any reasonable changes made by 
the sponsor during the manufacturing phase. 
All suppliers must he financially stable, supported by a bank reference. 
The end product must be marketable and profitable. 

Many of the above items may be mutually exclusive, which means there will have to be 
a trade-off. For example, it is generally not possible to achieve both a minimum 
construction cost for a machine that also has minimum maintenance cost. These items 
of conflict need to be discussed and resolved during the early stages of the project, with 
all decisions recorded to form the basis ofthe design philosophy. This key document 
must be structured in such a way as to facilitate an audit trail of the decisions. If the 
field of the project is specialised the client may employ consultants and specialists to 
assist defining the scope - on small projects this task may fall to the contractor's 
project manager. 

Project Viability Check: The client may also need assistance checking the viability of 
the proposal. Will the product technically and commercially be fit for the purpose? 
Has the client kept away from wish lists and pipe dreams? These questions will form 
the basis of the client's feasibility study to which the contractor, as apractising specialist, 
can have a valuable input. 

Consider the effect location has on the project. Can the logistic requirements 
during the project and subsequent operation be met through existing roads and 
ports? Large infrastructure projects (power stations) often have to widen roads 
for their abnormal loads. 
Consider how the environment will affect the product, for example, a hotel in a 
hot country will require air-conditioning for a five star rating. 
Consider how the product will affect the environment - will the product deplete 
the ozone layer, or increase the greenhouse effect? 
Calculate the optimum size of the end product. Economies of size are not always 
a straight line extrapolation, but pass through plateaus of optimum production. 
Are the aesthetics and style commensurate with current fashions? 
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Define the target market. Who will buy the product? These questions can be 
quantified by market research. 
Assess the market supply and demand curve. What is the demand for the product 
now and forecast demand in the future? 
Assess the competition from other players in the market. How will an increase 
in your rate of production affect market share? 

At the outset of the project it may not be possible to answer all of these questions. The 
unanswered questions will, however, indicate areas that need more research to gain a 
better understanding of the project and reduce risk. 

6. Evaluate Constraints 

Project constraints can be considered as internal or external restrictions which may 
effect the achievable scope of the project. These anticipated limitations can be quantified 
under three sub-headings: 

Internal project constraints 
Internal corporate constraints 
External constraints 

Internal Project Constraints: The internal project constraints relate directly to the 
scope of the project and ask basic questions about the product. 

Can the product be made? Consider the Rolls Royce RB 11 1 carbon fibre turbine 
blades which led to the company's liquidation in the 1970's. 
Does the company have the technology? If not, can the technology be acquired 
through a technology transfer, if so with whom? 
Should we start the project now with the present technology or wait until new 
and better technology is available (see figure 2)? 

Figure 2: Technology 
Change Against 
T i e  

Level of 
Technology 

Design 
Freeze 

Construction phase 
Design Phase I 

I Technology 
Gap 

.- - 
Time 



FEASlBlLlN STUDY 

Is the new technology component greater than lo%? Practitioners recommend 
the scope of innovation should be kept below 10% to reduce risk and uncertainty. 
At what point in the development should a design freeze be imposed? This will 
affect the technology gap at the end of the project (see figure 2). 
Can the resources be trained up to the required level of ability, or should 
contractors be employed to meet the forecast skills requirement? 
The multi-project resource analysis will consider the effect other projects will 
have on the supply of internal resources. 
Are there any special design requirements? 
Are special machines and equipment required? If yes, can these be sub-contracted 
out or procured? 
Are there special transport requirements? Can the product be transported to 
where it is required or does it need to be made piece small and assembled on 
site? 
Will any new management systems introduced be compatible with existing 
systems they interface with? 
Can the project be completed within the budget? 
What is the quality assurance requirement? For example, is accreditation to 
IS0 9000 required? Is the present quality management system sufficient? 
Can the company meet the specifications? 
Are there company and project procedures in place? If not is there time to develop 
them? 
Is the project office set up? Has the project manager been appointed, the project 
team selected, the office space allocated and the equipment and information 
systems available? 
Can the project meet the client's completion date and any intermediate key dates? 
Can the company accept the time penalties? 
Are the project risks and uncertainties acceptable? 
Can the company accept the terms and conditions outlined in the contract 
document? 

All these questions relate directly to the project. The next section will show how the 
company itself can impose further constraints. 

Internal Corporate Constraints: The company itself can impose further quasi 
constraints on the project. Corporate umbrella policy and strategy usually relates to 
long term issues which indirectly (and unintentionally) may impose limitations on the 
project. 

Financial Objectives: The project selection criteria may be based on a financial 
feasibility study quantified as, payback period, return on investment, net present 
value (NPV), internal rate of return (TRR) and a cost-benefit analysis. 

The company may wish the project to maintain a positive cash-flow. 
The progress of the project may be encouraged or delayed to meet the 
company's annual budget. 
The company's share price may have an effect on the project's ability to 
borrow. 

4 3 
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Marketing: The company may wish to diversify its products and enter new 
markets. Your project may be implementing the technology transfer for the 
company to operate in this market, or be a loss leader to enter a new market. The 
project must therefore accept subnormal profits to get a 'Ifnot in the door". 
Estimating: Due to a down turn in the economy, the company's main priority 
may be to keep the workforce intact. The lower the bid the greaterthe probability 
of being awarded the next contract. The lowest a company can bid is to cover 
direct costs, with the overheads being written-off. If this is the case, will the 
project's budget be based on the estimated cost or the sales price? 
Partner: The company may wish to take on a partner who has previous 
experience in the field of the project and also to spread the risk. 
Industrial Relations: Industrial unrest is often caused by conflict over pay and 
working conditions. The project manager may have little power to influence 
these conditions. 
Training: Your project may become the training ground for new recruits, in 
which case the learning curve will be an expense to your project. 
Exports: The company may influence the estimate I quotation in an effort to 
acquire exports to enter new markets or take advantage of export incentives. 

Where these company objectives are in conflict with project objectives the company 
objectives usually take preference. This could lead to increased project costs and delays 
which must be included in the baseline plan. 

External Constraints: External constraints are imposed by parties outside the company 
and the project's sphere of influence. Many of these constraints may not be negotiable. 

National and international laws and regulations. 
Material and component delivery lead times. 
Limited number of sub-contractors who can do the work. 
Logistic constraints, availability of transportation. 
Availability of foreign currency and currency fluctuations. 
Market forces, supply and demand curve. 
Environmental issues, Government legislation and pressure group activities, for 
example, Green Peace and CND. The nuclear, chemical, mining and transport 
industries have been particularly effected in the past. 
Climatic conditions, rain, wind, heat and humidity (El Nino). 
Political unrest. 
Construction site in a residential area, may not be allowed to work a night shift, 
because of the noise. 

Table 2: Table of Constraints (profonna) 

4 4 
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These headings should not be seen as comprehensive, but as the forerunner of a company 
check list that ensures all the appropriate questions are asked, which in turn should 
reduce the level of risk and uncertainty (see table 2). 

7. Evaluate Alternatives and Options 

The alternative analysis is the process of breaking down a complex product into its 
component parts before identifying different, and hopefully more effective methods of 
achieving the desired result. The orocess should start with a check list to structure the - 
thought process. This can be achieved through; the work breakdown structure (see 
WBS chapter), the project constraints, or the project objectives (see table 3). 

The technical definition should aid the direct comparison between alternatives. With 
a machine for example the capital costs should be compared with the operating costs. 
Although this process should be ongoing during the project, the design freeze would 
usually signal the end of this phase. Once the manufacturing phase starts the emphasis 
would shift to consider manufachuing alternatives. The following check list outlines a 
number of the basic questions to be asked: 

Time: can the project be completed quicker? 
Cost: can the budget be reduced? 
Quality: can the project be made to a lower level of quality which would be 
acceptable to the client, but more cost effective and quicker to produce? 
Resources: can the work be cost effectively automated to reduce the manpower 
requirement? 
Technical: can cheaper materials be used? 
Is there a simpler design configuration? 
Has the latest technology been considered? 
Has the use of different equipment and machines been considered? 
Is there a simpler build method? 
Has the trade-off between cost, delivery schedule and technical performance 
been quantified? 
Have alternative management systems been considered? 

Table 3: Table of Alternatives and Options (proforma) 
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8. Gather Information 

Without the latest information on the product's technical and market issues the alternative 
analysis will be self-limiting (see figure 3). Information is a prerequisite for effective 
decision-making. Information may be found in: 

Periodicals 
Books 
Technical reports 
Bureau specifications 
Sales and marketing brochures (product information) 
Market research (market trends and fashions) 
Internet (data base search) 
Stakeholders (interviews and questionnaires) 
Closeout reports 

Closeout Reports: Closeout reports fromprevious projects offer a valuable source of 
historical information. It cannot be over stressed how important it is for a company to 
learn from its previous experience - not only should the mistakes be noted, but also 
what went right, together with any recommendations for future projects (see Scope 
Management chapter). 

The size of the company will influence how and where information will be available 
(or hidden)! In a small company, information may be collected by individual managers, 
while the large company may have a corporate library. The responsibility for setting 
up a data base of information should lie with either the project department or the 
company's general manager. 

I 1 week I month 6 months Time 

Figure 3: Level of Information Against Time (this shows how the level of accurate 
information varies with time. The highest level of information is required around 
timenow, with this requirement moving forward like a wave as the project progresses) 
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9. Value Management 

Value Management is a structured, systematic and analytical process which seeks to 
achieve value for money by providing all the necessary functions at the lowest total 
cost consistent with required levels of quality and performance. Underlying thevalue 
management theory is that there is always more than one way of achieving a function 
and that examination of alternatives should produce the most acceptable option. Value 
management looks at the project or product as a whole. It considers the relationship 
between function, cost and worth. Its purpose is to ensure value for money over the 
product life-cycle. Consider the following points: 

identify unnecessary expenditure 
challenge assumptions 
generate alternative idea5 
promote innovation 
optimize resources 
save time, money and energy 
simplify methods and procedures 
eliminate redundant items 
update standards, criteria and objectives. 

Value management is about: 
clarifying and satisfying customers' needs 
creating ideas as to how a system can best do its job at appropriate levels of 
quality and performance 
challenging assumptions and maximising returns on investment 
participation by clients, end-users and stakeholders 
seeing the purpose of the system itself 
seeking the lowest total cost of providing the clients' needs - it is not about 
seeking the cheapest solution. 

The process is one of participatory planning in which the project design team work 
closely with stakeholders in a workshop format seeking to identify those functions 
which the project must perform: 

to identify appropriate quality and performance criteria 
to create alternative ways of performing these functions 
after analysis and evaluation to select the lowest total life-cycle cost option 
which satisfies those requirements. 

During the value management workshop considerable advantage is gained by 
capitalising upon the synergy which is developed and upon the potential constructive 
overlap of expertise and knowledge within the project team. Team members are able to 
ask questions and generate ideas (brainstorming) about issues outside their specific 
area of expertise. Traditional design processes do not encourage overlap and rely upon 
specialists to work exclusively within their own areas. 
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10. Cost-Benefit Analysis 

A cost-benefit analysis may be performed at this stage to establish the financial feasibility 
of the project. A cost-benefit analysis is generally based on the following economic 
principles: 

Pareto improvement criterion 
Hicks-Kaldor test 
Willingness-to-pay test 

The basic concept is simply to express the costs and benefits in money terms. If the 
financial benefits exceed the costs, then the project passes the test. The Pareto 
improvement criterion is expressed as: "The project should make some people better 
offwithout making anyone worse o r .  This situation may be difficult to achieve in reality. 

TheHicks-Kaldor test seems more realistic. This states that: "The aggregate gains 
should exceed aggregate losses. " This framework will enable the people who gain, to 
compensate the people that lose. For example, a dam project may have many benefits 
to the community, but might cause the silting up of the river. If the financial benefits of 
having a dam exceed the costs of dredging the river, this project will satisfy the 
Hicks-Kaldor test. 

The willingness-to-pay test is simply to determine how much your clients are 
prepared to pay for your product - have you ever considered how airlines manage to 
charge a range of fares for the same seats. The economists model this test using the 
following techniques: 

The supply and demand curve (see Begg). 
= Monopolies and Oligopolies (see Begg). 

Product elasticity (see Begg). 

These techques will model the relationship between supply, demand and prices. With 
the presentation of thefeasibility study, so ends this mini project. If you have a manager 
like Sir Winston Churchill, when presented with a large report he may say "Which line 
do I read?" In practice a one page executive summary or abstract should highlight the 
key points. This concludes the Feasibility Study chapter, the following chapter will 
discuss Project Selection. 

Key Points: 

Identify all your stakeholders - assess, quantify and prioritize their needs and 
expectations. 
Identify all the constraints, both internal and external. 
Consider alternative options to produce a better product. 

Further Reading: 

Begg, David., Economics, McGraw-Hill, 1997 
Meredith, J., and Samuel, J., Project Management A Managerial Approach, Wiley, 
1995 



Project Selection 
The selection of the right project for future investment is a crucial decision for the 
long-term survival of your company. The selection of the wrong project may well 
precipitate project failure leading to company liquidation. This chapter on project 
selection will outline a framework for evaluating and ranking prospective projects 
using numeric methods. 

Project selection is making a commitment for the future. The execution of aproject 
will tie up company resources, and as an opportunity cost the selection of one project 

- - 

may preclude company from pursuing another project. We live in a world i f  f&te 
resources and therefore cannot carry out all the projects we may want or need. Therefore 
a process is required to select and rank projects on the basis of beneficial change to 
your company. 

1. Project Selection Models 

A numeric model is usually financially focused and quantifies the project in terms of 
either time to repay the investment (payback or return on investment). M i l e  non- 
numeric models look at a much wider view of the project considering items from market 
share to environmental issues. 

The main purpose of these models is to aid decision-making leading to project 
selection. When choosing a selection model the points to consider are; realism, capability, 
ease of use, flexibility and low cost. Most importantly the model must evaluate projects 
by how well they meet a company's strategic goals and corporate mission. The following 
sub-headings indicate the type of questions to ask: 

Will the project maximise profits? 
Will the project maximise the utilisation of the workforce? 
Will the project maintain market share, increase market share or consolidate 
market position? 
Will the project enable the company to enter new markets? 
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Will the project maximise the utilisation of plant and equipment? 
Will the project improve the company's image? 
Will the project satisfy the needs of the stakeholders and political aspirations. 
Is the project's risk and uncertainty acceptable? 
Is the project's scope consistent with company expertise? 

This list can be developed further by weighting the evaluation items. The weighting 
indicates the value of the contribution to the company's strategic goals and objectives. 
With a numeric value for each project, the projects can be ranked in line with their 
contribution to the success of the organisation. 

The relationship between a project's expected results and the company's strategic 
goals, needs to be established. In general the kind of information required can be 
quantified under the following headings as developed by Meredith: 

Production 
Marketing 
Financial 
Personnel 
Administration 

Consider a project to introduce a new computerised information and control system. 
For this exercise the system is intended for both in-house and a consultancy service. 

Production Considerations (for new information and control system): 

Method of implementation 
Time to be up and running 
Period of disruption 
Learning curve - time until the product is saleable 
Amount of double processing and waste 
Cost of power requirements 
Interfacing equipment required 
Safety of system 
Other applications of the system 
Extent of outside consultants required 
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Marketing Considerations (for new information and control system): 

Number of potential users 
Market share 
Time to achieve proposed market share 
Impact on current system 
Ability to control quality of information 
Customer acceptance 
Estimated life of new system 
Spin-offs 
Enhanced image of company 
Extent of possible new markets. 

Financial Considerations (for new information and control system): 

Cost of new system 
Impact on company cash-flow 
Borrowing requirement 
Time to break-even 
Payback period, NPV and IRR 
Size of investment required 
Cost of implementation 
Cost of training 
Cost of mistakes 
Level of financial risk. 

Personnel Considerations (for new information and control system): 

Skills requirements and availability 
Training requirements 
Employment requirements 
Level of resistance to change from current workforce 
Impact on working conditions 
Ergonomics, health and safety considerations 
Effect on internal communication 
Effect on job descriptions 
Effect on work unions 
Effect on morale. 
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Administration and other Considerations (for new information and control 
system): 

Compliance with national and international standards 
Reaction from shareholders and other stakeholders 
Cost of maintenance contract 
Disaster recovery planning 
Cost of upgrading the system to keep pace with new technology 
Vulnerability of using a single supplier 
Customer service 
Effect of centralised data bases 
Extent of computer literacy 
Legal considerations. 

This list is by no means complete, and you will notice that each heading has been 
conveniently sub-divided into ten items, there could be more! The main advantage of 
this type of list is that it considers a wide range of factors which greatly helps to 
present a fuller picture of the project. However, the main disadvantage of the list 
approach is that all items are viewed with equal importance. Others are: 

Unknown level of error 
Different level of effect and importance 
Different level of risk and uncertainty 
Frequency of occurrence not known 
Threshold of rejection not quantified 
The list may contain redundant items 
Some items are intangible and therefore difficult to quantify 
The list could be incomplete. 

Although the limitations seem to outnumber the benefits, the most important feature is 
that the check list asks questions which encourage the managers to think about a wide 
range of possible problems. 

2. Numeric Models 

The numeric selection models presented here may be sub-divided into financial models 
and scoring models. The financial models are: 

pay hack period 
return on investment (IOR) 
netpresent value (NPV) 
internal rate of return (IRR) 

Companies tend to prefer financial models and often select solely on profitability. This 
may not be as drastic as it sounds because subconsciously the managers will be 
considering a wider scope of selection criteria. 

In an investment appraisal only the incremental income and expenses attributed 
directly to the project under consideration should be included. Costs that have already 
been incurred (sunk costs) should be ignored as they are irrelevant to decisions effecting 
future projects. It should be noted that all the appraisal techniques discussed in this 
chapter have a limiting factor, they are based on a forecasted cash-flow. 
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3. Payback Period 

The payback period is the time taken to gain a financial return equal to the original 
investment. The time period is usually expressed in years and months. Consider this 
example where a company wishes to buy a new machine for a four year project. This 
example will be used extensively in this chapter. The manager has to choose between 
machine A or machine B, so it is a mutually exclusive situation. Although both machines 
have the same initial cost ($35,000) their cash-flows perform differently over the four 
year period. To calculate thepaybackperiod, simply work out how long it will take to 
recover the initial outlay (see table 1). 

Table 1: Payback Period (Machine A 2 years, Machine B 3 years) 

Machine A will recover its outlay one year sooner than machine B. Where project's are 
ranked by the shortestpaybackperiod, machine A is selected in preference to machine 
B. The advantages of the payback method are: 

It is simple and easy to use. 
It uses readily available accounting data to determine cash-flows. 
It reduces the project's exposure to risk and uncertainty by selecting the project 
that has the shortest payback period. 
The uncertainty of future cash-flow is reduced. 
It is an appropriate technique to evaluate high technology projects where the 
technology is changing quickly and the project could run the risk of being left 
holding out of date stock. 
It is an appropriate technique for fashion projects where the market demand 
tends to change seasonally. 
Faster payback has a favourable short-term effect on earnings per share. 
Thepaybackperiodquantifies the selection criteria in terms the decision-makers 
are familiar with. 

The disadvantages of thepaybackperiod calculation are:- 
* It does not consider the time value of money. Thepaybackperiod is indifferent 

to the timing of the cash-flow. The project with a high, early income (cash- 
inflow) would be ranked equally with a project which had late income if their 
paybackperiods were the same (see figure 1). 
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Time I 
Figure 1: Payback Period (project C and project D have 
the same payback period even though their cash-flows are 
&fferent) 

Thepaybackperiod calculation does not look at the total project. What happens to the 
cash-flow after the payback period is not considered. A project that built up slowly to 
give excellent returns (project F) would be rejected in favour of project E with lower 
early returns if the payback period was shorter (see figure 2). 

Figure 2: Payback Period (does not consider the cash-flow 
after payback period. In this case project F may be a better 
option even though project E has a shorter payback period) 

It is not a suitable technique to evaluate long term projects where the effects of 
differential inflation and interest rates could significantly change the results. 
The figures are based on project cash-flow only. All other financial data are 
ignored. 
Althoughpaybackperiod would reduce the duration of risk, it does not quantify 
the risk exposure. 

The paybackperiod is the most widely used project selection calculation, even if this 
is an initial filter. Its main strength is that it is simple and quick (can be worked out on 
the back of a cigarette packet). 
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4. Return on Investment (ROI) 

Another popular investment appraisal technique which does look at the whole project 
is return on investment (ROI). This method first calculates the average annual profit, 
which is simply the project outlay deducted from the total gains, divided by the number 
of years the investment will run. The prof t is then converted into a percentage of the 
total outlay using the following equations: 

Average Annual Profit = [Total gains) - (Total outlag) 
Number of years 

Return on investment = Average Annual Profit x 100 
Original investment 1 

Using the machine selection project calculate the return on investment (see table 2). 

Table 2: Return on Investment (ROI) Cash-Flow 

Profit (A & B) = $55,000 - $35,000 
Annual Profit = $20.000 = $5,000 per year (same for both machines) 

4 yrs 

Return on investment = $5.000 x 100= 14% 
$35,000 1 

The return on investment method has the advantage of also being a simple technique 
likepaybackperiod, but further, it considers the cash-flow over the whole project. The 
total outcome of the investment is expressed as a profit and percentage return on 
investment, both parameters readily understood by management. 

The main criticism of return on investment is that it averages out the profit over 
successive years. An investment with high initial profits would be ranked equally with 
a project with high profits later if the average profit was the same. Clearly the project 
with high initial profits should take preference. 

This point is shown in the above example, where, although machine A and machine 
B have different cash-flows, their profit and return on investment come out the same. 
To address this short-coming of both return on invesmtent and payback period, the 
time value of money must be considered using adiscounted cash-flow technique. This 
is particularly desirable where interest rates and inflation are high. 

55 
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5. Discounted Cash-Flow (DCF) 

The discounted cash-flow (DCF) technique takes into consideration the time value of 
money, for example, a $100 today will not have the same worth or buying power as a 
$100 this time next year. Our subjective preference to $100 now is quite rational 
because we have seen the cost of goods rise with inflation. There are two basic DCF 
techniques which can model this effect, netpresent value (NPV) and internal rate of 
return (IRR). 

These discounting techniques enable the project manager to compare two projects 
with different investment and cash-flow profiles. There is, however, one major problem 
with DCF, besides being dependent on the accurate forecast of the cash-flows, it also 
requires an accurate prediction of the interest rates. 

6. Net Present Value (NPV) 

To assist the understanding of NPV let us first look at compound interest which is 
commonly used in saving accounts. If we invest $100 at 20% interest, after one year it 
will be worth $120 and after two years compounded it will be worth $144. Now NPV 
is the reverse of compound interest. 

If you were offered $120 one year from now and the inflation and interest rate was 
20%, working backwards its value in todays terms would be $100. This is called the 
present value, and when the cash-flow over a number of years is combined in this 
manner the total figure is called the netpresent value (NPV). This calculation is best 
set up in a tabular form using the following headings (see table 3). 

Table 3: Net Present Value (NPV) (tabular format) 

Where the cash-flow timing is expressed in years from the start date of the project, the 
inflation effect is assumed to act at the end of the f is t  year or beginning of the second 
year, therefore all cash-flows in the first year are at present value. 

Project cash-flow = income - expenditure 
Present value = discount factor x cash-flow 
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The discount factor is derived from the reciprocal of the compound interest formula. 
Discount factor = I 1 (1 + iln 
where i = the forecast interest rate 

n = the number of years from start date 

The discount factor is usually read from a table, see table of discounting factors (table 
4). Using the formula above calculate a few of the discount factors to satisfy yourself 
of their origin. You can then forget the calculation and work straight from the tables. 

Table 4: Table of Discounting Factors 

The NPV is a measure of the value or worth added to the company by carrying out the 
project. If the NPV is positive the project merits further consideration. When ranking 
projects, preference should be given to the project with the highest NPV. Consider the 
machine selection example again, this time using NPV. Assume the discounting factor 
is 20%, set up the NPV format. The steps are as follows: 

insert the cash-flow 
transfer the discounting factors from the table 
calculate present value - multiplying cash-flow by discount factor 
aggregate the present values to give the NPV (see tables 5 and 6). 

The NPV for machine A is $2692 and for machine B is ($1396). NPV analysis would 
select machine A in preference to machine B because it has a higher NPV. Machine B 
would be rejected in any case because it has a negative NPV. A negative NPV indicates 
the company would lose money by carrying out this project. 
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I -  

Total NPV I t I 
Table 5: Machine A - Net Present Value Calculation (DF 20%) 

Table 6: Machine B - Net Present Value Calculation (DF 20%) 

The advantages of using NPV are: 
It introduces the time value of money. 
It expresses all future cash-flows in today's values, which enables direct 
comparisons. 
It allows for inflation and escalation. 
It looks at the whole project from start to finish. 
It can simulate project what-if analysis using different values. 
It gives a more accurate profit and loss forecast than non DCF calculations. 

The disadvantages are:- 
* Its accuracy is limited by the accuracy of the predicted future cash-flows and 

interest rates. 
It is biased towards short run projects. 
It excludes non financial data e.g. market potential. 
It uses a fixed interest rate over the duration of the project. The technique can, 
however, accommodate a varying interest rate, this will be explained later in 
this chapter. 

Although NPV quantifies the profit this is expressed in absolute terms. Managers tend 
to prefer profitability expressed as a percentage. This can be addressed by using another 
DCF method called internal rate of return (IRR). 
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7. Internal Rate of Return (IRR) 

The internal rate of return is also calledDCF yield orDCF return on investment. The 
IRR is the value of the discount factor when the NPV is zero. The IRR is calculated by 
either a trial and error method or plotting NPV against IRR. It is assumed that the 
costs are committed at the end of the year and these are the only costs during the year. 
Consider the machine selection example again. Looking at machine A first, to reduce 
the NPV increase the discounting factor in small steps until NPV becomes negative. 

Table 7: Machine A - Discount Factor 22% (The NPV is still positive, therefore 
increase the DF by 2%) 

Table 8: Machine A - Discount Factor 24% (NPV still positivc increase DF by a 
further 1 %) 

Table 9: Machine A - Discount Factor 25% (NPV is now negative, therefore TRR 
must lie between 24% and 25%) 

5 9 
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As the discount factor increases the NPV is reducing. The NPV becomes negative 
between 24% and 25%, therefore the IRR is between 24% and 25% for machine A. 
For machine B the NPV is already negative at 20%, so decrease the discounting factor 
until NPV becomes positive - try 18% to start with. 

Table 10: Machine B - Discount Factor 18% (the NPV is now positive -try 19%) 

Table 11: Machine B -Discount Factor 19% (NPV is now negative again) 

The IRR for machine B must lie between 18% and 19%. These values can now be 
presented in a tabular or graphic form. 

Table 12: Internal Rate of Return (IRR) (plot A and B against interest rate) 

60 
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Figure 3: Plot 
NPV for 
Machine A and B 
against IRR 

NPV + 

The IRR analysis is a measure of the return on investment, therefore, select the project 
with the highest IRR. This allows the manager to compare IRR with the current interest 
rates. One of the limitations with IRR is that it uses the same interest rate throughout 
the project, therefore as the project's duration extends this limitation will become more 
significant. This problem can be addressed, however, using a modified version of the 
DCF method which will be outlined in the next section. 

8. Net Present Value (NPV) Using Variable Interest Rates 

In the DCF examples discussed the discounting factor was kept constant for the duration 
of the project. This unfortunately is not always a true reflection of the world markets 
which are quite volatile. Interest rates can fluctuate considerably over a two to three 
year period. Consider the following example which starts with $100, compound forward 
using different interest rates, then discount backwards using the same interest rates: 

Table 13: Net Present Value (NPV) Using Variable Interest Rates 

The cash-flow for the first year is $100. 
The forecast annual interest rates are lo%, 20% and 15% respectively. 
Using these annual interest rates the compound interest for the three years will 
be $110, $132 and $152 respectively. 
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The annual discounting factor is taken straight from the discounting factor tables. 
Enter year 1 and the interest rate in each case. 
The total discount factor for the second year is the total for year 1 [0.9091] 
times the annual discounting factor for year 2 r0.83331, giving 0.7576. (This is 
the most complicated step, the rest is easy). 
The present value is the total discount factor times the compound interest value, 
for example, in year 3, the total discount factor is [0.6588] times the compound 
interest value [$152], giving, $100. This is what you would expect, each year 
should be discounted to $100. 

Which DCF Method Should We Use?: The text has outlined five financial selection 
acceptance models. Which method or methods should you employ? If the cash-flow 
data can be set up on a computer spreadsheet there is no reason why one should not use 
all the methods outlined. Certainlypaybackperiod should be used as an initial filter, 
then two more calculations will give IRR. 

For the DCF methods accountants suggest NPV should be used in preference to 
IRR, because NPV allows the user to vary the interest rate over the years whereas IRR 
employs one rate for all the cash-flows. NPV is a measure of profitability depending 
on the in@ents of aparticular transaction, whereas IRR is dependent upon the opportunity 
cost of capital which is a standard of profitability established by the capital markets. 

In the absence of capital rationing, all projects which have an IRR above the 
opportunity cost should be considered and so should all projects which have a positive 
NPV. Whichever test is employed, the same decision should be reached. 

However, where capital shortages exist, the two approaches may indeed give 
conflicting results. In this situation NPV must be employed because the fundamental 
objective of financial analysis is not to measure profitability but to maximise the present 
value of the company's investment portfolio. 

9. Scoring Models 

The numeric models discussed so far all have a common limitation, they only look at 
the financial element of the project. In an attempt to broaden the selection criteria a 
scoring model called the factor model which uses multiple criteria to evaluate the 
project will be introduced. 

The factor model simply lists a number of desirable factors on a project selection 
proforma along with columns for Selected and Not Selected. The following list shows 
a development of a rating sheet fromMeredith. 

A weighted column can be added to increase the score of important factors while 
reducing the scoring of the less important. The weighted column is calculated by first 
scoring each factor, then dividing each factor by the total score. The total of the weighted 
column should always add up to one. The factors can be weighted simply 1 to 5 to 
indicate; 1 "very poor", 2 "poor", 3 "fair", 4 "good" and 5 "very good". Three, seven 
and ten point scales can also be used. 
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Table 14: Scoring Model 

The advantages of using a scoring model include: 
Encouraging objectivity in decision making. 
Using multiple selection criteria to widen the range of evaluation. 
Simple structure, therefore easy to use. 
Selection factors are structured by senior management. This implies that they 
reflect the company goals and objectives. 
Easy to change factors. 
Weighted scoring reflects the factor's differential importance. 
They are not biased towards short run projects favoured by financial models. 
Very low weightings can be removed from the list as they have little to no 
influence. This will reduce the number of questions. 
The weighted model can also be used as a flag to improve projects by identifying 
the variance between the factor score and the maximum possible score. 

The disadvantages of using a scoring model are: 
If the factors are not weighted they will all assume equal importance. 
A simple model may encourage the development of long lists which could 
introduce trivial factors and therefore waste management time. 
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10. Cost Break-Even Analysis 

The cost break-even analysis should not be confused with the cost-benefit analysis. 
The separation of costs into fixed and variable will be discussed in the Project 
Estimating chapter. This section on cost break-even analysis will take this technique a 
step further to model how these costs change with increasing production and determine 
the break-even point. 

Example: A company makes a product which sells for $15 each. The variable cost per 
unit is $5, this covers labour and material, leaving $10 per unit as a contribution 
towards fixed costs. The fixed costs total is $75,000 per annum, which covers all the 
overhead costs. The break-even point is reached when the contribution equals the fixed 
costs. 

Break-even point = Fixed costs 
Contribution per unit 

= 7,500 units. 

The break-even point is 7,500 units, when sales income exactly balances the total cost 
of $112,500 (labour and material 7,500 x 5 = $37,500 +fixed costs $75,000). Output 
less than this amount would result in a loss, while greater output would make a profit. 
This profit or loss situation can be easily read off a graph, or calculated directly. 

Output + I 
I 
I 

Break even point 7,500 units 

Figure 4: Cost Break-Even Analysis 
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This technique allows the project manager to see at a glance how profit varies with 
change in volume. It can also be used to show the effect on the cost structure by 
switching from manual to automatic machinery. 

Cost break-even analysis can also be used to aid decision-making where two mutually 
exclusive projects present a different cost structure. Consider a project to install a 
heating system for an office block where project G has a high installation cost but low 
maintenance, while project H has a low installation cost but high maintenance costs. 
The cost break-even analysis will indicate which system is the most cost effective for 
a given period of time. 

11. Project Life-Cycle Cash-Flow 

Another way to model the project is to plot the cash-flow and break-even point against 
the project (or product) life-cycle. Initially the cash-flow will be increasingly negative 
until the product goes into service and a return is achieved on your investment. In the 
long term you need to make allowances for a decline in income and profit, and cost to 
decommission and dispose of the facility. 

Build 

Operation 

Disposal 

Figure 5: Project Life-Cycle Cash-Flow (from the cradle to the grave) 
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12. Project Evolution 

Projects usually evolve from the work environment or market within which your 
company operates. There is usually some event which triggers the project, this would 
relate to the pre-project phase of the project life-cycle. Managing the pre-project 
environment is part of your project selection process. Consider the following: 

develop a new product based on your R&D 
upgrade a system (computer system) to take advantage of new technology 
market research, identify market changes 
responding to a competitor's new product 
expand your facilities to meet increased demand 
disaster recovery, accident, cyclone damage 
output from quality circles, improving efficiency and effectiveness. 

Repair and Maintenance Project: Repair and maintenance projects are required to 
keep the production line operational. This project may be to repair a road, roof or 
building, the replacement of machinery, plant or solve a problem. In each case the 
selection criteria can be quantified on the basis of cash-flow. Is the profit from the 
production line greater than the cost of the project? Where possible this type of project 
should be funded from the maintenance budget. 

Improve Competitiveness and Marketability: For companies to continue competing 
in a free market they must have an ongoing programme for investing in new technology. 
If your company does not invest your competitors will. New technology may be 
quantified as anything that makes your product more competitive. This is usually 
achieved through automation, integrated systems or new machinery. Where possible 
this type of project should be funded from a development budget. 

Product Expansion: An expansion project may be to expand or change a production 
line or product. Management may have sensed a gap in the market and wish to increase 
production or modify their product to fill it. Where possible this type of project should 
be funded from the production or capital assets budget. 

This concludes the chapter on Project Selection, the following chapter will discuss 
Project Estimating. 

Key Points: 

Selecting the "right" project is crucial for the long term profitability of your 
company. 
Payback period is the most commonly used selection technique 
The time value of money is addressed using discounted cash-flow techniques. 

Further Reading: 

Meredith, J., Samuel, J., Project ManagementA Managerial Approach, Wiley, 1995 
Mott, G., Investment Appraisal for Managers, Pan, 1982 
Mott, G., Management Accounting, Pan, 1987 



Project Estimating 
For the project manager to effectively plan and control a project, accurate estimating is 
essential. The estimator's task is to predict the project's parameters by building a model 
of the project on paper. The quality and accuracy of the estimate should be seen as the 
best approximation based on: 

time available techniques employed 
information available expertise and experience of the estimator 

r 

Time 

The quality and accuracy of the estimate can be continually improved as the project is 
pro.gressivelv executed when more detailed and accurate information becomes available. 
A - 
Unfortunately, the project manager may have to commit the company financially and 
contractually at the tender or quotation stage when the amount of data and information 
may be limited. For this reason alone it is important to be able to provide accurate 
estimates based on incomplete information at the tender stage. 

Although estimating usually focuses on the financial aspects of the project, it is 
important to remember that the costs cannot be accurately established until the other 
factors of scope, time, resources, materials and equipment have been quantified. 
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Estimating is an integral part of the project management process, which should be 
based on past experience together with market norms and standards. Although the 
estimate will have an input into all areas of the project the investigation here will be 
restricted to financial estimating. 

1. Estimating Terminology 

In industry and commerce it is common to label the estimate according to its level of 
detail and accuracy. The following estimating terms; concept, feasibility, definitive 
and costing, relate quite closely to the project life-cycle phases. This classification 
depends on the quality of information available and the amount of effort put into 
compiling the estimate. The text will identify three types of estimate according to their 
purpose, scope of work, detail and level of accuracy. 

Figure 2: 
Estimating 
C o s t i n g  
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1 .I Conceptual Estimate 

Also called order of magnitude, budget figure, ball-park figure orthumb suck. The 
conceptual estimate addresses the needs of senior management who are presented with 
a number of possible projects. They need an initial filter to select those projects which 
warrant further investigation. This would occur in the concept and initiation phase. 
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Thc col~ccptual estinlatc will bc based on a limited scope of work using scale factors 
or capacity cstimatcs to give a low level of accuracy +I- 2 5 8 .  A conceptual estimate 
would not be a legally binding document, howevcr, professional competence could he 
queqtioned if the estimates were too faradrift. If the conceptual estimate looks promising, 
senior management will then allocate funds to finance a more detailedfeasibility study. 

1.2 Feasibility Study 

Also called preliminary estimate or comparative estimate. Irrespective of how the 
project has evolved and crystallised the feasibility study investigates the feasibility of 
pursuing with the project within the defied boundaries and answers the question "should 
we go ahead with thisproject?'(see Feasibility Study chapter). 

The feasibility study should be managed as a highly structured mini project as set 
out in your company's procedure manual. It is essential at the outset to determine the 
needs and expectations of all the stakeholders (see Feasibility Study chapter). This can 
be achieved through a structured needs analysis to determine if the proposal (or 
alternatives) offers a real solution to address the project's brief. Although the feasibility 
study is characterised by information gathering, processing and reporting, the accuracy 
of the estimate may still be somewhat limited at about +/-lo%. 

1.3 Definitive Estimate 

Also called detailed estimate, project control estimate, quotation or tender. When 
the decision has been made to proceed to the next phase, the design and development 
phase, or planning phase, this will initiate another mini project to provide detailed 
designs and plans to build and manage the project. 

The definitive estimate will be based on a considerable amount of data incorporating 
a developed scope of work, detailed WBS, detailed drawings, specifications, vendor 
quotations (which are now legally binding) and site surveys to give an improved accuracy 
of +I- 5%. 

1.4 Costing 

If estimating is defined as a quick method for pricing a project based on incomplete 
data, then costing may be defmed as a detailed price based on a complete bill of materials 
(BOM) and parts lists. Costing requires the following items to be complete: 

design and calculations 
scope of work 
hill of materials (BOM) and parts list 
detailed planning 
firm prices from subcontractors and suppliers 
manhours and labour costs. 

Almost every aspect of the project must be quantified, and with this high level of 
information and effort, accurate quotations of +I- 1 % can be achieved. There is, however, 
a time and cost penalty, as costing is expensive and time consuming to produce. 
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1.5 Accuracy of Estimate 

In figure 2 the level of accuracy is presented as a continuum from conceptual estimate 
at 25% to closeout report at 0%. As the graph moves from estimating to costing so the 
data moves from historical to actual information, the level of accuracy increases, but 
so does the time to produce the estimate and the associated cost to produce the estimate. 

Figure 2 shows the relationship between a higher level of accuracy and the increasing 
cost of producing it. Although it is not the project manager's function to set the 
company's profit margin, the project manager does need to know what the profit margin 
is, as this will influence the accuracy of the estimate and subsequent level of control. 
As a guide, the level of accuracy should be at least equal to, or greater than, the profit 
margin so that in the worst case a cost overrun would be accommodated by the profit 
margin. 

2. Project Costs 

A project estimate can be sub-divided into a number of different costs, consider the 
following: 

Direct costs 
Indirect costs 
Time related costs 
Labour costs 
Material and equipment costs 
Transport costs 
Preliminary and general (P&G) costs 
Project office costs 
Project team costs. 

2.1 Direct Costs 

As the term implies, direct costs are those costs that can be specifically identified with 
an activity or project. The current trend is to assign as much as possible, if not all costs 
to direct costs, because direct costs can be budgeted, monitored and controlled far 
more effectively than indirect costs. 

Direct management costs refer to the project office running costs. Salaries for 
the project manager, project engineer, planner, accountant, secretary and QA. 
Direct labour costs refer to the people working on an activity, e.g. boilermakers, 
welders, fitters, computer programmers, etc. 
Direct material costs are for the materials, consumables, components which are 
used for completing an activity and an allowance for scrap and wastage. 
Direct equipment costs refers to machinery, plant and tools. 
Direct expenses include bought-in services that are specific to the project, for 
example, plant hire, surveyor, designer and sub-contractor fees. 

The distinctive nature of direct costs is that the total expense can be charged to an 
activity or project. 
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2.2 Indirect Costs 

Indirect costs, also called overheads, are those costs which cannot be directly booked 
to an activity or project, but are required to keep the company operational. 

Indirect management costs refer to senior managers, the estimating department, 
sales and marketing, general office staff, secretarial, administration and the 
personnel department. 
Indirect labour costs refer to the reception, maintenance, security and cleaners. 
Basically it includes all the employces who are required to keep the company 
functioning. 
Indirect materials include stationery, cleaning materials and maintenance parts. 
Indirect equipment includes computers, photocopiers and fax machines. 
Indirect cxpenses include training, insurance, depreciation, rent and rates. 

Indirect costs are usually financed by an overhead recovery charge added to the earned 
manhour rate and if not properly managed will eat away at the company profits. The 
acid test for the project vis-a-vis indircct costs and overhcads, is to compare internal 
costs with the same services available outside the company. 

2.3 Time Related Costs 

Critical path method(CPM) was originally developed to address the time / cost trade- 
off. If a project's duration is reduced or extended how will the costs change? To do this 
calculation you need to determine how costs are affected by time. Consider the following: 

Rent increases with time. 
Running costs - water, electricity and gas would increase with time. 
If the project's duration is reduced, employee labour rate will increase if the 
workers have to work overtime. 
Contract labour on a fixed rate is not affected by time, but their productivity 
may reduce if they work long hours. 
Fixed price contracts may not be affected by time. 

Simulating all thc costs will give you the overall effect of time changes on project 
costs. This technique can also be used for project acceleration where you need to know 
the trade-off between the cost of accelerating a project to meet certain milestones 
compared with the penalties of failing to achieve them. 

2.4 Labour Costs 

This section will explain how to determine your labour charge-out rate. The labour 
costs considered here are for the project workforce and thus a direct cost. Although the 
salaries of a workforce may be clearly identified there are also a number of other 
associated costs which form part of the labour rate. 
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The labourrate is calculated by aggregating the various costs and dividing them by 
the number of manhours worked. This process is explained in the following worked 
example. Here the costs have been subdivided into four main headings: 

Salary 
= Associated labour costs 

Contribution to overheads 
Contribution to company profit. 

Table 1 : 
Labour 
Cost 

Annual hokla 

3. Contribution to overhead: 30% of salary = $600 

4. Company profit: 25% of salary = $500 

Labour rate = Total monthlv costs 
Total number of normal working hours per month 

Where the average working month is 21 days and average days lost per month is 5 
days. 

Labour rate = 2000 + 740 + 600 + 500 
(21 - 5) x 8 

= $301 hr. 

Some of the above items may be difficult to quantify without access to statistical 
analysis, for example, days lost due to sickness and standing time. They should be 
recognised as potential costs and a figure assigned if only as a contribution to an 
unknown amount. The end product of this analysis should be a labour rate per hour. 
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Overtime: This brings us to an interesting question, based on the above calculations, 
how do we cost out overtime? If all the associated costs have been paid for by the 
contribution during normal working hours, can you assume they do not need to be paid 
for again? If yes, then you need only assign costs to the following headings: 

Labour wages overtime rate (time and a half or double) 
Contribution to indirect variable costs 
Contribution to company profit 

You can also assume there will be no lost time, because you are either working overtime 
or not. In industry and commerce, however, the overtime rate to the client usually 
increases as a multiple of the employee overtime rate (time and a half, or double time). 

2.5 Procurement Costs 

This section will determine the procurement costs to acquire all the required bought-in 
goods and services. The simplest method is to add a percentage to the buying price to 
cover all the procurement costs, consider the following (table 2): 

de, adji 
ent sch~ 

Table 2: Procurement Costs 

Procurement percentage = Procurement costs x 100 
Total cost of materials 

Many of the above costs may be covered by another budget, for example the inspection 
and pre-qualifying suppliers could fall under the QA budget, in which case they must 
not be included here (double accounting). The procurement costs would generally be 
developed at the company level and apply to all the company's projects. Typical 
percentages would be between 10% to 20%. 
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Old Stock: How does the estimator price material and equipment that has already 
been paid for on a previous project. What is the value of surplus material and equipment 
that has already been written-off? The estimator obviously has scope to price the old 
material and equipment from free issue to current market price. If the material is priced 
as free issue this will make your quotation more competitive. Company policy will 
determine stock rotation which could be a mixture of: 

LIFO - Last in first out 
FIFO - First in first out 

The material and equipment estimate usually allows the procurement manager the 
scope to save 5% to 10% on material and equipment costs through negotiation with the 
suppliers. In a competitive market this saving would significantly enhance the project's 
profit. 

