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Preface to the Third Edition

Salient Features

This book, as mentioned in the ealier editions, is on the practical application of the knowledge
and skills required in Project Planning, Scheduling and Controlling Techniques in the construc-
tion project scope, time, resources, cost, risk and integration. The fast growing construction in-
dustry, demands regular updating of the knowledge areas and skills in project management. This
updating of project management techniques is the main focus of this edition.

In this Third Edition, within the limited scope and size of the book, the notable additions are

as under:

1. Project Manager’s competency skills and project success strategy.

2. Basic theory of probability distributions, probabilistic decision networks and decision
trees.

3. Introduction to project management software including Enterprise Project Management,
Monte Carlo simulation applications using Crystal Ball Software and risk quantification
techniques using Project Risk Analysis software.

4. Excel 2007-Solver software applications in solving problems related to resources
allocation.

5. Application of cloud computing in data processing.

6. Construction Contract Accounting Standard, and construction workers safety guidelines .

7. An overview of construction contract administration and disputed claims management.

8. Project internal performance audit guidelines.

The structure of the Third Edition differs from the previous editions. Keeping in view the
varying requirements of the readers, new topics and new appendices (fifteen to be precise) have
been added in this Edition, and are placed at the end of each chapter. Titles of the chapters are
similar to the previous edition and the text is divided under the following heads:

Introducing Construction Project Management. It includes Chapters 1 and 2 which deal
with ‘Construction Projects Management Framework’ and ‘Project Scope and Integration
Planning’. They also provide an overview of the subjects covered in the book. Appendices
include Project Manager’s competency skills and project success strategy development.
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e Developing Project Construction Time Schedule. It consists of Chapters 3 to 6, on planning
and scheduling of project construction time. It includes the processes of defining project
activities, sequencing activities using network analysis techniques and scheduling project
work. Appendices include project time-cost function, probabilistic decision networks and
project management software applications.

e Developing Project Resources Plans. It includes Chapters 7 to 10. These are devoted to
planning and forecasting requirements of construction manpower, materials and equip-
ment. Appendices highlight workers incentive schemes, resources allocation using linear
programming problems, equipment output norms, and time value of money.

e Planning and Budgeting Construction Costs. Chapters 11 and 12 cover methodology for
planning and budgeting costs in construction projects.The relevant Appendices include
breakeven analysis and capital investment analysis techniques.

e Controlling Project Construction Plan. Chapters 13 to 18 deal with monitoring and con-
trolling of project integration, scope, product quality, resources, costs, earned value, time
schedule, management of risk costs, performance audit guidelines and project manage-
ment information system. The Appendices include: construction contract administration
and claim management, construction contract accounting standard, construction workers
safety checklist, probability distributions and Monte Carlo simulation using Crystal Ball
software, introduction to Oracle risk management software, and application of cloud com-
puting.

Acknowledgements

My special thanks are to Oracle/Primavera Systems of USA, for their permission to use the
APEX sample project and their copyright documented material on Project Management soft-
ware, Crystal Ball software and Oracle Risk Analysis. Readers can visit the Oracle/Primavera
website to view the products.

Engineering News-Record (ENR) has kindly granted permission to publish excerpts from the
Construction Facts and other data included in this book. I thank Mr. Scott Lewis, Projects Edito-
rial, Engineering News-Record, New York, for speeding up the permission.

Thanks are to McGraw-Hill Education and authors of Cloud Computing for their permission
to reproduce two tables in this edition.

I am grateful to Mr. Sandeep Verma, FCA, LL.B., CPA, CFE for his valuable suggestions
and comments, particularly, on cost and audit related topics covered in the book. Mr. Sandeep
Verma, is a professional accountant and an auditor in the USA, with extensive experience in
international accounting and auditing in various industries. His areas of activities are spread out
across the globe.

Mr. Ajay Vikram Singh, Lead Auditor (OHSAS 18001:2007), M.Sc. (Mathematics) and ex-
pert in computer technology and construction workers safety management, has made valuable
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contribution in developing soft copy of this edition. His suggestions with regard to rearranging
the topics especially those related to worker safety are invaluable. The author appreciates his
valuable contribution and untiring efforts in manuscript compilation of this book.

This Third Edition of the book would not have been possible without the professional and
academic experiences gained from a number of organisations, both in India and abroad, in which
the author had the privilege to serve and participate. In gratitude, I salute my past and present
superiors, colleagues and subordinates for their direct and indirect contribution in developing
this book.

I thank Mr. Kaushik Bellani, M.D., the executives, sponsoring editor, production manager,
marketing manager and the staff of McGraw-Hill Education, India, and their copyeditors for
their untiring efforts in bringing this book in its present form.