2.6 Transport Costs 

It is important to appreciate the additional costs that may be incurred delivering the 
goods from the suppliers factory to client's premises or site, consider the following 
terms: 

Ex-Works: It is the purchaser's responsibility to organise and pay for delivery, loading, 
transport and insurance from the factory gate. 

FOB (Free on Board): The supplier will arrange for the goods to be loaded on board 
- - 

a ship, plane, train or truck at an agreed place. The supplier will pay for the port duties 
and export clearances, while the client is responsible for the transport, insurance and 
any import duties. It is important to clarify when the change of ownership and 
responsibility takes place. This is usually when the goods have been loaded. 

CIF (Cost, Insurance and Freight): The supplier pays for the delivery of the goods to 
their final destination plus the insurance. The client pays for import duties. 

DDP (Delivered Duty Paid): The goods will be delivered to the purchaser's front 
door. All the risks and costs relating to transport, insurance and duty will be the supplier's 
responsibility. 

In order to compete successfully on the world market and convert quotations into 
orders it may not be sufficient to simply quote ex-works - at a minimum the quote 
should be "per container load." To quote in these terms will require the estimator to 
establish the weight and volume of the product needed to fill a container. A more useful 
quote to an international client would be FOB, for this it would be necessary to establish 
the cost of transport to the coast. But why not go further and quote CIF, or better still 
match other major international exporters and quote DDP and delivery to the buyer's 
front door and quote in their own currency? 

To offer these enhanced facilities will require the estimator to establish a data base 
of the "total cost breakdown", so that they can respond quickly and accurately to an 
inquiry. DDP will also have the added benefit to the exporting country of earning 
additional foreign currency from the insurance and freight. 
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2.7 Project Office Costs 

The project office costs or project management fee are often separated out and may 
form a separate contract within the total project. The project office costs not only 
include the management fee, but also many other associated costs. Many of the costs 
vary as the project passes through the project phases, there may be a number of part 
time team members either on contract or seconded from another department. Watch 
out for Parkinson's law (1957): "work expands so as tofill the time available for its 
completion." Once you have a data base of historical costs you may be able to relate 
this project management fee as a percentage of the project's value, about 6% to 10% 
would be typical. 

Table 3: 
F'roject Office 
Costs 

2.8 Preliminary and General (P&G) Costs 

If the project requires work on site, on location, or away from your office, these costs 
are often separated out and called P&G's in the construction industry. A typical 
construction project would use the following headings: (Note, many of these headings 
have been identified already under indirect costs). 

Site establishment and dis-establishment. 
Site supervision. 
Insurances and performance bonds. 
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Plant-hire, equipment, cranage, tools, vehicles and generators. 
Site establishment, huts, toilets and fencing. 
Site security which would include the night watchman and guard dogs to protect 
the project from theft and vandalism. 
Site services which include telephone, electricity and water. 
Temporary access roads and sign posts. 
Scaffolding and ladders. 
Temporary Lights and power supply. 
Accommodation for the workforce. 
Special travelling expenses to site. 
Special training and testing of tradesmen. 
Material handling which would include receiving inspection, off-loading, storage 
and inventory control. 
Removal of rubbish, waste and scrap. 

The costs assigned to these headings should include the normal recovery percentage 
for overhead costs and profit. Check that these costs are not being recovered elsewhere 
in the estimate, for example, site services and security may be provided for by the 
client. 

3. Estimating Methodology 

This section will discuss some of the estimating techniques which can be used to predict 
the project's parameters quickly with reasonable accuracy. The estimating techniques 
used by industry and commerce can vary tremendously from one company to another, 
consider the following: 

Jobbing 
Factoring 
Inflation 
Economies of scale 
Unit rates 
Daywork. 

3.1 Jobbing 

Also termedjob costing or operational estimating. Jobbing is the process of including 
all the operations that go into executing an activity or task. Consider the following 
example (table 4) where the job is sub-divided into its component parts. Once the 
activity has started operational estimating enables the progress to be quantified: 

It provides a cost estimate for all the WBS work packages and activities. 
Progress can be measured as percentage complete or remaining duration. 
When the activity is complete the profit or loss can be calculated. This data can 
also be used to ensure that the estimating data base is kept up to-date. 
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Table 4: Operational Estimating Format 

The operational estimating technique is a prerequisite for criticalpath method (CPM) 
planning and control. At the tender stage, however, there may not be sufficient time or 
need to produce an estimate with this level of detail. Certainly on award of contract, 
operational estimating must be carried out as it is part of the CPM process. We therefore 
need to look at other estimating techniques that are quicker to produce, but still provide 
a reasonably accurate estimate. The accuracy of the estimate can be improved by sub- 
dividing the WBS into more detailed work packages. 

3.2 Factoring 

Also called component ratio or parametric method. Factoring can be used when 
historical data from previous projects indicates that an item of the project can be 
expressed as a percentage of a known or calculated core cost (see table 5). 

Table 5: Factoring 

Management fee 
Qualfty assurance 
Engine beds 
Pipework 
Consumables 
Profit 

Once the core costs have been established the associated ratios can be calculated very 
quickly. These ratios should be confirmed progressively as performance data becomes 
available. 

5% of contract price 
1 itract price 
2 jine 
% of generator price 
10% of material price 

of construction price 

3.3 Inflation 

Also called time based indices. The project costs will change with time due to the 
non-reversible effect of inflation on the economy. If the current project is similar to a 
previous project completed a few years ago, the financial figures from the previous 
project can be used as the basis for the current estimate (see table 6). 
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Table 6: Inflation 

The upward effect of inflation can be established using a commercial available Cost 
Price Index (CPI) and inflation indices. One of the problems with this methodis that 
different commodities tend to escalate at different rates. This can however, be addressed 
by sub-dividing the project into its component costs by a CPI category, then applying 
an escalation factor to each, separately (see table 6). 

3.4 Economies of Scale 

Also calledcost capacity factor. The cost capacity factor mathematically relates similar 
jobs of different sizes. If a job is twice as big as the previous job, will it cost twice as 
much? Usually not, for the following reasons: 

Indivisibility: Tn a production process there may be certain indivisibilities, or fixed 
costs which are required just to be in business, but not related to output. For example, 
a firm may require a manager, a telephone and a secretary. These costs are indivisible 
because you cannot have half a manager merely because you want to operate at a 
lower output. 

Specialisation: In a small business people have to be flexible and become a Jack of all 
trades to survive, but as companies grow in size so they are able to group work and 
assign repetitive tasks to one person. It is obviously more efficient (if not a little boring) 
to setup jigs to perform the same task repetitively. 

Technical: Large scale production is often able to take advantage of automated 
machinery. The high capital expenditure can be written off over large production runs, 
thus reducing the unit cost, e.g. car production lines. 

Scaling: There is not always a linear relationship between dimensions and volumes, 
e.g. on an oil tanker, the surface area increases at two-thirds the rate of the volume. 
Thus the tankers require proportionally less steel per cubic metre of cargo as they 
increase in volume. These economy of scale effecls show that as projects get larger 
their unit cost reduces and the production becomes more efficient -however, there can 
be another side to the coin. 

As the output increases there are some diseconomies of scale which are usually 
associated with the management function. When the organisation structure becomes 
large and bureaucratic the co-ordination between the management levels and departments 



PROJECT ESTIMATING 

becomes increasingly more complex, costly and inefficient. Not only are the lines of 
communication longer, but inevitably the number of unproductive meetings increases 
and internal memos proliferate. 

These economies of scale which have a non-linear relationship can be quantified 
through a simple equation: 

$E = $K x (qll q2) p 

where $E is the estimated cost 
$K is the known cost from a previous project 
q l  is the size of the new project 
q2 is the size of the old project 
p is the cost capacity factor raised to the power of p. The value of "p" is 

derived from empirical observations. 

Consider a project to build a hotel with 1,000 rooms. If a similarly constructed hotel of 
500 rooms was built for $10,000,000, what is the estimate for this 1,000 roomed 
hotel? (assume p = 0.8) 
$E = 10,000,000 x (1,0001 500)0.8 

= 17,411,011 

This indicates that although the number of rooms doubles the estimated cost only 
increases by 74%. 

3.5 Unit Rates 

Also called parameter costs. Although a project tends to be a unique undertaking, 
much of the work may be repetitive. Parameter costs are developed from unit rates for 
common items of work based on previous projects. This technique estimates a project's 
cost from an empirically developed book of unit rates. For example consider the 
following parameters (table 7): 

Table 7: Unit Rates 

Per linear metre: 
Per square metre: 
Per cubic metre: 
Per tonne: 
Per HP or KW: 
Per mile or Km: 
Per hour: 

Unit rates work well in a controlled work environment. However, many projects by 
virtue of their location and scope of work may involve other considerations: 

Unit rate estimating is appropriate for a contractor with a record of small jobs 
within a limited geographical area. 

House piping, wiring. welding 
Decorating, painting, house building 
Concrete, water supply 
Ship building, cargo freight 
Generator power, electrical supply 
Car hire, transport 
Labour, plant hire 
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As the contracts increase in size so the data base samples will tend to decrease 
in number. 
Costs are influenced by remote locations, logistics, travelling distances and the 
conditions of the roads. 
Weather conditions can be statistically predicted but what happens in practice 
may be very different (El Nino). 
Are there utilities available? Water supply, power supply, accommodation, public 
transport, etc. Further considerations will be outlined in the estimating problem 
section later in this chapter. 

Unit rates are probably the most commonly used estimating technique and will form 
the basis of most estimates. Unit rates are commonly used as they provide a simple 
contract to measure and budget. Even a fixed price contract usually contains a unit 
price clause for additional work. 

3.6 Daywork 

Dayworkis the term used to quantify the hourly rate or daily rate for labour, materials, 
plant, preliminary and general (P&G's). The complete project could be financed on 
daywork as a cost plus contract. This type of contract used to be quite common on 
military projects, but not on commercial projects where fixed prices are preferred by 
the client. 

On a fixed price project 
the client often requests 
dayworkrates to be quoted at 
the tender stage to provide a 
framework for costing 
changes and additional work. 
The contractor's overheads 
and profit are included in the 
rate. The contractor must 
ensure that the daywork 
sheets are signed by the client 
at the end of each shift. The 
client meanwhile needs to 
monitor performance to 
ensure good productivity. 
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4. Estimating Format 

The final estimate will be a compilation of figures from many different sources. The 
challenge here is to present them all on one coherent document. Consider the following 
estimating formats (tables 8 ,Y  and 10): 

Table 8: Estimating Format 

Tn table 8 the WBS work packages form the main structure of the estimate and they 
can be sub-divided further into CPM activities if a higher level of detail and accuracy 
is required. 

Table 9: Estimating Format 

In table 9 the columns have been sub-divided into the different types of costs (labour, 
material, machinery and transport) as discussed earlier in the chapter. 
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Table 10: Estimating Format 

In table 10 the costs have been sub-divided into the different estimating methods as 
discussed earlier in the chapter. 

It is essential to impose discipline and structure to the estimate to ensure that all 
parties are working to the same system, company policy and standard procedures. 
These will obviously evolve and develop from the experience gained on previous projects. 
Using a standard estimating sheet for your type of work has many advantages: 

All the information can be rolled-up to one summary document or page. 
The structure of the estimating sheet is based on experience (learn from your 
mistakes). 
If the estimate is setup on a spreadsheet - you only need to input certain parameters 
as preset algorithms will calculate the rest and give you a professional looking 
quotation sheet. 
The estimating sheet's purpose is to calculate the work content - the schedule is 
developed from the CPM analysis. 

5. Profit 

The level of profit is usually determined by the state of the economy, competition, 
market forces and the level of risk. Assessing these factors is a senior management 
function. The project manager should be concerned with project costs and ways of 
enhancing the profit (completing the project for less than the budget). However, as the 
profit margin does have a direct bearing in determining the accuracy of the estimate, 
the project manager needs to know what the profit margin is. Neoclassical economics 
regard profit to be composed of normal profit, super-normal profit and sub-normal 
profit. 
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Normal profit is the amount of surplus income less expenditure which the investor 
requires over a period of time to cover the minimum return on the investment. In the 
long term, normal profit may be considered as a quasi-cost, because if the company 
does not achieve at least normal profit it should cease trading and invest elsewhere. As 
a rule of thumb the normal profit should be greater than a low risk bank investment. 

Super-normal profit is the profit earned in excess of the normal profit. This condition 
will depend on the state of the economy and competitiveness in the market. 

Sub-normal profit, also called buying work, is when the profit margin is reduced 
below normal profit. There are a number of good reasons for this strange move, the 
company may wish to: 

Keep its workforce employed during a down turn in the economy. 
Accept a loss on the basic contract price, but expect to make good profits on the 
extras. 
Enter a new field of business, using this project to gain experience and technology 
transfer. 
Gain credibility on a small project, with a client who has larger and more lucrative 
projects in the pipe line (foot in the door). 
Be associated with a prestigious project which may be seen as free marketing. 

Buying work should remain a short term expedient, because this policy can quickly 
lead to serious financial problems. A fm losing money on one project may be tempted 
to finance it from a profitable project (rob Peter to pay Paul). A practice leading to 
further problems if this pricing policy is so manipulated over an extended period. Such 
a situation, if unchecked, can rapidly become a vicious circle and is a common cause 
of liquidation. 

6. Contingencies 

So far the estimating has assumed that normal working conditions and practices will 
prevail. Unfortunately the real world does not work that way and allowances need be 
made for risks and uncertainties. These allowances tend to get lumped together under 
the contingency heading which includes cover for the following non-recoverable items: 

Under estimating work content due to lack of scope definition. 
Additional work caused by design errors. 
Rework caused by production mistakes. 
Rework and replacement caused by material or component failure. 
Labour and equipment standing idle caused by import delays and inclement 
weather. 
Lost production caused by industrial action, strikes, work to rule or go slow. 
Limited supply of skilled labour locally. 
The size of the contingency will depend on many factors: 

Type of project. 
General efficiency and competency of the company. 
Degree of risk and uncertainty. 



PROJECT MANAGEMENT: PLANNING AND CONTROL TECHNIQUES 

The contingency allowance is usually added as a percentage to either, each work package 
or a blanket cover for the whole project, but not both. A blanket cover is obviously the 
easiest to apply, but this may unnecessarily increase your quotation. Adding a 
contingency at the work package level allows you to be more selective. Consider the 
following format (table 11): 

Table 11: Contingencies (proforma) 

You need to establish ground rules for managing the contingency; 
Who owns it? 
Who will manage it? 
How will it be allocated? 
Who will be advised of its existence? 

7.  Escalation 
During periods of high inflation long term projects must consider the time value of 
money. The options are for the contractor to include an allowance in their quotation or 
for the client to escalate a base date tender. The mechanics of an escalation clause are: 

The client and contractor agree on which escalation index to use. 
The contractor quotes at today's prices with no contingency for inflation. 

Progress claims are escalated using 
published indices. 
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8. Bidders Dilemma 

When tendering in a competitive market the contract price is one of the main selection 
criterias. The pricing dilemma facing management is the trade-off between reducing 
their profit and improving their chance of winning the contract, or increasing their 
profit, but reducing their chance of winning the contract. 

Reducing the profit margin will improve the chances of your quotation being selected, 
but if the quotation is significantly lower than your competitors this will unnecessarily 
erode your profits. Therefore before quoting a low price, first assess the market 
competition, your competitors' level of work, the client's budget and the state of the 
economy. 

On the other hand if the estimate is too high and the contract is awarded to your 
company, this will nicely increase your profits in the short term, but reduce the chances 
of further work if the same estimating data base is used on subsequent tendering. 

If the quotation is reduced to secure the work what effect will this have on the 
original estimate? If the project manager requires 10,000 hours for a job and the 
quotation is reduced to 8,600 hours, then a project manager still requires 10,000 hours 
unless productivity is increased, production automated, or scope of work reduced. 

9. Estimating Problems 

The following list is a collection of points to be considered when estimating. Some of 
the common pitfalls to be aware of include: 

Keeping new technology under control - consider incrementally increasing 
technology, phased implementation and proving systems progressively. This is 
less risky than the big bang approach. 
Misinterpreting the scope of work and omissions. 
Risk and uncertainty not considered. 
If work is priced out at the department average, regardless of who is doing the 
work, this simplifies the estimating but the client may not be happy paying 
engineers' rates for an apprentice. 
The performance of individuals within a trade can vary considerably depending 
on ability and commitment. 
Poorly defined or overly optimistic schedule. 
Inflation on a long term project not considered. 
Lack of historical data, especially if this is a new type of project for the company. 
The main contractor will be at risk if they have to give a fmed price quotation to 
their client based on budget estimates from their subcontractors. However, the 
subcontractors may not be in a position to give a fixed quotation if the detailed 
drawings are not available. 
Some managers prefer not to document their problems: "lfmy project fails the 
last thing I want around is hard data to nail me." In which case the company is 
doomed to repeat their failures. 
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Make sure that costs are debited to the appropriate activity and not off-loaded to 
the activity with the fattest budget otherwise this will devalue your closeout 
report. 
Consider your response to this reaction when requesting information, "Mypeople 
have no time to collect data, they are too busy doing the work." 
A NASA astronaut was asked what concerned him most about the flight? He 
replied, "lt's not sitting on a potentialfuel bomb that concerns me most, but 
the 10,000 components which were made by the lowest biddel: " (see the film 
Capricorn 1 which takes this problem to extreme possibilities). 
Terms and conditions of contract not quantified. 
Validity of quotation not stated. 
Expenses often forgotten when estimating include: 
a) Commissioning and customer acceptance. 
b) Training of the client's technicians to use the installed equipment. 
c) Protective painting. 
d) User manuals. 

This concludes the chapter on Project Estimating, the following chapter will overview 
the Planning and Control Cycle. 

Key Points: 

Estimating techniques and methods enable you to make quick and reasonably 
accurate quotations. 
Establish your cost structure (labour and materials) to simplify your estimating. 
Use estimating proformas to structure your estimates. 

Further Reading: 

Begg, David., Economics, McGraw-Hill, 1997 
Institute of Chemical Engineers, A Guide to Capital Cost Estimating, 1988 



Planning and Control Cycle 

This chapter will overview the project planning and control cycle which is at the heart 
- -  - 

of project integration. This is where the project manager is responsible for co-ordinating 
the contributions of all the project participants to meet or exceed the stakeholders 
needs and expectations. The project management body of knowledge (PMBOK, 1996, 
p.39) defines project integration management as: " ... the process required to ensure 
that the various elements of the project are properly co-ordinated. " 

This chapter will outline how the various project management planning and control 
tools and techniques discussed in this book relate to each other and how the core of 
project management integration involves making trade-offs between competing 
objectives and alternatives, in order to meet the stakeholders requirements. It is important 
to appreciate that a change in one parameter may effect other parameters. 

1. Project Planning Steps 

Although the planning steps are outlined here as a sequence of discrete operations, in 
practice other factors may influence the sequence and there will almost certainly be a 
number of iterations, compromises and trade-offs before achieving an optimum plan 
(see figures 1 and 2). 

Project Charter: is a document which officially formalises the project, it should outline 
the purpose of the project, the beneficial changes and key objectives, together with the 
means of achieving them. (see Scope Management chapter) 

Feasibility Study: develops theproject charter and project brief into aproject proposal 
and build method. It offers a structured approach for identifying the stakeholders and 
assessing their needs, together with investigating other options and alternatives (see 
Feasibility Study chapter). 
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Scope Management: defines what the project includes and just as importantly what is 
not included in order to meet the stated objectives. On an engineering project, for 
example, the scope of work would be developed into a list of drawings, bill of materials 
(BOM) and specifications (see Scope Management chapter). 

Work Breakdown Structure (WBS): is one of the key scope management tools used 
to sub-divide the scope of workinto manageable work packages which can be estimated, 
planned, assigned and controlled (see WBS chapter). 

Organisation Breakdown Structure (OBS): the OBS or responsibility matrix links 
the WBS work packages to the company, department or person who is responsible for 
performing the work (see WBS chapter for diagram). The OBS can be further developed 
to include delegated responsibility, level of authority and lines of communication. 
Projects are often managed by a project manager and project team which is specially 
set-up for the project and disbanded on completion. The integration of the project team 
and company departments is often through a matrix structure where the project team 
overlays the company's hierarchical structure - achieving buy-in is critical for the 
project to be successful. 

Critical Path Method (CPM): uses a network diagram to present the work packages 
and activities in a logical sequence of work which is developed from the build method 
and other constraints (internal and external). Activity durations and work calendars 
are estimated, while the availability of procurement and resources are assumed. The 
CPM time analysis (forward pass and backward pass) calculates the activities early 
start, early finish, late start, late finish, float and the critical path (see CPM chapter). 
This information is often presented in an activity table and schedule barchart. 

Schedule Barchart: is one of the best and most commonly usedmeans of communicating 
schedule information. It enables the project participants to easily walk through the 

- -  - 

sequencing of the project's work. The planning structure can be further simplified by 
focusing on hammocks, key dates and milestones (see Schedule Barchart chapter). 

Procurement Schedule: themake or buy decision will determine if the bill of materials 
is a procurement issue or a resource issue. The procurement function is to supply all 
the bought-in items to meet the project schedule, however long lead items need to be 
identified early on, so that they can be ordered andlor the schedule barchart revised 
(see Procurement Schedule chapter). 

Resource Histogram: the resources required to complete the work outlined in the 
schedule barchart are forecast and compared with resources availability. Resource 
overloads, or resource underloads need to accommodate both project and company 
requirements. The resource smoothing needs to consider other company projects and 
outside contractors, before revising the scheduled barchart (see Resource Planning 
chapter). The resources can be integrated with time to produce a manpower "S" curve 
which can be used to calculate the earned value. 



Figure 1: Planning and Control Cycle 

WBS - BOM Life-cycle 
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Figure 2: Planning and Control Cycle (alternative presentation) 
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Budgets and Project Cash-Flow: the project accounting process not only establishes 
and assigns budgets to all the work packages, but also determines the project's cash- 
flow. There may be cash-flow constraints restricting the supply of funds which will 
require the scheduled barchart to be revised (see Project Accounts chapter). The costs 
can be integrated with time to produce the budgeted cost for work scheduled (BCWS) 
which forms the baseline plan for the earned value calculation. 

Communication Plan: includes the process required to ensure proper collection and 
dissemination of project information. It consists of communication planning, information 
distribution (lines of communication), a schedule of project meetings, progress reporting 
and administrative closeout (see Project Communication chapter). 

Project Quality Plan: outlines a quality management system (quality assurance and 
quality control), designed to guide and enable the project to meet the required condition. 
This may include pre-qualifying project personnel and suppliers, developing procedures, 
quality inspections and quality documentation (see Quality Management chapter). 

Risk Management Plan: includes the process of identifying, analysing, and responding 
to project risk. It consists of risk identification, risk quantification and impact, response 
development and risk control (see the Project Risk Management chapter). 

Baseline Plan: may be considered as a portfolio of documents which outline how to 
achieve the project's objectives. The level of detail and accuracy will depend on the 
project phase and complexity. The baseline plan should be a coherent document to 
guide the proiect through the execution and project control cycle. 



PROJECT MANAGEMENT: PLANNING AND CONTROL TECHNIQUES 

2. Project Control Cycle 

The project control cycle is presented as a sequence of steps to guide the project to a 
successful completion. The baseline plan is the starting point for project control as it 
outlines a plan for managing the project. The project control cycle monitors project 
performance and compares it against the baselineplan - it also includes a mechanism 
for incorporating scope changes. - - - - - - - - 

Baseline 

_ _ _ _ _ _ _ _ I  

Circulate 
reports 

Authorize 1 -  I 
Expedite 0 + 

Evaluate and 

Figure 3: Project Control Cycle 

Work Authorisation: as the single point of responsibility the project manager is 
responsible for delegating and authorising the scope of work. The issuing of instructions 
to the appointed contractors and other responsible parties signals the start of the 
execution phase of the project. The methods for authorising work, reporting and applying 
control should be discussed and agreed at the handover meeting, so that all parties 
know how the project will be managed. A record of all decisions and instructions 
should be kept to provide an audit trail. 

Expedite: once instructions, orders and contracts have been issued, project expediting 
takes a proactive approach to make the instructions happen. It involves the follow up 
function to confirm that: orders have been received, materials have been procured, 
work has started as planned and the schedule completion dates will be achieved. Any 
variances should be reported through the data capture system. 

Tracking and Monitoring Progress: the data capture system records the progress 
and current status of all the work packages and activities. The accuracy of the data 
capture has a direct bearing on the accuracy of all the subsequent reports (project 
status, trends and forecast). 

Change Control: the change control function ensures that all changes to the scope of 
work are captured and approved by the designated people before being incorporated in 
the baseline plan. Change control is also concerned with influencing the factors which 
create changes to ensure that changes are beneficial (seescope Management chapter). 

9 2 
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Evaluation and Forecasting: the project's performance is analysed by comparing 
actual progress against planned progress within the CPM model and extrapolating 
trends to forecast the project's position in the future (see Project Control and Earned 
Value chapters). 

Decision-Making: the decision-making function collates information and decides on 
an appropriate corrective action. One of the main management functions is to make 
decisions. In-fact it may be argued that the sole purpose of generating information is to 
make decisions. The following steps outline a typical decision-making process: 

Define project objectives. Develop options and alternatives. 
Define the problem. Evaluate and decide course of action. 
Collect information. Implement the decision. 

All these decision-making steps are intrinsically part of the control cycle. The decisions 
can now be made on what control to apply to keep the project on course. 

Revise Baseline Plan: if there are any changes within the project the baseline plan 
must be revised to reflect the current scope of work and incorporate any corrective 
action. By saving the old baselineplan an audit trail of changes can be archived. The 
control cycle is now complete and the next cycle will authorise the changes and corrective 
action. 

3. Reporting Frequency 
The frequency of the reporting cycle should reflect the needs of the project. Short 
~eporting periods, when there is a high level of change and uncertainty in the project, 
long periods when there is little or no change. For example, during project start up and 
during the commissioning phase the reporting cycle may be reduced to daily or even 
hourly, while under normal conditions the reporting cycle is usually weekly or monthly. 

As a rule of thumb the reporting cycle should leave sufficient time to implement 
corrective action to bring any project deviation back on course without effecting the 
critical activities. If the reporting is reasonably accurate the worst that can happen in 
a week, is you lose a week. 

This concludes the chapter overviewing the Planning and Control Cycle, the 
following chapter will discuss Scope Management. 

Key Points: 

The planning and control cycle integrates and co-ordinates the contributions of 
all the project participants. 
Although the planning cycle may consist of many separate techniques, collectively 
a change in one parameter may change another parameter. 
The control cycle guides the project to a successful completion by monitoring 
performance and applying corrective action where necessary. 

Further Reading: 

Project Management Institute (PMI), Project Management Body o f  Knowledge 
(PMBOK), 1996 
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Effective scope management is one of the key factors determining project success. 
Failure to accurate1 y interpret the clients' needs or problems will produce a misleading 
definition (scope of work). If this causes rework and additional effort, there may be 
project cost and time implications. Therefore project success will be self-limiting if the 
scope of work is not adequately defined. 

Scope management is defined in the 1996 (second) edition of the project management 
body of knowledge (PMBOK, 1996, p.47) as " ... the processes required to ensure 
that the project includes all the work required, and only the work required, to complete 
the project successfully. It is primarily concerned with defining and controlling what 
is or is not included in the project. " 

1. Project Initiation 

The PMBOK defines project initiation as: " ... theprocess offormally recognising that 
a new project exists, or that an existing project should continue into its nextphase. " 
[of the project life-cycle]. 

Projects by definition have a start and finish, for a contracting company the start 
will probably be simple to identify - invitation to tender, or the award of contract. 
However, for the client organisation, the start of a project may not be so clear-cut. 
Some projects evolve as the embryo of an idea responds to market changes and new 
technology. In this environment, formal project recognition should be in the form of a 
project charter (with authority and budgets), it is important to distinguish between 
whims and ideas that could significantly benefit the company. 

Project Charter: Also called terms of reference, or project mission, should be a 
tightly worded document outlining what is to be done and the boundaries of the project. 
For example the project could be to build an Olympic stadium for 50,000 people, to 
Olympic standards, to be complete six months before the start of the Olympics, for x 
million dollars. 
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Unless the aims of the project can be precisely defined in a few short words it could 
imply that the client is not clear exactly as to what they want to achieve. The project 
charter should also include: 

background to the project 
key assumptions 
business needs 
scope of work 
identify key activities, budgets and dates 
comment on how the project is to be managed 
role of the project manager (responsibility and authority) and reporting structure. 

The project charter essentially formalises the project and should be documented and 
signed off - if this is not done by the client, then the onus falls on the project manager. 
The project charter should provide the project manager with the authority to apply 
company resources to the project. 

2. Scope Planning 

The PMBOK (1 996, p.5 1) defines scope planning as: "... theprocess of developing a 
written scope statement as the basis for future project decisions including, in particulal; 
the criteria used to determine ifthe project orphase has been completed successfully." 
The scope planning outlines the project philosophy which: 

Defines the boundary of the project and confms  common understanding of the 
project scope amongst the stakeholders. 
Forms the basis of agreement between client and contractor by identifying both 
the project objectives and major deliverables. 
Is a guide and constraint for the configuration management process influencing 
change control. During the commissioning phase the scope planning will help to 
confirm that the project has been implemented to the required condition. 

Scope planning develops a written statement which acts as the basis for future decisions 
and establishes a criteria for the completion of an activity, completion of a project 
phase, or the completion of the project itself. As the project progresses, the scope 
statement may need to be revised or refined to reflect changes to the scope of the 
project. 

3. Scope Definition 

The PMBOK (1 996, p.52) defines scope definition as: "...subdividing the majorproject 
deliverables into smaller, more manageable components ..." This will help to improve 
the accuracy of the estimate and assign single responsibility to the work packages (see 
the Work Breakdown Structure chapter). 

The scope definition outlines the content of the project, how the project will be 
approached and explains how it will solve the client's needs or problem. Scope definition 
establishes a method to identify all the items of work that are required to be carried out 
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to complete the project. The build method outlines how the product will be built or 
implemented and the WBS can be used to provide a sub-division of the scope ofwork 
into manageable work packages to which responsibility can be assigned for 
accomplishment. 

4. Scope Verification 

The PMBOK (1996, p.56) defmes scope verification as: " ... theprocess offomlising 
acceptance of the project scope by the stakeholders." Scope verification can be related 
to the phases of theproject life-cycle - thescope oj'work should be formally approved 
at the end of each phase (after the feasibility study of the concept phase, and at the end 
of the design and development phase [before implementation]). All changes during the 
implementation phase should be formally approved, and again when the implementation 
is complete the scope of work should be approved during the commissioning phase. 
These controls are essential to establish the required condition before implementation 
- and after implementation to confirm the required condition has been achieved. 

5. Scope Change Control 

The PMBOK (1996, p.57) defines scope change control as: 
(a) Influencing the factors which create scope changes to ensure that changes are 

beneficial [to the project] 
(b) Determining that a scope change has occurred 
(c)  Mmging  the actual changes when and I;f they occur 

All projects are subjected to scope changes at some time during their life-cycle. The 
scope change control system, or configuration management is a system designed to 
effectively manage the change of scope process. Configuration management is the 
process of identifying and managing change to the deliverables and other work products 
as they evolve through theproject life-cycle. It helps ensure that the proposed changes 
are necessary, appropriate and that the integrity of the system is maintained. 

The system should establish a framework to monitor, evaluate and approve the 
changes by the designated people before the change is incorporated in the baseline 
plan. This will ensure that the baseline plan always reflects the current status of the 
project. Change control is also concerned with influencing the factors which create 
changes to ensure that changes are beneficial. The scope change approval system should 
be agreed by all stakeholders at the outset and confimled at the handover meeting. The 
configuration management system offers: 

A change control system which formally documents a procedure defining the 
steps by which official project documents may be changed. 
Lists the only people who have the authority to make changes to the scope of 
work, in both the client and contractor organisations. 
A current and up-to-date description of the product. 
Traceability of previous baseline configurations. 
A record and an audit trail of approved changes. 
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A framework to monitor, evaluate and update the scope baseline to accommodate 
any scope changes. This will ensure that the baseline always reflects the current 
status of the project. 
Automatic approval for emergency situations. 

The project life-cycle clearly outlines two aspects of the configuration management 
system which have a similar scope change approval system, but different budgetary 
structures: 

Scope design and development 
Scope changes 

Figure 1: Scope Changes 
within the Project Life- 
Cycle 

Scope Design and Development: During the design and development phase, the project 
brief and proposal are developed into detailed design drawings and specifications. The 
configuration management process here is to guide the design process and develop the 
scope baseline. The configuration management system formalises the design 
management process by capturing all the proposed scope developments. Before the 
scope baseline is revised these developments must be quantified, assessed, verified, 
integrated and approved by the authorised people. Only then will the scope baseline be 
updated and work authorised for execution. The financial implications of these scope 
approvals should be included in the project's budget. 

Scope Change Control System: These scope changes would need to go through a 
similar system of approval against the design philosophy, but now the changes may 
impact on contractual time and budget agreements. If a change falls within the project 
proposal, this will be considered as a design development. However, if the change falls 
outside the proposal framework then the change will be considered additional to contract 
and may attract a time extension and additional costs. This is why it is most important 
to establish a comprehensive proposal (scope planning) as a basis to allocate the cost 
of these changes. 
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It is important, particularly on large complex projects, that any scope changes are only 
approved by the nominated technical experts. This will not only prevent scope changes 
by do-gooders shooting from the hip, but also ensure that all implications of the proposed 
changes have been considered. The control system should allow for scope changes to 
be initiated by any project stakeholders. Consider the following (figure 2): 

Communication Scope orders 
Changes Baseline 
requests 

Impact 

Identify 
change 8 
document 

Variations statement I ";;:cations I I I I 
Figure 2: Configuration Control Flow Chart 

Non conformance report (NCR), usually initiated by quality control when 

Circulate 
for input 
&design 
approval 

someone has worked outside a procedure, or the product is outside the required 
condition. The non-conformance would either be corrected and fall away or 

I I I 

motivate a concession. 

+ 

I 

A concession, requests the client to accept an item which has been built and is 
functional, but out of specification. If approved this would be shown as a scope 
change for this project only, it would be shown on the as-built drawings, but not 
on the baseline drawings. 
Change requests, modifications and variations request the client to approve a 
change to the scope baseline. 
Any verbal comments or instructions should be backed up in writing with a 
project communication document, as verbal agreements are open to dispute. 

Client 
approval 

Change Request: Using a numbered change request form is the preferred method of 
motivating a scope change. The form should describe the scope change, list associated 
drawings and documents, together with the reason for the change (see figure 3). 

Project Communication: The project communication documents allows any stakeholder 
working on the project, to make a formal statement. This could be a question, identifying 

+ 

a problem or making a suggestion. Once the document has entered the system the 
configuration management system will ensure that it is acknowledged and actioned 
(see figure 4). 

Baseline 
update + 

Authorized 
work 
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CHANGE REWEST 

NUMBER : DATE RAISED : 

INITIATED BY : 

CHANGE REQUESTED (related drawings / work packages): 

I REASON FOR CHANGE : 

I APPROVAL: I 

Figure 3: Change Request (proforma) 

NAME 

\ 

NUMBER: DATE RAISED: 
INITIATED BY: 
DESCRIPTION ( related drawings 1 work packages): 

1 COMMENTS I INSTRUCTIONS: I 

POSITION 

WE ACKNOWLEDGE YOUR ENQUIRY / INSTRUCTION: 

VERBAL FROM: TO: 
WRITTEN FROM: TO: I DATE: I 

APPROVAL 

I PLEASE ADVISE HOW WE ARE TO PROCEED 

DATE 

J 

1. START IMMEDIATELY AND QUOTE WITHIN 7 DAYS 
2. START IMMEDIATELY ON UNIT RATES 
3. DO NOT START, QUOTE WITHIN 7 DAYS 
4. OTHER 

REQUEST FROM: 

CONTRACTOR 
PROJECT MANAGER 

INSTRUCTION FROM: 

CLIENT 
PROJECT MANAGER 

Figure 4: Project Communication (proforma) 
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Impact Statement: The impact statement quantifies the implications of making the 
proposed change. The impact statement generally follows the clients response from the 
project communication, but in reality it is usually issued at the same time. An information 
pack is now compiled to collect input, information, comments and approval from the 
responsible parties. 

Design team (prepare information pack) 
Technical (can we make it, what is the impact on the build method) 
Procurement (can we buy it) 
Production (resources impact) 
Planning (time impact) 
Cost (budget impact) 
Quality (quality impact) 
Legal (contractual impact) 
Project manager approval (also consider risk impact) 
Client approval 

All the above documents should be numbered consecutively with a summary sheet 
showing the present status (see figure 5). 

IMPACT STATEMENT 

NUMBER: DATE WISED : 
INITIATED BY: 
DESCRIPTION:(related drawings I work packages) 

I REFERENCE PROJECT COMMUNICATION: I 
IMPACTON PROJECT: 
TECHNICAL: 
PROCUREMENT: 
PRODUCTION: 
SCHEDULE: 
COST. 
QUALITY: 
CONTRACT: 
RISK: 

IF YES QUANTIFY 
YESINO 
YESINO 
YESINO 
YESINO 
YESINO 
YESINO 
YESINO 
YESINO 

PLEASE ADVISE IF WE ARE TO PROCEED: YESINO 

REQUEST FROM: 

CONTRACTOR 
PROJECT MANAGER 

INSTRUCTION FROM: 

CLIENT 
PROJECT MANAGER 

Figure 5: Impact Statement (proforma) 
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Flow Sheet: A flow s h e e t  i s  u s e d  to control the m o v e m e n t  of the c h a n g e  r e q u e s t s  and 
impact s ta temen ts .  The flow s h e e t  d e t e r m i n e s  the s e q u e n c e  of circulation, it l o g s  t h e  
d o c u m e n t s  in and out of d e p a r t m e n t s  and c o l l e c t s  c o m m e n t s ,  c a l c u l a t i o n s  and 
information, but m o s t  importantly it n o t e s  t h e  acceptance or rejection of the p r o p o s e d  
change (see figure 6). 

IMPACT NUMBER: 

DESCRIPTION: 

Figure 6: Flow Sheet (proforma) 

POSITION 

PROJECT MANAGER 

DRAWING OFFICE 

PROJECT ENGINEER 

PROCUREMENT MANAGER 

PRODUCTION MANAGER 

PROJECT PLANNER 

PROJECT ACCOUNTANT 

PA MANAGER 

\COMPANY LAWYER 

T h e r e  a r e  two p o s s i b l e  m e t h o d s  of controlling t h e  movement o f  t h e  document: 
a) Hub and s p o k e  (see f i g u r e  7) 
b) C o n s e c u t i v e  (see figure 8) 

- 
- 
- 

J 

Figure 7: Flow Sheet 1 
Hub and Spoke 

Planning a 
Procurement a 

DATE IN DATE OUT COMMENTS 
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Figure 8: Flow sheet 1 
Consecutive 

1 pM 7 DRAWING 

COST OFFICE 

t 
PLANNING ESTIMATING 

t 
Although the hub and spoke 

1 
CIA 

arrangement doubles the movement of f,-4 
the documents, it does enable the project 
office to know where the documents are at any time. With the consecutive method the 
lines of communication may be shorter, but if the documents do not reappear timeously, 
it will require a time consuming witch hunt to find them. 

6. Project Closeout 

It is important to not only learn from the mistakes and successes of previous projects, 
but also learn progressively during the present project. The project closeout can be 
sub-divide into three sections: 

Compile historical data from previous projects to assist conceptual development, 
feasibility study and estimating on future projects. 
Compile historical data from previous projects and the current project to predict 
trends and problem areas on the current project. 
Generate a closeout report which evaluates the performance of the current project 
against the project objectives and make recommendations for future projects. 

Historical Data: The search for historical data from previous projects will clearly 
show the benefit of effective closeout reports and filing. Learning from previous 
experiences is the most basic form of development and it is essentially free. There are, 
however, limitations with historical data, the correlation between projects may be 
tenuous. Consider the following: 

The scope of work between projects is unlikely to be exactly the same. 
The cost data will be influenced by inflation. 
The manhours influenced by automation. 
The build methods may be different. 
The management style may be different. 

However, having made certain allowances for any limitations there may be a wealth of 
similarities. Look closely to see what went right and what went wrong together with 
any recommendations, because the same mistakes have an uncanny habit of happening 
again, particularly if the cause has not been addressed. 
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Project Closeout Report: A closeout report can be generated at the end of each project 
phase, the end of your contract and the end of the project itself. It is advisable to 
compile the report before the project participants disperse. For best results a structured 
report format is recommended - consider the following steps: 

Generate a comprehensive questionnaire and circulate it to project participants. 
Analyse responses and debrief the key managers. 
Compile draft closeout report for comments. This can also be used as an agenda 
for a formal closeout meeting. 
Hold a formal closeout meeting attended by all participants. 
Compile final closeout report, circulate and file. 

Questionnaire: The main benefit of the questionnaire approach is to structure the 
responses. It must be made quite clear that this exercise is not asearch for the guilty 
but an attempt to quantify what actually happened on the project. The net should be 
cast reasonably wide to include a broad range of opinions. The list of participants 
should certainly include the following: 

Client 
Project team 
Corporate participants 
Suppliers and subcontractors 
Stakeholders 

The questionnaire would typically be structured to include the following questions: 
Identify your position in the project organisation structure and comment on the 
interfacing and cooperation with other disciplines. 
Comment on the delegation of responsibility and authority. 
Briefly outline your assigned scope of work. 
Comment on planning schedules, budgets, quality and manpower performance. 
Where possible quantify performance with statistical data. 
Give a candid assessment of your performance, analysing what went right and 
what went wrong. Comment on any non conformance reports (NCR) with reasons 
for any deviations and the level of re-work. If audits were conducted comment 
on their findings. 
Comment on the lines of communication, the issuing of instructions, the holding 
of meetings, the availability of information, procedures and reporting. 
Evaluate design and technical changes, as-built drawings and operator manuals. 
Comment on any scope changes and concessions. Evaluate how smoothly the 
configuration system worked, were the changes approved and implemented 
Limeously. 
Discuss the use of new technology, computerisation and automation. 
Discuss any unexpected problems, how they affected the project and their 
solutions. 
Comment on the performance of procurement suppliers and sub-contractors. 
Comment on manpower performance, their training and any industrial relation 
problems. 
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Evaluate the accuracy of the estimate and list any recommended changes to the 
company's tariffs. 
Evaluate the contract document. 
General recommendations for future projects. 

This type of questionnaire provides the project manager with an excellent tool for 
accurate and meaningful feedback. 

Recommendations for Future Projects: Learning by mistakes and improving 
productivity are basic economic requirements and the fuel for sustained commercial 
competitiveness. These recommendations can provide an invaluable source of direction 
for future projects. The closeout report should highlight any recommendations simply 
and clearly, because many years from now this may be the only section which is read. 

Validating the project estimate is essential. Over estimating will generate good profits, 
but in a competitive market will reduce the chance of winning further tenders. While 
underpricing will simply reduce company profits. Wherever possible the analysis should 
indicate perceived trends. These may be in technology, build methods or management 
systems. The final statement should comment on the overall success of the project and 
advise if the company is wise to tender on these types of projects again. At the end of 
the project the files and particularly the closeout report should not be dumped and lost 
in the quagmire, but be readily available for inspection. 

This concludes the chapter onScope Management, the following chapter will discuss 
the Work Breakdown Structure as a methodology for sub-dividing the scope of work. 

Key Points: 

It is essential to accurately define thescope of workat the outset to limit expensive 
changes. 
Your project needs an effective change control system to accommodate the 
changes that invariably happen. 
Produce a closeout report for others to learn lrom your experiences. 

Further Reading: 

Project Management Institute (PMI), Project Management Body of Knowledge 
(PMBOK), 1996 
Turner, Rodney., Handbook of Project-Based Management, McGraw-Hill, 1993 



Work Breakdown Structure 
The purpose of the work breakdown structure (WBS) is to sub-divide the scope of 
work into manageable work packages which can be estimated, planned and assigned to 
a responsible person or department for completion. 

The WBS was originally developed in the 1960's as part of the drive towards 
improvedproject definition and it soon became the backbone of the planning and control 
system. The WBS is an excellent tool for quantifying the scope of work as a list of 
work packages and is an essential tool for ensuring the estimate or quotation includes 
the complete scope of work. The WBS can also be considered as a hierarchical form of 
mind map which helps to break complexity down into simple manageable components. 

Turner defines the WBS as: " ..... a cascade of deliverables, in which the overall 
product or objective of the project is broken into sub-products, assemblages and 
components. " 

The first step towards mastering the WBS technique is to fully understand the 
structured methodology for sub-dividing the scope of work. The main components of 
the WBS are: 

Structure 
Methods of sub-division 
Numbering or coding system 
Level of detail 
Number of WBS levels 
Roll-up 
Integrating the WBSIOBS to assign responsibility. 

1. The WBS Structure 

There are two methods of presenting the WBS: 
Graphically in boxes 
Text indents. 
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- -  - 

The WBS is a hierarchical structure which is best presented by a graphical sub- 
division of the scope of work in boxes. This logical sub-division of all the work elements 
is easy to understand and assimilate, thus helping the project participants to quantify 
their responsibility and gain their commitment and support (see figure I). 

Figure 1: House Project WBS Sub-Divided into Boxes 

House 

- 
I 

I 

Although boxes are an excellent means of presentation it is a cumbersome document to 
develop and edit on the computer. Boxes lend themselves more to graphic software 
than planning software and the printout for a large project would look best from a 
large flat bed printer rather than sticking A4 or A3 sheets together. 

The other method of presentation shows the scope of work as text indents, where 
each level is tabbed to represent its level in the hierarchy. If you are using planning 
software you will have to setup this structure anyway as you input the project data. 

Electrical 

- 

Civil 

- 

Figure 2: WBS Horizontal Presentation (a simple rotation of figure 1) 
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Wiring 
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1.0.0 House Project 
1.1.0 Civil 

1 .I .I Foundations 
1.1.2 Walls and roof 

1.2.0 Plumbing 
1.2.1 Piping 
1.2.2 Sewerage 

1.3.0 Electrical 
1.3.1 Wiring 
1.3.2 Appliances 

Here figures 1 and 2 are now 
presented as text indents which is 
how you would input the 
information into a planning 
software package. 

2. Method of Sub-Division 

Designing the WBS requires a delicate balance to address the different needs of the 
various disciplines and project locations. There is not necessarily a right or wrong 
structure because what may be an excellent fit for one discipline may be an awkward 
burden for another. 

As you will see there are many methods of sub-dividing the scope of work, your 
imagination is the only limiting factor. The best method is the one that works for you 
and you may use more than one method as the project progresses. 

Except for theproject life-cycle all the other breakdown structures (in the text) are 
simply a sub-division of thescope of work, there are no logical relationships between 
the work packages - that will come later in the CPM. 

Product Breakdown Structure (PBS): This represents a hierarchical view of the 
physical assemblies, sub-assemblies, components and parts needed to manufacture the 
product. Consider the sub-division of an aeroplane (see figure 3): 

Figure 3: Product Breakdown 
Structure (Aeroplane) 

Aeroplane U 
Wings U 

Engines Landing 

Fuselage U 
Furnishing Systems 
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Organisation Breakdown Structure (OBS): This represents a hierarchy of the 
company managing the project. By linking the OBS with the WBS or PBS this will 
identify who is responsible for performing the work packages (see figure 18 shown 
later in this chapter). The OBS could contain any of the following sub-divisions (see 
figure 4): 

Department or discipline 
Contractor or supplier 
Project team or person. 

Department 

Figure 4: Organisation 
Breakdowm Structure 

Discipline 0 Project Team U 
Contractor 

Member 

Cost Breakdown Structure (CBS): This represents the financial breakdown of the 
project into budgets per work package (see figure 5). 

Figure 5: Cost Breakdown 
Structure (by cost centre and 
supplier) 

Project 
Budgel U 

Cost Centre 
Budget I U Cost Centre 

Budget 2 

Supplier 1 Supplier 2 Supplier 3 Supplier 4 m uu 
Labour 

Material Material 

Labour 

Material Material 

Plant Hire Plant Hire L Plant Hire Plant Hire 



WORK BREAKDOWN STRUCTURE 

Contract Breakdown Structure also (CBS): This represents the relationships between 
the client with the contractor. At the lowest level this could link the purchase orders 
with the account invoices (see figure 6). 

Sub-contractor 1 I 
Supplier 1 Supplier 2 

Sub-Conlractor 2 I 
Supplier 3 Supplier 4 

Figure 6: Contract Breakdown Structure (by sub-contractor and supplier) 

Location Breakdown Structure: This represents the physical location of the work 
and would be appropriate for a project which has pockets of work dotted all over the 
place. Consider a power line project where there may be a number of similar substations 
(see figure 7). 

Power Line 
Project U 

Sub-station 1 0 
Civil Work 

Mechanical Work 

Electrical Work 

Sub-station 2 0 
Civil Work 

Mechanical 

Electrical W 

Work 

brk 

Sub-station 3 0 
Civil Work 

Mechanical Work 

Electrical Work 

Figure 7: Location Breakdown Structure (power line project) 
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Transport Breakdown Structure: Projects which are characterised by large loads 
may find that transport and cranage limitations determine their breakdown structure 
(see figure 8). 

Figure 8: Transport Breakdown Structure (with largest units that can be 
transported by road) 

Trawler 

- 
I 

System Breakdown Structure: This represents a systems breakdown which may cut 
across other breakdown structures, but would be useful when commissioning the 
product. Consider the following house building project (see figure 9). 

Huli 

House 
Systems 

- 
I 

Eledrlcal Plumbing 
System System 

- - 
I 

I 

Internal Garage Garden 
System System System Water System System 

System 

- 

Deck 

- 

Figure 9: System Breakdown Structure (House project) 
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Project Life-Cycle Structure: This represents a logical sub-division of the sequence 
of work into project phases (see figure 10). This is discussed in the Project Life-Cycle 
chapter. 

Life-cycle 
Structure 

Process Process 

Output L Output 

Construction Commission 

U U 1 Input 1 Input 

t Process t Process 

L Output L Output 

Figure 10: Project Life-Cycle Structure 

Each element in the WBS needs to be identified by a short description. Although the 
length of the description may be restricted by the size of the box, the meaning should 
be clear. As these examples have shown there are many ways of sub-dividing a project, 
with some methods being more appropriate than others. The best results are generally 
gained by using an iterative and heuristic approach which considers a range of sub- 
divisions until an appropriate structure is derived. 

3. WBS Templates 

Although location and discipline are popular criteria for sub-division, managers 
sometimes find difficulty thinking of methods to sub-divide their projects. In practice 
companies that use the WBS, set up a standard WBS proforma or template for their 
projects. Instead of starting each project with a blank sheet of paper, consider using a 
WBS from a previous project as a template. A standard WBS ensures consistency and 
completeness as it becomes a planning checklist with all the components that your 
particular type of project would contain. Having a structured check list also reduces 
the risk of omitting the obvious. 
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Even if the complete WBS cannot be used, there may he portions which are similar 
and can be copied across. Using proven structures will greatly speed up the planning 
process and helps to structure your thinking. Figure 4 below outlines a WBS where the 
first level is sub-divided by location, the second level by discipline and the third level 
by expense. This format could be used as a standard WBS for the company. The only 
changes per project would be to the description rather than the structure. Note: FOB = 
free on board a ship, train or road transport. 

Project 

1.0.0.0 U 
Mechanical DD 

installation 

1 1 1 . 1 3  1 Installation 1.1.2.3 

Commission L Commission 

1.1.1.4 1.1.2.4 

Electrical 

1.1.3.0 e 
FOB 

1.1.3.1 

Transport 

1.1.3.2 

lnstallation 

1.1.3.3 

Commission 

Transport Transport Transport 

1.2.1.2 1.1.2.2 1.2.3.2 

Installation 1 1.2.1.3 1 rzy 1 rz::? 
Commission Commission Commission 

Figure 11: WBS Standard Format or Template (which can be used on similar types 
of projects) 
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4. How Many WBS Levels? 

With each level of the WBS thescope ofwork is sub-divided into more work packages 
with a corresponding increase in the level of detail. For practical purposes three or 
four levels should be sufficient to achieve the desired level of planning and control - 
any more than that and like a Pyramid the base of the WBS would start to become 
unwieldy. The number of levels is influenced by: 

level of detail 
level of risk 
level of control 
estimate accuracy 
work package value 
work package manhours. 

If more than three or four levels are required this can be addressed by using sub-projects, 
where the lowest level work package of one project constitutes the highest level of 
another project. This situation is common on projects where a main contractor uses 
many subcontractors. In this way, the WBS can effectively increase the number of 
breakdown levels, with each project manager focusing on their ownscope of workand 
responsibility. 

Project J 
Sub-project A I Sub-project B I 

Figure 12: WRS Breakdown by Sub-projects 



PROJECT MANAGEMENT PLANNING AND CONTROL TECHNIQUES 

Project Control: The appropriate level of control relates to the complexity and risks 
embedded in the project. Project control is the ability to steer the project to a successful 
completion. The earned value technique may suggest an appropriate $ value, duration 
or workhours for the work packages (see figure 12). 

Figure 13: WBS (sub- 
divided by level of risk 
and uncertainty) 

Risk and Uncertainty: The WBS structure should reflect the level of risk and 
uncertainty. Where the level of risk is high the WBS should be sub-divided further to 
generate more information and thus reduce the risk. Consider the figure 13, where 
selected areas of high risk have been sub-divided to a lower level. 

5. Estimating 

If your company wins contracts by competitive bidding it is important to have a system 
for generating accurate quotations quickly. The WBS offers a top down sub-division 
of the work, while estimating at the work package level, offers a bottom up roll-up of 
project costs. The WBS reduces the possibility of overlaps and underlaps. Overlaps of 
work cause conflict, while underlaps can be expensive - forgetting an item on a fixed 
price contract would be to your account. The accuracy of the estimate will increase 
progressively as the work package's level of detail increases. As a rough guide the 
level of accuracy should be at least the same as, or better than, the project's profit 
margin. 
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6. The Numbering System 

One of the beneficial features of the WBS is its ability to uniquely identify by a number 
or code all the elements of work in a numerical and logical manner. With a unique 
number, all workpackages can be linked to the project's accounts, the corporate accounts 
and the client's accounts. 

The numbering system can be alphabetic, numeric, or alphanumeric (letters and 
numbers), in most of the examples here the numbering systems will be numeric. Consider 
the following example: 

Level 0: The first number [1.0.0] represents the first work element on the level 
zero. It is normal practice to have only one item at this level i.e. the total project. 
The project may have its own unique number, see figures 14 and 15 below. 

Level 1: At the first level of sub-division the first work element will be numbered 
[1.1.0] and the second work element numbered [1.2.0]. Thus the other work 
elements will be numbered sequentially; [1.3.0], [1.4.0], [1.5.0] etc. 

Level 2: These numbers are then further sub-divided at the second level from the 
f ~ s t  element at the second level into [1.1.1], [1.1.2], [1.1.3], [1.1.4] etc. 

Level 0 

Level 1 

Level 2 

Figure 14: WBS Sub-Division by Numbering System 
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Foundations 

1.1.1 
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Appliances 
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WallslRoof 

1.1.2 

Piping 

1.2.1 

Sewerage 

1.2.2 

Wiring 
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Work package number 

Main assemblies 
---------------A 

Sub-assemblies I ---------------- 

I Parts and components ------------------- 

Figure 15: WBS Numbering System(this example shows how the numbering system 
can lead to very long work package numbers) 

Project Number: Most projects are given a project number and a description to 
distinguish them from all the other projects the company may be working on. The 
project number may come from a number of sources: 

estimate number 
quotation number 
contract number 
invoice number 
purchase order number 
client's order number. 

Many projects also have a name (marine projects would use the ship's name), or a 
humorous nickname to help association. With increased computer graphics a project 
icon is also a consideration. 
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7. WBS Roll-up 

The roll-up facility is normally used to roll-up project costs for budget planning and 
control purposes. By suitably structuring the WBS, budgets can be established per 
department, per location or per sub-contractor (see figure 16). 

The WBS roll-up technique lends itself to anything that flows in the project, i.e. 
manhours, cubic meters of concrete thrown, tonnes of steel erected, bricks laid, drawings 
completed, square meters of paint etc. Any of these could be planned, tracked and 
controlled using the WBS. 

Consider a Drawing Office project where it would be more appropriate to plan and 
track manhours rather than costs. This is because the chief draughtsman can estimate 
the time required to complete a drawing from experience, but may not have the data 
necessary to estimate the costs involved (see figure 17). 

Figure 16 : Roll-Up 
House Project 

Figure 17: Exercise 3 /Drawing 
Office Project (where Mh = Office Project 

1 .o.o 
manhours) ~h 6000 

House 
I .o.o 
$32000 

- 

Civil Plumbing Electrical 
1.1.0 1.2.0 1.3.0 
$13000 $8000 $11000 

- . - 
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8. Responsibility 

Assigning responsibility for performing project work is one of the key project 
management functions. This can be achieved through the interface between the WBS 
and the organisation breakdown structure (OBS). The WBS / OBS links clearly 
indicates the work packages and the person responsible for carrying out the work, 
however it is a rather cumbersome presentation as the level of detail increases. For this 
reason it is best suited to high level links (see figure 18). 

Figure 18: WBS / OBS Links 

The WBSIOBS links can also be shown on the schedule barchart, by either using a 
responsibility field (also called a responsibility matrix) or printing the persons's name 
after the activity (see Planning and Control Cycle chapter). 
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9. Foreign Currency 

Some projects are characterised by international procurement from a number of 
countries. As these exchange rates are prone to fluctuate, then your risk management 
analysis will need to determine the extent of your exposure to foreign currency. This 
can be achieve by structuring the WBS to roll-up a number of foreign currencies and 
report the total requirement for each (see figure 19). 

Project 

US $22 000 

Sub-project 

us $11 ow 

UK f  5 000 I 
package 

US $1 000 

UK f3 000 

package 

US $3 000 

UK £2 000 

Figure 19: WBS by Foreign Currency 

The WBS does not indicate when the foreign currency is required, for this you will 
have to develop the cash-flow statement through the criticalpath method (CPM) which 
is the topic of the following chapter. 

Key Points: 

The WBS sub-divides the project into manageable work packages. 
On fixed price contracts the WBS helps to ensure the quotation includes the full 
scope or  work. 
The WBS numbering systems uniquely identifies all the work packages. 

Further Reading: 

Turner, Rodney., Handbook of Project-Based Management, McGraw-Hill, 1993 



Critical Path Method 
For project managers to effectively plan and control a project, they need to be able to 
process large amounts of data quickly and accurately to enable them to create order in 
a complex situation. The criticalpath method (CPM) offers a structured approach to 
project planning which has been designed to meet this need. 

This chapter will outline the techniques and practical applications of CPM, taking 
you step-by-step through the planning stages from developing the logical network 
diagram through to establishing the critical path. Although CPM was originally 
developed to quantify the time cost trade-off, the term is now used interchangeably 
with PERT as generic names to mean both time planning on its own, or to incorporate 
the complete integrated planning and control cycle. 

1. Network Diagram (part 1) 

The work breakdown structure (Yv'Jj.5) provides a structured breakdown of the scope 
of work into manageable work packages which can be further developed into a list of 
activities (see WBS chapter). The next process is to establish a logical relationship 
between the activities using a network diagram. 

The network diagram may be defined as a graphical presentation of the project's 
activities showing the planned sequence of work. In its simplest form only two items of 
information are required: 

List of activities 
Logic constraints, also called logical links, logical dependency or logical 
relationships between the activities. 

The network diagram, also calledprecedence diagram method (PDM) is a development 
of the activity-on-node (AON) concept where each activity is represented as a node or 
a box. 
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2. Definition of an Activity (part 1) 

An activity may be defined as any task, job or operation which must be performed to 
complete the work package or project. A WBS work package can be sub-divided into 
one or more activities, with the work packages and activities using different numbering 
systems. The terms activity, task, work and job are often used interchangeably. In the 
network diagram an activity is always represented by an identity number, which can 
be alpha or numeric and is presented in a box. The activity should be given a description 
to ensure the project team members understand the work content - this can be expanded 
on a job card. 

3. Logical Relationships (part 1) 

The network diagram shows the sequence of the activities where these logical 
relationships can be either mandatory or discretionary. Mandatory or hard dependencies 
are limitations of the build method, for example, on a construction project the 
foundations must (hard logic) be built before the walls and roof are erected, whereas 
scheduling the electrical work before the plumbing work is discretionary (soft logic). 
Discretionary logic is the preferred or best practice defmed by the project team. Before 
we can draw the network diagram we must define the logical relationships between all 
the activities. There are two basic relationships: 

Activities inseries. 
Activities inparallel. 

Activities in Series: When the activities are in series they are carried out one after the 
other. When the network is first developed this would probably be the most common 
type of relationship. An example of activities performed in series on a house project 
would be the foundation (activity AlOO), followed by the walls (A200), followed by 
the roof (A300). Read the network diagram as you would a page of writing, the project 
starts on the (top) left side and moves to the right and downwards (see figure 1). 

FOUNDATIONS 

Figure 1: Activities in Series 

Activities in Parallel: When activities are in parallel they can be performed at the 
same time, which is a more efficient use of time than activities in series. An example on 
a house project would be the installation of plumbing (activity A400) and electrical 
fittings (A500) simultaneously after the roof is fitted (A300), followed by the painting 
(A600) (see figure 2). 
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A300 (Task 3) -4 A600 (Task 6) 

*I 
A500 (Task 5) 

ELECTRICAL Y 
Figure 2: Activities in Parallel 

4. How to Draw the Logical Relationships (part 1) 

The terms logical relationship, constraint, dependency and link are all used 
interchangeably to represent the lines drawn between the activity boxes. The preferred 
presentation shows the constraint lines drawn from left to right, starting from the right 
side of one activity box into the left side of the following box. However, many software 
packages have the lines drawn from the top and bottom of the boxes. Initially an arrow 
at the end of the constraint may help you to follow the direction of work flow. 

A400 (Task 4) 

PLUMBING 

J J 

A300 (Task 3) A600 (Task 6) 

7 x  
(Not preferred but used 

A500 (Task 5) by some planning software) 

ELECTRICAL 

Figure 3: How to Draw Activity Constraints 
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In the past some projects were developed using yellow stickers (as activities) on a 
large wall. Now with relatively cheap, but powerful planning software it would be rare 
not to develop a large project on the computer. When viewing thenetworkdiagram of 
large projects on the screen or printing them out, most software offers you the facility 
to control the amount of information in the boxes, reducing the detail right down to 
only the activity number for a condensed picture. 

5. Activity Logic Table (part 1) 

For ease of reading, logic information is often compiled in a tabular format, with each 
record (or Line) defining a relationship. Planning software usually names the before 
and after activities as preceding and succeeding activities as detailed below (see tables 
1 and 2): 

Table 1: Activity Logic Table 

Table 2: Activity Logic Table 

Using the activity logic in table 3, walk through the following worked example (see 
figure 4) where the activities and constraints are labelled. 

Table 3: Activity Logic Table (example) 
123 
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Figure 4: Network Diagram (drawn from table 3) 

Even if the logic table is not manually generated by the planner, the planning software 
will compile the logic data in this format. It is therefore useful for the planner to be 
familiar with this presentation to enable them to validate the network data. A common 
format for both input and presentation is simply to look at an activity and its preceding 
activity. Consider the above example (table 3 and figure 4) and transpose the logic into 
the table below (see solution on next page): 

- 

Table 4a: Activity Logic Table 

A200 A400 

- 

Some planners prefer to sketch out a rough draft of thenetwork diagram using a pencil 
and plenty of eraser before loading it on the computer. The intention here is to predict 
what will happen downstream in the project. A common problem when developing the 
network diagram is to introduce activities on the basis of time rather than logic. At this 
point in the planning process think only of the sequence of the activities - as the constrains 
of duration, procurement, resources and costs will be introduced later. 

- 

CZ 

CI 
START - 

c3 

1 

C6 

- 

- 

C7 

A600 

- A300 

CR 
FINISH 

A500 
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Table 4b: Solution to Table 4 

6. Activity Durations (part 1) 

We need two more items of information before we can proceed with the CPM time 
analysis: 

Activity durations 
Activity calendar or work pattern. 

Time units can be expressed as hours, days, weeks, months, or shifts depending on the 
length of the activities and the project. For simplicity, the time units used in this book 
will be days unless otherwise stated, and in part 1 of this chapter we will assume 
continuous working (seven days a week). An activity's duration will run from the start 
to the finish of the activity. An activity's duration is linked to resources - increasing the 
resources will obviously shorten the duration. At this point certain assumptions will 
have to be made and adjusted later. 

7. Calendar / Work Pattern (part 1) 

Calendar or work pattern are common terms used in the planning software to describe 
an activity's working profile, in other words, on what days of the week the resources or 
activity will be working. As a first step we will assume the activity is working seven 
days a week, this is usually termed continuous working. 

8. Critical Path Method Steps (part 1) 

We are now ready to perform the CPM time analysis to establish the start and finish 
dates for all the activities. Before we do, let us first recap on the CPM steps we have 
outlined: 

Draw the logic network diagram 
Assign durations to all the activities 
Impose a work calendar. 
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In addition to the logic table developed above, an activity table would include the 
following headings (see table 5): 

Table 5: Activity Logic Table (proforma) 

Start Date: We need to give the project a start date (this can always be changed later). 
The CPM analysis needs a start date from which to schedule the work, if no date is 
given the planning software would use today's date as the default option. By setting 
the start date the first iteration will give the planner afeel for the end date of the project 
using the given logic, activity durations and calendar. If a target completion date is 
given, the above parameters (logic, duration, calendar and start date), can be adjusted 
accordingly. 

Early Start: The earliest date by which an activity can start assuming all the preceding 
activities are completed as planned. 

Early Finish: The earliest date by which an activity can be completed assuming all the 
preceding activities are completed as planned. 

Late Start: The latest date an activity can start to meet the planned completion date. 

Late Finish: The latest date an activity can finish to meet the planned completion date. 

Target Start and Target Finish: In addition to the calculated dates there may be a 
number of imposed dates, influenced by the delivery of materials, access to sub- 
contractors, or other milestones. 

Activity Box: The activity box key indicates where to position the values in the activity 
box. This layout varies with the software package, but the format in figure 5 will be 
used throughout this book. 

Figure 5: Activity Box (typical layout) 

EARLY START 

FLOAT 

LATE START 
- 

L 

ACTIVITY NUMBER 

DESCRIPTION 

EARLY FINISH 

LATE FINISH 
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9. Forward Pass (part 1) 

We use the term forward pass to define the process of calculating the early start date 
(ES) and early finish date (EF) for all the activities. For convenience the early start 
date of the first activity in all the examples will be either day one or the first day of the 
month (i.e. 1st May). 

Consider a simple project with two activities A and B. The relationship between A 
and B isfinish-to-start, this means activity A must be completed before B can start. 

Table 6: Activity Logic Table 

~ l z ~ l  Finish-To-Start 

Figure 6: Forward Pass 

The earlyfinish date of an activity is calculated by adding the activity duration to the 
early start date, using the following formula. 

EF = ES + Duration - 1 
In the equation the minus one is required to keep the mathematics correct. The barchart 
in figure 7, will clarify this requirement. Shown as a barchart it can be clearly seen that 
a three day activity which starts on day 1 will finish on day 3. 

Figure 7: Barchart 

3 DAYS DURATION 

ACTIVITY B 

4 DAYS DURATION 

ES 

ES 

r 
EF 

b 
EF 
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Using the above equation to find the earlyfinish date (EF) of activity A (see figure 8), 
EF(A) = ES(A) +Duration (A) - 1 

= 1+3 - 1 
= 3  m ~ m l  Finish-To-Start 

Figure 8: Forward Pass 

To calculate the early start date (ES) of activity B use the following formula. 
ES(B) = EF(A) + 1 (Activity (B) can only start the day after Activity (A) has finished) 

= 3 + 1  
= 4  

~ p - - ~ l  
Figure 9: Forward Pass 

To calculate the earlyfinish date (EF) of B use the same formula as we used previously 
on activity A. 
EF(B) = ES(B) + Duration (B) - 1 

= 4 + 4 -  1 
= 7  

Figure 10: Forward Pass 

To recap, the early start date of any activity is a measure of the time required to 
complete all preceding activities in the logical order outlined in the network diagram. 
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10. Backward Pass (part 1) 

Now that we have completed the forward pass the next step is to perform a backward 
pass to calculate the late start date (LS) and latefinish date (LF) of each activity. The 
latefinish date for the last activity may be assigned, if not, use the earlyfinish date 
(see figure 11). 
LF(B) = EF(B) 

= 7 

Figure 11: Backward Pass 

To calculate the late start date (LS)  of activity B use the following formula: 
LS(B) = LF(R) - Duration (B) + 1 

= 7 - 4 + 1  
= 4  

Note the plus one in the formula to keep the mathematics correct. 
LF(A) = LS(B) - 1 

= 4 -  1 
= 3 

LS(A) = LF(A) - Duration (A) + 1 
= 3 - 3 + 1  
= 1 

Figure 12: Backward Pass 

To recap, the late start date of any activity is a measure of the time required to complete 
all succeeding activities, in the logical order outlined in the network diagram. 

Note: On large networks, when many activities lead into one activity on the forward 
pass, take the highest earlyfinish value to calculate theearly start date of the succeeding 
activity. On the backward pass when many activities lead into one activity, take the 
lowest late start value to calculate the latefinish of the preceding activity. 
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11. Activity Float (part 1)  

Activity float, also calledslack, is a measure of flexibility, or inherent surplus time in 
an activity's scheduling. This indicates how many working days the activity can be 
delayed or extended before it will effect the completion date of the project or any target 
finish dates (milestones). Floal is calculated by either of the two equations. 

Float = Late Start - Early Start 
Float = Late Finish - Early Finish 

Mathematically they are both the same, therefore select the equation you are most 
comfortable with. Using the previous example: 
Float (A) = LS(A) - ES(A) 

= I - 1  
= o  

The float for activity B is also 0. Where an activity has zero float this indicates it is on 
the critical path. 

Figure 13: Network Diagram Showing Float 

This now completes the forward pass and backward pass. You are now in aposition to 
complete the CPM time analysis for the logic table 3 and figure 4, developed earlier in 
the chapter. 

3 A300 1 3 A500 2 

F No Our 

Figure 14: Network Diagram (see table 3 and figure 4) 

This completes the first part of the CPM process - the second part will take the technique 
a step further. 
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12. Network Diagrams (part 2) 

To develop the network diagram it is advisable that the planner walks through the 
sequence of work with the managers, supervisors or the people who are going to perform 
the work, partly to ensure the build method is correct, but mostly to gain their 
commitment (buy-in) and ensure the project achieves its objectives. Note all the 
assumptions for hard logic, soft logic, durations, calendars, procurement, resource 
and budget requirements. 

Developing the network diagram can be a juggling act, particularly if you have a 
long list of work packages. One way to get started is to select any activity and work 
outwards: 

what activities must be done before? 
what activities can be done at the same time? 
what activities can be done next? 

Feedback from previous projects is also useful particularly if it provides a template 
which can be applied in whole or part to your project (see the closeout report in the 
Scope Management chapter). Besides the basic finish-to-start there are three other 
types of constraints between activities. The abbreviation is shown in brackets: 

Finish-to-Start (FS) 
Star-to-Start (SS) 
Finish-to-Finish (FF) 
Start-to-Finish (SF) 
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Finish-to-Start (FS): Thefinish-to-start (FS) constraint is the most common type of 
relationship. In the example below activity 200 cannot start until activity 100 is f i shed ,  
if activity 100 is completed on Monday then 200 can start on Tuesday (see figure 15). 

Monday Tuesday 

Foundation Wails 

Zero Lag 

Figure 15: Finish-to-Start (FS) 

This relationship can be further developed by imposing a delay, or lag, between the 
activities. For example, if the concrete needs 2 days to cure and the foundations (activity 
100) are thrown on Monday, then the building of the walls (activity 200) cannot start 
before Thursday (see figure 16). 

Monday Thursday 

Foundation Walls 

Figure 16: Finish-to-Start (with 2 days lag) 

Or in barchart form (see figure 17): 

Foundation 100 

Figure 17: Finish-to-Start Barchart (with 2 days lag) 
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Start-to-Start (SS): The start-to-start (SS) constraint represents the relationship 
between the start dates of the two activities. If activity 600 can start 4 days after 500 
has started this would represent afast tracking situation, where the project's duration 
is compressed by overlapping the activities. 

An example of a SS constraint would be the laying of a pipe line. When the f is t  km 
of the trench has been dug, the pipe laying can start. If the digging starts on a Monday 
and it takes 4 days to dig the first km, then the pipe laying can start on Friday the 5th 
day (see figure 18). 

Mondav Friday ,--mi Dig Trench ,-lwl 
Start-To-Start 4 days Lag 

Figure 18: Start-to-Start (FS) 

Or in barchart form (see figure 19): 

Figure 19: Start-to-Start (SS) Barchart 

Other SS relationships in this project would be the pipe testing and back-fill of the pipe 
line. If the start of activity 500 is delayed, then activity 600 will also be delayed. The 
converse may also be true if resources are available. 
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Finish-to-Finish (FF): Thefinish-to-finish (FF) constraint represents the relationship 
between the finish of two activities. For example activity 2000 can finish 3 days after 
activity 1000 is complete (see figure 20). An example here would be the fabrication 
and painting of a structure. Although there is no constraint mentioned concerning the 
start of the painting, the painters cannot start painting the last section until the fabrication 
is finished and then it will take a further 3 days to complete. If the fabrication is 
completed on a Monday, then the painting can only be completed by Thursday at the 
earliest. 

Monday Thursday 

Fabrication 

I Finish to Finish 3 days Lag 1 

Figure 20: Finish-to-Finish (FF) 

Or in barchart form (see figure 21): 

Fabrication 1000 

Figure 21: Finish-to-Finish (FF) Barchart 
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Start-to-Finish (SF): Thestart-to7finish (SF) constraint shows the relationship linking 
the start of an activity with the finish of another activity. This relationship should be 
avoided like the plague! - it is easy to mix-up (SF) and (FS), and then it is virtually 
impossible to detect. An example of this relationship would be a crane hired for 6 days. 
The crane has two lifts which must be completed within the 6 days. Therefore 6 days 
after Activity A100 starts A200 must finish (see figure 22). 

Or in barchart form (see figure 23): 

Monday Saturday 

Figure 23: Start-to-Finish (SF) Barchart 

- 

Note: A discontinuous option is available on some software packages where the activity 
can be constrained both SS and FE In this case the resource analysis will schedule the 
activities discontinuously to match the resources available. 

Leads and Lags: A delay may be given to the start or finish of an activity by assigning 
the constraint a duration (the default is zero). These delays are termedlead time before 
an activity and lag time after the activity. An example could be "waiting for plan 
approval" or "the curing time for concrete". The planner may want to keep these 
durations separate from the activity's duration, because if significant, this could distort 
the cash-$ow statement and resource histogrum. 

Start-to Finish 6 days lag 

Figure 22: Start-to-Finish (SF) 

A100 

Lift 1 

- 

A200 

Lifl2 
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13. Logical Errors 

Before starting the time analysis it is important to validate the network's logic to ensure 
that there are no logical errors. Some packages perform atopological sort to compile 
the logic relationships into a suitable order, to ensure that no activity is processed 
before its logical predecessors. There are a number of basic logic errors: 

Logical loop 
Logical dangle 
Redundant precedence relationship. 

Logical Loop: Consider the following logical loop which represents an impossible 
situation. Activity 200 follows 100,300 follows 200, and 100 follows 300 (see figure 
24). The figure indicates that one or more relationships need to be reassigned before 
processing. 

Figure 24: Logical Loop 

Logical Dangle: As the name suggests a dangling activity is where the activity either 
comes fromnowhere or goes to nowhere. In this example activity 600 follows 500, but 
what follows 900? Some software packages require the user to define the first and last 
activities as a start or tinish type, as the start does not have apreceding activity and the 
finish does not have a succeeding activity. 

Figure 25: Logical Dangle r*? 
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Redundant Precedence Relationship: When developing the network diagram it is 
only necessary to indicate an activity's immediate predecessors, for example (figure 
26), 200 is a predecessor of 300 and 100 is a predecessor of 200. Therefore implicitly 
100 is a predecessor of 300. It is not necessary to explicitly specify this relationship, if 
you do, this would be an example of a redundant precedence relationship. 

I I 

Figure 26: Redundant Precedence Relationship 

Some project planning software will perform the logical loop, logical dangle and 
redundant precedence relationship checks as part of the CPM validation. If errors are 
detected the time analyses (forward and backward pass) will not start and an error 
message will be sent to the screen. The error messages are usually structured to enable 
the planner to locate the error quickly. This iterative process may need to be performed 
a few times before all the bugs are eliminated. 

14. Definition of an Activity (part 2) 

With the introduction of project planning software, certain terms and norms have been 
established - these terms will be used wherever possible. The characteristics of an 
activity include the following:- 

* An activity must have a unique activity code or number (A, or 010, or ABC100). 
The code may be alpha, numeric or alphanumeric. The numbers do not need to 
be in any sequence because the logical relationships will determine the position 
of the activity in thenetwork diagram. If the numbers are in sequence, however, 
this may help readability. 
If multi-project resource scheduling is required the activity numbers from the 
various projects need to be different, otherwise some data will be overwritten. 
This can be achieved by either having a unique project code which forms part of 
the activity number, or assigning a control digit prior to processing. 
An activity must have a description. The description should be as informative 
and unambiguous as possible. Some computer packages allow the user to defme 
a short description and a long description to suit the report layouts. The description 
length is usually restricted to fit into the framework of areport. If longer words 
are used they may be truncated. 
There will be logical relationships between the activities. 
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All activities will have a time duration for completing the task, even if it is zero. 
All activities will have a calendar or work pattern to indicate when the work can 
be scheduled. Even if it is seven days a week - continuous working. 
The activity can have target start and finish dates assigned. Certainly a starting 
date or finishing date for the project is required. Target dates would be influenced 
by delivery of bought-in items, availability of equipment or access to sub- 
contractors. 
An activity may need items to be procured, by linking the procurement to the 
activity aprocurement schedule can be produced. 
An activity may need resources, by linking the resources to the activity they can 
be scheduled to produce a resource histogram. 
As time and resources are linked to the activities they can be integrated to generate 
a manpower S curve against time for planning and control purposes. 
An activity will incur expenses. If these costs are linked to the activities the 
costs can be scheduled and rolled-up to produce a cash-flow statement and 
planned expenditure curves (BCWS). See Earned Value chapter. 
If a WBS is used, the activities can be linked to the work packages. This will 
enable the costs to be entered at the activity level and rolled-up to be reported at 
a higher level (see WBS chapter). 

An example of an activity would be: 

Table 7: Activity Details 

Activity Duration: A certain amount of inefficiency should be allowed for within the 
system. As one activity finishes, the next activity may not start immediately, but take 
a day or so to get organised. 
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15. Calendar / Work Pattern (part 2) 

Up to now all the calculations have assumed the project is working seven days a week. 
This is usually not the case, so we use a calendar or work pattern to define when work 
will take place. Before we can calculate an activity's start and finish date we need to 
know what days of the week the activity will be working. For example will the activity 
be working Monday to Friday, or Monday to Saturday or perhaps everyday of the 
week? We also need to know when the resources will take personal and company 
holidays together with public holidays. 

The planning packages allow the user to define a number of calendars, which can 
be linked to either the activity or the resource. Listed below are the characteristics 
associated with a calendar: 

The calendar defines the days on which work can be scheduled. 
A number of calendars can be defined. They can be assigned to any of the trades 
or even one per manager if appropriate. Each calendar being aunique combination 
of rest days and holidays. 
Rest days are the days of the week which are always taken off, i.e. weekends, 
Saturday and Sunday. Planning software packages generally assume continuous 
work (a default option is a seven day working week) except for the days the 
activity is not working (i.e. the rest days and holidays). 
Holidays can be defined as public holidays, works holidays, or your own personal 
holidays. Essentially days on which the resources will not be available in addition 
to the rest days. 
Activities and resources can be linked to a calendar number. 
If the activity does not have a calendar, the planning software may flag an error 
or default to a five day week. 

Example: The calendar and start date can affect the duration of the activity. Consider 
this example, if the calendar is to work Monday to Friday, an eight working day activity 
could take either 10 or 12 calendar days depending on where the weekends fall (see 
figure 27). 

Figure 27: Calendar Barchart 
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Consider also activity 200 (figure 28) which has a Monday to Friday calendar and is 
dependant on activity 100 which finishes on aFriday, because of the calendar, activity 
200 cannot start before Monday. 

MON TO FRI 

Figure 28: Calendar Barchart 

16. Activity Float (part 2) 

Float is ameasure of an activity's flexibility, quantifying how many working days the 
activity can be delayed before it will effect the completion date of the project, or any 
target finish dates. 

The critical path is defined as the series of activities which have zero float. The 
critical path always runs through the project from the fnst activity, to the last activity. 
As a project approaches completion a number of network arms may become critical, 
giving more than one critical path. 

If aproject has a number of finish activities on different arms of the network then each 
of these arms will become critical, if each activity takes its ownearlyfinish date as its late 
finish date. In the example (figure 29), activity 300 although indicated as critical could 
finish up to 7 days later. To prevent activity 300 from becoming critical either link it to the 
latest activity or assign a target finish date nearer the end of the project. 

Figure 29: Activity Float 
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The presentation of the critical path is usually highlighted: 
heavy print 
different type of line 
red. 

There are three main types of float in CPM and it is important to he able to distinguish 
between them to avoid confusion and errors. 

Total Float: Here the float is shared with all the other activities in the arm. If the float 
is used by one activity, this will reduce the float available for the other activities on the 
arm. Care must be taken that one does not assume each activity has this amount of 
float to itself. 

Free Float: This is a measure of the amount of float the activity can use up without 
effecting the early start of any other activity. This only happens when there is one 
activity in the network arm linked to a critical activity or milestone. 

Negative Float: When calculations show that an activity must start before the preceding 
activities are finished, this is indicated as negative float. It is an unworkable situation 
which occurs when an activity falls behind planned progress, but the end date remains 
fixed. The value of the negative float indicates how much the activity's duration or 
logic must be shortened. 

This concludes the chapter on Critical Path Method, the following chapter will show 
how the output from the CPM analysis can be presented in a Schedule Barchart. 

Key Points: 

The network diagram outlines the logic or sequence of work. 
The calendar outlines when work can be scheduled. 
Activities with zero float are on the critical path. 

Further Reading: 

Charoenngarn, Chotchai., and Popescu, Calin., Project Planning, Scheduling, and 
Control in Con.~truction: An Encyclopedia of Terms and Applications, Wiley, 1995 
Lewis, James., Project Planning, Scheduling & Control: A Hands-On Guide to 
Bringing Projects in on Time and on Budget, McGraw-Hill, 1995 
Lockyer, Keith., Critical Path Analysis, Pitman, 1991 



Schedule Barcharts 

The scheduled barchart is one of the most wide1 y used planning and control documents 
for communicating schedule information. It was originally designed before the first 
World War by an American, Henry Gantt, who used it as a visual aid for planning and 
controlling his shipbuilding projects. In recognition, planning barcharts often bear his 
name. 

Barcharts are widely used on projects because they provide an effective presentation 
which is not only easy to understand and assimilate by a wide range of people, but also 
conveys the planning and scheduling information accurate1 y and precisely. Microsoft 
conducted a survey recently of their Microsoft Project software users - the findings 
indicated that 90% of the users preferred the Gantt view in preference to the PERT 
view (networkdiagram). 

The terms planning and scheduling are often used interchangeably. However, if a 
distinction is required,planning refers to the process of generating a time framework 
for the project which becomes a schedule when start and finish dates are assigned to 
the activities. In the past scheduling generally preferred to resource scheduling. 

The barchart can either be developed on its own for a simple project, or linked to 
the criticalpath method to present the schedule of a complex network. Either way the 
scheduled barchart must be developed as a time structure for theprocurement schedule, 
resource histogram and the cash-flow statement. 

The barchart should be used in conjunction with your daily diary. The daily diary 
still provides one of the best tools for noting appointments, key dates, reply-by dates 
and planning your day's activities. 
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1. How to Draw a Barchart 

The barchart lists the activities (scope of work) in the left hand column, against a time 
scale along the top of the page. The scheduling of each activity is represented by a 
horizontal line, from the activity's start to finish. The length of the activity line is 
proportional to its estimated duration. Consider the following list of activity data from 
a house building project (table 1): 

Table 1: Activity Data (house building project) 

The calendar time scale is usually presented in days or weeks, but hours, months and 
years are also possible. The examples here will use days (see figure I). 

Figure 1: Simple Barchart (house building project) 

2. Tabular Reports 

Tabular reports provide the link between the CPM time analysis and the scheduled 
barchart. On complex projects it is preferable to develop the WBS andnetwork diagram 
before theschedule barchart, as thenemorkdiagramis the best document to establish 
the logical sequence of work. The table below (table 2) is the output from the CPM 
example (figure 14) in the previous chapter, with its corresponding barchart (see figure 
2). Note how the bars are drawn from each activity's early start to early,finish. Tabular 
reports provide an excellent structure to store (data base) and present project information 
and should be used in conjunction with the other planning documents. 
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F No Dur 0 
Repeat of Figure 14: Network Diagram [Critical Path Methodchapter] 

Table 2: Tabular Format (transferred from figure 14 CPM chapter) 

Figure 2: Scheduled Barchart (note the A has been removed from 
the activity number to simplify the activity number) 
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3. Activity Float 

The barchart presentation will now be further enhanced with the introduction of activity 
float (figures 3 and 4). The accepted presentation is to show the float at the end of the 
activity from earlyfinish (EF) to latefinish (LF), and denote it as a dotted line with a 
symbol at the end, usually an upturned triangle or diamond. The figure shows the float 
both before and after the activity bar. 

f \ 
ES EF LF 

Float = LF - EF 

ES LS LF 

Float = LS - ES v- - - - - - - - - - - 

\ J 

Figure 3: Activity Float 

By implication it may be assumed that any activity without float is on the critical path. 
However, in practice planners are reluctant to show float as it is human nature for 
people to work to their late finish, thus making all activities critical. 

Figure 4: Barchart (showing activities 300 and 500 with float) 
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4. Select and Sort Functions 

The "select" or "filter" andb'sort" or "order" functions which are available on software 
packages, enable the planner to select which activities are included in the barchart and 
determine the order they are presented. This facility will ensure schedule information 
is presented to the right person in the appropriate format. 

Select: The select function indicates where the schedule information can be found in 
the project's data base, consider the following: 

"Select" where activity data is present, this may sound obvious, but if an activity 
has no schedule information you may not want to show it on the barchart. 
"Select" where float = 0 (this will select all the activities on the critical path). 
"Select" where float < (less than) 7 days (this will select all the activities that 
should be working next week otherwise they will become critical). 
"Select" where Responsibility = "Sandra" (this will only select Sandra's scope 
of work). 
"Select" where Early Start > (greater than) 1st Jan and < (less than) 1st March 
(this will select all the activities starting in January and February). 

These are just a few examples of the select techniques available to extract information 
from your data base. 

Sort: Once the data has been selected the next step is to arrange the data into a suitable 
order for presentation: 

Numerical: Ascending or descending. This could be the WBS or activity 
numbers, activity duration or float. Also consider ordering by least cost for 
activity crashing (acceleration) purposes. 
Alphabetical: This could separate out schedule information by responsibility - 
name, department, company or location. This is how telephone directories are 
sorted. 
Date: Barcharts are usually sorted by early start (see figure 5) to present the 
activities in the order they are starting. This will arrange the activity bars top 
left (first) and bottom right (last), giving the characteristic cascade effect. 

Figure 5: Barchart Sorted by Early Start (giving characteristic 
cascade effect) 
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By skilfully using the above commands the data can be arranged in the format required 
for calculation or presentation. Sorting is an iterative process, with each sort the data 
becomes more structured. Using the previous example again (figure 2), select information 
where activity data is present and sort by early start (see figure 5). Note the activity 
numbers are not in sequence any more. Consider now sorting by responsibility and 
early start (see figure 6). 

Figure 6: Barchart Sorted by Responsibility and Early Start (this groups 
Sandra's and Linda's work separately. This can now be printed out and sent to the 
responsible person) 

5. Hammocks 

A hammock or summary activity is used to gather together a number of sub-activities 
into one master activity. This is useful for layering or rolling-up the planning presentation 
and could Link in with the WBS structure. Consider the house building project from the 
beginning of this chapter (see figure 1 and table I) ,  with each of the three main activities 
sub-divided into a number of tasks (see table 3 and figure 7). 

Table 3: Hammock Activities (with associated tasks) 



Figure 7: Hammocked Barchart (where the hammock bar is always from the start of 
the earliest activity to the end of the latest activity) 

With hammocks the barchart can now be presented at the appropriate level of detail - 
less details for the senior managers - more detail for the people carrying out the activity. 
This ability to vary the level of detail is fundamental to project planning and control. 

6. Events, Keydates and Milestones 

The principle difference between an activity and an event is that an event has zero 
duration - it is a point in time. An event, also calledkeydateor milestonerepresents a 
happening on a particular day, this could be when the order is placed, the plans are 
approved, goods are received or even the start and finish dates of an activity. Consider 
the following characteristics: 

An event has no duration, it is a point in time. InMicrosoft Project, for example 
an event is an activity with zero duration and would appear on the screen as a 
diamond symbol. 
An event may be the start or finish of an activity, WBS work package, project 
phase or the project itself. 
An event focuses the project on a checkpoint, a major accomplishment, a 
deliverable result, a stage payment or an approval to proceed. 
An event could be the interface between trades or contractors as one hands over 
to another. 
Data capture will be more accurate if the scope of work is sub-divided into 
milestones. 