Despite the best efforts, the author, supporters and contributors including Oracle/ Primavera
Systems, and ENR of USA; accept no responsibility for any inaccuracy, errors or omissions in
the contents of this book.

Lt Col (Retd). K K Chitkara, AVSM
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Preface to the First Edition

Construction Project Management, in its present form, is the end product of my over 25 years
experience at senior level of planning and managing major construction projects, both in India
and the Middle East; and imparting instructions on the subject to practicing professionals,
engineers and engineering students.

Project is a mission, undertaken to create a unique facility, product or service within the
specified scope, quality, time, and costs. With the emerging global opportunities, projects cross
geographical boundaries, corporate channels, traditional systems and cultural diversities. The
knowledge areas needed to manage such projects comprise project management techniques,
general management practices and technology-related subjects. The project management
techniques of planning, scheduling and controlling are the tools and devices that bind the
subject’s knowledge areas. These techniques can be applied to all types of projects. This book
covers their application in the field of construction.

The construction industry accounts for 6-9% of the Gross Domestic Product (GDP) of many
countries. The value of annual construction activity in the world exceeds one trillion dollars.
Unfortunately, due to the secretive nature of construction business, knowledge gained in
planning, scheduling and controlling construction process is rarely disseminated. Consequently,
the cost of inefficiency is being incurred as a recurring cost. Moreover, in various businesses, the
rate of business failure of construction contractors is one of the highest. One of the reasons for
this high rate of failures is the lack of knowledge.

There is a vast scope for improving performance through knowledge in the construction
industry, where men, materials, machinery, money and management work together to build a
facility. Perhaps, it is one of the rare industries in the world that can provide such a vast scope
for cost and time reduction at micro-level.

This book describes the planning, scheduling and controlling of time and cost in construction
projects. Though vital for performance improvement, this subject is often neglected. The subject
covered in this book is divided into four parts spanning eighteen chapters and the text is illustrated
with real life cases:

e  Construction Project Management Overview Chapters 1 and 2 provide an intro-
duction to the subject. They cover the nature of construction industry, describe con-
struction project concepts and characteristics, and outline project development process.
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While highlighting salient features of the project management process, they explain
the causes for project failures, outline approach and importance of planning, schedul-
ing and controlling in construction projects, including the functions and role of the
chief planner.

e  Time Planning Chapter 3 describes the methodology for breaking down project work
into activities and for activity duration estimation. Chapters 4 and 5 cover the methodol-
ogy for modelling and time analysis of CPM, PERT and Precedence networks.

Preparation of time-limited and resources-limited schedules are described in Chapter 6.

e  Resource Planning This part containing six chapters is devoted to the strategy for
planning manpower, construction materials, plant and machinery, production costs and
project budget.

e  Planning Control System This part containing six chapters deals with organization
of control system; techniques for controlling resource productivity, costs and time; codi-
fication of planning system; and management of project information system using com-
puters.

Each chapter of Construction Project Management can be expanded into a volume, but its
scope has been restricted to the present size by making trade-offs between technique elaboration
and their application coverage. A comprehensive bibliography has been included to supplement
information on each topic. A CD-ROM covering lesson plans and self-test exercises for on-line
study of the subject covered in the book is being prepared, and is likely to be available by the
end of 1999

This book is designed for use by:

Project managers and their team members
Managers in corporate office dealing with the managment and execution of construction
projects

e  Academician, trainers and trainees connected with project management

° Consultants and specialists like architects, engineers, quantity-surveyors, accountants
and other managers associated with projects

e  Practicing engineers and students studying construction management and those new to
the concept and techniques used in Project Management

The subjects covered mainly deal with contractor-oriented Project Management, as well as
client-directed Project Management. This book presupposes fundamental engineering knowledge
and familiarity with construction process and practices.

My interest in project management knowledge areas started in the early seventies, when as
Commander Works Engineer of a Cantonment Construction Project, I conducted a number of
project management courses to train the staff and engineer officers of the Military Engineering
Services in India. Since then, I have been teaching and practising management of construction
projects.
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Despite best efforts, the possibility of some errors in the book cannot be ruled out. I welcome
readers’ comments to make improvements in this book. My e-mail addresses are chitkara@
icpm.com, chitkara@nda.vsnl.net.in

It is hoped that the subject covered in this book will stimulate wider discussions and, enable
further development of project management techniques.
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Management, staff and students of the National Institute of Construction Management
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Tata Consultancy Services Ltd and KLG Systel Ltd for providing computer software
support.
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Construction Projects
Management Framework

Construction activity has been in existence since the caveman started building his dwelling. Con-
struction has created many wonders in the world and has provided many facilities for the benefit of
the mankind. Construction is a major component of the new investments. The construction industry
is essential for the growth of the economy of any country. Universally, the construction of capital
intensive facilities is undertaken by ‘projectising’ them, i.e. organising the major works into one or
more construction projects for implementation.