An example of an event would be the award of contract (see table 4). 
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Bescription 1 Award of contract 

Ndget 1 Nil 

Duration 10 Days 

Resources 1 Nil 

Table 4: Characteristics of an Event 

Managing events gives a clear focus on when work must be completed and hence a 
clear measure of progress. Using plenty of milestones pushes the planning down to an 
appropriate level. Consider figure 2 with the start and finish of each activity as an 
event shown in figure 8. This would empower the supervisor to manage their resources 
to meet these keydates. 

0 =start + = Finish 

Figure 8: Event Barchart (house project showing events at the start 
and finish of all the activities) 

The keydate schedule offers another type of planning presentation which can be used 
on its own or in conjunction with a scheduled barchart. 

7. Revised Barchart 

The Gantt chart was originally designed as a planning and control tool where the 
actual progress is marked up against the original plan. This progress bar can be drawn 
above, inside or underneath the original bar. This way the project manager can see at 
a glance how each activity is progressing and where control may be required to guide 
the project to completion. There are two ways of drawing the Gantt chart: 

Draw progress bar relative to timenow 
Draw progress bar to timenow and show the knock-on effect. 



PROJECT MANAGEMENT: PLANNING AND CONTROL TECHNIQUES 

Consider the following set of two activities at timenow 2 (figures 9 and 10): 

Figure 9: Revised Barchart (draw progress bar relative to timenow 2) 

Figure 10: Revised Barchart (draw progress bar to timenow 2 and 
show the knock-on effect) 

Drawing the progress relative to timenow (figure 9) is easy to mark-up by hand and 
clearly indicates where control is required. And if the progress over successive weeks 
is marked up on the same document progress trends can also be established (see figure 
12). 

If you are intending to apply control to bring the project backon track the knock-on 
effect to the end date of the project is of little interest, however if any keydates are 
effected this could disrupt the project. The effect on the keydates in the short term can 
be identified by using a three week rolling horizon barchart (see figure 11). 
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The other barchart showing the knock-on effect (figure 10) will show the effect on 
keydates and also identify where activities may have become critical. The computer 
will produce this revised barchart at the touch of a button, but to revise this document 
by hand would be a laborious task. 

Baseline Plan: For effective control the project's baseline plan must be frozen - 
accepting only approved changes. Without a baseline plan it would be impossible to 
calculate progress variances and control would be lost. 

Data Capture: To draw the revised barchart the planner needs to capture progress 
information. This can be achieved by setting-up a progress reporting sheet - consider 
the following (table 5): 

Table 5: Data Capture Format (proforma) 

WBS 

The progress report should start with the reporting date or timenow. The progress 
should be reported against a WBS number or an activity number. The start and finish 
dates are important milestones (or inch pebbles) which clearly state if the activity has 
started and if it has finished. 

To draw the revised barchart the planner needs to know the remaining duration as 
the barchart scale is a time scale not a percentage complete scale. Percentage complete 
and remaining duration are often directly linked, but this can be misleading or inaccurate 
- consider the following: 

When you state that a 10 day activity will take another 4 days to complete, you 
have implicitly stated that the material, resources and funds are available to complete 
the work. However by stating that the progress is 60% complete, you have said nothing 
about when you intend to complete the activity. 

On a long duration activity - as the work nears completion the supervisor will have 
a more accurate feel for the remaining duration as opposed to the percentage complete. 
Any changes to the activity logic should also be considered when reporting progress. 

ActMty Remaining 
Duration 

Percentage 
Complete 

Start Date Finish Date 

I 
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8. Rolling Horizon Barchart 

The rolling horizon barchart, or rolling wave barchart is a simplified barchart which 
focuses on a short period ahead - maybe two or three weeks ahead. This type of barchart 
lends itself to a manual presentation as thescope of work is limited to just the activities 
that are working. 

The rolling horizon barchart can be partly computerised by preparing a planning 
proforma, as shown below (figure 11), which includes the scope of work, but no 
scheduling. The manager or foreman can then draw up the scheduling data by hand. 
Drip-feeding the job cards limits the opportunity for the shop-floor to change the logic 
and conveniently forget unpleasant activities. 

Figure 11: Rolling Horizon Barchart (marked by hand) 

The rolling horizon barchart can also be marked-up on the original barchart - this will 
give a clear indication of progress, but could become cluttered and confusing. The 
main purpose is to focus on what can be done, rather than what the original barchart 
says should be done - this is particularly important when the project is significantly 
behind as unachievable targets adversely may affect morale. 

The rolling horizon barcharts are generally best produced by the team leader or site 
managers who are at the work face. The planner should then incorporate the information 
into a master schedule to check the keydates will still be met - and if they have changed, 
communicate this to the interested parties. 

This type of barchart should be very accurate as it is based on the latest data and 
drawn up by someone working close to the action. It is quick to draw and only includes 
relevant information on the activities that are working. Care should be taken, however, 
not to solely use the rolling horizon barchart on its own, as planned activities which are 
not working may be conveniently forgotten. 
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9. Trend Barchart 

The progress trend barchart enables the project manager to judge the direction and 
&end of the project at a glance. This is achieved by marking on the original barchart 
the successive weekly or monthly progress. The points of interest are: 

Activities which are behind schedule - are they catching up? 
Activities which are ahead - are they maintaining their position? 

The progress trend barchart shows a number of possible situations (figure 12): 

Figure: 12. Progress lkend Barchart 

Analysis of the trend barchart (figure 12): 
Activity 100 progress as planned. 
Activity 200 progress behind and steady. 
Activity 300 progress behind and getting worse, would be an area of concern. 
Activity 400 progress behind but catching up. 
Activity 500 progress ahead and steady. 
Activity 600 ahead but losing ground, keep an eye on this one. 

This simple but effective presentation can be drawn by hand on the original barchart 
and photocopied for circulation. To quantify the overall performance use this progress 
trend barchart in conjunction with the earned value presentation. 
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10. Gantt Chart 

The positive features of the Gantt chart may be summarised as follows: 
The barchart presentation is easy to assimilate and understand. 
The barchart displays activity progress very clearly and simply. 
Activity float is easier to comprehend when shown on a barchart. 
A scheduled barchart is a prerequisite for forecasting theprncurement schedule, 
the resource histogram and the cash-flow statement. 
The revised barchart is an excellent management tool for planning and control. 
A barchart can be used to communicate and disseminate schedule information. 
A barchart is a key document for the management decision-making function. 

But the Gantt chart (in its original form) also has two main shortcomings: 
Showing interrelationships. 
Multiple decision-making. 

Inter-Relationships: The Gantt chart does not explicitly indicate the sequences and 
interrelationships between the activities. If an activity is accelerated or delayed it is not 
always possible on a complex project to see the effect this will have on the other 
activities. 

Multiple Decision-Making: Before an activity can be placed on the Gantt chart a 
number of factors have to be considered and decided on simultaneously: 

The logical sequence of the activities. 
The activity's duration which depends on procurement delive~y, availability of 
resources and funds available. 

An effective plan must address equally these factors of logic, time, procurement, 
resources and costs. Unfortunately as projects became larger and more complex, the 
Gantt chart was found to be lacking as a planning and control tool if used on its own. 
The Gantt chart's problems and shortcomings can, however, be overcome by using it 
in conjunction with the CPM and it's network diagram. 
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11. Logic Barchart 

The logic barchart or linked barchart shows the activity's logical relationships explicitly 
on a barchart format. This technique is certainly appropriate for modest sized projects, 
but as the number of activities increase on large projects so the presentation will become 
increasingly cluttered. The logic barchart uses the same techniques used to develop the 
network diagram (see the CPM chapter). 

Figure: 13. Logical Barchart (showing logical links) 

This concludes the chapter on Schedule Barcharts which is the key document for 
issuing planning and control information. The next chapter on theprocurement Schedule 
will develop the following technique outlined in the Planning and Control Cycle. 

Key Points: 

The schedule barchart is the most widely used document to convey planning 
information. 
The selection and sort functions helps to structure the barchart presentation. 
The revised barchart assists project control. 

Further Reading: 

Chamenngam, Chotchai., and Popescu, Calin., Project Planning, Scheduling, and 
Control in Construction: An Encyclopedia of T e n s  and Applications, Wiley, 1995 
Lewis, James., Project Planning, Scheduling & Control: A Hands-On Guide to 
Bringing Projects in on lime and on Budget, McGraw-Hill, 1995 
Lockyer, Keith., Critical Path Analysis, Pitman, 1991 



Procurement Schedule 

Project procurement management deals with the acquiring of goods and services required 
to perform the project's scope o f  work. This could be drawings, materials, equipment 
or professional services from a number of vendors and suppliers, or company 
departments outside of the project team. 

The procurement schedule should be considered after the network diagram and 
schedule barchart have been established, but before the resource histograms andcash- 
flow statements. It is important to identify the items which have a long lead time 
(particularly those items on the critical path), and identify any special handling and 
storage requirements. The procuring of long lead items may delay the start of its 
associated activities. These need to be identified and managed by either: 

Accelerating the procurement cy cle, or 
Adjusting the schedule barchart. 

The trade-off here is between buying the materials early or just-in-time (JIT). Using 
the JIT approach will reduce the pressure on the cash-flow and storage, but will increase 
the risk of schedule delays. 

As the value of the procured goods and services increases, particularity with the 
trend to out-sourcing, so the procurement function will have a greater influence on 
project success. 

1. Procurement Cycle 

The procurement process can be effectively presented as a cycle which outlines a 
series of discrete steps. In practice there may be some iteration between certain steps 
and indeed the steps may be carried out in a different order. 
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Procurement Planning: Procurement planning is the process of identifying what 
products and services are best procured outside the project organisation - it is the buy 
or make decision which involves: 

what to procure 
how much to procure 
when it is required 
when to procure 
how to procure (contract). 

Procurement List: The procurement list is developed from the project's scope of 
work. On a construction project the drawing office would generate a bill of materials 
(BOM). This material list should give all the necessary details; manufacturer, model 
number, specification, type, colour, rating, level of inspection, etc. 

From this material list the project manager must decide to buy-or-make. This 
decision may require input from other company departments and outside vendors to 
assess market conditions and the company's expertise and resource loading. 

Buy: when your company lacks the expertise, or when your resources are 
overloaded, or when an outside contractor makes you an offer you cannot refuse. 
Make: when company resources and expertise are available and under utilised. 

Procurement Schedule: Theprocurement scheduleis developed after the CPMnetwork 
diagram and schedule barcharts have been produced, but before the resource 
histograms and cash-flow statements have been considered. By working back from 
the activities early startdates, subtracting the purchase order lead time and thejust-in- 
time JIT margin, will give the order by date (see table 1). 

Supplier and Vendor List: All potential suppliers and vendors need to be identified 
and pre-qualified according to the project quality plan. 

Invite to Tender: Compile a bid package for the suppliers which contains all the 
information they need to quote. 

Tender Adjudication: Scrutinise the tenders and negotiate with the suppliers to achieve 
the best conditions and prices, while striving for a win-win arrangement. This process 
should take advantage of market conditions. 

Raise the Order: Comply with corporate standard terms and conditions of contract. 

Expedite: Follow-up the order to ensure and encourage the suppliers to meet their 
contractual requirements (particularly quality and time). Expediting makes the order 
happen. 

Transport: Consider the different methods of transport (see Project Estimting chapter). 
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Receiving: Check the goods against delivery note, check the delivery note against the 
order and check the quality of the products. A project I was working on received two 
counter rotating gearboxes for an Offshore Supply Vessel, but on inspection they were 
found to both rotate the same way! Fortunately this was picked up while we had time 
to have the correct type shipped over. 

Warehousing: Store the delivered items for safe keeping. The moving may require 
special handling and special storage. Issue the stock against the required internal 
requisition order. 

Accounts: The accounts should check the budget, purchase order, invoice and delivery 
note for variances before making payments. 

2. Procurement Schedule 

The procurement schedule integrates the project schedule with items to be procured, 
the lead time and warehousing just-in-time (JIT) stock control. Consider the following 
house building example (see figure 1): 

The shell of the house has been completed and activity 1 (in this case) is the roof 
inspection. The network diagram and scheduled barchart have been calculated as 
shown. On day 1 you decide to procure all the required materials for the next phase of 
the project. The lead time, which includes day 1, is given by the supplier for their scope 
of supply. The items are required to be on site the day before the activity is scheduled 
to start (JIT). The required dates have been transferred from the early start barchart. 

-b 

KEY = 

Electrical wiring 

2 1 36 

Roof inspection 

1 I I d  

Description Ll 

- -b 

- 

Flowers 

m 
Top soil 
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ID =Activity Number 
Dur = Activity Duration 

Handover 
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+ 

Figure 1: Network Diagram (house project) 
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8 Alarm system I I I I 1-n~ p~ 

9 Handover 

Figure 2: Schedule Barchart (house project) 

Table 1: Procurement Details (house project) 

Procurement Analvsis: 
Activity 1 - can start and finish as planned, no procurement required. 
Activity 2 - the material should arrive on the lst, therefore it can start and finish as 

planned. 
Activity 3 - the material will not arrive until the 3rd, therefore it cannot start until the 

4th and finish 2 days late. 
Activity 4 -the material will not arrive until the 3rd, therefore it cannot start until the 4th. 
Activity 5 - the material arrives on the 3rd, but it cannot start until activity 2 has 

finished. 
Activity 6 - although the material arrives a day late this activity cannot start until 

activity 3 is complete (logic constraint). 
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Figure 3: Revised 
Schedule Barchart 
(house project) 

0 = Original plan 

= Re-scheduled (for procurement) 

Activity 7 - although this activity is delayed 2 days by activity 4. It is delayed a further 
day by the late delivery of materials. 
Activity 8 -the material will not arrive until the Sth, therefore this activity cannot start 
before the 9th. 
Activity 9 - is delayed by activity 8 and therefore the handover is delayed to the 12th. 

If any activities are delayed due to late procurement look at the network diagram to see 
if the knock-on effect delays any other activities. The schedule barchart indicates 
when the procurement is required, working back the lead time will indicate when the 
procurement item must be ordered. If any of the items are going to be late, then the 
barchart must be re-scheduled. 

3. Procurement Control 

Once theprocurement schedule has been developed, the procurement control function 
is the project management process to make-it-happen. This can be effectively achieved 
by expediting the plan through a procurement control document. The purpose of the 
procurement control document is to gather together (on one sheet if possible) and summarise 
all the related functions. These fields may include the following (see tables 2,3,4 and 5): 

Table 2: Procurement Control 

Table 3: Procurement Control 
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I I I I I I 
Table 4: Procurement Control where ES = Early Start 

Table 5: Procurement Control 

4. Expediting 

Progress expediting or progress chasing follows through (or walks through) all the 
purchase orders and instructions encouraging them to happen. Consider asking the 
following questions: 

Have your received the order? 
Is the order understood? 
What is your job number? 
Who is your project manager? 
Has the job been planned into your production system (show me)? 
Are the materials available (show me)? 
Are the resources available (name them)? 
Is the work progressing as planned? 
Are there any problems? 
Will you meet the contracted delivery date? 

Expediting should give an early warning of any supply problems which will give the 
project manager time to respond. This concludes the chapter on Procurement Scheduling, 
the following chapter will discussResnurce Planningthe next technique in the Planning 
and Control Cycle. 

Key Points: 

Sub-divide the bill of materials (BOM) into buy or make. 
Identify long lead items. Order early to meet the schedule, or re-schedule to 
accommodate any delays. 
Expedite all important orders to ensure they happen. 

Further Reading: 

Turner, Rodney., Handbook of Project-Based Management, McGraw-Hill, 1993 



Resource Planning 

Project managers face a challenge with every project, trying to execute the tasks to 
meet the required quality standards, while expending minimum possible time, cost and 
resources. The discussions so far have assumed an unlimited supply of resources, 
however, in reality this is obviously not the case, so here the text will outline methods 
and techniques for integrating resource planning with time planning. 

A resource may be defined as the machine or person who will perform the scope of 
work. Resource planning is therefore forecasting the resources required to perform the 
scope of work within the time plan. The resource constraint should be considered after 
the network diagram, schedule barchart and procurement schedule have been 
developed, but before the cash-flow statement. 

1. Resource Estimating 

The resource estimate is linked directly to the scope of work and bill of materials 
(BOM).  The scope of work may be expressed as so many tonnes of steel, or so many 
square metres of wall to be painted etc. From this description the estimator can convert 
the scope of work into manhours per unit " X .  

The next step is to consider the direct trade-off between the resource requirement 
and the activity's duration. Consider the following, if the scope of work is to erect 12 
tonnes of steel and the estimator knows from past experience that the work can be done 
in 150 manhours per tonne and the men work 10 hour shifts, then the equation is: 

(12 tonnes x 150 man-hrs per tonne) = 180 mandays 
10 hrs per day 
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The resource / duration trade-off would then be as follows:- 

Table 1: Resource Duration Trade-Off 

By varying the resource availability, the duration of the activity will change. As the 
time and budget parameters are the first to be planned, the room for resource planning 
may have already been constrained. In this case the resource analysis function is to 
forecast the manpower resources required to meet the time and budget (these may 
already have been agreed in the tender). 

In the above example (table I), the duration was expressed as a fraction of a day. In 
reality you may find that the smallest reasonable time unit is half a day or even a whole 
day. This will obviously depend on the type of work and the flexibility of your workforce. 

In practice the figures are not always so simple - certain industries work in multi-trade 
gangs, for example, a bricklayer, plasterer, electrician, carpenter and labourer may 
work together and the estimated total hours may include a contribution from each 
trade. 

2. Resource Forecasting 

The next step is to forecast the total resource requirement by discipline or interchangeable 
resource. An interchangeable resource is when you have a pool of workers and any one 
of them could perform the work. This is done by compiling all the resource estimates 
and presenting them in a structured resource table. The following headings for the 
resource table are typical of those used by the project management software (see table 
2 and figure I). 

Table 2: Resource Table 
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Figure 1: Resource Forecast - Barchart and Histogram (the barchart 
shows the number of resources per activity per day, and the histogram 
shows the total resource required per day) 

Activity Number: (see table 2) The resource information is addressed through an 
activity number. Therefore the timing of the resource can be linked directly with the 
schedule of that activity. This is why it is necessary to perform the CPM analysis and 
activity scheduling before the resource analysis. 

Resource Type: This field is used to distinguish the different types of resource, for 
example, it could be Mr Smith, an engineer, a welder or in this case a builder. 

Quantity per Day: Use this field to enter the quantity of resource required per day, in 
this case activity 100 requires 2 builders per day. 

Duration: Use this field to indicate how many days the resource will be working on 
that activity. This number can be less than the duration of the activity, but obviously 
not more. 

Lead Time: The lead time is the difference between the activity's scheduled start and 
the resource's start. For activity 200 the builder starts two days after theearly start of 
the activity. 

If there is more than one resource working on an activity, use additional lines of 
information. If the resource quantity per unit time varies, a number of entries are 
required to define the profile mathematically. The resource table can be developed by 
taking horizontal or vertical slices through the resource profile. 
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3. Resource Availability 

The next step is to quantify the resources available inside and outside the company. 
The following points should be considered: 

Other resource commitments - if your company is involved in anumber of projects 
which all draw from a common labour pool, the other projects' requirements 
must also be considered. 
The anticipated sickness and absenteeism rate - a planner from a UK company 
advised me that they have to allow for a 25% absentee rate based on their past 
time sheets (see figure 2). 

Resource 
Reauirement 

Time b 

Figure 2: Planning for 25 % Absenteeism 

Keeping the above points in mind, the resource availability table will be developed. 
Consider the following example (table 3 and figure 3): 

3 
Figure 3: 
Resource $ 
,\vailahility .g 

m Histogram ~5 

0 

Table 3: 
Resource 
Availability 

1 15 2 31 
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This profile indicates the extent of the Christmas break when no engineers are available. 
The resource availability table differs from the resource forecast table in that it is 
linked to the resource, or resources and not to an activity. It simply identifies the 
resource and the quantity available between certain dates. 

Company holidays, public holidays, religious holidays and maintenance shutdowns 
can be programmed in. This step ensures that no work is scheduled when the workforce 
is not available. A new line will be required in the resource table to defme each non- 
working period. 

4. Resource Histogram 

The resource histogram is a popular planning tool because it gives a good visual 
presentation which is easy to assimilate and understand. The prerequisites for drawing 
the resource histogram are: 

early start barchart (after considering the procurement requirements) 
resource forecast per activity. 

By using the early start barchart it is assumed that the planner wishes to start all 
activities as soon as possible and keep the activity float for flexibility. Once the resource 
requirements have been added to the early start barchart, the daily requirements are 
summed by moving forward through the barchart one day at a time to give the total 
resource required per day. 

The total daily resource requirements are then plotted vertically to give the resource 
histogram. It is important to note that separate resource histograms are required for 
different trades. Consider the following example (table 4): 

Table 4: Resource Table 

Step 1. Draw the barchart (see figure 4). 
Step 2. Transfer the resource per day from the table 4, above to the barchart. 
Step 3. Add the resource per day vertically to give a total daily requirement. 
Step 4. Plot the resource histogram (see figure 4). 
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Figure: 4. Barchart and Resource Histogram 

5. Resource Loading 

The resource forecast is now compared with the resources available. The ideal situation 
is achieved when the resource requirement equals the resources available. Unfortunately, 
in project management this seldom happens, because it is not always possible to adjust 
supply with demand, so some form of compromise is essential. 

A resource overload is when the resource forecast exceeds the available resources, 
while a resource underload is when resource forecast is lower than the available resource. 
A resource overload will lead to some activities being delayed which could delay the 
completion of the project, while a resource underload will under utilise the company's 
resources which could have a detrimental effect on the company's profitability. 

Consider the example in figure 4, when there are only 6 resources available, the 
resource loading will be as displayed in figure 5. 

The resource histogram now shows the forecast and available resources both as a 
histogram and numerically. The overloads and underloads can now be identified and 
addressed as follows: 

Resource Smoothing: assign resources to critical activities first, then try moving 
the other activities to ease any overload and under-utilisation. 
Time-Limited Resource Scheduling: the end date of the project is fixed, so 
resources must be increased to address any overloads. 



PROJECT MANAGEMENT: PLANNING AND CONTROL TECHNIQUES 

Figure: 5. 
Resource 
Loading 

Resource-Limited Resource Scheduling: the maximum number of resources 
is fixed, so the end date may need to be extended to address any overload. 
Increase Resources: to address an overload. 

= Reduce Resources: to address an underload (underutilised). 

6. Resource Smoothing 

Resource smoothing is the process of moving activities to improve the resource loading 
profile. The first step is to select the resource to be smoothed, because it is not possible 
to smooth for more than one resource at a time. To decide which resource to smooth 
consider: 

The resource that is most overloaded. 
The resource that is most used on the project. 
The least flexible resource - this could be the resource that comes from overseas, 
is difficult to get hold of or is least available. 
The most expensive resource to hire. 

After you have smoothed for the chosen resource, the other resources must follow the 
revised schedule. Unfortunately, you will have to accept this compromise with the 
other resources, because to smooth for another resource may put the first resource 
back into overload. Resource smoothing levels the resource overload to meet the resource 
available. The resource histogram can be levelled by moving activities away from the 
overloaded area by either: 

Changing the logic of the network. 
Moving non-critical activities within their float so that the end date of the project 
is not affected, while making sure the network logic is maintained. This is similar 
to assigning resources to critical activities first. 
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Continuing with the above example (figures 4 and 5), the resource overload can be 
addressed by simply moving activity 200 by two days. However as thenetworkdiagram 
shows (see figure 6), activity 200 has ajinish-to-start relationship with activity 400, 
therefore activity 400 will also have to move forward by at least two days. The resulting 
barchart and smoothed resource histogram are shown in figure 7. 

Figure 6: 
Network 
Diagram 

Move >>>> 

Task 200 Task 400 

Task 100 H Task 600 D 
Task 300 Task SO0 

Figure 7: Barchart and Smoothed Histogram 
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7. Time-Limited Resource Scheduling 

Time-limited resource smoothing is used when the end date of the project cannot be 
exceeded. In which case any resource overloads will have to be addressed by increasing 
the resources when they are required (see figure 8). This situation could occur when: 

The project has heavy time penalties. 
The project is part of another project with critical access dates, for example, an 
accommodation module for an offshore platform. 
Building a new hotel to meet the summer season. 
Opening of the Olympic Games. 

Time 

Figure 8: Time-Limited Resource Scheduling 

Once the end date of the project and milestones have been contractually agreed, time- 
limited scheduling will become a powerful tool to assist the planner to achieve these 
commitments. 

8. Resource-Limited Resource Scheduling 

Resource-limited resource scheduling is when there is a resource limit which cannot be 
exceeded, if there are any resource overloads then some planned activities will have to 
be delayed. If this process delays any critical activities, then the end date of the project 
will be extended (see figure 9). This situation could occur in any of the following 
situations: 

A confined space will limit the number of people able to work there. 
Where there are limited facilities, for example the number of bunks available on 
an offshore platform. 
Where there are equipment limitations, e.g. the number of computers, machines, 
drawing boards, lifts or scaffolding. 
Safety requirements may limit the number of workers in a certain area. 
Restricted access might effect the movement of materials and equipment, e.g. 
building a house on a mountain slope or downtown office block. 

The frustration of the real world, of course, is that your employer will always expect 
you to achieve the contractual end date even though the resources are not available 
(see figure 10). 
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Figure 9: Resource- 
Limited Resource 
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9. How to Increase Resources 

When the resources are overloaded there are a number of options to increase the resources 
available: 

Working Overtime: This will increase the number of workhours available 
without having to employ more staff. This can be achieved by working more 
hours per day and more days per week, however working overtime will increase 
the labour rate and may reduce productivity. 
Working Shifts: This will increase the utilisation of machines, equipment and 
also increase the number of manhours worked in confined spaces. 
Increase Productivity: Education and training should improve productivity 
especially if it incorporates automation. However, this is really a long term 
strategy which may not be able to address your short term needs. 
Job and Knock: When the workers have finished a job, they can leave the 
factory, although they will be paid for the full day or shift. The benefit here is 
that the job will not be stretched out. 
Learning Curve: If the project involves a certain amount of repetitive work, 
the planner could expect to see the number of manhours reducing on subsequent 
units. Consider the following example (table 5, figure 11) from a boatyard 
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manufacturing a series of similar yachts. This example shows a learning curve 
where the manhours per unit reduce exponentially until it reaches an optimum 
efficiency. 

Table: 5 Manhours per Hull 

Manhours (~1000) 
20 

15 

10 
I 

5 

0 
1 2 3 4 5 

Hulls 

Figure 11: Learning Curve (showing reducing manhours per hull ) 

Sub-Contractors: Using sub-contractors will increase the workforce in the short 
term. The benefit here is that there are no long term commitments, but the labour 
costs will be higher. Using sub-contractors can also be useful to check the 
performance of your in-house workforce. 
Scope of Work: If it is not possible to increase resource availability, as a last 
resort you may consider reducing the scope of work to meet a fixed end date. 

10. Reduce Resources 

When the resources are underloaded, or underutilised there are a number of options for 
reducing the available resources: 

Move unemployed resources to critical activities. 
Move unemployed resources to fill-in jobs which either have a resale value or 
can be used by the company, e.g. building a spec house. 
Hire out resources internally or externally - the hire rate can be competitively 
reduced to at least make a contribution to their salary. 
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Pre-manufacture to make components before they are needed. However, check 
the trade-off between resource utilisation and the additional cost of the trial 
assembly, disassembly and handling. 
Maintenance of equipment during slack periods. 
Train your workforce during slack periods to gain new skills which will make 
them more productive and flexible in the future. 
Send the underutilised workforce on leave. 

The profit of a company in the long term may well depend directly on the efficient 
utilisation of it's resources. 

11. Resource Planning and Control 

The initial CPM analysis was performed without considering the resource constraint. 
Now that the resource analysis is complete, certain activities may have been moved 
during the resource smoothing, the baselineplan will therefore need to be re-scheduled. 

The earned value technique often uses resources to gauge a project's performance. 
Using the example in figure 7 the baseline plan is expressed as the running total to 
give the characteristic S curve (see figure 12). Earned value calls this curve theBudgeted 
Cost for Work Scheduled (BCWS). (In this case we are using manhours instead of 
costs, see Earned Value chapter for more details). 

1 2 3 4 5 6 7 8 9 1 0 1 1  

Time 

Figure 12: Cumulative Resource S Curve (developed from figure 7) 

The resource calculations outlined above indicate the optimum resource utilisation to 
meet project objectives, but they do not address the human element. The project manager 
must bridge the gap, in terms of explanation and persuasion, between what should be 
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done mathematically and what can be done practically. It is generally accepted that a 
workforce will tend to be more adaptable and committed when given the opportunity to 
participate in the planning process. Some planning and control considerations are: 

When a project is running late, bringing in more resources may well delay the 
project even further. 
It may be possible to split activities which have float. In this situation workers 
would be moving between unfinished jobs. Concern here would be for the lost 
time of production while moving, setting up and re-organisation. However, in 
reality this is quite common. 
Clients often require amanpower plan to check that the contractors have sufficient 
resources to meet project objectives. 

12. Multi-Project Resource Scheduling 

Up to now the manpower resources have only been considered for a single project. 
Consider now what happens when the company is running many projects at the same 
time, each calling on the same pool of resources. 

Multi-project resource scheduling addresses this problem by joining all the projects 
together to form one large company project. This allows the total requirement of the 
projects to be compared with the total company pool of resources. Any smoothing will 
now consider all the projects at the same time. 

In the CPM chapter it was recommended that all the activities, even of other projects, 
should have different numbers. The reason becomes evident when performing 
multi-project resource smoothing. If two activities have the same number the last activity 
entered will overwrite to the previous one - with disastrous results. It is, however, a 
problem which can be simply addressed by assigning a prefix or suffix to the activity 
number or adding the project number. 

Multi-project scheduling adds a further dimension to resource management enabling 
senior management to prioritize the projects, this will assign resources to the high 
priority projects first. 

13. Planning Software 

Resource analysis requires a tremendous amount of mathematical calculation. It is 
therefore desirable to use computer software for this type of analysis. Planning software 
generally use the following steps: 

Select where the data is located. 
Order the data for the calculation. 
Calculate the resource information using pre-defined algorithms. 

Select: Selection of data is usually a simple matter of telling the computer where to 
look for information in the data base. Typically select where resource information is 
present. 
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Order: The ordering of the activities is the first step in building a priority list for the 
assigning of resources. Although there is no "right" or "optimum" priority list it is 
generally accepted that a set of decision rules will produce a better schedule than an 
ud-hoc approach. On a large project it may not be physically possible to manually test 
all the resource conflicts so some routine must be set up. A typical priority order 
would be: 

1st priority: total float (critical activities first) 
2nd priority: early start 
3rd priority: duration 
4th priority: record number 

The priority would be established by first looking at the activity's early start. If more 
than one activity has the same early start, it then looks for the activity with the least 
float. If there is more than one activity with the same float, it then looks for the activity 
with the least duration and if that is not sufficient it then orders the activities by record 
number. It is not always possible to justify your priority decision rules on logical 
grounds and the results cannot be assumed to be an optimum solution. The following 
points should, however, help to establish a framework for your priority. 

On a long project it may not be realistic to schedule in any great detail many 
months from timenow, because as the project rolls forward the situation and 
trade-offs may well change. With this line of thinking, early start should have a 
high priority. 
The size of the float is a measure of the amount of flexibility or movement an 
activity has before it effects the critical path. Resources should be assigned first 
to the activity with the least amount of flexibility, i.e. critical activities. 
The duration and cost would be a measure of the size of the activity, therefore, 
assign resources to the larger and more expensive activities first. 
If no clear priority can be established using the above conditions, simply order 
by activity number or record number. 

During the life of the project it is often found that the priority list might change to 
accommodate internal and external pressures. This can be easily incorporated during 
the regular progress revisions. This concludes the chapter on Resource Planning, the 
following chapter will discuss the financial side, particularly the cash-flow statement. 

Key Points: 

Compile resource histograms to compare resource forecast and resource 
availability and report overloads. 
Allocate resources to the critical activities first. 
The cumulative resource manpower S curve is used for the earned value 
calculation. 

Further Reading: 

Gido, J., and Clements, J., Successful Project Management, South Western College 
Pub, part of ITP (International Thomson), 1999 
Turner, R., Handbook of Project-Based Management, McGraw-Hill, 1993 
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The financial success of a project depends not only on the project making a profit, but 
also financing the project through theproject life-cycle. Statistics clearly indicate that 
more companies go into liquidation because of cash-flow problems than for any other 
reason. The project manager must therefore plan and control the project's cash-flow. 
Project accounting should not be confused with financial accounting or management 
accounting which are used within the corporate environment. From the definitions, 
however, you will see there is some common ground. 

Financial Accounting: keeps a record of all the financial transactions, payments in 
and payments out, together with a list of creditors and debtors. This information gives 
the financial status of a company using the generally accepted accounting principles. 
The three main reports are; the balance sheet, the income statement and thecash-flow 
statement. 

Management Accounting: also called cost accounting, uses the above financial 
information particularly lrom the profit and loss account to analyse company 
performance. This analysis will assist management decision-making with respect to 
estimating, planning, budgeting, implementation and control. 

Project Accounting: uses a combination of both financial accounting and management 
accounting together with some special project management tools (WBS, CPM and 
earned value) to integrate the project accounts with the other project parameters. 
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1. Cash-Flow Statement 

The cash-flow statement is a document which models the flow of money in and out of 
the project. The time frame is usually monthly, to coincide with the normal business 
accounting cycle. The cash-flow statement is based on the same information used in a 
typical bank statement, except that here the income (cash inflow) and expenditure 
(cash outflow) are grouped together and totalled. In a project the contractor's income 
would come from the monthly progress payments, and the expenses would be wages, 
materials, overheads, interest and bought-in services. While the client's income would 
come from the operation of the facility (after the project has been completed) and the 
expenses would be the invoices from the contractors and suppliers. Consider the 
following example where: 

* Brought forward amount for January is $5,000 
* Income: January $10,000, February $15,000, March $20,000 
* Expense: January $8,000, February $12,000, March $16,000 

Use the following steps as a guideline to solve the exercise. 
Step 1: Set up the cash-flow statement headings (see table 1). Use monthly headings 
(fields or columns) to cover the duration of the project. 

Table 1: Cash-Flow Statement (proforma) 

Step 2: The brought forward (B I F) for January is given at $5,000 (see table 2). 
Step 3: List the inflow of cash items from the income statement for January, February 
and March, $10,000, $15,000 and $20,000 respectively. 
Step 4: Calculate the total funds available for January by adding the total income to 
the brought forward. 
Step 5: List the outflow of cash items from the expense statement for January, February 
and March, $8,000, $12,000 and $16,000 respectively. 
Step 6: Calculate the total outflow of funds for January. 
Step 7: Calculate the closing statement for January, funds available minus expenditure. 
Step 8: The closing statement for January now becomes the BE, or opening statement 
for the next month February. 

Repeat this procedure every month for the rest of the project. Follow the calculations 
through the worked example, note that a mistake in January will have a knock-on 
effect. 
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Total Available 1$22,000 I $30,000 
I Expenses: 1 $8.000 I S12.000 1 $1 6,000 I 

I I I 

Total Expenses I $8,000 1 $1 2,000 1$16,000 
I Closing Balance 1$7,000 I $1 0,000 1$14,000 

Table 2: Cash-Flow Statement (solution) 

2. Cash-Flow Timing 

There is a catch unfortunately. The cash-flow statement as the name suggests is a 
measure of the cash in and cash out of the project's account. The catch is that this may 
not be the same as the sales figures or expenses for the month, because of the timing of 
the payments. Listed below are some typical examples of cash-flow timings: 

Part payment with placement of order - this is often used to cover the 
manufacture's cost of materials and ensure purchaser's commitment particularly 
on imported goods. 
Stage payments, or progress payments for items which may take many months 
to complete. 
Payment on purchase - this is normal practice with retailers. 
Monthly payments for labour, rent, telephone and other office expenses. 
30 or 60 days credit; normal terms for bought-in items. 
90 days credit - large hypermarkets will pay their suppliers 90 days after delivery, 
even though they may have an average stock rotation of 20 days or less. This 
means that even if they sell at cost they can still make a profit on the return from 
their positive cash-flow. 

It may help the learning process to look at the data presented the other way round. 
Labour costs are usually paid in the month they are used. 
Material costs can vary from an up-front payment, cash on delivery (COD), to 
1 to 3 months credit. 
Bought-in services and plant hire costs can be paid within 1 to 3 months after 
delivery. 
Income from client - up-front payment, stage payments or progress payment 
one month after invoice. 

These figures are usually compiled monthly on a creditors and debtors schedule. It is 
the project accountant's responsibility to chase up late payments. 

Non cash-flow items: Company assets should not appear on a cash-flow statement as 
they do not represent a movement of cash. Although appreciation and depreciation may 
represent a flow of value, it does not represent an inflow or outflow of cash physically. 
This also applies to the revaluation of property and the value of the company's shares. 
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3. Cost Distribution 

The cash-flow statement is an integral part of the critical path method (CPM) - it 
combines the WBS, the estimate, project schedule,procurernent schedule and resource 
histogrum. At this point we need to make some assumptions about the distribution and 
profile of the cost and cash-flow with respect to the schedule of the activities. For ease 
of calculation it is usually assumed to be linear unless otherwise stated (see figure 1). 
Labour costs are generally uniform over the duration of the activity. Whereas the cost 
of materials and other bought-in items may need to be qualified, as stated in the previous 
section, they can vary from up-front payments to 1 ,2  or 3 months later depending on 
the supplier. 

Figure 1: Cost Distribution - =Activity schedule 

Projects with many activities will tend to smooth out any distortions caused by 
non-linear cash-flows. However, if there are activities with disproportionately large 

material or 
e q u i p m e n t  
payments, these 
can be separated 
out to form new 
activities with 
a p p r o p r i a t e  
durations to 
match the 
expense profile. 
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Worked Example: Before going any further let us consolidate the above information 
by trying another worked example. Using the following information, produce a cash- 
flow statement for the months January to June. 

* Brought forward for January is $5,000. 
* Sales forecast @ $10 each unit. The client takes two months to pay his ale. 

Nov 1,000 Mar 500 
Dec 1,500 Apr 1,200 
Jan 1,600 May 1,300 
Feb 900 Jun 1,400 (units) 

* Cost of sales: 
[I] Overheads are $300 per month. 
[2] Material $2 each unit. Supplier gives one month credit. 
[31 Labour $1 each unit. Paid in month used. 
[4] Loan repayment: February $14,000 

April $16,000 
May $15,000 
June $2,000 

Before looking at the solution, try the exercise yourself. Build up thecash-flow statement 
one step at a time. 
Step 1: Using a cash-flow statement proforma (table 3) check all column and row 
headings. 

Table 3: Cash-Flow Statement (proforma) 

Step 2: The brought forward value for January is given, insert this into the opening 
balance cell. 
Step 3: The income in January will come from sales in November because the client 
takes 2 months to pay their invoices. The sales for November, being 1,000 units @ $10 
each, gives $10,000. Enter this value in the income cell. The sales figures for the 
remaining months will have the same stagger. 
Step 4: The overhead costs are $300 per month running throughout the project. Enter 
this in the overhead expense row. 
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Step 5: The material expense for January will come from the purchases made in 
December since the supplier gives 1 month credit. 1,500 units @ $2 each is $3000. 
Place $3,000 in the material expense row for January. The other months will once 
more follow the same stagger. 
Step 6: The labour expense occurs in the month of use, so for January 1,600 units @ 
$1 each gives $1,600. Enter $1,600 in the labour expense row for January and so on 
for the other months. 
Step 7: The loan repayments in this example have been preset by the bank, enter 
$14,000 in the loan expense row for February and so on for the other repayments. 
Step 8: All the data should now be positioned in the cash-flow statement. The next 
step is to run the calculation through the months from January to June. The total funds 
available for January are the brought forward $5,000 plus the income $10,000 giving 
$15,000. 
Step 9: The total expenses for January are overheads $300, materials $3,000, labour 
$1,600 and zero for loan payment, giving $4,900. 
Step 10: Subtract the total expenses $4,900 from the total funds available $15,000 
[step (8) - step (9)], giving $10,100. This is the closing amount for January. 
Step 11: The opening amount for February is the same as the closing amount for 
January, $10,100. 

These calculations are repeated for every month of the project (see table 4). A 
negative amount can be printed as -10 or (10). Accountants to use brackets like 
this (100) to indicate negative cash-flow. Any negative cash-flow will either need to be 
avoided or financed by borrowing (overdraft). Unless up-front payments have been 
organised, the initial stages of a project usually experience negative cash-flow due to 
all the setting up costs and material procurement. 

Table 4: Cash-Flow Statement (solution) 
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4. Cash-Flow (example figure 2 and table 5) 

Consider the following project which comprises of three activities; material, labour 
and transport. The costs are committed when the work is performed, however, the 
cash-flow depends on the timing of the income and expenses. The timing of the expenses 
are shown in the barchart, where the material supplier gives a one month credit, the 
labour is paid in the month used and the transport company requires payment one 
month before the work is performed. The income from the client is a20% mark up of 
expenses and paid one month after the work is performed (see figure 2 and table 5). 

Figure 2: Barchart (example) 

Table 5: Cash-Flow Statement (example) 

5. Cash-Flow Statement (example figure 3, 4 and table 6) 

Consider another example developed from the weekly barchart (figure 3) .  Given the 
schedule barchart and cash-flow, calculate the cash-flow statement from April to 
July. Figure 3 outlines the work schedule while figure 4 outlines the associated cash- 
flow. The brought forward for April is $10,000 and the forecast rate of invoicing 
(FRI) for this period of the project has been agreed at $15,000 per month. Calculate 
the cash flow from figure 3 and 4 before looking at the solution in table 6. 



Figure 3: Schedule of Work 

- Figure 4: Cash-Flow Imposed on Barchart 
0 
C*, 
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Table 6: Cash-Flow Statement (solution) 

6. Invoicing 

Invoices are documents used to request 
payment. The project office often sit in the 
middle of the cash-flow (between the client and 
the contractors). An invoice control sheet 
(figure 5) can be set-up to summarise all the 
related documents: 

Scope changes 
Progress reporl 
Invoice ledger 
Payments ledger 

Consider the following invoice control sheet 
(table 7). The scope of work is sub-divided by 
WBS along the top and by expense I income 
along the side. The sum of agreed changes are 
added to the contract value to give the total 

Payments 1 

I Progress I 

Scopechanges I 

r Figure 5: Summary a 
Rolled up Document 

Table 7: Invoice Control Sheet 

184 



PROJECT ACCOUNTS 

contract value. The progress payments can be based on milestones or percentage 
complete. The percentage complete times the contract value gives the total the client 
should pay to date. Deduct the total invoices to date plus any retention from the total 
payable to give the maximum amount the client would be prepared to pay. If the invoice 
is less than this amount - you can pay the invoice. 

Question: From table 7 would you pay the invoices for work packages 1.2, 1.3 and 
1.4? (solution at end of chapter) 

7. Cost-To-Complete 

The cost-to-complete should be reported and compared with the expected financial 
return for the project. If thecost-to-complete were to exceed the return, then the future 
of the project should be reviewed. It may be an option to suspend or abort the project. 
Consider the following: 

The British Nimrod airborne warning system was scrapped after ten years of 
development and 800 million sterling, was this the right decision? 
The Channel Tunnel operations are running at a profit, but the return on the 
investment is not sufficient to pay the interest on the loans. Should the project 
have been scrapped half way through? 
When the oil price slumped from $35 a barrel to $15 in 1985, what effect did 
this have on oil field development? 
Why was the Sydney Opera House allowed to be 16 times over the original 
budget. 
Should sunk costs be considered when considering a project's continuing 
viability? 
Committed costs are those costs which will have to be paid in the near future, 
either because the work has been performed or the order has been placed. 
The cost-to-complete and project return should be rolled-up to give a total picture 
of the project. At the work package level the project may win some and lose 
some. 

Table 8: Cost-to-Complete 

Question: Consider the progress report (table 8) and identify which projects could 
cause concern (see end of chapter for solutions). 



PROJECT MANAGEMENT: PLANNING AND CONTROL TECHNIQUES 

8. Cash-Flow Envelope 

In the text so far we have not considered the timing of the cash-flow within the monthly 
time frame itself. The worst condition would be for the accounts department to be 
paying all the expenses to your creditors at the beginning of the month, whilst the 
income from your client arrives at the end of the month. Although the balance at the 
end of the month may be positive, during the month the account would have been 
overdrawn. To represent this situation graphically see figure 6 (Fellows). 

/ \ Figure 6: Cash Flow 
Cash outtlow Cash inflow Envelope 

From the graph (figure 6) the following points can be deduced: 
The area between the net cash-flow curve and the x-axis shows the long term 
finance requirement. 
The area between the maximum cash-flow curve when negative and the lower of 
either the x-axis or the net cash-flow curve, will show the short term finance 
requirement. 
The project is completely self financing when both the net and maximum cash- 
flow curves are above the x-axis. 

9. How to Draw an Expense S Curve (BCWS) 

Another method for modelling the cash-flow is to uses curve analysis, which provides the 
link between the CPM and the budget. Experience has shownthat aproject's accumulated 
costs tend to follow the S curve shape. To draw the S curve use the following procedure on 
the worked example from appendix 4 (similar to resource S curve). 
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Step 1: Draw an early start barchart for the project (see figure 7). 

Figure 7: Barchart (showing expenses per day) 

Step 2: Assign values linearly per day. Activity 100, for example, is $100 over two 
days, giving $50 per day. 
Step 3: Add the cost values vertically to get daily totals. For the 3rd May add the daily 
amount for activities 200, 300 and 400 which are $50, $10 and $50 respectively, 
giving a daily total of $110. 
Step 4: Plot the daily total costs on a graph of costs against time, to obtain the daily 
rate of expenditure curve (see figure 8). 
Step 5: Accumulate the daily values from left to right to give the total to timenow. 
Thus the accumulated total for the 3rd May is the sum of the daily totals; $50, $50 and 
$1 10, giving $210. 
Step 6: Plot accumulated figures on a graph of cost against time (figure 8). This will 
produce the distinctive S curve. 

1 2 3 4 5 6 7 8 9 1 0 1 1  12 13 14 15 16 

Time 

Figure 8: S Curve (accumulated expenses) 
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Banana Curve: If the S curve for the early start and late start are drawn on the same 
graph they produce a distinctive banana type curve (see figure 9). The banana curve 
indicates the different timing of the cash-flows of activities starting early start as 
opposed to activities starting late start. Project planners normally schedule activities 
early start to ensure all the float time is available. However, the accountant may see 
things differently and feel that activities should begin late start. The advantage with 
activities starting late start is that the payments will he delayed and finance charges 
reduced. This approach, however, could backfire on the accountant in the later stages 
of the project if there are delays, because now there is no float available to accommodate 
these delays, so the activities must be crashed if the project is to finish on time. This 
means the float that was freely given away in the early stages of the project may now 
be expensive to buy back. 

1 2 3 4 5 6 7 8 9 1 0 1 1  12 13 14 15 16 
Time 

Figure 9: Banana Curve (drawn from figure 7 in this chapter and figure 
7 in chapter 3) 

10. Project Cash-Flow Response 

How can the project manager respond to the project cash-flow statement, if the closing 
amount is negative, try: 

Delaying expenditure payment or arrange longer credit periods. 
Bring forward the income payments. If your project is financed by stage payments, 
make sure these are completed as soon as possible. 
If the negative cash-flow is being caused by the purchase of materials, ask the 
client to pay the suppliers directly. (Note: You may lose your mark up and 
discount). 
Arrange finance well in advance. Bank managers do not like to receive calls on 
a Friday afternoon to arrange finance for your company salaries. The bank 
managers also have to plan their cash-flow. 
Delay working on activities with float. 
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If the closing amount is positive, try: 
Looking into ways of investing the money at a good rate of return. 
Start activities earlier than planned, thereby finishing the project sooner. 
Make sure the cash flow stays positive. 

Having worked through a few examples, you should now appreciate that when there 
are changes to the income or expenses, all the following values will change. 

11. Performance Bonds and Retention 

Retention may be defined as holding back payment of a certain amount of a contractor's 
income for a period of time to ensure they comply with the contract. The normal 
practice is to withhold 10% per month until 5% of the contract value is reached. This 
sum will then be held by the client, or arbitrator against agreed defects for a period of 
up to one year after commissioning. For retention to work effectively, checks must be 
made to ensure that the contractor is not over claiming. Why use retention ? 

To encourage the contractor to finish the project within the agreed conditions. 
To have something tangible to hold against the contractor in the event of 
substandard work or default. 
Provide funds to pay another contractor to complete the activity. 
"Money speaks louder than words". 

Performance bonds can be used instead of retention. Here a legal document is drawn 
up by a bank guaranteeing the client the same conditions as aretention. The advantage 
to the contractor is that they are paid in full (no retention) which should improve their 
cash-flow. 

12. Benefits of Using a Cash-Flow Statement 

Although statistics clearly indicate that more companies go into liquidation because of 
cash-flow problems than for any other reason, the full benefit5 of cash-flow management 
are not always appreciated. Listed below are some of the many benefits associated 
with using cash-flow modelling techniques. 

The manager can plan ahead knowing what funds are required, when they are 
required and how much is required. 
It gives timely warning of negative cash-flow which needs to be financed and 
positive cash-flow which should be invested. 
It gives a forecast rate of invoicing (FRI) to your client so that they can produce 
their cash-flow statement. This is often a contractual requirement with some of 
the larger corporations. 
The cash-flow statement is the main item of a business plan, as it will show the 
bank manager or lender how much you need, when you need it and most 
importantly when you will pay it back. It will also show that you have done your 
homework. 
A cash-flow loan reduces the amount of paperwork compared with secured 
lending. 
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Cash-flow will set the lending and repayment dates which usually makes the 
loan cheaper than an overdraft. With an overdraft the bank has no idea when the 
company is going to borrow or payback, so the bank has to build up an extra 
margin to cover its own funding costs. 
"Secured" lending, even if it is based on the borrower's assets, still depends on 
the borrower's cash-flow to pay for the loan. For assets are only worth as much 
as an outsider is prepared to pay for them and that valuation is likely to be based 
on the asset's ability to produce cash. 
The cash-flow statement can be developed into expenditure curves, rates of 
expenditure and accumulated expenditure, all of which are required for earned 
value project control. 
Thecashlflow statement can be used to perform what-if simulation which will 
indicate where the project's sensitivity lies. This forms the basis of the sensitivity 
analysis. 
It can be used as a data source to calculate an investments payback period. 
The discounted cash:flow (DCF) introduces a time value to the money. 
Thecash-flow statement can be the data source for the company's asset register, 
asset depreciation and company taxes. 

These benefits clearly indicate why the cash-flow statement is axiomatic to effective 
project cost planning and control. This concludes the chapter on Project Accounts and 
all the planning techniques outlined in the Planning and Control Cycle. The following 
chapter will discuss Project Control. 

Solutions: To questions in this chapter. 

6 (1.2) yes 
6 (1.3) no 
6 (1.4) yes 
7 (1000) okay 
7 (1001) okay 
7 (1002) okay 
7 (1003) investigate 

Key Points: 

Statistics clearly indicate that more companies go into liquidation because of 
cash-flow problems than for any other reason. 
Negative cash-flows need to financed well in advance. 
The cost S curve forms the basis of the earned value calculation. 

Further Reading: 

Fellows, R., Langford, D., andhlewcombe, R., Construction Management in Practice, 
Construction Press 
Turner Rodney., Handbook of Project Based Management, (cost control cube p. 190) 
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Murphy's Law: If everything seems to be going well, you obviously do not know 
what's going on! 

The development of a project plan or baseline plan completes the first phase of the 
planning and control cycle. The next phase is project execution and control using the 
baseline plan as the means to achieving the project objectives and an outline of the 
required condition. Needless to say planning is a pointless exercise unless the execution 
of the plans are tracked and controlled through accurate reporting on performance. 

A structured approach to planning and control is recommended by experienced 
practitioners, because through a well disciplined system all parties will know: what is 
expected of them, their required performance, and the reports they must generate. The 
baseline plan may be seen as a number of documents which indicate the path the 
project should follow. Consider the comparison with the course a yacht steers - by 
taking bearings, the navigator can plot the yacht's position. If the yacht has gone off 
course they can apply steering control to bring the yacht back on course. 

Similarly the project's baseline plan is the course to steer, with the tracking and 
monitoring functions ascertaining the project's position with respect to time, 
procurement, resources and costs. If the project is off course, then control in the form 
of corrective action must be applied. 

It is essential for effective project control that performance is measured while there 
is still time to take corrective action. This chapter will show that not only is it cheaper 
to take effective action early on in the project, but as the project approaches completion, 
the project manager may in fact be powerless to take any effective corrective action at all. 
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1. The Need for Project Control 

As projects increase in size and complexity, so the progress reporting needs to move 
from a subjective assessment of progress to a more structured approach. The 
unsuspecting project manager should beware of the over optimistic reporting trap (the 
Venus Fly trap!). 

Consider this situation - if the progress is consistently over reported during the 
early stages of the project the managers are only fooling themselves, because the lack 
of progress will become obvious during the final stages of the project when the over 
optimistic reporting catches up with itself (see figure 1). 

This phenomenon is shown in the over optimistic reporting graph (figure I), where 
the three lines represent planned work, reported progress and earned progress. In this 
case the reported progress was over stated throughout the project until, at about 80% 
complete it becomes obvious that they were not 80% complete and for the next few 
weeks the reported progress remained static as the earned progress catches up. 

Time 

Figure 1: Over Optimistic Reporting 

If the reported progress had been accurate at the outset, the under performance trend 
would have corrective action during the early stages of the project. But now 
at 80% complete the project manager may be powerless to bring the project in on time 
and by increasing the workforce will not only increase costs, but may delay the project 
even more! The US Navy experienced this problem on one of their frigate building 
projects which was reported to be 99% complete for over one year! 

If the optimistic reporting curve is overlaid on the influence vs cost of changes 
curves (see figure 2) discussed in the Project Life-Cycle chapter, then this would further 
support the argument for accurate reporting at the outset of the project. Because not 
only has the project manager the highest level of influence at the outset, but also the 
cost of changes are more economical. 
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Figure 2: Influence / Cost of Change Curve (during the project life-cycle) 

2. Scope of Control 

It may be argued that as the project manager is the single point of responsibility, then 
he is responsible for everything that happens on the project. Consider the following 
knowledge areas: 

Scope Management: The scope of work defines what the project is producing or 
delivering. The control of thescope of work is also calledconfiguration management. 

Planning documents: Project charter 
Work Breakdown Structure 
Activity list / bill of materials (BOM) 
Drawing register 
Specification register 
Parts list 
Contract 

Control documents: Project communications 
Impact statements 
Variations and Modifications 
Change requests 
Concessions 
Closeout report 
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Technical Support: Technical support from the design office and drawing office extends 
from interpreting the client's brief to addressing day to day problems within statutory 
regulations and good building practice. 

Planning documents: Client's brief 
Statutory regulations 
Specifications 
Design calculations 
Build method 

Configuration control 
Impact statements 
Commissioning 
As-built drawings 

Control documents: 

Time Management: Outlines the sequence and timing of thescope ofwork. 

Planning documents: Network diagram 
Scheduled barchart 
Keydate / milestone schedule 
Rolling horizon barchart 

Control documents: Progress report (actual vs planned) 
Gantt chart 
Revised barchart 
Earned value 
Trend documents 

Procurement Management: The procurement function identifies all the bought-in 
items. These must be procured to specification, time schedule and budget. 

Planning documents: BOM, Parts list 
Procurement schedule 
Material requirement planning (MRP) 
Procurement budget 

Control documents: Purchase order 
Expediting status report 
Revised procurement schedule and budget 

Resource Management: Resource management integrates the resource estimate with 
time management to produce the resource forecast. This is usually related to manpower 
requirements. 

Planning documents: Resource forecast 
Resource availability 
Resource levelled manpower histogram 

Control documents: Time sheets 
Revised manpower histogram 
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Cost Management: Cost management allocates budgets and cash-flows to the work 
packages. 

Planning documents: Cost breakdown structure 
Activity budgets 
Department budgets 
Cash-flow statement 

Control documents: Expenditure reports (actual vs planned) 
Committed costs and cost-to-complete 
Revised budgets 
Earned value 

Change Control: As the project progresses thescope of work is revised and controlled 
through the following documents: 

Project communications 
Impact statements 
Non Conformance Reports (NCR) 
Change Requests and Concessions 
Drawing revisions 
Modifications and Variation Orders (VO) 
Extras to contract 
Specification and Configuration revisions. 

Quality Management: Outlines how the company will assure the product will achieve 
the required condition. 

Planning documents: Project quality plan (IS0 9000) 
Quality control plan 
Parts lists and specifications 1 standards 

Control documents: Inspection reports 
Non conformance reports (NCR's) 
Concessions 
Change requests 
As-built drawings 
Data books and operation manuals 
Commissioning 

Communication Management: The communication function is to disseminate 
information and instructions to the responsible parties. 

Planning documents: Lines of communication 
List of controlled documents 
Distribution list 
Schedule of meetings and agendas 

Control documents: Transmittals 
Minutes of meetings 
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Human Resource Management: This function sets the framework for the human 
factors. 

Planning documents: Project organisation structure 
Responsibility matrix 
Job descriptions 
Work procedures 

Control documents: Time sheets 
Performance evaluations 

Environmental Management: This function considers all the external issues that may 
affect the project. 

Planning documents: Laws and regulations 
Environmental issues 

Control documents: Environmental report 

3. Data Capture 

Data caplure is part o l  the progress reporting cycle where information is regularly 
reported back to the project manager on the project's progress and status. The data 
capture function may be assumed to be at the start of the information cycle and so the 
accuracy of the subsequent calculations are based directly on the accuracy of the data 
capture. It is therefore extremely important for the data capture to be at an appropriate 
level of accuracy. Consider the following points: 

The data capture feedback proforma should be structured in line with the original 
estimate. This will help to make the data capture less subjective. 
The person responsible for the quality of the data capture needs to be clearly 
identilied by the project manager. One method of improving data capture, is to 
make the department that uses the information responsible for updating it. This 
should encourage the users to ensure that the data input is accurate. 
A common integration problem with data capture and the subsequent analysis, 
occurs when the tracking categories are set up within one structure, while data 
is collected through andther Acture .  For example the planning department 
being structured by work package or activity, while the procurement department 
is structured by supplier. In this case the baseline plan is no longer suitable for 
tracking the project's progress because there is no basis for comparison. 
The accuracy of the data capture will directly effect the accuracy of any reports 
generated. Data capture with an accuracy of +I- 20% will give subsequent reports 
an accuracy of +I- 20%. As a guide the accuracy of the report should be the 
same or better than the profit margin of the project and in line with the level of 
risk and level of control required. 
A higher level of accuracy is required on critical activities, because any delays 
on these activities will extend the project's duration. 
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Negotiate the design of your reports with the people who will use them. Try to 
make the reports simple and easy to use, this will help to ensure accuracy and 
commitment. 
The use of written communication should be encouraged because it addresses 
the human failing of misinterpretation and forgetfulness. 
Managers should have a propensity for one page reporting, giving quality not 
quantity. People are more likely to read a one page document than a 50 page 
report. 
The data capture should be pertinent and relevant. Managers are busy people, 
so only ask questions where the data will be used. 
If information is received after the decision has been made, the value of the 
information is reduced to being historical. 
A project manager at NASA advised me to " ... use plenty of milestones to 
repovt against - people do not tend to lie, however they may be economical 
with the truth, but they won't lie." 
The accuracy of data capture can be improved by reporting percentage complete 
against mini milestones, (see table 1). 

If these points are used as a guideline for data capture the quality and accuracy of the 
information should match the appropriate level of control. 

Data Capture Example: Consider a drawing office which may need to produce 500 
drawings for a project within a short time frame (table 1). By setting-up a suitable data 
capture proforma the project manager will be able to quantify their performance to 
date and get a feel for "how they are doing ". 

Data Capture Proforma: The drawing numbers are listed in the left hand column. 
The scope of work is sub-divided into five headings (design, draw, check, correct, re- 
check) and weighted. As each drawing may require differenthours, this is accommodated 
in the planned hours column. The progress is reported as a percentage of each section, 
so if on drawing 500 the drawing is 50% complete, this means they have earned 50% 
of a 50% weighting, which equals 25%. 



Table 1: Data Capture Proforma (Drawing Office) 

Analysis of table 1: This type of format lends itself to spreadsheet calculations. This 
project is 50% complete - compare this with the planned progress to see if the rate of 
work is sufficient to complete the project on time (for this example the data is not 
given). To measure productivity compare the earned hours with the actual hours. Overall 
in this case they are the same or a ratio of one. This means the work is being completed 
at the same rate as the estimate (see Earned Value chapter). 
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Data Capture Formats: The format for a number of other work situations are included 
for the readers benefit (see tables 2 , 3  and 4). Consider designing one for your work 
environment. 

Table 2: Data Capture Proforma for Pipe Erection 

Table 3: Data Capture Proforma for Steel Structures 

Table 4: Data Capture for Ship Repair Valve Maintenance 

With all the managers using the same system the accuracy and consistency of the data 
capture should improve. 

Size of Activity: As the size of the workpackages, activity and subsections are reduced 
so the accuracy of the data capture will increase, but so will the effort to capture the 
data - you will need to strike a balance. As a guide relate the subsections to the reporting 
period, so that a subsection is completed within each reporting period. Therefore for 
weekly reporting the subsection should not be greater than 30140 hours per person. 
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Barchart Data Capture: The schedule barchart itself can be a useful format for data 
capture. Ask the foreman or supervisor to mark-up their progress on the schedule 
barchart. The barchart will now contain, the plan (last week), progress to date and 
planned work for next week. This information should be accurate as the foreman is at 
the operational end of the project. The report is also quick and easy for them to complete 
in a format they are familiar with. On large projects of 1000 plus activities this may be 
of limited value as the barchart will probably be sorted by early start and the data base 
sorted by WBS or activity number - and if these numbers have an eight plus digit 
identifier, then the planner will have a lot of typing to input the data (see Schedule 
Barchart chapter). 

4. How to Apply Project Control 

There are many ways of applying project control, this section has gathered together a 
number of pointers as a general guide: 

An effective way to achieve commitment is to make the person aware of the cost 
of any delay to the project. 
When the project involves the repetitive manufacture of components it may be 
appropriate to change the management style to production management. 
Production management applies effective control not through activity based 
planning but through earned manhours. Progress is then monitored and controlled 
using the production line earned manhours S curve. 
Any changes to the plan should be discussed with the foreman first: 

to see if they are possible 
to get their input for the planning 
to gain their commitment. 

If your resources are being under utilised remember that assigning more men to 
the job may actually slow down production. This is because those already working 
effectively will have to spend time explaining the job to the newcomers. 
An excuse often used for not feeding progress back to the planner is "we don't 
have the time" or "we are too busy doing the work". It is the project manager's 
responsibility to ensure that all the project members appreciate that data capture 
is an important aspect of their management function. 
Short training programmes should be developed to ensure that all the managers 
appreciate and understand how the information is flowing in the project. 
Avoid persecution of the responsible parties if there are overruns, otherwise in 
future the managers will be reluctant to give you any information for fear that it 
will be held against them. Project control should be seen as a tool to assist 
managers reach their objectives, not as a weapon of attack. 
The process of project tracking and analysis should be seen as a tool for the 
project manager and no1 a means of removing responsibility. In fact, by identifying 
future problems, CPM enforces the project manager's authority to apply timely 
control to keep the project on course. 
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Failure to coordinate and communicate information between departments may 
lead to a dissipation of company resources and duplication of effort. It will also 
limit the amount of cross checking, which is a useful method for identifying 
discrepancies and future problems. 
It is the project manager's responsibility to establish priorities and differentiate 
between what is urgent and what is important. If you allow the workforce to set 
their own priorities they may leave low paying jobs and jobs they dislike until 
last. This could adversely affect the scheduling of the project. 
Research has shown that workers tend to have a preference for a regular income, 
which, if not controlled can influence their progress reporting. For example, if 
workers are paid piece-rate and they have just had a good month, but know the 
work load for the following month will be less, they may be tempted to under 
claim in the first month to give them a balanced income in the following month. 
If project progress is based on worker production claims, this may distort the 
reported status of the project. 
Respond early to any variation, before small problems become disasters. 
Encourage the team members to inform you of deviations. 
As the schedule is only an estimate, you must expect activities not to be exactly 
as per the schedule - introduce a degree of flexibility. 
Although plans should be revised to reflect the current progress, it is important 
not to forget the original baseline plan to guide the project to completion. 
Contractors may be tempted to over claim to improve their cash-flow (in the 
short term). 
If the project is in serious jeopardy, the client and stakeholders should be involved. 

5. Controlling the Project Participants 

The effective control of the project participants is essential for project success. Projects 
are executed by people, who must be managed. This section will outline a simple 
method to control the numerous transactions between the project manager and project 
participants. 

Set up a file for each identity on the project, this could be per person, per 
department, per supplier or per contractor. 
When any of these people are contacted, log the conversation and confirm in 
writing any agreements. Try to set performance targets which can be monitored 
and reported back at the next meeting. 
File the minutes of any discussions, copies of memos andmark actions required. 
As a memory prompt, mark in your work diary all future meetings, items to be 
expedited and reply by dates. 

This procedure can be supplemented by developing an action list. 
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Action List: The action list is a control sheet which logs all the actions numerically 
and groups them per responsibility. An action may be any item of work that needs 
controlling by the project manager. The process is as follows: 

Open an action file per work item. This could be a person, department, location 
or item of work. 
Sort the action list per work item, which will usually relate to a person. 
Initiate control. 
Regularly update the list increasing the revision number each time. 

The action list lends itself to be set up on a spreadsheet, which will enable you to sort 
the work by item or action number. Therefore when talking to a manager all their 
associated work can be sorted and discussed at the same time. How many times have 
you been talking to someone only to remember an important item after putting the 
telephone down!! A typical action list structure would be table 5: 

Table 5: Action List 

Comments are usually written on the action list and incorporated in the next update. 
Keep the old lists as they may carry valuable information and telephone numbers you 
scribbled down. The action list provides an excellent prompt list, the only thing you 
have to remember is look at your list. This concludes the chapter on Project Control 
techniques, the following chapter will take project control a step further outlining the 
Earned Value technique. 

Key Points: 

Project control guides the project plan to completion. 
Over optimistic reporting may lull you into a false sense of achievement. 
Develop data capture proformas to accurately capture your earned progress. 

Further Reading: 

Gido, J., and Clements, J., Successful Project Management, South Western College 
Pub, part of ITP (International Thomson), 1999 
Turner, R., Handbook of Project-Based Management, McGraw-Hill, 1993 



Earned Value 

This chapter continues the project control theme by introducing earned value as an 
integrated planning and control tool. The earned value approach is a development of 
the PERTICOST and the Cost Schedule Control System criteria (CSCS) introduced 
in 1967 circa by the US DoD (Dept of Defence), to fully integrate cost and time. 

When this approach is combined with forecasting, the project manager has the best 
of both worlds. For the project manager to answer the basic question, "How are we 
doing?', the performance measuring mechanism should periodically (usually weekly) 
assess progress and costs in comp&able units against abaseline plan. It is essential 
for effective project control that performance is measured while there is still time 
to take corrective action. 

Although the earned value technique was initially set up to track the progress of 
cost and time, in practice it is often more appropriate to track progress measured as 
earned manhours and time. In fact any parameter that flows through the project can 
be used; tonnes of steel, cubic meters of concrete, metres of pipe, or pages of a document. 

1. The Need for Earned Value 

The Project Control chapter mentioned a situation where a US Navy shipbuilding 
project was 99% complete for a year - how could this happen? The likely answer is 
that they were unable to distinguish between planned manhours, actual manhours and 
earned manhours. Where: 

The planned manhours are an estimate of how you intend to perform the work. 
The actual manhours are recorded on the clock cards. 
The earned manhours are a measure of work done. 
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The problem occurs when the actual manhours are assumed to be the same as the 
earned manhours. In this case if the actual manhours were 99% of the planned manhours, 
then it was assumed that the project was 99% complete, but when they looked out the 
window they could see the ship was not finished - obviously something was wrong 
with their reporting. 

Separate Reporting: A similar problem arises when expenses and progress are reported 
separately - consider the following example (figures 1 and 2): 

2 100% 
V) 

Figure 1: 2 75% 

Project x 50% 
Expenses 0 

0 

Against Time 'P 25% 
a 

0% 

I 2 3 4 5 6 7 8 9 1 0  
TlME 

From the expense graph the accountant would report that the project is underspent, 
with planned expenditure 50% and actual expenditure 45%. Here the forecast looks 
good for the project to be completed under budget. 

Figure 2: 
Project 
Progress 
Against Time 

1 2 3 4 5 6 7 8 9 1 0  
TlME 

From the progress graph the planner on the other hand would not be so optimistic with 
planned progress 50% and actual progress only 40% complete - the prognosis would 
predict a project time overrun. But now consider what happens when the two graphs 
are integrated, the project is 45% spent but has only achieved 40% of the work. The 
analysis now indicates that not only is the project behind schedule, but is overspent as 
well, thus giving a clear signal that the project manager needs to apply control to bring 
the project back on track. 

This example clearly shows the need to integrate the projecl's cost and time 
information. Based on the expense information alone the project manager would have 
been mislead, believing that the project would meet its objectives without the need for 
corrective control. As prqjects grow in size and complexity, so the need for an earned 
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value measuring system quantifying project performance increases. The project manager 
needs to know if control is required, where and by how much. Earned value provides 
visibility to the critical areas and identifies the need for further attention. 

2. Earned Value Structure 

The earned value calculations can be presented as either an earned value table (see 
table 2) or rolled-up to an earned value graph (see figure 3). The graph provides an 
excellent presentation that is easy to assimilate, while the table provides further detail 
for the project manager to investigate any variances. 

Earned value more than any other planning and control technique covered in this 
book is shrouded in esoteric terminology. The key to mastering earned value is to 
understand and not be intimidated by these terms. It may be argued that if you wish to enter 
the field of project management, then you must speak the language of project management. 

Figure 3: Earned 
Value Curve 

I Time 

2.1 Earned Value Plan 

The earned value graph (figure 3)  is built-up by first outlining the plan. 

Budget at Completion (BAC): This is the original cost estimate, budget or quotation, 
indicating the funds required to complete the work, in this case $2000 (see figure 3). 
Calling this parameter simply "the budget" may have been less confusing. At the 
project management level the BAC does not include profit. The reason for this will 
become clear later when the actual costs arc compared with the planned costs. The 
BAC becomes a generic term when manhours or another parameter are used. 
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Budgeted Cost for Work Scheduled (BCWS): This is the integration of cost and 
time or more commonly manhours and time to give the characteristic S curve which 
forms the baseline plan (see the Project Accounts and Resource Planning chapters 
which explain how to draw an S curve). 

2.2 Earned Value Status 

Once the project starts the progress needs to be captured on a regular basis. 

Timenow: Also called data date, or progress date or progress at weekending are 
the terms used to indicate up to what date the progress has been recorded. 

Percentage Complete (PC): The PC is a measure of the activities performance and 
progress up to timenow and is required for the earned value calculation. For this 
example the PC is 40% at timenow. 

Budgeted Cost for Work Performed (BCWP): Also calledearned value, is a measure 
of achievement or value of the work done to timenow. The BCWP is calculated by the 
equation: 

BCWP = PC (earned progress at timenow) x BAC 
= 40% x $2000 
= $800 

Actual Cost for Work Performed (ACWP): This is the amount payable for the work 
done to timenow. It is the real cost incurred executing the work to achieve the reported 
progress. Take care to ensure that bothPC and ACWP are based on the same data. A 
possible mistake is to report progress as the work is performed, but only report costs 
on receipt of the invoice. This differential cash-flow will make the project accounts 
look deceptively good in the short term. Another mistake is to compare actual work 
hours with the planned work hours. As mentioned before in the shipbuilding project 
this is a meaningless comparison as it says nothing about what work has been performed. 
For this example the ACWP is $1200 at timenow (see figure 3). 

2.3 Earned Value Forecast 

When the integration of cost and time are combined with forecasting the project manager 
has the best of both worlds. 

Estimate at Completion (EAC): The EAC is a revised budget for the activity, work 
package or project, based on current productivity. The EAC is calculated by 
extrapolating the performance trend from timenow to the end of the project. This value 
assumes that the productivity to-date will continue at the same rate to the end of the 
project. The productivity is defined by the ratio of costs (ACWP) to earned value 
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(BCWP). If the costs (ACWP) are less than the earned value (BCWP), then the EAC 
will be less than the BAC and vice versa. 

EAC = ACWP x BAC 
BCWP 

But BCWP = PC x BAC 

Therefore EAC = ACWP x BAC 
PC x BAC 

EAC = ACWP 
PC 

For this example at timenow (see figure 3) 
EAC = $1200 x 100 

40% 
= $3000 

The budget variance is therefore BAC - EAC, $2000 - $3000 = - $1000. The project 
is forecast to be $1000 over budget. 

Estimate-to-Complete (ETC): is defined as; 
ETC = EAC - ACWP 

= $3000-$1200 
= $1800 

The estimate-to-complete is a useful figure for the project manager to compare the 
funds available (outstanding invoices must also be included) with thecost-to-complete. 
A significant difference should trigger a review of estimates and build methods to 
search for a corrective solution. 

2.4 Earned Value Variances 

A variance is simply the difference between planned and actual values. In the earned 
value context there are a number of important flags to attract the project manager's 
attention, consider the following: 

Schedule variance (SV) 
Cost variance (CV) 
Threshold variance 

Schedule Variance (SV): The schedule variance calculation is a measure of the time 
deviation between the planned progress (BCWS) and the earned progress (BCWP). 
The interesting feature about this time variance is that it is measured in money units. 

SV = BCWP - BCWS 
= $800-$1000 
- - - $200 

The sign of the variance will indicate if the project is ahead or behind the planned 
progress: 

Negative variance: The project is behind the planned progress. 
Positive variance: The project is ahead of planned progress. 
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Schedule Variance Percentage (SV%): Converting the schedule variance to a 
percentage will address any distortion caused by the size of the activity. For example 
an SV of $1,000 is 10% of a $10,000 activity, but only 1% of a $100,000 activity. 

SV% = SV 1 BCWS 
= -$200 I $1000 
- - -20% 

Cost Variance (CV): The cost variance is a measure of the deviation between the 
earned value (BCWP) and the actual cost of doing the work (ACWP) (see figure 3). 

CV = BCWP - ACWP 
= $800- $1200 
= -$400 

The sign of the variance will indicate if the costs are under or over the estimate. 
Negative variance: The cost is higher than the original estimate (BAC). 
Positive variance: The cost is lower than the original estimate (BAC). 

Cost Variance Percentage (CV%): Converting the CV to a CV% will reduce the 
distortion caused by the size of the activity. 

CV% = CV I BCWP 
= -$400/ $800 
- - -50% 

Threshold Variance: The threshold variances can be used to flag problem areas and 
attract the project manager's attention. The threshold limits may be set as apercentage 
(for example +I- 5%) to give an early indication of an undesirable trend. %ght variance 
thresholds allow true management-by-exception, as negative variances should trigger 
an immediate response helping supervisors to assign priorities and additional resources. 
Positive variances identify praiseworthy employee productivity which could have an 
input into productivity bonuses. 

Terminology: The terms outlined here have gained acceptance in the management 
press and business schools. They are commonly used in technical articles and 
management texts. Unfortunately many of the planning software packages have invented 
new terminology for some of the above items. This new software terminology serves 
only to confuse, particularly for those users who are struggling to get to grips with a 
new concept in the first place. 

Performance Indices: Performance indices are ratios used to determine the status of 
the project. 

Cost Performance Index CPI: is defined as: 

CPI = BCWPIACWP 
= $800/$1200 
= 0.66 

The CPI compares the work earned with the actual cost, if the CPI < 1 then the project 
is spending more than it is earning and will make a loss if corrective action is not taken. 
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Schedule Performance Index SPI: is defined as: 
SPI = BCWP/BCWS 

The SPI compares the work earned with the work schedule, if the SPI < 1 then the 
project is behind schedule and if corrective action is not taken it will finish late. The 
two indices may give results which seem contradictory, for example, CPI>l and SPIcl. 
This indicates that the project is under budget, but behind schedule. The question is 
can the project be brought back on schedule by expending more resources? 

Project Control: During the project the activities are usually at various stages of 
completion; some on target, some ahead of plan, some behind plan, some on budget, 
some overspent and some underspent. In this situation it is extremely difficult to quantify 
the project's overall status visually and it may be argued that a subjective assessment 
on a complex project is bound to be inaccurate. This problem can be addressed by 
using the earned value model to roll-up all the activity-data and report a bottom line 
for the project giving an overall position. Consider the following example (see table 1): 

Table 1: Earned Value Progress Report 

The status report indicates that overall the earned value BCWP $1480 is ahead of the 
planned progress BCWS $1300 and if this continues the project should finish early. If 
the project manager~equired further information they would look at the variance at the 
activity level and in this case would have a closer look at activity 200 which is behind. 
This technique can be further refined by sorting out the critical activities. 

3. Earned Value Table 

The eamedvalue data can be presented in both a tabular format and a graph. Consider 
the following steps: 
Step I: Set up an earned value table using the following abbreviated field headings: 
Step 2: List the full scope of work in the WBS column. 

Table 2: Earned Value Table 

209 
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Step 3: Input BAC values for all work packages. 
Step 4: Calculate BCWS to timenow. 
Step 5: From the data capture sheet transfer the values for PC and ACWP. 
Step 6: Calculate BCWP = BAC x PC 
Step 7: Calculate SV, CV and EAC 
Step 8: Sum the following columns: BAC, BCWS, BCWP, ACWP and EAC. 
Step 9: Calculate the total PC, SV and CV. 

4. Earned Value Graph 

The earned value graph (see figure 3) is produced using the following steps: 
Step 1: Draw the BCWS curve (see how to draw an S curve in the Project Accounts 
chapter). 
Step 2: Draw the BCWP curve to timenow and extrapolate until the line intersects 
with BAC (see notes on extrapolating - figure 4). This intersection will give a forecast 
completion date. This completion date however, should not be looked at in isolation 
because it does not consider the network logic, critical path and timing of the activities. 
Step 3: Draw the ACWP curve to timenow and extrapolate to the new end date of the 
project and EAC. Where EAC = (ACWP 1 BCWP) x BAC. This equation assumes 
progress to timenow will continue at the same rate to the end of the project. 
Step 4: Draw the SV and CV variances. 
Step 5: Determine how far the project is ahead or behind. 

Extrapolating: When 
trying to forecast the trends 
in the project by 
extrapolating the earned I 00% 
value curves (BCWP and 
ACWP), the following 
considerations should be 
made (see figure 4): 

Will the same 
performance be 
maintained. 50% 

Will the performance 
improve because of a 
learning curve effect. 
Will the performance 
reduce because of 
unforeseen problems 
and rework as the 
project nears Time 
completion. 

Figure 4: BCWP Progress Extrapolations 
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Exercise: There are thirteen different combinations of planned BCWS vs actual ACWP 
and earned BCWP. These are shown in the table below (table 3), along with a description 
of each situation. First calculate the EAC. then draw the BCWP and ACWP curves. 

Table 3: Earned Value Exercises 

Unknown 

$2000 

Figure 5: Exercise 
Template 

/ 1 1st line - BCWS 
2nd line - BCWP 
3rd line - ACWP 

EAC ~~~.~~ ~~~~~~~.~ ~ . 
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Figure 6: Solution 
to Number 4 

I Time 

Figure 7: Solution 
to Number 7 

.EAc ............................... 

BAC 
~ ~ ~ ~~~ ~~~ 

F 

BCWS = $1000 ~ 
BCWP = $800 ~ 
ACWP = $1200 ~ 

Time 
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BCWS = $1 000 Figure 8: Solution 
to Number 13 

Example 1: This is the planned situation, where planned and actual are the same. 
Example 2: The project is running late, but the costs are within budget. 
Example 3: The project is on time and the costs are under budget. 
Example 4: The progress is ahead of planned and the costs are under budget. Retire 

while you are ahead ! 
Example 5: The project is running late and the costs are over budget. 
Example 6: The progress is ahead of planned and the costs are under budget. 
Example 7: The project is running late and the costs are well over budget. 
Example 8: The project is on time, but the costs are over budget. 
Example 9: The progress is ahead of planned while the costs are on budget. 
Example 10: The project is seriously behind and the costs are over budget. 
Example 11: The project is behind, but the costs are under budget. 
Example 12: The project is well ahead and the costs are under budget. 
Example 13: The project is ahead, but the costs are over budget. 

5. How to Measure Time Deviation 

The schedule variance so far has been measured in money units. This section will show 
a number of methods to translate the variances directly into time units by measuring 
distances from the earned value graph. Three ways of measuring are (see figure 9): 

Horizontally (forwards) 
Horizontally (backwards) 
Vertically 
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Horizontally (Forwards): The time difference between planned and actual is measured 
horizontally between the intersection of the planned BCWS at timenow (A) and the 
horizontal projection to BCWP extrapolated (B). 

Horizontally (Backwards): Alternatively the schedule time unit can be measured 
horizontally from the intersection of BCWP and timenow (C) to the horizontal projection 
backwards onto the BCWS (D). Note that both of these methods are only an estimate 
as the actual sequence and timing of the activities are not considered. 

Fiwre 9: Earned Value 8 - 
(measuring time a, 

0) 
9 progress) c (U 

e 
al 
a 

I Time 

Vertically: However, even if the sequence and timing of activities were the same as the 
baseline plan, converting the schedule variance to time units on the BCWP curve 
would be more accurate if based on the tangential rate (CF), where (CA) = (EC). The 
reason for this is that future progress is more likely to occur at the current actual rate 
of progress rather than the planned BCWS slope. 

Project Accounts: The project manager will need to ensure that the project accounting 
system will generate costs to timenow. Corporate accounting departments usually base 
their reports on invoiced costs which may be 4 to 6 weeks behind timenow. When using 
earned value the costs will have to be gathered at the order stage, it is essential to 
compare like with like. Progress to timenow must be compared with the associated 
costs (ACWP) to achieve that progress. 

Extended Site: If costs are being incurred off site, such as stage payments then the 
progress (PC) must be reported along with the associated cost (ACWP). 

Cash-Flow: The earned value technique is not the same as cash-flow. The cash-flow 
only looks at the timing of the inflows and outflows of money, it does not consider 
committed costs or progress of work. 
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Project Control: Beware of managers who constantly revise the BCWS to accommodate 
their lack of performance (see figures 10, 11 and 12). This may make their weekly 
progress reports look better, but eventually it will extend the end date of the project. If 
the contractor continually revises the BCWS from the last BCWP then the contractors' 
lack of progress does not look as obvious as comparing it with the original BCWS. 
The contractors are only fooling themselves because eventually they will have to perform 
the remaining work on the last day! 

Figure 10: Timenow 1, $ 
(BCWP falling behind a 
BCWS) Time 

I I 

(BCWP falling further 
behind, even against 
revised BCWS) 

al .+ m - 
a 

5 Figure 12: Timenow 3, " 
(BCWP continuing the 111 O) 

fall behind second m - 
C 

revision of BCWS. al 
2 

Finishing on time looks 2 
highly unlikely) 
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5. Client's View of Earned Value 

So far the earned value technique has only been looked at from the sub-contractors' 
point of view. This section will consider the client's position. 

If the sub-contractors are working to a fixed price contract then BCWP and 
ACWP will always be the same. 
The client can effectively use earned value to track the progress of their projects 
in terms of manhours or costs. 
The client must check that sub-contractors do not over claim: 

a) If a sub-contractor has claimed 80% of the contract by value but only 
completed 50% of the work, there is little financial pressure you can exert. 
Worse is when it is financially viable for the sub-contractor to walk away 
without finishing the job. The 10% retention may pale into insignificance. 
b) The sub-contractor's management may not realise their site manager has 
been over claiming. This could seriously effect the sub-contractor's financial 
position, which may have a knock-on effect for the project. 

If the sub-contractor under-claims, the client could also be adversely affected 
because: 

a) By delaying the claim the sub-contractor could increase income by applying 
higher escalation rates. 
b)~he client could have made arrangements to meet a forecast rate of invoice 
(FRI) payment and released high interest earning bonds only to find a lower 
claim is made. The funds must now be invested short term at a lower interest 
rate. 
c) At year end a late claim could effect the client's fiscal budgeting. 

This section clearly shows that earned value can provide the client with a powerful 
management tool. 

6. Earned Value Reporting 

The earned value output lends itself to effective reporting for the following reasons. 
The overall status of the project can be seen at a glance on a graph and the 
tabular reports present more detailed information at the work package and activity 
levels. 
When reporting to functional management the report should clearly indicate the 
activities that fall under their responsibility. This information can be separately 
reported if a responsibility field has been included in the data base. 
The reports can use amanagement-by-exception (MBE) technique to identify 
problem areas. The MBE thresholds can be set using any of the following:- 

a) Threshold variance SV% and CV%. Set upper and lower percentages, for 
example, -5% to +lo%. 

b) Activity float = 0 days, identifies the critical path, or set activity float < 5 
days, to identify activities which could go critical in the next week. 

The sign of the variance should influence the management response. 
SV (+) The project is ahead of schedule, move labour off the project if they 
can be used more effectively elsewhere. 
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SV (-) The project is behind schedule, move resources on to the project to 
increase production. 
CV (+) The project costs are less than budget, if significant, amend estimating 
data base for future projects. 
CV (-) The project costs are greater than budget, try to increase productivity 
through increased efficiency and effectiveness. 

Plot trends wherever possible to indicate the dict ion of the project. Extrapolating 
trends will give an indication of future events and a quick feedback on recent 
actions. Even if the variances are negative, but reducing, this will show a positive 
trend indicating that the project is coming back onto course. 

Determining Percentage Complete: The weakest link in the earned value calculation 
is determining percentage complete (PC). If the activity has not started it is zero and if 
it is complete it is loo%, but all points in between are somewhat of a guess even if you 
use a structure. A quick way to estimate PC is to use the 50150 rule, if the job has 
started give it 50% and when it is finished give it 100%. This rule can be distorted to 
40/60,30/70,20/80 and 10190. If the work packages or activities are kept small (less 
than 50 hours), then this method will work well. 

The earned value analysis should not be used in isolation. An activity with a 
large schedule variance may have plenty of float and not be a problem, while an 
activity with a small schedule variance may be on the critical path and need 
prompt action to prevent the project over-running. 
Estimate-at-completion (EAC) - is based on the ratio of past performance, but 
if the original estimate is fundamentally flawed, or performance is significantly 
different to planned, then the rest of the project should be re-estimated. 
EAC - includes the actual costs to date plus the forecast cost-to-complete. 
Cost reserves are budgeted amounts not assigned to any specific work package. 
NASA manager: "Earned value is only us& if the d i $ e m e  between planned and 
actual is 10% to 15%, ifgreater then use other methods." [Rolling horizon barchart] 

If the progress indicates that both SV and CV are negative and significant, then ordering 
a small contractor to increase their resources may actually put them into liquidation 
quicker! There is obviously a problem which needs to be investigated - is the contractor's 
estimate over optimistic or is the contractor's productivity under performing. This concludes 
the chapter on Earned Value, the next chapter will discuss Quality Management. 

Key Points: 

Earned value integrates costs and time or manhours and time. 
The earned value graph and table shows the project's present position and 
forecasts the completion. 
Threshold variances can be set to flag problem areas. 

Further Reading: 

Fleming, Q., and Koppelman, J., Eamed Value Project Management, PMIC, 1996 
Turner, R., Handbook of Project-Based Management, McGraw-Hill, 1993 



Quality Management 
In today's competitive market companies compete on price, quality and customer service. 
Over the product's life-cycle the initial price is only a short term consideration, 
whereas the quality of the product and customer service will determine the long term 
success of the project. Quality products are only expensive once! 

The project management body of knowledge (PMBOK) defines project quality 
management as " ... the processes required to ensure that the project will satisfy the 
needs for which it was undertaken [by addressing] both the management of theproject 
and the product of the project. " We therefore need to consider both the quality 
management system to assure you are capable of building the product and also the 
quality control system which tes$ and inspects the product to cod- you have achieved 
the required condition. 

With projects becoming larger, more complex and more technically advanced, the 
need to assure the product will meet stringent requirements is the focus of quality 
management. These requirements may be set not only by the client, but also by insurance 
companies, governmental laws andregulations, and national and international standards. 

The development of quality management systems can be dated back to the large 
military projects of the Second World War, where they needed to ensure standardisation. 
Since then BS 5750 (1979) has established the framework for commercial quality 
management systems and has since been adopted internationally as IS0  9000. 

1. Quality Definitions 

Quality is a frequently misused term, be careful not to confuse quality with degree of 
excellence or grade, where grade is a category of rank given to products which have 
the same function but different quality requirements. For example, the Rolls Royce 
and the Mini arc often quoted as being at opposite ends of the quality continuum, the 
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Rolls Royce being built to a much higher quality than the Mini. However, if you wish 
to buy an economical small car that will do 50 miles to the gallon and is easy to park, 
then the Mini is the car that "conforms to the client's requirements". 

Quality Assurance: Is a systematic process of defining, planning, implementing and 
reviewing the management processes within a company in order to provide adequate 
confidence that the product will be consistently manufactured to the required condition. 
The body of knowledge defines quality assurance as "... the planned and systematic 
activities implemented within the quality system to provide confidence that the project 
will satisfi the relevant quality standards." 

Quality Control: Is the process companies go through to confirm that the product has 
reached the required condition. Quality control defines the method of inspection, in- 
process inspection and final inspection to confirm the product has met the required 
condition. The body of knowledge defines quality control as "... monitoring specific 
pmject results to determine ifthey comply with relevant quality standards and identib 
ways to eliminate causes o f  unsatisfactory results." The required condition is laid 
down in the scope of work, specifications and the project quality plan. Where a non- 
conformance has been identified, a quality audit can be used to gather more information 
before corrective action is authorised. In some cases the corrective action may call for 
quality awareness training. 

Quality Control Plan: The quality controlplan integrates the project schedule with 
quality control, by listing the sequence of work, performance requirements and inspection 
requirements (developed later in this chapter). 

Quality Circles: Quality circles are a management concept the Americans set up for 
Toyota cars in Japan after the Second World War, to continuously improve their 
manufacturing process by bringing all the people in a production line together (used in 
its wider context) to identify and solve problems (developed later in this chapter). 

Quality Audit: The body of knowledge defines quality audit as "... a structured review 
of other quality mnagement activities. The objective is to identify lessons learned 
that can improve pe$ormance ....." [on this project and future company work]. 

Quality Training: Quality is a company wide issue, from the CEO to the receptionist. 
Therefore all employees should undertake quality training so that they can contribute 
to the quality of the management system and the product. 

Just-In-Time (JIT): Is a procurement management system which provides the 
production line with the components as they need them. This will reduce stock levels 
and stock investment, but will increase the risk of production disruption. 

Project Quality Plan: The project quality plan is a detailed document explaining how 
the company will assure that the product will be made to the client's requirements. The 
sub-headings from the IS0  9000 quality management system can be used to structure 
the document. 
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Project Quality Plan Quality Control Plan 

Control 

Figure 1: Quality Assurance Umbrella 

Total Quality Management (TQM): TQM amalgamates all of the quality management 
features. Just as the product of an organisation is unique, so is their definition of total 
quality. Total has a people and outcome focus. Central to this is the need for 
customer satisfaction with an emphasis on continuous improvement. For quality to be 
effective it needs to be introduced to all members and all aspects of the company's 
operation. The Japanese took up this concept with TQM in the 1950's. 

2. Quality Costs 

Crosby argues that quality isfree! - it costs less to get it right first time. However 
some managers never seems to have the time to get it right first time, yet seem to have 
the time to re-work the job many times. The cost of this re-work may be two or three 
times the original cost. Consider a weld on a steel fabrication project which has been 
rejected, the additional costs would include: 

Quality department raising a non-conformance report (NCR). 
Planning department schedule the repair and re-schedule the remaining work. 
Removing the rejected weld and surface preparation. 
Quality check of surface preparation. 
Re-weld 
Quality check of new weld. 

And if the second weld fails this may require the whole section to be replaced, the 
welder retrained together with additional inspection on all his previous welds. This 
example clearly demonstrates that the cost of failure can be very expensive. 
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Consider all the other quality costs under these four headings: 
Prevention costs 
Appraisal costs 
Failure costs I internal 
Failure costs I external 

Prevention Costs: Prevention costs are those expenses associated with steps taken to 
make sure the product will be made to the required condition. 

Project Quality Plan. 
Quality planning. 
Quality Control Plan. 
Quality auditing. 
Assuring vendor and sub-contractors' quality. 
Reviewing and verifying designs. 
In-process control engineering. 
Design and development of quality measurement and test equipment. 
Quality training. 
Acquisition analysis and reporting quality data. 
Quality improvement programs. 
Product recall and liability insurance. 
Planning of product recall. 

Appraisal Costs: Appraisal costs relate to expenses incurred while checking and 
inspecting the work to confirm that it has achieved the required condition. 

Design appraisal. 
Receiving inspection. 
Inspection and non-destructive testing (NDT). 
Procuring inspection and testing equipment. 
Materials consumed during inspection and testing. 
Analysis and reporting of test and inspection results. 
Field performance testing. 
Approval and endorsements. 
Stock evaluations. 
Record storage. 

Internal Failure Costs: These costs relate to expenses incurred within the company 
due to product failure and inefficiencies. 

Replacement, rework or repair. 
Scrap and waste material. 
Re-inspection and retesting. 
Defect diagnosis. 
Down-time. 
Down-grading. 
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External Failure Costs: These costs relate to expenses incurred outside the company, 
usually motivated by your client. 

Receiving and actioning complaints. 
Warranty claims. 
Products rejected and returned. 
Concessions. 
Loss of future sales. 
Increased marketing to replace lost clients. 
Recall costs. 
Product liability. 

These lists seems frighteningly long, considering all these items may have a cost 
associated with them. The criteria for success is that the increase in prevention costs 
should be less than the reduction in failure costs as shown in figure 2. 

External Failure Costs -- --- -- - - -- -- - - - ~  r r:------- 
Internal Failure Costs 

Appraisal Costs 

Prevention Costs 

_ - - - - - - _ _ _ _ _ - - - - - -  

Quality Management Trends 

External Failure Costs 

Internal Failure Costs 

Appraisal Costs 

Prevention Costs 

Time 

Figure 2: Quality Management Costs (showing how increased prevention costs 
actually reduce the overall quality costs) 

The main problem with this diagram is that people have a natural propensity to cover 
up their mistakes, therefore the figures for the cost of rework may never be accurately 
known. 

Quality Costs: When John Eagan joined Jaguar cars in 1980 the company was losing 
about $5 million a month. Under Eagan's direction, Jaguar set about developing a 
quality control programme and four years later the dramatic effect could be seen in the 
company's sales figures, rising morale and a boost to the workers' wage packets. In 
addition Jaguar has seen a dramatic reduction in warranty costs, huge gains in 
productivity and major reductions in finished product defect levels. Once again Jaguar 
became a profitable company. 
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3. Quality Planning 

The body of knowledge defines quality planning as "... identifying which quality 
standards are relevant to the project and determining how to satisfy them." We need 
to distinguish between a company's quality policy and the project quality plan. The 
company's quality policy applies to the whole company and may be formalised through 
accreditation to I S 0  9000 quality management system, or the national equivalent. For 
your project however, it may be necessary to tailor your company's quality management 
system to meet the needs of the client and the product - this is achieved through the 
project quality plan. 

4. Quality Circles 

Quality circles are a management concept the Americans set up for Toyota cars in 
Japan after the Second World War to continuously improve their manufacturing process, 
by bringing all the people in a production line together (used in its widest context) to 
identify and solve problems. Quality circles methodology ties-in well with the systems 
breakdown structure (see WBS chapter) where there is a need for a series of trades, 
departments or people to work together to produce a product, service or solve a problem 
(see figure 3). 

Figure 3: System Breakdown Structure (Quality Circles) 

Client 

Objectives: To improve communication between all parties in the same product line, 
particularly between production and management. To identify and solve problems, 
improve the product, productivity, working conditions and job satisfaction. 

Project 
Manager 

Organisation: The quality circle consists of five or six people who select their own 
- - 

leader. The people should be from the same work area or interfacing work areas, for 
example production and purchasing. Participation is usually voluntary. 

1 - 
I 

I I I I 

Training: To make the most of this arrangement, training in problem-solving techniques 
and quality management should be considered. 

Design Procurement 
Department ~ ~ ~ ~ ~ m e n t  Commissioning Vendon Manufacturing 
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Scope of Interest: The quality circle should select its own problems. However, initially 
the quality circle could be encouraged to select problems from its immediate work 
area. The problems need not be restricted to quality, they can also include productivity, 
costs, safety, morale and the working environment. 

Meetings: Usually half an hour per week, held during working hours in a conference 
room. Use a brainstorming approach to generate ideas and suggestions. Minutes of the 
meetings should be presented to management for their consideration. 

Rewards: Usually no financial benefit, satisfaction is deemed to be achieved through 
solving-problems, achieving something worthwhile, observing the implementation of 
your ideas and having a certain amount of control on your work environment. Indirectly 
this may speed up your promotion. 

The quality circle approach is becoming more pervasive as the benefits are recognised. 
People at the work-face often see problems and solutions their managers cannot and 
the best people to fix a problem are those who benefit. This working together for the 
common good of the project creates a dynamic team spirit. 

Question: Consider this production quality problem where 15% of the electrical 
components were incorrectly wired, even though the wires were colour coded and the 
terminals staggered (see figure 4). 

Problem: 15% of components mis - wired 

Solution: Change wiring loom 

, Red 

1 
I Black 

figure 4: Quality Circle Problem 
(wiring a component) 

Solution: After a quality circle discussion it was suggested that the wiring loom should 
be made so that the short wire could not reach the furthest terminal. 
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5. Quality Audit 

An audit may be defined as an investigation, inspection or survey of a system or product, 
where the actual or measured condition is compared with the planned, required or 
declared condition - the difference or variance being reported in the findings and 
recommendations. IS0 8402 defines quality audit as: " ... a systematic and independent 
examination to determine whether quality activities and related results comply with 
planned arrangements and whether these arrangements are implemented effectively 
and are suitable to achieve the objective. " 

Audits are not limited to auditing the financial accounts - any aspect of the project 
can be audited. They can be either internal or external to the company, but should 
definitely be independent to the project. To achieve this the quality manager would 
normally report to the managing director and not the project manager or general manager 
(see figure 5). This way the quality manager can be held responsible for assuring both 
the quality management system and the quality of the product. 

Figure 5: Project Matrix Structure (showing QA depastment) 

When a non-conformance is reported or suspected the quality audit provides the project 
manager or client with an excellent tool for investigating the problem. The right to 
conduct an audit is usually written into the project's contract, in fact the procurement 
department often audit their suppliers to pre-qualify them before tendering. Audits 
should follow a formal structure, consider the following procedure: 

The auditors organise a pre-audit meeting. 
The pre-audit meeting discusses the scope of the audit - what, when, who, how 
and where. 
The audit is carried out by a series of questionnaires, interviews andinspections. 
The audit data is analysed. 

225 
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An audit closeout meeting is held where the audit fmdings are announced and 
discussed. 
Corrective actions are carried out and re-audited. 

Auditing the Project Management System: The audit of a project management system 
can be conducted at two levels: 

Audit the project management system against best practices (body of knowledge) 
to ensure the management function will be able to achieve the project's objectives. 
Audit the implemented project management system against the declared system. 

Most small contracting companies will not have a project management system, so 
when you audit these companies you are in fact conducting a double audit of: 

What they intend to do against what they should be doing (best practice). 
What they are doing against what they intend to do. 

Audit benefits: 
It provides a wealth of information. 
The data collected is actionable. 
The approach is objective. 
The auditor is usually an independent expert with no personal agenda. 

Anditpmblems: 
There may be an unintentional bias on the part of the auditor. 
The auditor's experience may be unique and provide misleading evidence. 
An audit can only be carried out infrequently due to its complexity and costs. A 
small sample could produce misleading results. 
The results may be too detailed, not seeing the wood for the trees. 

Audits are not about punishing people who fail, they should be about helping 
people achieve the required condition and helping them to do their job better. Part 
of the quality training should consider training people not only how to conduct audits, 
but also how to be audited. 
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6. Quality Control Plan 

The quality controlplan links the quality requirements to the method statement (build 
method) and scheduled barchart. The quality control plan offers you the facility to 
impose the predetermined work sequence that you want, rather than what the production 
department may determine as resource efficient. This can be imposed with a quality 
controlplan which lists the sequence of work and the level of inspection. The sequence 
of work is determined by the build method andnetwork diagram. The level of inspection 
is determined by the level of control and risk and this can be imposed as:surveillance, 
inspection, witness or holdpoints. Consider the following project with five key activities 
to build a warehouse (see figure 6): 

Figure 6: Barchart 

The plan calls for these activities to be carried out in series, but the site foreman 
decides it is more efficient to start the brickwork before the roof trusses are installed 
because the scaffolding is in position. Shortly after starting the brickwork, the engineer 
stops this activity when he visits the site. The engineer explains to the foreman that the 
swaying of the unsupported columns will crack the mortar. 

When the roof trusses are installed the foreman decides to fit the roof tiles at the 
same time because all the men are up on the roof - remember the brickwork has not 
been completed. With the next strong wind many of these tiles are ripped off and 
besides the cost of damage to property there is a serious risk to life with these giant 
frisbees flying around. 

This example demonstrates a serious lack of understanding between the project 
department and the production department. The quality control plan can be used to 
ensure and enforce compliance to the scheduled barchart. This is achieved by 
introducing an inspection hold point after each of these key activities. This means no 
work can commence on a subsequent activity until the previous one has been inspected 
and approved by the nominated person. A typical QCP is shown below (see table 1): 

The scope of work outlines the operations, tasks or activities to be completed. The 
requirement or acceptance criteria outlines the standard or specification to be achieved. 
The inspection outlines who is to inspect; client, contractor or third party and the type 
of inspection; hold point, witness or surveillance. The signature is to confirm compliance. 
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Table 1: Quality Control Plan 

NC Activity 

2 

3 

4 

5 

7. Just-In-Time 

Sign off Spec Description 

Toyota cars developed the kanban system, which is known in the West as just-in-time 
(JIT). This was one of the most spectacular features of the Toyota production system. 
To avoid the build-up of huge stocks from suppliers they devised a revolutionary system 
which would order parts only when they were needed, simply by sending back the 
empty container for the supplier to fill up. It eliminated huge inventories and waste 
which cluttered up the car factories. It was a ruthless discipline, which squeezed the 
supplier for even cheaper and faster parts production. 

The Toyota system produced a greater attention to both the customer who could 
order their special car without extra cost and the worker who was much more involved 
in maintaining quality, much more aware (industry wise) and better educated than their 
Western contemporaries. However, the downside of JIT is that it makes companies far 
more sensitive to interruptions - the Kobe earth quake for example, immediately caused 
supply failures to companies which were not carrying stock! 

Another feature of the Toyota production system is continuous improvement. They 
operate an open system which they are prepared to show foreigners, because they are 
confident they are five years ahead of the West. "Ifwe lose confidence we will become 
closed. If we think there can be no more improvement, the system will perish." 

Key Points: 
Quality management includes both the quality of the management of the project 
and the quality of the product itself. 
It is generally accepted that the cost of prevention will proportionally reduce the 
cost of failure. 
The quality controlplanoffers a structure to ensure the production will comply 
with the planned build method. 

Level of inspection 

Erect steel columns 

Install roof trusses 

Brickwork 

Fit roof tiles 

Further Reading: 

Hold 

Hokf 

Surveillance l hold 

Inspection 

BS 5750 (1979), Quality Management 
Crosby, P.B., Quality is Free, McGraw-Hill, 1987 
Crosby, P.B., Quality Without Tears, McGraw-Hill, 1995 
Juran, Joseph., Product Quality - A  Prescription for the West 



Project Risk Management 

The purpose of this chapter is to provide an outline of project risk and opportunity, 
and a methodology for reducing risk to an acceptable level. A key component of 
project management is making decisions - ideally these would be based on complete 
information with a high degree of certainty of the outcome. However, in the real world 
most decisions are based on incomplete information with an associated level of 
uncertainty about the outcome. 

TOTAL RISK UNCERTAINTY NO RISK 

No information 

Enter new market 
unknown issues 

Figure 1: Risk Continuum 
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Company success is achieved by pursuing opportunities to gain a competitive 
advantage, and projects have typically been setup to take advantage of these 
opportunities - to make something new, or change an existing facility. So risk has 
always been an intrinsic part of project management. With increasing market 

- - 

competition, increasing technology and an increasing rate of change, risk management 
is gaining significance and importance. The risk continuum indicates the boundaries of 
risk management between certainty and uncertainty (see figure 1). 

It can be seen that risk, uncertainty and opportunity are closely related. When arisk 
occurs, with some ingenuity. this may open up an opportunity, and conversely when 
pursuing an opportunity there will be associated risks. Risks are generally deemed 
acceptable if the possible gains exceed the possible losses. 

Project Risk Management is defined by the project management body of knowledge 
(PMBOK) as: "the processes concerned with identzfying, analysing and responding 
to uncertainty [throughout the project life-cycle]. It includes maximising the results of 
positive events and minimising the consequences of adverse events". 

A project risk may be defined as any event that prevents or limits the achievement 
of your objectives as defined at the outset of the project, and these objectives may be 
revised and changed as the project progresses through the project life-cycle. The 
generally accepted risk management model sub-divides the risk management process 
into the following headings (see figure 2): 

Risk Control 
Mollitor and Risk Management 

Figure 2: Risk Management Model 

Define Objectives: define the context of your work and your plan for success. This 
defines what you have to achieve to be successful and establishes a basis for dealing 
with risk and future decisions. 

Identify Risk: identify areas of risk and uncertainty which may limit or prevent you 
achieving your objectives. 
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Quantify Risk: evaluate and prioritize the level of risk and uncertainty and quantify 
frequency of occurrence and impact. 

Develop Response: define how you are going to respond to the identifiedrisks; eliminate, 
mitigate, deflect or accept. 

Document: the risk management plan documents how you propose to tackle risk on 
your project. 

Risk Control: the risk control function implements the risk management plan. This 
may involve training and communication. And as the risks and the work environment 
are continually changing, it is essential to continually monitor and review the level of 
risk and your ability to effectively respond. 

1. Risk Through the Project Life-Cycle 

The project life-cycle provides an overview of the project phases; concept, design, 
implement and commission. Figure 3 outlines how risk and the amount at stake change 
as the project progresses. 

Plan Accomplish 
t F 4 b 

Phase 1 Phase 2 Phase 3 Phase 4 
CONCEPT DEVELOPMENT IMPLEMENTATION TERMINATION 
Conceive Develop Execute Finish 

( C) (D) (E) (F) 

Figure 3: Risk through the Project Life-Cycle (developed from the PMBOK) 
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Risk and opportunity are high at the outset of the project (during the concept and 
design phases), when there is the greatest degree of uncertainty about the future. As the 
project progresses these reduceas decisions are made, design freezes are 
implemented, and the remaining unknowns are translated into knowns. These unknowns 
are eventually zero when the project has been successfully completed. The amount at 
stake (investment cash flow), on the other hand, starts low and steadily rises as capital 
is invested to complete the project. 

In figure 3 the period of highest vulnerability to risk occurring is during the last two 
phases (implementation and commissioning). During these phases, adverse conditions 
may be discovered, particularly during commissioning and start-up. This is also when 
the level of influence is low and the cost to change is high (see the Project Life-Cycle 
chapter). 

2. Risk Management Responsibility 

Who is responsible for managing risk? The general manager and managing director 
are ultimately responsible to the board of directors and the shareholders for managing 
risk within the company. However, this responsibility is usually delegated through the 
corporate hierarchy with the project managers responsible for project risk and the 
functional managers responsible for their department's risks (see figure 4). This process 
of pushing risk responsibility down the hierarchy is consistent with risk management 

Figure 4: Risk Responsibility Organisation Structure 
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being a company wide issue (empowerment). The respective managers would then be 
responsible for developing a risk managementplan to identify, quantify, respond and 
control risks that affect their scope ofwork. As with other management techniques, it 
should be the managers responsibility to ensure that their team members have a working 
understanding of risk within the context of theirscope ofwork and feel accountable for 
the consequences of their actions. 

Disaster Recovery: For the ultimate unplanned catastrophe that prevents your company 
providing its critical business functions for a period of time, and results in significant 
damage or loss, your company needs to develop adisaster recoveiyplan. The objective 
of disaster recovery planning is to reduce the consequence of a disaster to an acceptable 
level. The responsibility for developing and implementing thedisaster recoveiyplan 
should be assigned to a particular manager as part of your company's risk management 
plan (see figure 4). Therefore, in the event of a disaster the plans will have been 
developed, updated and afunctioning team will be ready to implement them. 

3. Define Objectives 

A risk may be defined as any event that prevents you achieving the project's goals and 
objectives. It is therefore necessary at the outset to def~ne these goals and objectives in 
some detail. This is best achieved through a breakdown structure, consider using the 
following: 

Sub-divide by stakeholders (see the Feasibility Study chapter) 
Sub-divide by project management knowledge areas (see table 1) 
Sub-divide by OBS - departments (see table 2) 
Sub-divide by WBS - work packages (see table 3) 
Sub-divide by constraints (internal and external) (seeFeasibility Study chapter) 

Table 1: Objectives Sub-Divided by Knowledge Area 
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These structures will provide a logical framework for identifying, quantifying and 
responding to risk. This systematic approach helps to ensure significant risks and 
opportunities are not over looked. 

Scope I. 
Management 

Communications 

Contract 
Procurement 

Figure 5: Risk Management Integrated (with the other PMBOK knowledge areas) 

These knowledge areas could be expanded to include other business operations: 
sales and marketing 
design and development 
education and training 
computer systems 

Table 2: Objectives by OBS Department 
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WBS 
-. . 

Objectives 
- - - - . -- I 

Table 3: Establish Objectives by WBS Work Package (proforma) 

Develop Risk Assessment Criteria against which risks can be assessed and decisions 
made. These criteria may be based on operational, technical, financial, legal, social 
and humanitarian requirements. There will be internal and external constraints which 
set your boundaries (see the Feasibility Study chapter): 

Internal project 
Internal corporate 
External 

It is important to understand the environment of the project or the nature of the problem. 

4. Risk Identification 

Having defined your business objectives by one of the above breakdown structures, 
the next step is to identify what areas of risk and uncertainty could prevent you achieving 
these stated objectives - plan to prevent failure. Risk identification is probably the 
hardest and most important part of the risk management process, because if you cannot 
identify a risk, it will be excluded from further analysis and therefore you will probably 
not respond to it. The process of risk identification should not be a one time event, but 
rather a continuous process, its frequency depending on the level of risk on the project 
and the schedule of meetings. 

Using your list of objectives as your starting point, consider adding another two 
columns to identify cause and effect scenarios. This can be tackled from both directions: 

cause to effect - if this cause happens what effect will it have on the objectives? 
effect caused by - what could cause this undesirable effect, or failure? 

Table 4: Cause and Effect (proforma) 
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Risk identification should be a systematic process to ensure nothing significant is over 
looked. By adding another column, combinations of risks can also be considered. 
Seemingly small risks can combine in complex ways, and under a variety of scenarios 
to produce significant risks "it never rains hut itpours". Walking through the process 
should give you an appreciation of these interdependencies. Techniques for identifying 
risk include: 

analysing historical records (closeout reports) (see the Scope Management 
chapter) 
structured questionnaires 
structured interviews 
brainstorming 
structured checklists (see the WBS chapter) 
flow charts (build method, walk-through) 
judgement based on knowledge and experience 
systemanalysis 
scenario analysis (what-if). 

The success of these techniques depends on how the risk management team have been 
selected and brought together. A balanced team which incorporates; experience, 
knowledge, judgement, internal members and external consultants, stands the best chance 
of success. 

Experience: The university of life gives us the experience to help identify areas of 
risk, particularly the problems and situations you have experienced or observed in the 
past. Greater awareness and appreciation is followed by knowledge and judgement. 

Historical Data: Learn from the past - access to a comprehensive data base of relevant 
experience, both internal and external is invaluable. This information should be available 
internally from previous projects closeout reports. 

Questionnaires, interviews and brainstorming are all ways to generate ideas and 
feedback from your colleagues, stakeholders, clients, engineers, suppliers, legal eagles 
and governing agencies. Check lists, breakdown structures and flow charts (CPM) are 
all ways to group and sub-divide information for collation and presentation. 

Misinterpreting the scope of work: Misinterpreting the scope of work is a common 
cause of project failure (states Kerzner). Others include: 

Mixing and confusing; tasks, specifications, approvals, and special instructions. 
Using imprecise or vague language, for example; nearly, optimum, about or 
approximately can lead to confusion, ambiguity or misinterpretation. 
No pattern, structure, or chronological order. The WBS and CPM techniques 
have not been used. 
Wide variation in size of tasks and work packages, again caused by not using 
the WBS to sub-divide all the work packages to a common level of detail. 
Wide variation in how to describe work details. 
Failing to get third-party review, or verification from the client, sub-contractors 
and suppliers. 
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Other common reasons for project failure: 
Not working closely with the client. 
Poor estimating. 
Inadequate planning. 
Insufficient reviews and control. 
Lack of comn~ittnent (buy-in of participants and stakcholdcrs) - gain commitment 
by invol\,ing the rcsponsiblc pcoplc in thc planning. 
Incomplete information, for example, during the tendering process the contractor 
is at(eniplinp to assess the correct market price for ;L project not yet built, for a 
design which is subject to revision, on a site about which there is little information 
and a labour force not yet recruited. 

5. Risk Quantification 

Having identified a range of risks, the next step is to quantify the probability of the risk 
occurring and the likely impact or consequence to the project, or to the amount at 
stake. Risk quantification is primarily concerned with determining what areas of risk 
warrant a response and where resources are Limited, a risk priority will identify the 
areas of risk that should be addressed first. 

Probability I Impact Matrix: This mamx plots the probability of the risk occurring 
against the impact on the project (see figure 6). They are quantified as high, medium, 
or low - this will give a matrix of nine possibilities. 

Project 

Low Medium High Extreme 

Analysis Analysis 

I Probability 

High 
3 

Low 1 2 3 ~ i 5  
Consequencesllrnpact 

Figure 6: Probability1 Impact Matrix 
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For risks that recur on a regular basis there may be statistical information available 
(e.g., days lost to inclement weather). For non-recurring risks a more subjective analysis 
will be required to determine probability of occurrence. 

PERT: Program Evaluation and Review Technique was originally developed as a risk 
management tool to plan and control the Polaris Submarine Project (late 1950's). 
PERT uses a three time probabilistic model where the durations are: 

o = Optimistic time 
m = Most likely time 
p = Pessimistic time 

These are imposed on a normal distribution. The expected time will therefore be; 
T (expected) = (0 + 4m + p) / 6 

Figure 7: 
PERT 

Expected time = o + 4 m + p 
I 6 

In practice one would estimate around themost likely time. The optimistic time would 
be slightly shorter, if everything went better than planned. While thepessimistic time 
would be extended if everything went worse than planned (late delivery, or amachine 
breakdown). 

Priority: The output from risk quantification should be a WBS table (see table 5) 
which identifies, quantifies and prioritizes the risk. With finite resources it is essential 
to establish which risks should be addressed first so as to focus your effort. 

Table 5: Objective, Risk, Probability, Consequence and Priority (profonna) 
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6. Risk Response 

Having identified, quantified and prioritized the risks, you now need to develop arisk 
response plan which defines ways to address adverse risk and enhance opportunities 
before they occur. The levels of risk should be compared against pre-established criteria, 
then ranked to establish management priorities. There are a range of responses which 
should be developed in advance during the planning phase: 

Eliminate risk 
Mitigate risk 
Deflectrisk 
Accept risk 

These are not mutually exclusive - your response may use a combination of them all. 
A natural sequence would be to Fist hy and eliminate the risk completely -failing that, 
at least mitigate it. And for the remaining risk the options are to try and deflect it and I or 
accept it with a contingency. All these responses cost money, so a cost-benefit analysis 
should be performed as it may be more cost effective to accept a riskrather than taking 
expensive steps to eliminate it. 

Costs 

Figure 8: Cost Benefit of Reducing Risk 

Eliminating Risk: Looks into ways of avoiding the risk completely - by either removing 
the cause or taking an alternative course of action. This should initially be considered 
during the concept and design phases, where the level of influence is high and the cost 
to change is low (see the Project Life-Cycle chapter). 
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Mitigating Risk: To mitigate a risk means reducing the risks probability and impact. 
This could be achieved by using proven technology and standards to ensure the product 
will work. Developing prototypes, simulating and modelling are three methods which 
share the notion of using a representation to investigate selected aspects of requirements 
in order to be more certain of the outcome or suitability. A prototype is a working 
mock-up of areas under investigation in order to test its acceptance and a model is a 
miniature representation of physical relationships (often used in ship design). 

Deflecting Risk: Transfers the risk (in part or whole) to another party. This can be 
achieved through contracting, retention, bonding and insurance - these are discussed 
below. 

Contracting: Project contracts are a means of deflecting risk, usually away from the 
client to the contractor. Consider figure 9 where the contract determines how the client 
and the contractor share the risk. - Fixed price contract 

Cost plus contract 
Unit rates contract 
Turnkey contract 
BOOT contract 

Figure 9: 
Contract 
Risk 

(Min) 

Fixed Price 

Cost + Fixed Fee 

Cost + Percentage 

(Min) Client's Risk (Max) 

(Max) Contractor's (Min) 
Incentive 

Fee 

Fixed Price Contract: Also called lump sum price. This contract requires the contractor 
to complete the scope of work for a fixed price which is named in the contract. This 
contract will include all the costs associated with labour, material, plant, inflation and 
risk. A detailed scope of work is required from the client before the contractor can 
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tender - this effectively preventsfast tracking between design and construction. Once 
the project has started any changes in the scope of work will have to be negotiated. 
This type of contract is becoming more popular with clients because it passes much of 
the project risk onto the contractor. The inflation risk, however, is often accepted by 
the client in the form of an escalation clause. 

Cost Plus Contract: Also calledreimbursable, plus-fee contract. The cost plus contract 
is considered to be the most flexible type of contract, where all the direct costs are paid 
by the client plus an agreed fee or percentage profit to the contractor. This type of 
contract is often used at the beginning of a project when there may be many design 
changes, requiring close client / contractor liaison, thereby allowing work to proceed 
while the details are still being discussed. Once thescope ofwork is finalised the type 
of contract may change, for example, the Channel Tunnel contract changed from cost- 
plus to a fixed price. 

Cost-plus contracts are usually criticised on the grounds that the contractor has 
little incentive to control costs and increase productivity, since their fee is proportional 
to the total cost of the project. It is therefore up to the client to closely monitor the 
contractors performance. 

Unit Rates: Also called; billed rates, parameter costs or schedule of rates. This 
type of contract works on the basis of negotiated rates for specific work. All payments 
will be based on measurement of the work completed using the unit rates. At the tender 
stage the quote will be based on a bill of material (BOM). This type of contract is 
suitable for projects where the client cannot supply sufficient data for the contractor to 
give a lump sum quote. Thus the client can start their project sooner than a lump sum 
price and design the project progressively. 

Even on a fixed price contract, unit rates can be agreed at the outset as a framework 
for costing additional work. Unit rates do offer the contractor an incentive to maximise 
their profits through efficiency. The client will be responsible for the measurement of 
the work done, which can be integrated with the planning and control function. This 
type of contract is appropriate for projects where the scope of work cannot be defined 
at the tender stage - for example, maintenance and ship repair projects. 

Turnkey Contract: Also known as the design and construct contract. Here the 
contractor is responsible for the project, from the design phase right through to the 
commissioning phase. This reduces the client's input to a minimum while contractually 

~ ~ 

enwing that thc contractor is responsible ti)r making the project or facility operational. 
The contractor takes the undivided responsibility for the dcsipn and construction of 

thc project which in\-i~riahly lends to a pure lump sum principlc. but in practicc, this is 
rarcl~ the case duc to variation\ cauwd hy emplo!.er interterence as the project proceeds. 
As a general rule, the more expertise the employer has, the more likely they are to 
interfere. 

Partnership: Or joint venture brings client and contractor together to share the risks 
and benefits on the project. 
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BOOT Contract (build own operate and transfer): Or BOT contract (build, operate 
and transfer) or ROT contract (refurbish, operate and transfer), transfers the risk 
completely to the contractor, not only to design and build afacility, but also to finance 
the building and operation of the facility. The contractor then operates the facility for 
a period of time and charges the users for the product. For example, a contractor, or 
consortium would build and operate a power station for 25 years, during which time 
they will charge their customers for the electricity, and this income will pay for the 
building of the facility. Also used for toll roads, bridges and tunnels. 

Retention: The client retains a percentage of the contractors income against the 
contractor failing to complete their contractual obligations. The retention is usually 
10% of the monthly progress payments until it reaches 5% of the contract value and 
then it is held until the end of the warranty period. 

Bond: The contractor offers the client a bond through a large organisation (bank). The 
bond could be held against lack of performance or poor quality of work. If the contractor 
fails to perform, the client is compensated by the bond company, who in turn will take 
agreed assets from the contractor to cover the bond. Some contractors prefer this 
arrangement to retention, as they are paid their progress claims in full, thus improving 
their cash-flow. 

Insurance: A third party accepts insurable risks for the payment of a premium. The 
premium is now the quantified impact of this risk on the project. Insurance could 
cover: 

Direct property damage 
Indirect consequential loss (business interruption) 
Legal liability 
Personnel liability. 

Acceptance: Here you accept the consequence of a risk occurring, also called self- 
insurance. However, you may develop a contingency plan to protect your business 
from the risk event. A contingency plan defines actions you will take ahead of time - if 
A happens we will do B. The contingency plan could be established for: 

minor internal design changes 
underestimating BOM, procurement and resources 
lack of experience (history, knowledge, judgement) 
unexpected procurement price changes 
correcting some erroneous assumptions 
scope - insufficient detail resulting in changes 
construction, implementing and commissioning problems that lead to schedule 
delays 
some unforeseen regulations. 

A summary table should be developed to gather together all the identified risks and 
how you intend to respond (see table 6).  
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Table 6: Objective, Risk, Response, Mitigating Risk (proforma) 

WBS 1 objxitve 

1 1  

Risk Management Plan: The risk managementplan, documents the output from the 
previous sections; identify, quantify and respond, and assigns responsibility for 
implementation. The next section - risk control - implements the risk management 
plan and makes it a working document. 

7.  Risk Control 

Risk 

The risk control function implements the risk management plan to make it happen - 
this is the most important part which is often neglected! The risk management plan 
needs to be communicated to all the project participants and where necessary followed 
up with appropriate training and practice runs. The training should not only ensure 
that the risk management plan is understood, but also develop a company wide risk 
management culture and attitude. 

PROCESS 

Response Mwate 
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The risk management plan should be monitored and updated on a regular basis to 
ensure you learn from recumng risks and that it is relevant to changing circumstances: 

changes in the scope of work 
changes in the build method 
changes in the team members 
changes in the suppliers. 

Risk management may become an item on the weekly progress meetings to prompt 
discussion, identify new areas of risk and develop appropriate responses. 

8. Disaster Recovery Planning 

A disaster is a sudden, unplanned catastrophe that prevents your company providing 
its critical business functions for a period of time and could result in significant damage 
or loss. The time factor will determine whether a problem or semice interruption is an 
inconvenience or a disaster - losing power for a few hours may be an inconvenience, 
but losing power for a few weeks (or a month in Auckland's CBD in 1998) could be a 
financial disaster. The objective of disaster recovery management is to reduce the 
consequence of a disaster to an acceptable level. This is the ultimate contingency plan! 

Disaster recovery planning is essentially a contingency response from your risk 
management planning, but due to the unique nature and size of the problems it is 
probably best managed separately - as a project. The management of the disaster 
recovery plan should be assigned to a manager with responsibility to set up a team to: 

develop the disaster recovery plan 
control the disaster recovery plan 
and when the time comes - implement the disaster recovery plan quickly and 
effectively. 

Disaster recovery planning essentially follows the same process as the risk management 
plan, except now you are focusing on the major risks which cannot be eliminated, 
mitigated or deflected. Controlling the disaster recovery plan may involve training, 
practice and frequently updating the data base of information (for example telephone 
numbers). The disaster recovery team should meet regularly so that in the event of a 
disaster they can hit the ground running. Fire would be a good example of a disaster 
where your office, factory, or facility could be completely destroyed, or have restricted 
access for a long period of time - how are you going to recover? 

Disaster Recovery Implementation: When a disaster happens, now is the time to 
implement your carefully developed and updated disaster recovery plan. The first step 
is to mobilise the disaster recovery team, maybe at a prearranged office where all the 
necessary office equipment, information and communications are ready. Communicate 
the disaster recovery plan to all the key people and stakeholders. Using telephone trees 
(one person rings ten people), this would include: 

employees suppliers 
clients media. 
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If necessary relocate your office: 
move to office accommodation 
recover the critical data bases which should have been regularly backed up and 
stored off site 
develop your recovery plan and disseminate it. 

It is essential that you accurately advise your clients how long it will be before you can 
offer a normal service again. Statistics from America indicate that 50% of businesses 
affected by fire do not make it back into operation again - they take so long to recover 
that their client base has moved on to other suppliers. 

This concludes the chapter on Project Risk Management, the following chapter will 
discuss Project Communication. 

Key Points: 

Risks are inherent in all projects. 
Develop a risk management plan to document how you will respond to risk. 
Implement the risk management plan and continually control the risk until the 
project is completed. 

Further Reading: 

AS/NZS 4360:1995., Risk Management 
Chapman, C., and Ward, Stephen., Project Risk Management: Processes, Techniques 
and Insights, Wiley, 1996 
Kerzner, H., Project ManagementA Systems Approach to Planning, Scheduling and 
Controlling, Van Nostrand Reinhold, 1997 
PMBOK Handbook Volume 6, Project and Program Risk Management, 1992 
Project Management Institute (PMI).,A Guide to the Project Management Body of 
Knowledge (PMBOK), 1996 
Raftery, John., Risk Analysis in Project Management, Routledge, 1993 



Project Communications 

The project management body of knowledge (PMBOK) defines project communication 
management as: ".. . the process required to ensure timely and appropriate generation, 
collection, dissemination, storage and ultimately disposition [disposal] of project 
information. It provides the critical links among people, ideas and information that 
are necessary for success." 

The project manager is in the key position to develop and maintain all the 
communication links, both inside the company and project team, and outside the 
company with the client, contractors, suppliers and other stakeholders. Project managers 
tend to spend about 90% of their working time engaged in some form of communication, 
be it; meetings, writing memos, emailing, faxes, reading reports, or talking with team 
members, senior managers, customers, clients, sub-contractors, suppliers and 
stakeholders. It therefore makes sense to rank communication management along with 
the other knowledge areas. 

It is often stated that: "Information costs money, but lack of information could be 
even more expensive". The cost of communication failure may be quantified as poor 
decisions based on incomplete information, rework due to the shopfloor using old 
drawings, downtime due to managers not being advised of late delivery of material and 
managers turning up for meetings which have been cancelled. A trade-off needs to be 
established between the cost of mistakes and the cost of supplying good information. 

Projects are particularly prone to communication difficulties because of the unique 
nature of projects and of the matrix organisation through which they are generally 
managed. There may be overlapping responsibilities, decentralised decision-making 
and complex interfaces all applying a strain on the communication system. But if the 
communication is well managed it could be the single most important factor determining 
quality, efficiency, productivity and satisfaction. 
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1. Lines of Communication 

The project manager and project office are at the heart of the project's information and 
control system. It is the project manager's responsibility to not only develop the project 
organisation structure, but also develop the project's lines of communication. A line of 
communication may be defined as a formal or informal link between two or more; 
people, departments, companies, suppliers, contractors or stakeholders. 

The lines of communication tend to follow the organisation chart, which not only 
outlines the manager's position, but also responsibility, authority and who reports to 
whom. Further the stakeholder analysis will identify all the other interested parties, 
both internal and external to the project (see figure 1). 

Figure 1: Lines of 
Communication 

Every effort should be made to include all the key people in the project's lines of 
communication. To leave out a key person will not only limit their 
knowledgeable contribution to the project, but may also result in them adopting a hostile 
and negative attitude to the project. If senior people are included in your circulation list 
this will add weight to the document's importance. 

Electrical 
Manager 

- 

Vendors 
- 

Communication Medium: Project communication can be transmitted in many forms; 
formal or informal, written or verbal, planned or ad-hoc. Consider the following: 

Formal written: letters, faxes, email, memos, minutes, drawings, specifications 
and reports 
Formal verbal: telephone, meetings, video-conference 
Informal verbal: casual discussion between friends 
Non-verbal: body language. 

Contractors 
- 

The use of written communication should be encouraged because it addresses 

- 

misinterpretation and forgetfulness. All important agreements and instructions should 
be confirmed in writing. You will be thankful for keeping a written trail of agreements 
if problems develop later in the project. 
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What Information should be Communicated: This is a tricky issue -if you filter the 
information, you may be accused of being manipulative. However, if you give everyone 
all the information, they will be overloaded and are unlikely to read it. The objective 
should be to send sufficient information for the recipient to participate, make good 
decisions and feel involved and part of the project. Certain information should be 
controlled - contract, specifications, drawings, instructions and scope changes. The art 
of good communication is to strike a balance with the value of information supplied 
against the cost and time it takes to collect, process and disseminate. 

The frequency of reports and turnaround time for responses should be discussed 
and agreed. An information sequence may be established, for example, the progress 
may be captured on a Friday, processed on a Monday and reported on a Tuesday at the 
progress meeting. 

The reporting format and content should be discussed, where possible the client 
should be encouraged to accept the contractors standard forms which may have been 
developed over many projects. The information presented should be in an 
easy to understand format so that the recipient can quickly assimilate the situation and 
take appropriate action if required. 

2. Project Information and Control System 

The information and control system complements the lines of communication and the 
project control system by focusing on the flow of information. For the information 
flow to be effective, all parties must be aware that they are part of a linked system and 
that the quality of the information (like cogs in a wheel or links in a chain) will directly 
relate to the weakest link - garbage-in to the system will deliver garbage-out of the 
system. 

Figure 2: Information 
and Control System 

Data Capture 1 
Work Execution Data Processing 

Project Meetings Progress Reports 

f I 
I 1 Information I IW 

With the advances in computer aided data processing and reporting, the weak link in 
the information flow is probably located at the data capture function where the project's 
status and progress is quantified (see Project Control chapter). 
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3. Handover Meeting 

The purpose of the handover meeting is to formally commence the project, project 
phase or sub-contract. The attendance would normally include the client, senior 
management, the project team members and other concerned parties; contractors, 
suppliers and stakeholders. The purpose of the handover meeting is to set the scene for 
the project and establish how it will be managed. A typical agenda may include: 

Project Charter: Outline the purpose of the project. 
Project OBS: Identify all the relevant project participants and stakeholders. Discuss 
the scope of work and contracts - who does what, responsibilities and authority. 
Communication: Discuss the lines of communication and the information and 
control system. 
Build Method: Discuss how the product will be made, quality and hold points. 
Schedule: Discuss project schedule and milestones. 
Reporting: Discuss progress reporting - format, content, frequency and circulation. 
Meetings: Discuss schedule of meetings, attendance, venue agenda and minutes. 

- 

Instructions: Explain procedure for issuing instructions, format and who has 
authorisation. List the documents that will be used for issuing instructions, these 
could be: drawings, schedules, minutes, memos, letters, faxes and email. 
Document Control: Discuss what documents will be controlled and how they 
will be transmitted. 
Configuration Management: Discuss how changes will be incorporated and 
communicated. Outline procedures for scope changes and identify the people 
with approved signing power. 
Payments: Discuss how progress will be measured and payments will be made. 
Contract: Discuss contractual requirements, retention, bonds, penalties and warranties. 
List of client supplied items. 
List of inclusions and exclusions. 
Commissioning: Discuss how the product will be run-up, tested, accepted, or rejected. 
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4. Project Progress Meetings 

Progress meetings are generally held every week to monitor progress and guide the 
project to completion. Progress meetings provide an effective forum for the project 
manager to co-ordinate, integrate and manage the project's participants. Meetings 
provide a dynamic environment where interaction and innovation will enhance the 
cross flow of ideas and help solve problems. The meetings should also provide the 
venue for consensus and decision-making. A typical progress meeting would contain 
the following: 

Agenda: The agenda should be circulated before the meeting with action points 
to prepare for the meeting. 
Minutes: Approve minutes of previous meeting. 
Actions: Report on actions from previous meeting. 
Progress: Report progress by work packages. 
Configuration Management: Discuss scope changes and concessions - their 
implications and approval. 
Document Control: List controlled documents transmitted and police signing 
of transmittals. 
Claims: Discuss any claims since the last meeting. 
Quality: Discuss NCRs and quality issues. 
Payments: Approve invoices for payment. 
Minutes: The minutes document discussions and agreements. The minutes should 
be approved at the following meeting. 

5. Project Reporting 

Project data can be collected, processed and reported in many ways, this section will 
outline a few of the commonly used methods. The format (structure), frequency and 
circulation of reports needs to be established during the start up phase of the project. 
The reports should be designed to assist problem-solving and decision-making by the 
various levels of management so that they can ensure the project will meet its stated 
goals and objectives. 

Status reports simply quantify the position of the project. This data capture function 
is the first link in the information and control system - all subsequent evaluations are 
based on this data. Status reports may be specific and focus on the key areas of the 
project, like time, cost and quality, or they may be general and include a much wider 
scope (see table I). 

Table 1: 
Status Report 
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Earned Value: The earned value report integrates the variable parameter of cost with 
time, this technique can also be used to integrate manhours and time. The integration 
of data enables the planner to model the various parameters more realistically (see 
figure 3 and the Earned Value chapter). 

Figure 3: Earned Value 
(showing tends) 

I l ime 

Variance Reports: Variance reports quantify the diierence between actual and planned. 
For example the revised budget being compared with the original budget. The variance 
is simply the difference between the two values (see table 2). 

Table 2: Budget Variance Report 

When a variance is reported as the difference between two values, it does not take the 
size of the parameter into consideration. This problem can be addressed by converting 
the variance into a percentage of the planned value. Now the variance is expressed as 
a percentage of the original base (see table 3). 
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Table 3: Schedule Variance Report 

Trend Reports: The status report tells the manager where you are, but not where you 
are going. The trend report uses historical data and extrapolates this forward to give 
the manager a feel for the direction of the project. Figure 3 shows the earned value 
graph where both BCWP and ACWP are extrapolated to show their current trends. 

Exception Reports: Exception reports are designed to flag an occurrence or event 
which is outside predetenn&ed control limits.   his threshold can be set by the project 
manager as a guideline for the planner to follow and filter out the important information. 
For example the planner may be requested to report: 

All activities that have a float less than 5 days. This would highlight all the 
activities that could go critical in the next week. 
All the material that has missed its planned delivery date. The project manager 
can now contact the supplier for a status report. 
All non-conformance reports (NCR) where the product has not attained the 
required condition as outlined by the specifications or contract. 

Monthly Reports: On a long project, monthly reports give the project manager an 
excellent forum to quantify what is happening on the project and report it to senior 
management and key stakeholders. The monthly report should roll up the weekly progress 
meetings and any other special meetings to give an overall picture of the project. The 
report should highlight any significant trends or variances, particularly those where 
the MD's action is required. Identify all major events happening in the next month so 
that the client, MD and other stakeholders can plan ahead. 

Reporting Period: The agreed timing of the reports should link with a schedule of 
meetings and report roll-ups. This would generally be weekly, but should also include 
key milestones and be adjusted to accommodate risk and the level of control required. 

It is important to use structured reports as much as possible, as ad-hoc reports may 
not include the information the project manager needs, and people naturally tend to 
report the good news while they are economical with the badnews. However, if managers 
are asked to report against a structured format they will generally answer it honestly. 

Reports should be quick, easy to prepare and read. The managers should not spend 
too much time reporting - about an hour per reporting period would be a reasonable 
amount. If it takes longer then the managers should rightly complain they could be 
distracted from productive work. 
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6. Document Control 

The purpose of document control is to ensure that key documents are sent timeously to 
a predefined list of key people and there is an audit trail of transmittals. The key 
documents would include the: contract, specifications, drawings, schedules, reports 
and letters. Tne key people would be identified by the project organisation structure 
and lines of communication. An audit trail of transmittals would demonstrate that the 
controlled documents (usually marked controlled copy) have been sent to the right 
people and there is a signature confirming date of receipt. 

o n  large projects document control would be handled by the configuration department 
or a document controller, however on small projects this would be covered by the 
project team or the project management. 

Transmittal Note: A transmittal note or delivery note is sent with every controlled 
document. The addressee must sign the transmittal note and return a copy to the project 
office to confirm the document has been received (see figure 4). 

DATE ISSUED: 

RECEIVED BY: 

DATE: 

CONTENT: 

L J 

Figure 4: Transmittal Note (to confirm receipt) 

It is the project office's responsibility to control the flow of these controlled documents. 
The project office must ensure that these controlled documents reach their destination 
timeously. A control sheet is essential (see table 4), each week the document controller 
should confirm receipt by telephone and ensure the signed transmittals are returned. A 
list of non-returned transmittals can be tabled at the progress meetings to encourage 
compliance. 
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Table 4: Document Control Sheet or Transmittal Summary 

Unambiguous Statements: When communicating make sure your comments are not 
likely to be misinterpreted like the example below: 

Two tradesmen knocking in a nail. "When I nod my head hit it". 

This concludes the chapter on Project Communications, the next chapter will discuss 
Project Organisation Structures, particularly the matrix structure. 

Key Points: 

All lines of communication should pass through the project ofice - the project's 
front door. 
Set up a schedule of progress meetings to plan and control your project. 
Set up a fully integrated information and control system to generate progress 
reports. 

Further Reading: 

Bolton, Robert., People Skills, Simon & Schuster, 1986 
Burleson, C., Effective Meetings, Wiley 
Peace, A., Body Language, Sheldon Press, 1977 



The PMBOK defines project human resource management as "... the process required 
to make the most of the people involved with the project." Projects are performed by 
people and managed through people, so it is essential to develop an organisation structure 
which reflects the needs of the project, the needs of the project team and just as 
importantly the needs of the individual (see figure 1). 

1. Organisation Structures 

The project organisation structure identifies the 
relationship between the project participants, 
together with defining their duties, responsibilities 
and authority. Because of the dynamic nature of 
projects it is possible to have a number of 
organisation structures running concurrently and 
during the project you may well use all of the 
organisation structures. These structures outline 
the relationship between the various participants, 
lines of authority and the lines of communication, 
consider: 

Project team 
Matrix organisation structure 
Responsibility matrix 
Project interfaces Figure 1: Intersecting Needs 
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Project Team: The project team outlines the relationship between the project manager 
and the other team members. This structure may be dynamic, as seconded members 
move in and out of the project (see figure 2). 

Figure 2: Project Team (centred on the project manager) 

Matrix Organisation Structure: The matrix structure presents how the project structure 
overlays the functional structure and outlines the relationship between the project 
manager, functional managers and their subordinates (figure 3). 

Figure 3: Matrix Organisation Structure (showing 
lines of responsibility) 
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Responsibility Matrix: Also called the WBS / OBS interface, this links the scope of 
work (work package) with the responsible person or department. This matrix ensures 
that the full scope of work is assigned and the responsible person for each work package 
can be easily identified (see figure 4). 

Figure 4: WBS / OBS Interface (showing who is responsible for each 
work package) 
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Project Interfaces: The project interface outlines the contact between the project 
manager with the internal and external stakeholders (see figure 5). 

Internal - the functional managers and all the other internal departments that 
may be associated with the project. 
External -the client and all the other outside companies (contractors and suppliers) 
used on the project. 

Client El 

Suppliers El 

Manager 

Figure 5: 
Project 
Interfaces 

Legal n 
Project Organisation Structures: Organisation structures are often quantified by 
their lines of responsibility and lines of authority. On projects this relationship can be 
presented as a continuum of organisation structures from functional to pure project 
with a range of matrix organisation structures in between. For simplicity this chapter 
will discuss the three main types of project organisation structure (see figure 6): 

Functional 
Matrix 
Pure project 

A 
Figure 6: Project 
Organisational 
Structure Continuum 
(showing the 
distribution of 
responsibility and 
authority from 
functional to pure 
project) 

Pure Project 
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2. Functional Organisation Structure 

This traditional organisation structure is based on the sub-division of product lines or 
disciplines into separate departments, together with a vertical hierarchy. The figure 
outlines a typical structure with a number of functional departments reporting to the 
general manager. Also called wedding-cake corporate structure (see figure 7). 

Figure 7: Functional General 

Organisation Structure Manager u 
Civil 
Manager 

Supervisor 

Charge Hand 

Structural 
Manager 

Supervisor 

Charge Hand 

Mechanical 
Manager 

Supervisor 

Charge Hand 

Tradesman L~radesrnan L~radesman 

The advantages of the functional organisation structure (particularly for projects within 
their own department) are: 

They are simple. 
They can achieve a high degree of flexibility, because people in the department 
can be assigned to the project, then immediately re-assigned to other work. 
Switching back and forth between projects is easily achieved. 
Functional departments provide a home for technical expertise which offers 
technical support and continuing development. 
They provide good support as the work is usually carried out in the department. 
The functional department provides the normal career path for advancement 
and promotion. 
Functional department's work is simpler to estimate and manage as the scope of 
work is usually restricted to its own field and the functional data base should 
contain information from previous projects (closeout reports). 
Lines of communication within the department are short and well established. 
There is quick reaction time to problems within the department. 
Some employees prefer working in a consistent work routine, rather than the 
challenge of diverse projects. 
They offer clearly defined responsibility and authority for work within the 
department. 

The disadvantages of the functional organisation structure (particularly when being 
used on multi-disciplined projects) are: 

No single point of responsibility as the project scope moves from one department 
to another, this can lead to co-ordinating chaos. Without a nominated project 
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manager the co-ordinating and linking role must fall with the general manager, 
but the general manager should be concerned with corporate issues and not 
project operations. As projects become larger and more complex, it becomes 
increasingly difficult for senior management to co-ordinate the day-to-day 
problems of individual projects. 
On multi-disciplined projects there are no formal lines of communication between 
the people within the different departments. Generally the only formal line of 
communication is through the functional managers, which will lengthen the lines 
of communication and slow down the response time. With these long 
communication cycles, problem-solving and decision-making will be adversely 
effected. In practice informal links may be established between the people working 
on the project out of necessity. 
Competition and conflict between functional departments may limit effective 
communication of important project information. 
Departmental work may take priority over project work. If there is a resource 
overload the project's schedule may be pushed out. This could adversely effect 
the handover to the next department and delay of the project's completion. 
For functional managers the project is not always the main focus of concern, 
particularly when the scope has moved to another department. The client may 
well feel like a football being passed from one department to another. Clients 
prefer to deal with one person - the project manager. 
The responsibility for external co-ordination with the client, suppliers and other 
stakeholders may become muddled because of overlap, underlap and inadequately 
defined responsibilities. 
Without a clear project manager the client may end up co-ordinating the different 
functional departments themselves. 
The department may myopically focus only on theirscope of work in preference 
to a holistic view of the project and a departmental solution to a problem may 
not be the best solution for the project as a whole. For example, the production 
department may want standardisation, while the marketing department may want 
to offer a range of products. 
They are not effective in a multi-project environment because of the conflicts 
associated with assessing the relative importance and priorities as each project 
competes for limited resources. 
No single department is responsible for the overall project's success, this could 
lead to decisions by committee. 
The motivation for people assigned to the project can be weak if the work is not 
perceived to be in the mainstream. 
Multi-discipline projects call for horizontal forms of co-ordination, a characteristic 
that is foreign to vertically orientated functional hierarchy structures. 

The functional organisation structure does offer excellent facilities within its own 
department, but where a multi-disciplined scope of work calls for interaction with 
other departments then the system may be found lacking. To address this problem the 
matrix organisation structure offers an interaction of both functional and project interests. 
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3. Matrix Organisation Structures 

The topology of the matrix structure has the same format as a mathematical matrix, in 
this case the vertical lines represent the functional department's responsibility and 
authority, while the horizontal lines represent the project's responsibility and authority. 
Thus giving the matrix structure its unique appearance and name. The matrix structure 
is a temporary structure created to respond to the needs of the project where people 
from the functional departments are assigned to the project on a part-time or full-time 
basis. Thus the matrix structure is initially superimposed on the existing functional 
structure. 

The matrix structure is considered by many practitioners to be the natural project 
organisation structure, as it formalises the informal links (mentioned in the previous 
section). On multi-disciplined projects people need to communicate at the operational 
level to perform their tasks. Where the lines of responsibility intersect, this represents 
people to people contact, thus providing shorter formal lines of communication. 

Figure 8: Matrix 
Organisation 
Structure I 

I I 
Project Lines of Responsibility 

Project 
Manager 
(1) 

E e 
Bosses - .- 

Project 
.+. 

Manager 
E 2 

( 2 )  - 
Bosses 

1 L Tradesman 1 ' Tradesman 

A characteristic of project management is that it relies on a number of functional 
departments and contractors to produce the product, each appearing to act autonomously 
and yet requiring strong communication bonds with each other. The project manager 
needs to cut across organisational lines to co-ordinate and integrate specific resources 
located in different departments. To achieve this the project manager must have 
appropriate tools, particularly an information system that not only accommodates 
interdisciplinary tasks but also the cross-functional capability of retrieving data from 
the different departments. Within this matrix structure there are a number of variants 
caused mainly by the distribution of power (authority). The three different types shown 
here are (also shown in figure 6): 
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Co-ordination matrix (weak matrix) 
Overlay matrix (balanced matrix) 
Secondment matrix (strong matrix) 

5 
?j 
2 z - 
m 
0 5 
3 U. 

Repeat of Figure 6: Project 
Organisational Structure 
Continuum (showing the 
distribution of responsibility 
and authority from 
functional to pure project) Pure Project 

Consider some of the advantages inherent in the typical matrix organisation structure: 
The project has a clear single point of responsibility -- the project manager. 
The project can draw on the entire resources of the company, when several 
projects are operating concurrently, the matrix structure allows a time-share of 
expertise, which should leads to a higher degree of resource utilisation. 
By sharing the use of equipment, the capital costs can be shared between projects 
and functional departments. 
With seconded resources project termination is not necessarily a traumatic event 
(worrying about continuing employment), the resources can return to their original 
functional department. 
Rapid response to the client's needs. The client communicates directly with the 
project manager. 
The corporate link will ensure consistency with company policies, strategies 
andprocedures, yet give the flexibility to tailor these to the project's needs. 
The matrix structure can be tailored to the needs of the project with respect to; 
job descriptions, procedures, work instructions and Lines of communication. 
Good flow of information (dissemination) within the project as there is aprovision 
for both horizontal (project information) from function to function and vertical 
(functional information) through the organisation structure. 
The needs of the project and functional departments can be addressed 
simultaneously by negotiation and trade-off. The project is mainly concerned 
with what and when (scope and planning), while the functional department is 
concerned with, who and how (resources and technical). 
Problem-solving can draw on a much wider base for ideas and options - 
brainstorming. 
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The F 

Teams of experts within the functional department are kept together even though 
the projects may come and go. Therefore technology, know-how, expertise and 
experience are not lost when the project is completed and the project team 
disbanded. Specialists like to work with other specialists in the same discipline, 
thus increasing innovation, problem-solving ability and synergy. 
The multi-disciplinary environment exposes people to a wider range of 
considerations. 
By retaining their functional home, specialists keep their career path. If they 
work well in a multi-disciplined environment then a new career in the project 
office may open up. 
The matrix structure is a good training ground for project managers working in 
multi-functional and cross-functional environments. 
The matrix structure integrates the WBS with the OBS (see figure 4). 

ollowing disadvantages are inherent with the matrix structure: 
The organisation structure is complex and more difficult for the participants to 
understand than the simpler functional or pure project organisations. 
They are more complex because of the additional number of managers involved 
that need to be kept informed and consulted. 
Dual responsibility and authority leads to confusion, divided loyalties, unclear 
responsibilities, and conflicts over priorities and allocation of resources. 
The two boss situation is a recipe for conflict, between both, managers and 
employee and between managers over the allocation of employees. 
They do not encourage strong staff commitment to the project, particularly when 
staff from functional departments are assigned on an as-needed basis. Also the 
staff may be working on a number of projects, further limiting their (attenuating) 
commitment to any one project. 
The reward system of a matrix structure does not encourage staff to put in long 
hours in a project. Why should they when they have no personal stake and no 
additional payments. Further the project manager does not usually write their 
appraisal reports. 
Reaction times although faster than the functional structure, may get bogged 
down in negotiation (there is more negotiation) so decisions could take longer to 
make as more people must be consulted. This problem is more acute with the 
weaker matrix structures where the project managers do not have the authority 
to make decisions on their own. 
A company with a number of projects calling on the same resources faces real 
problems establishing priorities and resource allocation, as the project manager 
and functional manager will claim their work should have the highest priority. 
In this situation the priority should be made at a senior management level. 
The cost of running a matrix organisation is higher than a functional or pure 
project organisation because of the increased number of managers involved in 
the administration and decision-making process. 
Project integration between departments is more involved and complex than 
integrating people within one functional department. 
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With functional projects and pure projects it is clear who has the power to make 
decisions, however, with the matrix structure the power may be balanced between 
departments. If this causes doubt and confusion then the productivity of the 
project may suffer. 
The sharing of scarce resources could lead to inter-departmental conflict. 
After a secondment of a few years personnel may find they either do not have a 
functional department to return to, or their position has been re-appointed. 
"Someone is sitting at my desk!!" 
In the matrix structure the project manager controls the administration decisions, 
while the functional managers control the technical decisions, this division of 
power and responsibility could lead to an overly complex situation. 
Where the project and functional lines of influence cross there exists a two boss 
situation which is a recipe for conflict. 
The corporate employees' career path is usually within the functional department. 
Therefore, while working on projects they may miss-out on functional promotion. 
Where project and functional reporting is required, this double reporting may 
lead to additional work and therefore additional costs. 
The functional departments are unlikely to give up their best personnel to the 
project. 

For the matrix organisation structure to work successfully the functional departments 
will have to make major changes in the way they work. The matrix structure introduces 
new management interfaces and increases the potential for conflict. New management 
skills are required for the functional managers to accommodate conflicting goals, 
priorities and resource demands. 

4. Co-ordinating Matrix 

This is the nearest structure to the traditional functional hierarchy where the project 
manager (more likely called project co-ordinator, progress chaser, or expediter) co- 
ordinates the resources across functional departments. The co-ordinator may come 
from the department that initiates the project, or the department which starts the project. 
Although the project co-ordinator is generally in a junior position with little formal 
power, as titular head of the project they may well be held responsible for the project 
meeting its objectives. 

This arrangement gives little formal authority to the project manager to manage the 
project, control resources, or make decisions. Due to this lack of formal authority the 
project manager usually ends up performing more project administration work than 
managing the project. In this situation the best approachmay be to offer a co-ordinating 
service, identify problem areas, and facilitate the project management process through 
communication skills and interpersonal skills -this way you can earn appreciation and 
perhaps some power! 



PROJECT ORGANISATION STRUCTURES 

5. Overlay Matrix 

Also called the balanced matrix. This is the commonest type of matrix structure, 
where the project manager through aproject office would negotiate with the functional 
departments for resources to implement the project. The project manager would be on 
the same level of seniority as the functional managers which could put the project 
manager in a difficult position. The project manager may now be deemed to have 
sufficient seniority to be held responsible for the project, but at the same time does not 
have formal authority over the functional managers who own the resources. 

The onus is on the project manager to practice an appropriate leadership style 
towards the functional managers, which would certainly include negotiation to address 
the trade-off between who controls the what, when, who and how. 

6. Secondment Matrix 

This is the nearest type of organisation structure to the pure project where the project 
manager has a wide range of powers over the whole project. Although the project 
manager would usually be senior to the functional managers, they would still need to 
negotiate with them for the use of theirresources. During the secondment the functional 
personnel would formally report to the project manager. 

The project office would develop an information and control system tailored to the 
needs of the project, together with procedures and work instructions. This ability to 
either modify existing systems or develop new systems from scratch is a characteristic 
of project management. 

Although the functional personnel will return to their department after their 
involvement in the project, to help gain commitment and respect from the seconded 
staff, it is in the project manager's interest to ensure their continuing employment after 
the project. 

7. Pure Project Organisation Structure 

The pure project organisation structure is similar in shape to the functional organisational 
structure except now all the departments are dedicated to the project. It has autonomy 
from the rest of the company, as a self-contained unit with its own technical staff and 
administration. This type of structure is typical of large projects - Concorde, NASA 
and offshore projects (see figure 9). The project manager has a high level of authority 
to manage and control the project resources and constraints. The advantages with the 
pure project structure include: 

The project manager has full line authority over the project. 
Increased project commitment and loyalty. 
Promotes more effective communication between the project manager and the 
team members. 
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Figure 9: Pure Project 
Structure 
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All members of the workforce report directly to the project manager. There are 
no functional department heads whose permission must be sought. 
The lines of communication are shorter then the multi-disciplined functional 
route. 
If there are a series of similar projects, the team of skilled experts can be kept 
together. 
Because the project team tends to have a strong separate identity, this encourages 
a high level of communication between members. Inspiration and motivation is 
high and task orientated. 
With centralised authority decisions are made quickly. 
With the one boss situation the lines of communication, responsibility and 
authority are clear and undisputed. 
Pure project presents a simple structure which is easy to understand, implement 
and operate. 
There is a holistic approach to the project. 

The disadvantages with the pure project structure include: 
If the parent company has a number of projects running concurrently, with pure 
project structures this could lead to duplication of effort in many areas and an 
inefficient use of company resources. 
To ensure access to technical know-how and skills there may be a propensity to 
stockpile equipment and personnel. This may lead to resources staying on the 
project longer than required. 
Project team members work themselves out of a job. 
If the project divorces itself from the functional departments and other projects, 
this could sever the cross flow of ideas and information within the company. 
As the project cannot offer continuity of employment, this may encourage the 
company to use sub-contractors. If a detailed closeout report is not generated by 
the sub-contractors the company would lose valuable experience and information. 
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8. Job Descriptions 

The job description develops the organisation structure's positions into a further level 
of detail. The job description should contain the job title, the supervisor, a job summary, 
duties, responsibilities and authority. A framework for a job description should include: 

Who the person reports to. 
Who reports to that person. 
What duties the person is responsible for. 
What authority the person has to issue instructions. 

Using this basic framework consider an example of a project manager's job description 
- reporting to the general manager the project manager is delegated with responsibility 
and authority to: 

Achieve all the targets set out in the baseline plan. 
Select and manage the project team. 
Set up the project office and management system to manage and control the 
project. 
Represent the company at the client meetings. 
Process all project related correspondence. 
Authorise all reimbursable procurement and services required by the project. 
Negotiate and award all the sub-contracts. 
Process all non-conformance reports (NCR's). 
Issue the necessary project procedures. 
Issue weekly / monthly progress reports and financial statements. 
Approve all changes on behalf of the company. 
During the development of the scope of work it is the project manager's 
responsibility to structure and co-ordinate the input and involve all interested 
parties (internal and external). This involvement is required to determine the 
technical and managerial requirements. 
Some of the qualities the project manager requires include: an ability to 
communicate, negotiate, deduce, quant@ dreams, quantify wish lists and interpret 
the client's needs correctly. 

As the project manager is responsible for selecting the project team it can be assumed 
that the project manager is also responsible for defining their job descriptions. These 
would normally include the following positions: 

Project Accountant 
Project Planner 
Project Engineer 
Project QA 
Project Procurement 

The size of the project would determine the number of people in the team. On a small 
project one person may cover all these positions, while on a large project there may be 
a number of people per position. The bottom line is that the project manager is the 
single point of responsibility and as such has a blanket responsibility for the project. 
The project manager's authority, however, may be limited. The key word here is to 
strive for authority commensurate with your responsibility. 

267 
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9. Organisation Structure Selection 

Selecting the right organisation structure is essentially a balancing act between 
addressing the project's needs (scope), the project team's needs (and stakeholders) and 
just as important the individuals' needs (see figure 1). On some projects, the client may 
request or instruct the contractor to use a certain type of management structure. 

The choice can be further complicated by an organisation structure which is 
appropriate for one company, but may be a burden for another. The project could 
therefore evolve into many different structures running concurrently. The project 
manager is often selected from a functional department, but which one? 

The department that initiated the project. 
The department with the largest part of the project. 
The department with the initial phase of the project. 
The department with the least work on at the time. 

The selection is often influenced in favour of the department with the appropriate 
technical background. This organisation structure would be calledlead technical. When 
the project requires input from a number of different departments the matrix structure 
offers a real solution to the functional division of responsibility and authority. If the 
project is a large capital project which will run for a few years, setting up a pure 
project structure may be the most expedient and appropriate decision. 

10. Responsibility - Authority Gap 

A characteristic of the matrix organisation structure is that it relies on the functional 
departments for resources. Although the project and functional departments may appear 
to work autonomously, for project success they need strong communication bonds 
with each other. The project manager needs to cut across organisational lines to co- 
ordinate and integrate specific resources located in the functional departments. To 
achieve this the project manager must have both a fully integrated information and 
control system aid the means bf addressing the responsibility - authority gap. 

Responsibility may be defined as feeling obliged to perform assigned work, while 
authority is the power to carry out the work. The authority gap is being assigned 
responsibility, but not having sufficient authority to make the work happen. It is often 
stated that authority should be commensurate with responsibility, but feedback suggests 
that general managers are often reluctant to assign sufficient formal power to project 
managers. In which case the project managers need to address the authority gap in 
other ways. Consider the following: 

Formal Authority: Or position power is automatically conferred on you with your 
appointment to the project. While position power can be exerted over subordinates, 
this type of power is very limited in its acceptance and often does little to influence 
behaviour particularly with the functional managers who own the resources the project 
manager needs. 
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Budget Authority: If the project manager holds the purse strings this will confer some 
financial power over the functional managers, particularly if their departments are run 
as cost centres. It is certainly powerful when dealing with outside suppliers and 
contractors who depend on your payments for their existence. Budget authority can lie 
with both the carrot and the stick - the promise of future business, incentive bonus and 
threats of withholding payment for poor work. 

Coercive Power: Uses the fear and the avoidance of punishment and threats to influence 
behaviour. This may be seen as power not to reward, or threaten demotion, withhold 
overtime, limit salary increase, or transfer to another job. Use of coercive power is 
linked to organisation position, tends to inhibit creativity and can have a negative 
affect on team morale. 

Information Power: Expert knowledge and technical ability are effective if perceived 
valuable and shared appropriately with functional managers and project participants, 
however it will erode trust and creates resentment if hoarded. As project manager you 
should be at the centre of the information and control system, and therefore in an ideal 
position to capture, process, file and disseminate useful information. 

Reward Power: The ability to provide positive rewards for performance. To be effective, 
it must properly correspond to participants' values and expectations. Since money is 
not always available, project managers must consider a variety of potentially satisfying 
sanctions especially those related to work challenge and recognition (see Herzberg's 
motivation and hygiene factors in the Project Leadership chapter). 

Cognitive Persuasion: The logical (cognitive) approach includes the use of reasoned 
argument, evidence and logical consistency. This way you persuade the functional 
managers to contribute to your project and part with their best people! - for the success 
of the project, their department and the company. This approach works well on large 
projects. 

Emotional Persuasion: Beg the functional 
managers for their assistance, requesting 
a favour, say please, appeal to their better 
nature - go down on your knees! 

Personal Power: The charismatic project 
manager can compel people to listen and 
follow them. They are a natural leader who 
can persuade and encourage others to 
follow a certain course of action. They 
often have a sense of mission, as sense of 
purpose, have a good sense of humour, are 
empathetic to staff needs, enthusiastic and 
self-confident. 
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Ideally project managers should be competent in all areas of authority for continuing 
success. The charismatic manager for example, may have initial appeal, but as problems 
arise if they are not able to assist technically their power will be undermined. The 
project manager's leadership ability is usually expressed in terms of influencing the 
behaviour and attitudes of the project team, the effectiveness of a leader is therefore 
dependant to some extent on their power. 

This concludes the chapter on Project Organisation Structures, the following 
chapters will discuss Project Teams and the human factors associated with Project 
Leadership. 

Key Points: 

The matrix structure is considered by many practitioners to be the natural project 
organisation structure. 
Clients prefer to deal with one manager - the project manager. 
Acquiring power outside formal authority is the key to successful project 
management. 

Further Reading: 

Benedetto, R., Matrix Management Theory in Practice, Kendall Hunt 
Bryans, P., Cronin, T., Organisation Theory, Core Business Studies, 1983 
Davidson Frame, J., Managing Projects in Organizations: How to Make the Best 
Use of Time, Techniques, and People, (Jossey-Bass Management Series), 1995 
Dinsmore, P., Human Factors in Project Management, Amacom 
Project Management Institute (F'MI)., A Guide to the Project Management Body of 
Knowledge (PMBOK), 1996 



Project Teams 
The project management body of knowledge (PMBOK) defines team development 
[managerial and technical] as " ... both enhancing the ability of stakeholders to 
contribute as individuals as well as enhancing the ability of the team tofunction as a 
team." 

A project team may be defined as a number of people who work closely together to 
achieve shared common goals (see figure 1). And through interaction they strive to 
enhance their creativity, innovation, problem-solving, decision-making, morale and 
job performance. A learn implies a number of people working together to achieve 
results, while a group of people does not. A group implies a collection of individuals 
who, although they may be working on the same project, do not necessarily interact 
with each other. This is often the case when the project manager co-ordinates the 
project with the people individually. Under such conditions, unity of purpose is a myth. 

Figure 1: Project 
Team Structure 
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Teams are not always associated with projects, but as companies move to a 
management-by-projects approach, so the link will become better recognised. The 
implementation of the project planning and control techniques is through people, 
therefore to effectively implement the system one must gain support and commitment 
from the project team and other stakeholders. Many projects fail to reach their optimum 
level of performance, not because of any lack of equipment or project systems, but 
purely because the human factors were not addressed. 

The growth of new technology, increased complexity and competition, has generated 
a need for multi-disciplined teams to work closely together. Teamwork should aim to 
bring individuals together in such a way that they increase their effectiveness without 
losing their individuality - an orchestra works on this basis. 

1. Purpose of Project Teams 

Project teams are an efficient and effective way of managing projects, where efficiency 
performs the work well, effectiveness performs the right work. Consider the following 
points: 

To achieve the schedule commitment the volume of work must be distributed 
(shared) amongst a number of people. 
The scope of the project may require a range of skills which one person is 
unlikely to have. An orchestra is a good example of a set of complementary 
skills and talents (functional skills) which are required to complete the work. 
Brainstorming and discussions are a good example of interactive team work to 
generate ideas and solve problems. Through cross-fertilisation a small team can 
generate many options and alternatives - a suggestion from one person can 
stimulate ideas from the others. 
To bring together a group of people to go through the decision-making process. 
The selected option should then have the support and commitment of the team 
who will collectively share the risk of the decision. 
Project teams generally take riskier decisions than an individual would on their 
own. 
To enhance motivation - not to let the side down. 
To support other team members when they need help. 

Management tests show that teams repeatedly make better decisions than the team 
members would make individually with the same information. This has been attributed 
to the cross-fertilisation of ideas that stimulate creativity and innovation. 

2. The Individual's Purpose for Team Membership 

Why should an individual wish to be part of a project team? Consider the following 
points: 

It is a means of satisfying an individual's social or affiliation needs, to belong to 
something or be part of a team. 
It is a means of sharing risk with other team members. 
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It is a means of establishing self-esteem. People like to introduce themselves as 
Joe Bloggs from Eurobuilders Ltd. This way they are defining themselves in 
terms of their relationship to others, as a member of a team or company. 
It is a means of gaining support to cany out their particular goals. It also 
allows you to bounce ideas off other team members who can offer support, 
constructive criticism and alternative suggestions. 
The team provides a psychological home for the individual. 

The above outlines why some people prefer to work in groups. It should be mentioned, 
however, that not everyone wants to work in a team - many people prefer to work on 
their own. And with the increasing use of the Internet and other means of communication 
working from home or away from the project office is becoming more feasible and 
popular. 

3. Benefits of Teams 

In the past, corporations have been preoccupied with the qualities of individual people. 
Any attempt to list the qualities of a good manager would demonstrate abilities which 
are mutually exclusive to any individual: 

They must be highly intelligent but not too clever. 
They must be forceful but also sensitive to people's feelings. 
They must be dynamic but also patient. 
They must be afluent communicator but also a good listener. 
They must be decisive but also reflective. 
They must be an expert on a wide range of different fields. 

And if a manager is found with the above attributes, a paragon of mutually compatible 
characteristics, what happens if they: 

Step under a bus. 
Take up a position with a competitor. 
Go to live in another country. 

But if no individual can combine all these qualities, a team of individuals certainly 
could for the following reasons: 

It is not the individual but the team that is instrumental in sustaining and enduring 
management success. 
A team can renew and regenerate itself through new recruitment as individual 
team members leave. 
A team can also build up a store of shared and collectively owned experiences, 
information and judgement which can be passed on to new team members. 
Many people are more successful working within a team or partnershp than 
working alone. 
Team synergy generates more output than the sum of the individual inputs. 
The team can offer a wide range of technical support. 

Having established the need for a team - what is the appropriate size of the team? 
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4. Team Size 

The appropriate team size depends on a number of factors: 
How many people are required to perform the work for the project. 
Project complexity. 
What variety of technical expertise is required by the project. If the team is too 
small it may not have the knowledge and skills to meet the needs of the project. 
What is the appropriate level of conflict in a team? Mathematically, the odds of 
conflict increase with the number of people in the team. 
Large teams tend to be unwieldy and unable to reach agreement, or collect 
everyone's contribution. 
Too large and the team may find communication and agreement difficult, the 
team may sub-divide into cliques. 
The team needs a balance of personalities. 

The ideal team size depends very much on its application. Teams tend to grow in size 
until some magic number is reached - then they sub-divide. The experts suggest this is 
between five and ten people. Sporting teams provide us with some guidelines, consider 
a rugby team which consists of fifteen players. This number is slightly higher than 
recommended and sure enough there is sub-division into a pack of eight and seven 
backs. 

5. Why Teams Win 

Research by Belbin at Henley Management College showed that some or all of the 
following characteristics are present in a successful team: 

The team leader had an appropriate management style for the project, and was 
not challenged by other team members. 
There was a chairman type person who encouraged all the team members to 
contribute. 
At least one member of the team generated innovative ideas as a means to solve 
problems. 
There was a spread of mental abilities. 
There was a spread of personalities which gave the team a balanced appearance. 

The person in the chair or team leader will be successful if they gain and earn respect 
from the other team members. Generally the chairman does not need to dominate the 
proceedings but should know how to pull matters together and integrate the team. In 
practiceBefbin found the leader always worked closely with the talented members of 
the team. 

Creativity: Creativity and innovation to solve problems is essential for continuing 
project success. Ideas can be generated in many ways from people both inside and 
outside the team. 
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Flexibility: In flexible teams the team members play the role or support the role that is 
in demand at the time. Successful teams exhibit flexibility where members are able to 
move around in the team to find the best match between people and jobs. They also 
realise that if they did not have a balanced distribution of team roles they would have 
to appoint members to play those missing roles. 

Belbin (Management Teams) said that "... the essence of a team is that its members 
form a co-operative association through a division of labour that best reflects the 
contribution that each can make towards the common objectives. " 

6. Why Teams Fail 

The main virtue of analysing a badly composed teamis that it furnishes information on 
what to avoid. Belhin found that the single factor evident in all unsuccessful teams 
was low mental ability. If this is compared with the innovation and creativity of winning 
teams, then it would imply that poor teams were not able to: 

take advantage of opportunities 
were poor at problem-solving 
unable to change with the times 
could not work together. 

Negative Selection: The failure of companies to produce teams which have an adequate 
proportion of managers with good mental ability must surely not be due to any conscious 
search for such people, but rather the unintended by-product of negative selection. 
Negative selection refers to the recruitment process designed to filter out the type of 
people the company really needs. Consider the company which is looking for a good 
manager to reveke their present decline, but will not &crease the current salary package 
offered. This low salary will unintentionally exclude the quality manager the company 
needs. 

7. Role of the Project Manager 

The project manager's position evolved in the 1950's as the single point of responsibility 
to co-ordinate multi-disciplined projects and make the best use of the company's 
resources. The role of the project manager is influenced by the size of the project - on 
a large project there would be a number of project managers, managing other project 
managers. While on a small project the project manager would be managing a small 
team directly and may be expected to he a technical expert as well. Consider the following 
points for the project manager being a generalist: 

As a manager moves up the corporate ladder they will be concerned more and 
more with people, costs andco-ordinating multi-disciplines and less with technical 
issues. In time this will make them more of a generalist. 
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It may not be desirable to have the technical expert leading the team, as they 
could suppress innovation from the other team members, particularly in their 
area of expertise. 
Effective project management requires many non-technical skills such as human 
resource management, team building, financial accounting, negotiation, 
integration and co-ordination. 

Now for the other side of the discussion. The project manager should be a technical 
expert: 

Companies prefer their managers to be technical experts in the field of the project, 
as it enables the managers to confirm technical decisions themselves. This view 
is supported by the fact that most project management positions advertised require 
the managers to be technically competent in field of the project. 
If the project manager knows and understands the technical issues of the project 
they will be in a better position to apply judgement and forecast problems relating 
to the planning and control of the project. 
Team selection can be based on both human compatibility and technical ability. 
The technical ability they would be able to verify. 
They can be effectively involved up-front at the feasibility study, estimating and 
quotation stage of the project. 
They will be able to gain respect from the team by demonstrating not only good 
management but also technical expertise (see Henberg's motivation and hygiene 
factors in the Project Leadership chapter). 

It would seem from commercial feedback that initially to embark on a career in project 
management you need experience in the field of the project, but once established you 
will slowly become more of a generalist in project management. 

This concludes the chapter on Project Teams, the following chapter will discuss 
Project Leadership. 

Key Points: 

Project teams are characterised by positive interaction. 
The ability to generate innovative ideas is essential for continuing project success. 
Employers prefer the project manager to have technical ability in the field of the 
project 

Further Reading: 

Adams, J., and Campbell, B., Roles and Responsibilities of the Project Manager, 
PMI 
Belbin, M., Management Teams, Butterworth-Heinemann, 1996 
Handy, Charles., Understanding Organisations, 1993 



Project Leadership 
For project managers to be effective and successful they must not only demonstrate 
efficient administrative skills and technical know how, but must also practice an 
appropriate style of leadership. The leadership style used can profoundly effect employee 
morale and productivity, so that the success of an organisation may be directly dependent 
on good leadership. 

1. Leadership Styles 

Leadership styles may be considered as a continuum from autocratic to democratic. 
The leadership style used by the manager may depend on the type of decisions required, 
the pressures prevalent at the time and the type of people they are working with. The 
continuum of leadership styles relating to decision-making may be conveniently sub- 
divided into a number of categories as shown in figure 1: 

Figure 1: Decision-Making 
Continuum 

Boss makes Team makes 
the decision the decision 
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The six stages from autocratic to democratic leadership are: 
1. Autocratic (isolated decision): The manager solves the problem or makes the 

decision on his own, using information available to him at the time. There is no 
communication with the team members. 

2. Autocratic (informed decision): The manager obtains the necessary information 
from the team members then decides on the solution to the problem on his own. 

3. Consultative Autocratic (discuss with individuals): The manager shares the 
problem with the team members individually, gathering their ideas and 
suggestions. Then the manager makes the decision on his own. 

4. Consultative Autocratic (discusswith team): The manger shares the problem with 
the team members as a group. Then the manager makes the decision on his own. 

5. Democratic: The manager shares the problem with the team members. Then 
together they make the decision as a group - majority vote. 

6. Laissez-Faire: The manager gives the problem to the team and lets thcm make 
the decision themselves. This is a policy of non-interference. 

Even though the manager may make the decision on his own, how he sells his decision 
to the team is important. There is a big difference between telling someone what to do 
and using pervasive argument. The following questions can be used as a guide to select 
the appropriate leadership style. 

Is one decision likely to be better than another? If not, go for number 1. 
Does the leader know enough to take the decision on his own? If not avoid 
number 1. 
Is the problem clear and structured? If not use numbers 4 or 5. 
Must the team members accept the decision? If not then numbers 1 and 2 are 
possibilities, if they do then use numbers 4 or 5. 
Will the team members accept the manager's decision? If not then number 5 is 
preferable. 
Do the team members share the manager's goals for the organisation? If not 
then number 5 is risky. 
Are the team members likely to conflict with each other? If yes then number 4 is 
better than 5. 

The project manager may use all of the above methods on a project as the circumstances 
dictate. The concept of shared leadership is fundamental for project management and 
effective team building because it requires participation and involvement of all the 
team members. The project manager must delegate some authority to the team and in 
so doing the project manager will become more of a team member and the team members 
will assume &re of a leadership role. This encourages the team members to participate 
in problem-solving and decision-making and accept the responsibility for the project 
achieving its goals. This will not only enhance the team's commitment, but also give 
thcm a strong feeling of ownership. 
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2. Action-Centred Leadership 

Action-centred leadership was developed by John Adair for leadership training at 
Sandhurst Military Academy. It is now widely applied to the commercial environment. 
John Adair has published a number of books on leadership and team work, which are 
reported to have sold over 300,000 copies world wide. Action-centred leadership focuses 
on the three basic project needs: 

individual's needs 
team's needs 
task's needs. 

Figure 2: Action 
Centred Leadership 

These needs are presented as intersecting circles to indicate the separate needs and 
mutually overlapping needs. Action-centred leadership neatly combines themotivation 
theories for the individual's needs with the team buildingtheories for the team's needs 
and the project planning and control techniques for the task's needs. 

Individual's Needs: The individual's needs should be considered first, because if the 
individual's basic needs are not being satisfied then that person is unlikely to be able to 
contribute effectively to the team or task. A person with a serious problem at home, for 
example, will be mentally preoccupied. Only when the individual's problems have 
been resolved can they apply themselves effectively through the team to perform the 
task. 

Team's Needs: For the team to be effective the individual team members must work 
together and interact as a team under a single point of vesponsibility, the team leader 
or the project manager. 

Task's Needs: With both the individual's needs and the team's needs addressed, the 
project team is now in a position to effectively address the task's needs. The task's 
needs are to deliver the project's objectives; scope, time, cost and quality through an 
effective planning and control system which includes integrating the project process, 
communication, organisation structures and risk management. 

At the end of the day the success of the project may be determined by the team's 
ability to effectively solve problems and make good decisions. 
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3. Motivation 

The term motivation is often misunderstood and misused in the managcrial context. 
Motivation is an inner force that causes or induces someone to be inspired to do something. 
What inspires one person may not inspire another. And what inspires an individual in one 
set of circumstances may not inspire,in another. The manager's task is to influence the 
work situation in such a way as to encourage the individuals to inspire and motivate 
themselves to achieve the project's goals. When we assess a person's ability to complete a 
job successfully it can be sub-divided into ability and commitment. 

Performance = Ability x Commitment 

Ability: Ability describes the personal qualities and competency a person brings to the 
job. These are qualities of skill (welding or programming) that enable a person to 
perform a task, and give them the capacity to cope with the demands of the job. A 
person's level of calibre is associated with their innate ability and the amount of training 
and experience they have acquired. 

Commitment: The performance of an individual, however, also depends on their 
willingness and drive to complete the task, in other words their commitment. Unlike 
ability, commitment is not a fixed commodity. It may change quite frequently in response 
to conditions and situations the individual encounters. 

To this extent, the manager must use an appropriate style of leadership to control 
the working environment in such a manner that the workforce will be committed to the 
task and so inspire and motivate themselves to achieve the objectives of the project. 
Therefore to achieve maximum output from the workforce the manager must address 
both ability and commitment. 

4. Maslow's Hierarchy of Needs 

Maslow's experiments in a Californian electronics factory, promoted theory Z, which 
insisted that workers needed secure structures and a sense of direction to maintain high 
standards and goals. The comer stone of motivation theory is Maslow's hierarchy of 
needs, which was fnst published in 1954. Maslow makes the assumption that people 
work in order to satisfy various needs. Maslow stated that motivation is an unconscious 
attempt on behalf of the individual to satisfy certain inner needs. He expressed this in 
the form of a hierarchy. 

The hierarchy illustrates a priority of needs (see figure 3). Maslow indicated that 
one is always striving to achieve the higher order needs, but this can only be achieved 
once the lower order needs have been satisfied. 

Physiological Needs: refers to the needs of the body to survive and self-preservation - 
the most fundamental need of all. If you were to be deprived of air to breath or food to 
eat, you would become totally preoccupied trying to acquire these lower order needs in 
preference to any other need. People who are addicted to cigarettes and drugs may 
adopt anti-social behaviour to satisfy these needs (stealing). Once these needs have 
been fulfilled offering them more would have no motivational value. 
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Security and Safety Needs: refers not only to the obvious immediate concerns for the 
continuity of job, income and protection from accident and physical danger, but also 
concerns fear of disapproval, comments against your personality and character, risk of 
failure and unfair criticism which may be seen as psychologically damaging. When 
one has reached alevel of economic security that satisfies, one will only want to ensure 
that they stay there. When the security needs are reasonably well satisfied you are 
unlikely to be motivated towards activities aimed at increasing security still further. 

We generally prefer a safe, predictable environment to one plagued by unforeseen 
events. This protective desire may prompt us to be concerned with insurance and with 
jobs that offer security. Working 
on projects is a moot point - what 
are the persons feelings as the 
project moves to completion and 
their contract is terminated. If 
there is not another project to 
move on to, then this security 
need will prevail. Security needs 
do not dominate our lives exceut 
in times of emergency or danger. 

Social and Love Needs: refers 
to the need to associate with other 
people, your need to be accepted 
by others and helong to a team or 
group. Sharing our live> with 
others is important to most of us, 
and we generally react quickly to 
the possibility that this need will 
be denied. We satisfy our love 
needs through our family and Figure 3: Maslow's Hierarchy of Needs 
close friends. We desire the 
approval and acceptance of our 
fellow workers and the many groups of people we associate with and with whom we 
tend to identify ourselves. We alter our behaviour and even our standards in order to be 
accepted by our chosen fiends and groups. The lonely hearts clubs of this world owe their 
existence to this powerful need to give and share love. 

Self-Esteem Needs: refers to a person's ego needs, which drives the person to feel 
wanted and important within their own working group. This need for recognition, 
respect, prestige and status is a higher order need. These needs go beyond the more 
passive needs to belong or be loved, by a more active desire for recognition and self- 
respect. Self-esteem needs involves self-evaluation, the desire for reputation or prestige, 
recognition, attention, importance or appreciation. In our culture self-esteem needs are 
particularly important. Satisfaction of self-esteem needs leads to self-confidence and a 
feeling of personal worth. 
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Self-esteem needs are often accompanied by many frustrations and personal conflicts, 
since people desire not only recognition and attention by their chosen groups but also 
the self-respect and status that their moral, social, and religious standards call for. 
When the chosen group calls for behaviour that conflicts with a person's standards, 
that person must often make heroic choices in order to remain well adjusted. People 
play many roles in order to satisfy some of the different groups and team cultures to 
which they belong. 

Self-Actualisation Needs: refers to a person's own self-fulfilment and self-realisation 
- our desire to reach the height of our personal abilities and talents. In Maslow's 
words, "What a man can be, he must be." This category of need includes creativity, 
achievement, competence and productivity. This is the highest of all the needs. This 
need becomes increasingly important as the previous needs are satisfied. Maslow 
described self-actualised people as having the following characteristics: 

A more efficient perception of reality and more comfortable relations with it. 
Increased acceptance of self, of others and of nature. 
Spontaneity, simplicity and naturalness. 
Problem-centred rather than ego-centred. 
Increased detachment and desire for privacy. 
Ability to be independent of their physical &d social environment. 
Freshness of appreciation and richness of emotional reaction. 
Higher frequency of "peak" mystic, or transcendent experiences. 
Increased identification with and feeling of mankind. 
Deeper, more profound interpersonal relationships. 
A more democratic character structure. 
Strongly ethical - able to distinguish clearly between means and ends. 
A philosophical, unhostile sense of humour. 
A natural, spontaneous creativity. 

The rank and practical importance of these needs depends on the degree to which each 
is satisfied. Because this degree of satisfaction is constantly changing. Maslow believed 
people have a need to grow and develop (self-actualise). By using and developing their 
capacities people begin to self-actualise, they experience satisfaction and enjoyment. 
As self-actualisation is the highest need - as this need is satisfied, it is replaced with 
new areas or targets to achieve, so causing a continuous process. Self-actualisation, 
therefore differs from the other needs, because it can never be satisfied! 

The hierarchy of needs has an important impact on management thinking because it 
provides a powerful instrument for predicting the outcome of responses by individuals 
within the organisation. In organisations this self-actualisation need can exhibit a high 
desire for promotion. Large companies provide career opportunities through career 
development and training, this can satisfy a need of self-development and improve 
promotion prospects. Self-actualisation seems to be an intrinsic desire and not directly 
related to rewards of money. 
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Motivation Cycle: The motivation cycle outlines the dynamic and changeable nature 
of motivation. When a need becomes unsatisfied it creates within the individual a kind 
of tension, which in turn creates a driving force or impetus towards certain actions or 
behaviour. This behaviour will be aimed at satisfying the need and when the need is 
satisfied the tension is relieved, but now the cycle starts all over again with respect to 
another need. 

I 

Behaviour 4 

Figure 4: Motivation Cycle 

5. Herzberg's Motivation and Hygiene Factors 

Frederick Herzberg who was a consultant for AT&T, preached "job enrichment and 
individual development". Herzberg's theory was designed to improve our understanding 
of working people, what factors determine job satisfaction and what determines job 
dissatisfaction. Herzberg found these were separate independent factors operating at 
the same time. Here the term motivation indicates factors which increase your 
commitment to the job, while hygiene factors will cause a sense of grievance leading to 
your job dissatisfaction and hence a reduction of motivation and commitment. 

A hygiene factor can be likened to a sewer, when it fails it becomes extremely 
important to people in the vicinity that it should be repaired as quickly as possible! ! ! ! 
However, once repaired the sewer now loses importance to those people concerned, 
and improving its efficiency still further is of little interest. 
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Herzberg presented his motivation and hygiene factors in figure 5 where the x axis 
indicates the frequency with which the factor was reported as causing high morale or 
causing a sense of grievance. The factors are listed vertically, sorted by high morale, 
while the depth of each box indicates the time the feeling lasted. 

Recognition of ability 

Figure 5: Herzberg's Motivation and Hygiene Factors 

Analysis indicates some interesting findings: 
Earnings, although a motivator for a short while were mostly reported as a 
hygiene factor. This means if the employees are paid above average salary, they 
will be motivated for a short period of time, until their new salary becomes their 
norm. If, however, they are paid less than their colleagues they will become 
dissatisfied. 
Once the working conditions are at an acceptable level, improving them further 
will not necessarily stimulate additional effort or commitment. 
On the positive side there can be no substitute for factors like opportunity to 
gain a sense of achievement, recognition of ability, more interesting work, greater 
responsibility and opportunities for promotion. 

The motivation theories outlined have the benefit of being mutually supportive. 
Herzberg's motivators for example, relate closely with Maslow's hierarchy of needs. 
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6. Conflict 

All projects are subjected to some degree of conflict, so it important for the project 
manager to recognise thesymptoms of conflict: 

Poor communication laterally and vertically. Decisions taken on incomplete 
information. Two levels in the same company are moving in different directions 
on the same problem. 
Inter-group hostility and jealousy expressed as "they never tell us anything" or 
"they expect us to  know by intuition". 
Inter-personal friction effects the relationships between individuals where it can 
deteriorate to icy formality or argument. Problems seem to focus on people and 
personalities. 
Escalation of arbitration by senior management. 
Proliferation of rules and regulations. It becomes more and more difficult to do 
anything without riding roughshod over somebody's regulations. 
Low morale expressed as frustration and inefficiency. 

Control of Conflict: When symptoms have been identified which cannot be addressed 
by rearranging the ecology to create an amenable working environment, then consider 
the following: 

Arbitration: Conduct arbitration at a low level. This solution is useful when 
the conflict is apparent and specific, but not very useful in episodic or continual 
conflict. Agree on an arbitrator at the outset of the project, because later when there 
is conflict the parties will each nominate a person sympathetic to their own view. 
Co-ordination Device: A position is created in the company between the 
conflicting parties. This eliminates the contact and so the conflict. There are, 
however, additional administration costs for the company. This device is not an 
effective solution for episodic or occasional conflict, but useful where the 
conflicting pressures are continuous. 
Negotiation: An interesting variation on confrontation is an approach called 
role negotiation, where conflicting parties negotiate and trade items of behaviour, 
e.g. "I will stop doing X if you stop doing Y". This method goes a long way to 
reduce the pains of conflict, particularly between individuals, although it may 
leave the underlying problem untouched. 
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Separation: If interaction increases the depth of the sentiments then separation 
should cool them down. This solution will work if the true cause of the conflict 
is two incompatible individuals, incompatible in personality, or more often with 
relative status inappropriate to the situation. To separate the individuals, 

- -  - 

transferring one to another department may be a successful strategy. This will at 
least allow both parties to be productive in their different areas. 
Withdrawal and Neglect: Retreating from an actual or potential conflict 
situation. This is not a solution in itself unless it is trivial, but it could provide a 
cooling off period while a better solution could be found. 
smoothing: Emphasises use of agreement rather than emphasising differences 
of opinion. Smoothing allows the work to continue and can smooth ruffled feelings 
and defuse the situation, but is only a temporary solution. 
Rules and Regulations: Strive to compile rules, regulations and procedures by 
negotiation. This approach is useful when the conflict is recurrent and predictable, 

- - 

but should not be regarded as a permanent solution. 
Compromising: Searching for solutions which bring some degree of satisfaction 
to both conflicting parties. 
Confrontation: A technique much favoured by those who believe in openness. 
This strategy will be effective, if the issue can be clearly defined and is not a 
symptom of more underlying differences. Confrontation and inter-group meetings 
can greatly increase understanding of people's views, but they cannot be a 
complete substitute from the ecological point of view. 
Forcing: Pushing one's point of view at the potential expense of another. 
Problem-Solving: Treating conflict as a problem to be solved by reasoned 
argument and examining the alternatives. 

Permanent solutions are generally only reached by compromise, confrontation or 
problem-solving. Research by Thamhain and Wilemon suggest that forcing and 
withdrawal appears to increase conflict with functional support departments, while 
confrontation, compromise and smoothing tends to reduce conflict. 

7. Delegation 

Skilful delegation is the key to effective project management. Through delegation the 
project manager can improve project team efficiency, develop employee ability and 
contribute to the growth of the company. 

Feedback from commerce and industry suggests, however, that delegation is not a 
widely practised technique and that project managers are held back by performing 
trifling tasks themselves. The project managers become overworked, overtaxed, and at 
the same time miss the opportunity to encourage initiative and motivate growth among 
their employees. Delegation has three basic elements: 

Assign a function, duty or task to an employee. 
Allocate sufficient authority so that the employee can command the resources 
necessary to accomplish the assignment. 
Gain commitment from the employee for the satisfactory completion of the task. 
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The employee must know that they will be held accountable for the work delegated, 
but bear in mind that under performance may indicate that further training of the 
employee is required. It should always be remembered that delegating work will not 
reduce the project manager's ultimate authority and responsibility for the task - this is 
not transferable. However, although it is unreasonable to imply that the manager should 
be responsible for the actions of a team worker, it does mean the manager is responsible 
for setting up the system to ensure that the team worker can do the job correctly. 

Method of Delegation: The following list is a managerial guide to delegate a task and 
authority to a subordinate. 

Accept the need to delegate. 
Develop a detailed plan for delegation. 
Obtain the supervisor's approval for the delegation plan. 
Establish a climate of mutual confidence and trust. 
Select the function, duties and tasks to be delegated and assigned. 
Establish clear lines of authority and responsibility and ensure that they are 
understood by all. 
Adopt a constructive attitude, demonstrate patience when a subordinate makes 
a mistake. 
Monitor performance and provide frequent feedback. 
Reward effective delegation. 

The crunch comes when the subordinate makes a poor decision, how does one react? 
Try not to reverse the decision without discussing it with them first, otherwise they are 
unlikely to be motivated to make another decision. 

This concludes the chapter on Project Leadership, the following and last chapter 
will discuss Project Management Computing. 

Key Points: 

The decision-making continuum outlines how teams make decisions. 
Herzberg's motivation and hygiene factors outline what factors motivate team 
members to perform, while also identifying what causes a sense of grievance. 
As the work load increases the project manager must delegate or risk becoming 
bogged down performing trivial tasks. 

Further Reading: 

Adair, John., Action-Centred Leadership, Pan, 1989 
Adair, John.,Team Building, Pan 
Hans, I. Thamhain and David, L. Wilemon., "Conflict Management in Project- 
Orientated Work Environments", Drexel Hill, Pennsylvania: Project Management 
Institute, 1974, p87 
Herzberg, F., Work and the Nature of Man 
Maslow, A., Motivation and Personality, 1987 



Project Management 
Computing 

A revolution is taking place in the field of information processing - up until the 1980's 
all the data processing was performed by either large mainframe computers or by 
hand, but now with the introduction of powerful yet inexpensive micro-computer 
hardware and computer software, there is a dramatic shift of processing power away 
from the data processing department to the desk of the project manager. 

Tt is interesting to note how the focus on computing has changed over the past ten 
years. In the first edition of this book the focus was simply on computexising the 
manual calculations with planning software, while the second edition looked at a wider 
range of software packages to computerise and integrate with the project management 
process. Now in the third edition, although there have been no new project management 
techniques developed since the 1960's the additional computer power has opened up 
more powerful computer graphics and communications (Internet and email). 

The use of computers is now seen as a tool to process the information and control 
system, the focus should therefore not only include the hardware and software 
components, but also the project office environment as the centre of the project 
management system. 

1. Project Office 

The project office enshrines the project management approach as a central point for 
meeting people, collecting data, processing data, storing data and communicating project 
information to the project team, the client, suppliers and other stakeholders. 

The project office should provide a good working environment, comfortable, quiet 
with few distractions. Whether it is open plan, many small offices or something in 
between seems to depend on company culture. And with the power of the Internet 
growing the virtual office is possibly where the project team are connected electronically 
by email, video conferencing and virtual reality. 
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2. Vendor Selection 

The computer supplier or vendor can play a very important part in the selection of 
your computer hardware and software, making them work effectively for you. Consider 
the following points: 

system design 
training 
getting the system up and running 
system compatibility 
maintenance and repairs 
upgrading. 

If you have purchased the market standard hardware and software then many of the 
above will be widely available from a range of supporting companies, but if you have 
purchased one of the 200 lesser known planning packages, then you will be reliant on 
the vendor for the above. If they are situated in another country, the software may 
become self-limiting. In fact some practitioners argue that you shouldselect the vendor 
first and let them chose the hardware and software they are prepared to support. When 
selecting your vendor consider the following points: 

Expert Hot Line: This is a telephone service where problems can be discussed. 
Some of the international companies will redirect your local call to offer a 
worldwide 24 hour service. Recently we rang Pagemaker help in Auckland and 
were connected to someone in Manila. 
Training: The training should cover a continuum of courses presented by trainers 
who regularly use the package. 
Vendor Stability: Will the vendor be in business next year when you may need them? 
Cost of Service: Determine what is included in the one to three year warranty, 
what is not and how much will any additional service cost? 

As the facilities have become more complicated it is impntant to ensure that the well chosen 
hardware will support the equally well chosen software. Again the vendor's a3sistance here is 
invaluable. The vendor must confirm that their product is compatible with the other systems, in 
some case5 they may even have to change components or programmes to make it work 

Which computer 
should we choose? 
When IBM entered 
the PC market in 
1981 their slogan 
was "No manager 
was ever sacked for 
choosing an ZBM 
PC. " 
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3. Implementation 

Implementing a new project management system is always a dilemma, "do I use the 
old system I'm familiar with, or do I risk using the new more powe&l system that I've 
just bought?'. Ideally you want to get up to speed without production pressure, however 
the live situation does accelerate learning. This is where a small pilot project is ideal to 
develop and test new equipment or systems. There are four basic implementation 
methods: 

Pilot System: A pilot system is essentially a mini version of the full project's system. 
The pilot project is used to cany out a heuristic development process, to progressively 
iron out all the teething troubles. Ideally it should be used on a small project alongside 
the old computer system or manual system, so that if there are any problems it should 
not effect the production. 

Parallel Systems: Parallel systems operate the new system and old system at the same 
time. This effectively doubles the work load, but if there are problems with the new 
system then the old system (computer or manual) is always available as a backup. This 
method would be preferable for a company who could not risk having a system down 
for an unknown period of time, e.g. emergency services, hospitals or even the daily 
newspapers 

Phase-in 1 Phase-out: This method uses a slice by slice approach, implementing the 
new system one section at a time - getting each section up and running before moving 
on to the next part. This method has the advantage of allowing the project team to set 
their own pace and keep control of the changes so that if there are any problems, they 
will only have to address a small area of the new system rather than the whole system. 

Cut Off: The cut off or big bang approach is to change from the old system (computer 
or manual) to the new system over night. The advantage here is that the extra cost of 
running parallel systems is removed and the new system is up and running quicker, but 
of course you do run the risk of the new system failing with all its associated lost 
production costs. Only use this method if you are confident the new system will work 
first time without any significant debugging. The London stock exchange used this 
method in the 1980's, and although they were very confident and had spent years 
planning the new system, the news for months after the "big bang" was of interrupted 
service and frustrated dealers. 

In reality implementation tends to be most effectively achieved by combining all the 
different methods and using the one that is most appropriate to the system and your 
management style. 
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4. Education and Training 

To make the most of your project management software you need to fully understand 
and be able to apply the principles and techniques of project management. The software 
will not tell you what decisions to make or how information should be interpreted, but 
it will speed up data processing if the information system has been well designed. 
Companies running planning software courses on packages like Microsoft Project, 
invariably have to explain the planning techniques before they can begin the computer 
skills training. You need to beware of mistaking the tool for the solution. A project 
management package alone, does not aproject manager make - it is the difference 
between teaching someone how to use a fishing rod and fishing. 

This book has focused on the manual techniques of processing project information 
- this is deliberate, because now you are in an excellent position to make the computer 
system work for you. The techniques covered in the text are the same as those used by 
the project management software packages, in fact they have not really changed since 
their introduction in the 1960's. 

Feedback from lecturers suggests that many managers who are moving into project 
management have bought project management software in the belief that the computer 
will manage the project for them - "Hey, look at these professional barcharts!". But 
the managers soon find that managing projects is a little bit more complicated and 
enrol on a short course in project management, where hopefully they will receive a 
copy of this book and a sound introduction to project management planning and control 
techniques. So if the purchase of a software package is the natural first step in project 
management training -then it should be encouraged. 

5. Planning Software 

Project planning software can be 
broadly separated by the cost of 
the package. Although it is 
tempting to associate higher 
prices with richer functions and 
better quality, some of the lower 
priced software can offer similar 
capabilities. In general though, 
the higher priced programs are 
able to manage larger projects, 
define constraints in greater detail (more precision) and will produce more flexible 
reports. On the other hand, the cheaper programs are easier to use, have better designed 
screens, are more interactive and process the data much faster. 

The higher priced programs tend to handle the project cost requirements more 
effectively, offering more cost fields, earned value schedule cost integration and a 
wider range of management reports. Reporting is another area of difference with the 
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higher priced programs offering full report writers, which let the user generate almost 
any kind of management report. The low budget packages usually have a restricted 
number of report formats available with limited customisation. If you are entering the 
market I would suggest that you look for the market standard that can be locally 
supported with computer skills training and hotline help. The following figures 1 and 
2 show two presentations from Microsoft Project. 

Figure 1: Network Diagram [Microsoft Project - PERT view] (this is a repeat of 
figure 4 in the Critical Path Method chapter. The boxes can be setup to display more 
information and the links can also be setup diagonally. The network diagram can be 
developed either on the screen in this PERT view or from the precedence table in the 
Gantt view) 

Figure 2: Linked Barchart and Resource Histogram [Microsoft Project - Gantt 
view] (showing linked activities, float, resource histogram and timenow. In this case 
the resource (John) is overloaded and would need to be either increased to meet the end 
date, or rescheduled) 
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6. Benefits of Using Project Management Software 

In the past we may have had to substantiate why we need computers - now that they 
are part of the project office and you may have to substantiate why you are not using 
a computer! Consider the following benefits: 

Project management software offers fast calculations. This can be demonstrated 
on a spreadsheet where changes are processed almost immediately, whereas 
hand calculations would be laborious. 
The calculations are always correct, the accuracy of the output is directly 
dependent on the accuracy of the data input. Validation of date entry is also 
possible, which will reduce human errors. 
Editing is very quick once the data base has been established. 
The application packages offer a well thought out information structure which, 
if used, will help standardise methods and enforce a disciplined approach. 
The software has the capacity to process large projects with 10,000 + activities. 
Select and sort functions enable the operator to present the information in a 
structured format. 
Management-by-exception and variance reports are easily obtained, e.g. where 
float = zero, this will highlight the activities on the critical path. 
Once the data base has been established, what-if analysis can be performed 
quickly. 
The project data base can be linked to the corporate data base. 
The software can offer centralised or distributed reporting which is flexible to 
suit the organisation structure. 
Better quality reporting, the documents and graphics can be custornised to 
facilitate dissemination of information within the project team. 
Quicker calculations can lead to a shorter reporting period which gives greater 
control and more accurate trend analysis. It will also be quicker to respond to a 
changing situation. 
Reports can be structured by the work breakdown structure (WBS) or 
organisatinn breakdown structure (OBS). 
The software will release the manager from processing large amounts of data 
manually, which should give him time to concentrate on managing the project 
and the people involved on it. 
It is relatively simple to make back-ups and safe copies of the project data. This 
addresses the risk management need for disaster recovery. 
Managers can type their own reports, faxes and emails. 

There are, however, a number of disadvantages which include: 
Additional costs associated with education and training, hardware and software 
procurement and loss of production while implementing the new system. 
The additional cost of maintenance and up-grading. 
The organisation may need to be restructured. 
The new system may cause aresistance to change which could affect company 
morale and productivity. 
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If the computer goes down this could stop the company's operation, especially if 
effective back-up systems have not been established. 
If data safety precautions are not taken it is possible to lose vast amounts of 
data. 

This concludes the chapter on Project Management Computing and the last chapter of 
this book. The following appendices (1 to 6) will outline a number of worked examples. 

Key Points: 

The computer has become an integral part of the project office's information 
and control system. 
The vendor could be the key person to make your computer system work 
effectively. 
To make the most of project management software you need to fully understand 
and be able to apply the principles and techniques of project management 

Further Reading: 

Gibson, C.F., and Nolan, R.L., Managing the Four Stages of EDP Growth, Harvard 
Business Review, January 1974 
Catapult., Microsoft Project 98 Step by Step (Step by Step Series), 1997 
Davidson Frame, J., The Project Ofice (Best Management Practices), Crisp,1998 
Drigani, Fulvio., Computerized Project Control 
Johnston, Andrew., A Hacker's Guide to Project Management, Computer Weekly, 
1995 
Palfreman, J., and Swade, D., The Dream Machine, BBC Books, 1993m 



Appendix 1 will develop the critical path method and network diagram. Please note 
the solution is detailed for the beginner - if this is understood move on to appendix 3 
where this worked example is developed further: 

Table 1: Logic Table and Activity Data 
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ES = Early Start EF = Early Finish 
000 = Activity Number 

Figure 1: Activity Box F = Float DUR = Duration 
LS = Late Start LF = Late Finish 

The logical relationship between the activities are shown as lines between the boxes, 
for example, from the logic table, activity 100 precedes the constraint while activity 
300 succeeds the constraint. The lines are generally drawn horizontally or vertically, 
leaving or entering from the side of the box. The start of the project is from the left side 
of the page, moving right and downwards (figure 2). 

Figure 2: Logic 
Relationship Start 

DUR DUR 
Finish 

Step 1: Draw the network diagram. From the logic table, look at the first four lines 
(table 2): 

Table 2: Logic Table 

Activity 100 is  drawn first, 
because this is the start activity, 
the other three follow, finish-to- 
start (figure 3). 

Start 

Figure 3: Network Diagram 
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- 
ES EF 

400 



APPENDIX 1 

Step 2: The next three lines from the logic 
table are (table 3): 

Table 3: Logic Table 

This means that activity 500 
follows 200,600 follows 300 
and 700 follows 400 (figure 4). 

Start 

Figure 4: Network 
Diagram 

Step 3: The last four lines of 
the logic table are (table 4): 

Table 4: Logic Table 
Finish 

- 
ES EF 
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500 
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L 
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300 
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. 

ES EF 

600 
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F DUR 
LS LF 

- 
ES EF 

400 

ES EF 

700 
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This means activities 500,600 and 700 must be completed before 800 can start and 
activity 800 is the last activity of the project (figure 5). 

Start 

Figure 5: 
Diagram 

Finish 

- 

The network diagram showing the logical relationships is now complete (figure 5). 
The network diagram on its own is important because it shows the sequence of work, 
besides the critical path method this is also a key input document for the quality 
control plan. 

Step 4: The next step is to transfer the activity durations from the activity table (see 
table 1) to the activity boxes in the'position marked "dur" (figure 6). 

ES EF 

200 
F DUR 
LS LF - 

400 700 

Figure 6: Network LS LF LS LF 

Diagram 
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Network 

ES EF 

300 
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F 2 
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F 1 
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300 
F 6 
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700 
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- 
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Step 5: We now perform the forward pass to determine the early start (ES) and early 
finish (EF) of each activity. Activity 100 starts on day 1 or in calendar notation (say) 
1st May. The activity has a duration of 2 days, so it will finish on day 2, or 2nd May. 
The equation is: EF = ES + duration - 1 

Step 6: If the EF of activity 100 is 2nd May, then the ES of 200, 300 and 400 is the 
following day 3rd May. Calculate the EF for 200,300 and 400 (figure 7). 

Figure 7: Network 
Diagram 

Step 7: Calculate ES and EF for the activities 500,600 and 700 (figure 8). 

Figure 8: Network 
Diagram 
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Step 8: We now have an interesting situation, when there are many activities leading into 
one activity, select the highest EF value to give the ES for the following activity. This 
means activity 800 cannot start until all the preceding activities have ffished (figure 9). 

Figure 9: Network 
Diagram LS LF 

Step 9: The EF of activity 800 is a keydate, as this indicates the earliest date it is 
possible to complete the project, in this case 16th May. 

Step 10: We now perform a backward pass to determine the LS and LF of each 
activity. Starting with activity 800 set the LF to be the same as its EF (16th May), then 
work backwards to find the late start for each activity. The equation is: LS = LF - 
duration + 1 (figure 10). 

Figure 10: Network 
Diagram 

11 12 13 15 
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Note: On the backward pass where there are many activities leading into one activity 
select the lowest number or date. This ensures that all the preceding activities have 
finished before the succeeding activities start. 
Step 11: The next process is to calculate the activity float. Use the following equation: 
Float = LS - ES 
Float = I - 1 = 0 (for activity 100) 

Using this equation the float for all the activities can be calculated. 

Figure 11: Network 
Diagram 

11 12 13 15 

The critical path by definition links all the activities with zero float. If any of these 
activities are delayed the end date of the project will be extended. In this case the 
following activities have zero float; 100, 300, 600 and 800. It is normal practice to 
highlight the critical path in heavy print, double lines or red ink. 



Does a project start on day zero or day one? Practitioners argue both ways. This 
example will take the same data as appendix 1, but start on day zero. Although this is 
not used by the computer software it does offer a simpler calculation to determine 
early start (ES) and early finish (EF). Whichever method is used the scheduling 
information should be the same. 

Consider the example from appendix 1, activity 100 is a 2 day activity starting on 
day 0 and finishing on day 2. The following activity 200 of 3 days duration, starts on 
day 2 and fmishes on day 5. This method simplifies the calculations: 
EF = ES + duration 
ES (200) = EF (100) 

Figure 1: Barchart 

302 



APPENDIX 2 

Consider activity 100 
EF = 0 + 2  

= 2 
Activity 200 start on day 2, therefore 
EF = 2 + 3  

= 5 
The benefit here over the appendix 1 method is that there is no (-1) in the calculation. 
However it should be noted that the ES figures do not correspond directly to a date. 

Figure 2: Network 
Diagram Y ~ H - V  

10 12 12 15 

0 2 

100 
0 2 
0 2 - 

15 16 

BOO 
0 1 
15 16 

L, 

8 15 

600 
0 7 
8 15 

2 8 

300 
0 6 
2 8 - 

- 



This worked example is a continuation from appendices 1 and 2 which developed the 
network diagram. Here the critical path method model will be developed further, to 
include; project acceleration (crashing resources), the expenditure S curve, the cash- 
flow statement and the revised barchart. To calculate the above, additional activity 
information is required together with data capture at timenow 4 and 8. 

Table 1: Activity Data (project acceleration) 
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APPENDlX 3 

Step 1: Appendices 1 and 2 analysed the network to give completion day 16. Consider 
the situation where the client requests the contractor to advise the cost implication to 
complete the project in 10 days, or shorten by 6 days (see figure 1). 

Figure 1: Network Diagram 

The network diagram is first re-analysed by setting the LF of activity 800 to 10 days, 
or 10th May and then performing a backwards pass to calculate the new LS, LF and 
float for all the activities. The negative float will indicate which activities need to be 
crashed and by how much. A priority list is then established (table 2) with least cost to 
crash, fist. After crashing an activity the network should be reprocessed to see if any 
other paths have gone critical. 

Table 2: Priority List of Critical Activities 

Note here how the network arm (200,500) also goes critical when the target completion 
date is reduced to 10 days. For this example, the client decides not to crash the project. 
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Table 3: Cost to Crash the Project by 3 to 6 days 

Step 2: The information from the forward pass, backward pass and float calculations 
(see appendix 1) are usually presented in a tabular format (see table 4). 

Table 4: Activity Data (transferred from appendix 1, figure 11, network 
diagram) 

Step 3: The data can now be used to produce a graphical barchart. For this example 
the barchart will be ordered by activity number, however, in industry it is common to 
order by early start (ES) (see figure 2). 

The barchart is further enhanced by including the number of resources required per 
day which are summed daily to give the resource histogram. The resource histogram 
indicates the number of men required per day. For this example the company only has 
six men available, this means there will be an overload on days 3,4,5,6 and 7th May. 



1 1  2 3 4 5 1  6  7  8 1 9  110 1 1  1 2  113 1 4  115 116 

Figure 2: Early Start Barchart (showing resources) 

Step 4: Resource overload is initially addressed by moving activities within their float. 
Try moving activities 400 and 700 to their LS (see figure 3). 

1 1 1  1 2 1 3  4 5 1  6 7  8 9 10 11 1 2  1 1 3 1 4  15 116 

Figure 3: Barchart and Resource Histogram 307 
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Figure 4: Resource Histogram (A second way to smooth the resources is to move 
activity 400 to 6th May, 500 to 8th May and 700 to 13th May) 

Figure 5: Resource Histogram (A third way to smooth the 
resources would be to move activities 200 and 500 to their LS) 
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Mathematically there are many ways to smooth the resources as shown here. Care 
must be taken not to change the activity logic, for instance if activity 200 has moved, 
then activity 500 must also be moved because of theirfinish-to-start relationship (see 
network diagram figure 1). 

Step 5: If the company resources were to be reduced further to 5 men, then moving 
activities within their float would not be sufficient, other methods need to be considered: 

Split the activity - this option is not always feasible or efficient. 
Time-Limited smoothing - here the end date of the project is fixed, where the 
resources are overloaded more men must be assigned. 
Resource-limited smoothing - here the maximum number of a resource is fixed, 
in this case it is 5 men. To achieve this lower resource level it will be necessary 
to move an activity on the critical path, thus extending the end date of the project. 

Step 6: The next step is to consider the cash-flow. This will be influenced by the timing 
of the costs, for this example the two extremes, ES and LS will be considered. The cost 
per day is assumed to he Linear over the activity, the expenses are shown in the bars. 
The expenses are calculated per day by adding vertically, then accumulated from left 
to right (see figures 6 and 7). 

Figure 6: Early Start Barchart (showing expenses) 

Figure 7: Late Start Barchart (showing expenses) 
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The two expense curves can now be plotted cost against time. The expense curve, also 
called budgeted costforworkscheduled (BCWS) is the link between the CPM and the 
budget (see figure 8). 

Figure 8: BCWS (S Curve) 

This double curve between ES and LS is often called the banana curve because of its 
shape. The important feature though is to appreciate the affect scheduling has on the 
cash-flow. 

Step 7: This step will show how the cash-flow statement is linked with thescheduled 
barchart. Using the following information acash-flow statement will be developed for 
every period (for this example make every four time units or days equal to one period), 
also assume you are considering the cash-flow from the contractor's perspective. 

For period 1 the brought forward amount is zero. 
Income is calculated at cost plus 30% as they occur on the ES barchart. 
The client takes 1 period to pay and a completion bonus of $200 will be paid 
with the final invoice. 

Table 5: Cash-Flow (income) 
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Cost of sales: 
[I] Overheads are $50 per period 
[2] Activity cost5 from the ES barchart (assume costs are split 5050 betweenlabour 

and materials). The labour costs are paid in the period they occur (see table 6). 
[3] The material supplier gives 1 period to pay, therefore the cash-flow is 

moved forward 1 period. 

Table 6: Cash-Flow (Labour costs) 

Table 7: Cash-Flow (Material costs) 

[4] If the closing statement is negative the funds can be borrowed @ 10% per period, 
these bank charges are then levied in the following period. Round up 0.5 and above if 
necessary. 

Table 8: Cash-Flow Statement 
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From the cash-flow statement it is obvious that the project will require up-front financing, 
but will, however, go positive during the last period. 
Step 8:  he above calculations fonn the main &f thebaseline plan, once this i n f o d o n  is 
available the project can be executed. Using the data capture at timenow 4 the revised barchart 
can be drawn in conjunction with the network diagram, see appendix 1. 

Table 9: Data Capture at Timenow 4 

Revised Barchart at Tirnenow 4 (Where l!!!B%I = Original = Actual = Revised) 

Figure 9: Revised Barchart at Timenow 4 

The analysis at timenow 4 shows that activity 100 has started and finished as planned, 
but activity 200 started and finished 1 day early. Because activity 200 and 500 have a 
finish-to-start relationship, 500 should be able to start 1 day early assuming resources 
are available. Activity 300 started on time but is going to be finished 1 day late, this 
will have a knock-on effect and delay 600 and 800 by 1 day. Activity 400 started 1 day 
late and is estimated to finish 1 day late, this will delay 700 by 1 day. Finally the last 
activity 800 will be delayed 1 day because 600 is forecast to finish 1 day late. 
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Table 10: Data Capture at Timenow 8 

Revised Barchart at Timenow 4 (Where == Original = A c t u a l  E = Revised) 

Figure 10: Revised Barchart at T i e n o w  8 

The analysis shows activities 300 and 400 are now finished, 500 and 600 have a 
remaining duration of 1 and 5 days respectively, 700 is 50% complete which can be 
mathematically transposed to aremaining duration of 1.5 or round up to 2 days. Because 
600 is forecast to finish early, 800 can also finish early on day 14, if the resources are 
available. 



Appendix 4 will develop financial selection models. Consider the purchasing of a 
machine for $25,000 with the following cash-flow (table 1): 

Table 1: Cash-Flow 

The solutions will be presented under the following headings: 
Payback period 
Return on investment 
Net present value (NPV) at 15% 
Internal rate of return (IRR) 

Payback Period: If the project starts with a capital outlay of $25,000, the payback 
period is the time to recover this initial outlay from the cash-flow. In this case it will 
take 3 years. 
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Table 2: 
Cash-Flow 

Return on Investment: The return on investment is determined from the following 
expression: 

Annual profit = Total gain - Total outlay 
Number of years invested 

The total gain is the same as the total cash-flow during the Life of the project; 

$5,000 + $7,000 + $13,000 + $16,000 = $41,000. 

The total outlay is the same as the initial investment = ($25,000). The number of years 
of the investment is 4 years. 

Annual profit = $41,000 - $25.000 
4 

= $4000 
The annual return on investment is the annual profit expressed as a percentage of the 
initial investment. 

Annual return on investment = $4.000 x 100 = 16% 
$25,000 4 

Net Present Value (NPV): Using the proforma below, transfer the discount factor at 
15% from the discount table (see Project Selection chapter), then multiply the cash- 
flow by the discount factor and sum the present values. 

Table 3: Net 
Present Value 
(NPV) 
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Table 4: NPV 
Solution 

0.6575 $1 3,000 $8,548 

Internal Rate of Return (IRR): The IRR value is the same as the discount factor 
when the NPV is zero. The IRR figure is found by varying the discount factor until the 
NPV is zero. The first guess is often a stab in the dark, but it will indicate which way 
to go. If the NPV is positive increase the discount factor and if the NPV is negative 
decrease the discount factor. 

Table 5: NPV 
DF 16% 

Table 6: NPV 
DF 17% 
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I I I , 
NPV i $430 

Table 8: NPV 
DF 19% 

Solution: The discount factor is increased in 1 % steps until the NPV value goes negative. 
The IRR, therefore, lies between 18% and 19%. 



From the scope of work and information given, perform the following earned 
value calculations: 

Draw a three level WBS and analyse the CPM 
Draw an ES barchart and resource histogram 
Track the project at timenow 4 and 8 

Table 1: Activity Table 

Project Information: The scope of work includes the construction of a house, the 
outbuildings and landscaping the garden. The main house can be sub-divided into the 
principle &ides: civil, c ~ e ~ e r s t ~ l u r n b e r s  and electricianstpainters. The outbuildings 
consist of a garage and a greenhouse, whilst the landscaping includes the grounds and 
the fencing. The civil work can be further sub-divided into: foundations, walls and 
roof. The carpenters and plumbers also includes the doors/windows and built in 
cupboards (bic's). The electricians and painters also includes the internal finishes. 
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Table 2: Logic 
Table 

---------------------------------------------------- .  
I I 
I I 

I WBS work packages I 
I I 
I I 

I I 
I 

I 
I CPM activities 
I 
I $6000 $6000 

I uuu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Figure 1: WBS and CPM (House project) 
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Note: The numbering system for the WBS work packages and the activities are different. 
This will allow both numbering systems to operate linked and autonomously. One or 
more activities can be linked to a work package, this gives the planner more flexibility 
when developing the network logic. 

Figure 2: Network Diagram (house project) 
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Activity Table: The activity table collates the data from the network diagram (see 
figure 2) and presents it in a preferred format. 

1300 Garden 7May lOMay l3May 16May 6 

1400 Fence 3May 6May 9May 12May 6 

Table 3: Activity Data (house project) 

Early Start Barchart and Resource Histogram: The values from the activity data 
table (table 3) are transferred to the early start barchart (figure 3). The numbers in the 
barchart are the resources per day transferred from table 1. These values are added 
vertically to give the total daily resource requirement and is shown in the resource 
histogram (figure 3). The daily resource totals are then accumulated to give the running 
total which gives the characteristic S curve presentation (figure 4). Although this curve 
is for resources (because the figures were available) a similar curve can be drawn for 
costs. This curve (figure 4) is generally known as the budgeted cost for work scheduled 
(BCWS). 
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Figure 3: Early Start Barchart (showing resources) and Resource Histogram 
(showing the total daily resource and the accumulated running total) 
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The resource histogram (figure 3 )  indicates the resource requirement per day. For the 
purpose of this exercise the available resources are assumed to be sufficient. 

Expenditure Barchart and Expense Curves: The expenditure barchart assumes a 
linear cash-flow over the activities. The accumulation of the daily expenses will provide 
the basis for cost control. The BCWS is the integration of cost and time which forms 
the baseline plan to track the project's performance against (figure 4). Draw the early 
start barchart showing expenses to give the BCWS as appendix 3. 

Table 4: Earned Value Equations (these equations will be used in the earned 
value analysis) 

Earned Value 

Scheduled variance 

Scheduled variance % 

Cost valjance 

Cost variance % 

Estimcrte at completion 

Data Capture at Timenow 4: The project has now started and the progress information 
is presented in the following format (table 5). 

BCWP = PC * BAC 

SV = BCWP - BCWS 

SV% = SV / BCWS 

CV = BCWP - ACWP 

CV% = CV / BCWP 

EAC = (ACWP / BCWP) ' BAC 

Table 5: Data Capture at Timenow 4 
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Earned Value at 
Timenow 4: The 
earned value table 
provides a simple 
format to compare 
the baseline plan 
with the progress. 
The partly 
c o m p l e t e d  
proforma can be 
completed as a self- 
test. 

BCWP 

Table 6: 
Earned Value 

Table 7: 
Earned Value 
at Timenow 4 

Totals 

1300 

1400 

$88.000 

$8.000 

$4,000 

$19,500 

0% 

25% 

$1.000 

$0 



APPENDIX 5 
- - 

Revised Barchart at Timenow 4: The revised barchart and the earned value table, 
contain complementary information. When calculating the revised barchart it is 
important to follow the activity logic through to completion (see network diagram 
figure 2). 

Revised Early Start Barchart at Timenow 4 
Showing expenditure value x $1000 (Where = Actual B@Ed = Revised) 

I 

I 
Figure 5: Barchart at Timenow 4 

Prqject Analysis at Timenow 4: The variance figures indicate that overall the project 
is late, but slightly under budget. The figures may be dislorted, however, because 
activity 1300 costs have been reported, although there appears to be no progress. 
Similarly activity 300, progress is reported, but no costs. These are flags highlighting 
data that is conflicting and therefore needs to be checked. 

Activity 400 is on the critical path and is 1 day late. The knock-on effect can be 
seen on the revised barchart. If this activity were crashed by 1 day this would bring the 
schedule backon course. The activity is under budget so there should be funds to cover 
any additional expenditure. 
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$2.000 1 May 2May 

500 1$7,000 I 7  ~ a v  I [crash) 

Remaining 
Duration 

Percentage 
Complete 

Acfivity 
Number 

Table 9: Earned Value at Timenow 8 
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1200 

1300 

1400 

Actual 
Costs 

Table 8: Data Capture at Timenow 8 (the project has now progressed to timenow 8) 

$7,000 

$3,000 

$3,500 

Actual 
Start 

Actual 
Finish 

2May 

8 M w  

4May 

3May 
- 

7May 

1 

25% 

100% 



APPENDIX 5 

Revised Early Start Barchart at Tirnenow 8 
Show~ng expenditure value x $1000 (Where = Actual EEBB! = Revised) 

I 

Figure 6: Revised Barchart at Timenow 8 

Project Analysis at Timenow 8: From the schedule and cost variances, overall the 
project is still late, but now the budget is over spent. The trends indicate SV% improving 
from (20%) to (12%), but CV% deteriorating from 2.5% to (7.8%). This is flag to 
check productivity on activities 100, 500, 700 and 1300. They are either under 
performing, the estimate was too optimistic, or there are special circumstances. 

Although the SV is negative the revised barchart indicates that the project will 
finish on time. The discrepancy is caused by activities with float running late. The 
negative cost variance indicates a need to apply control on activities 500, 700 and 
1300, to bring the project in on budget. 



Earned Value example for decorating your office: Consider a simple project to 
decorate the four walls and ceiling of your office. The contractor estimates that it will 
take 2 mandays (16 hrs) per wall and ceiling to prepare and paint. The contractor 
plans to complete one activity per day, starting work on Monday and finishing on 
Friday (see table 1). The materials are charged separately. 

Table 1: 
Project 
Plan 

Table 2: Progress 
Report at 
Timenow 1 [end 
of Monday] (the 
project has started 
and painting of 
the ceiling is 
complete) 
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Table 3: Earned Value Table at Timenow 1 [end of Monday] (the project is on time 
and on budget (manhours) 

Table 4: Progress Report at Timenow 2 [end of Tuesday] (the first wall 
is only 50% complete yet they have used 20 manhours) 

Table 5: Earned Value Table at Timenow 2 [end of Tuesday] (the project is 
late and over budget (manhours) - they have not completed the amount of work 
planned, yet they worked overtime and used 20 manhours) 
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Table 6: Progress Report at Timenow 3 [end of Wednesday] (walls 1 
and 2 are complete, and wall 3 is 50% complete) 

Table 7: Earned Value Table at Timenow 3 [end of Wednesday] (the project 
is now ahead and under budget (manhours) - they have overcome their 
problem and are now ahead of plan and have used less manhours than 
planned) 

Table 8: Revised Project Plan at Timenow 4 (the scope of work has been 
increased to include painting the door - Activity 600) 
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Table 9: Progress Report at Timenow 4 [end of Thursday] (walls 1,2 
and 3 are complete, and the door is 50% complete) 

Table 10: Earned Value Table at Timenow 4 [end of Thursday] (the scope of 
work has been increased and the plan has been revised. Overall the project is 
on time and on budget) 

Progress summary for total project: 

The earned value project control technique will give you an overall picture of the 
project, and if more information is required it will identify through the variances which 
activities warrant further investigation. 

Time 1 - On time, On budget 
Time 2 - Late, Over manhours 
Erne 3 - Ahead, Under budget 
Time 4 - Increased scope of work, On time, On manhours 
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AOA: Activity-on-Arrow 
AON: Activity-on-Node 
ACWP: Actual Cost of Work 

Performed 
APM: Association of Project 

Managers 
BAC: Budget at Completion 
BCWP: Budgeted Cost of Work 

Performed 
BCWS: Budgeted Cost of Work 

Scheduled 
BOK: Body of Knowledge 
BOM: Bill of Materials 
BOOT: Build Own Operate Transfer 
BOT: Build Operate Transfer 
CIF: Cost Insurance Freight 
CV: Cost Variance 
COD: Cash on Delivery 
CPA: Critical Path Analysis 
CPI: Cost Price Index 
CPM: Critical Path Method 
CV: Cost Variance 

DCF: Discounted Cash-Flow 
DDP: Delivered Duty Paid 
DoD: Dept of Defence 
EAC: Estimate-at-Competition 
FF: Finish-to-Finish 
FIFO: First In First Out 
FRI: Forecast Rate of Invoicing 
FS: Finish-to-Start 
FOB: Free on Board 
IPMA: International Project 

Management Association 
IRR: Internal Rate of Return 
JIT: Just-in-Time 
LIFO: Last In First Out 
MBE: Management by Exception 
MBO: Management by Objectives 
MRP: Material Requirement 

Planning 
NCR: Non Conformance Report 
NPV: Net Present Value 
OBS: Organisation Breakdown 

Structure 
PERT: Project Evaluation and 

Review Technique 
PC: Percentage Complete 
PDM: Precedence Diagram Method 
PMBOK: Project Management 
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PMI: Project Management Institute 
PMP: Project Management 
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QCP: Quality Control Plan 
ROI: Return on Investment 
ROT: Refurbish Operate Transfer 
SPI: Schedule Performance Index 
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