Construction projects contain numerous interdependent and interrelated activities. These proj-
ects employ voluminous resources. The fast changing environment of the present era imposes
numerous time, cost, finance, legal, ethical, environmental and logistic constraints, and include
difficulties, uncertainties and risks. Although the concept of projectising construction is not new,
project management is a young and emerging discipline. The studies reveal that most of the con-
struction projects face time and cost overruns mostly due to management failures.

This chapter provides an overview of the construction industry; and features the processes, en-
vironments and organisation of the construction project management. The chapter is divided into
the following sections:

1. Construction Landmarks

2. Construction Scope

3. Project Concept and Features

4. Construction Project Characteristics

5. Construction Project Development: Phases and Processes

6. Construction Project Management Practice

7. Construction Project Management Organisation

8. Role and Functions of Construction Project Manager

9. Main Causes of Project Failure

10. Importance of Integrated Planning, Scheduling and Controlling of Construction Projects



2 Construction Project Management

Construction Project Manager's Competency Skills are highlighted in Appendix A. Strategy for
Project's Success development is covered in Appendix B.

0 1.1 CONSTRUCTION LANDMARKS
1.1.1 World Famous Constructions

Ever since the dawn of civilisation, man has been involved in some form of construction activ-
ity. Even in ancient times, man created architectural marvels, which came to be regarded as the
wonders of the world. These include the Pyramids of Egypt, the Great Wall of China, the Angkor
temples of Cambodia, and the Tower of Babel. The pyramid of Giza in Egypt contains more than
2000000 blocks, with an average weight of about 2.3 tons each. About 100 000 persons worked on
the pyramids for three to four months a year to build it in about 20 years. The Great Wall of China,
built to provide protection against surprise enemy raids, is about 6400 km long and its height and
width at the top varies from 5 to 10 m. It has 20 m high towers placed every few hundred metres.
The medieval times witnessed the construction of marvels like Taj Mahal in India and the Lean-
ing Tower of Pisa in Italy. The religious monuments and tombs reveal the superb workmanship of
the construction process of the medieval ages. A more recent example of man’s achievement in
this direction is the Burj Khalifa, one of the world’s tallest buildings which is in Dubai, UAE. The
world-famous landmarks, constructed in the recent past are listed in Table 1.1.

1.1.2 World’s Largest Projects and Programmes

In the present day world, technological breakthroughs have revolutionised construction activity.
Modern construction areas include high-rise buildings, dams and irrigation networks, energy con-
version and industrial plants, environmental protection works, infrastructural facilities like roads,
bridges, railways, airports and seaports, satellite launching stations, onshore and offshore oil termi-
nals, etc. A glimpse of some of the famous construction-related international programmes, valuing
US$ 5 billion and above, as mentioned in ENR Facts, 2003, are listed in Table 1.2.

1.1.3 High-Tech Construction Technology

The do-it-yourself construction activity started when the caveman learnt to build his dwelling us-
ing stone and his back. The performance enhanced gradually with the slow pace of evolution of
technology of levers, wedges, derricks, wheels, rollers and pulleys. The industrial revolution of
1800s enabled the builders to use steam-operated tools and machinery like cranes, hoists, dozers,
excavators and shovels to partly replace the human muscles and the load carrying animals. In the
twentieth century, the electrical technology and the internal combustion engines replaced the steam
with more efficient devices. This resulted in the emergence of high-tech plants and mobile machin-
ery. The capacity of some of the modern mobile construction machines is given in Table 1.3.
Construction technology and new materials are emerging at an accelerated pace. Traditionally,
in the developing countries, concrete slab construction in multi-storied buildings takes a fortnight
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Table 1.1

World-Famous Construction Landmarks

Facility Name Location Cost Features Completed
BUILDINGS
World’s Tallest Burj Khalifa Dubai, UAE NA 828 metres tall 2010
World’s Largest by Floor ~ New Century Chengdue, NA 1700 000 2013
Area Global China sq. metre
BRIDGES
World’s Longest Lake Pontchar-  La, U.S.A. $ 26.9 million 38.4 km 1969
(Two Bridges) train Causeway (1969 span)
World’s Longest Akashi-Kaikyo Kobe-Naruto, $ 4.3 billion 1991 metre 1998
(Suspension Bridge) Japan
World’s Longest Russky Bridge  Vladivastok NA 1104 metre 2012
(Cable- Stayed Bridges) Russky Island (longest span)
DAMS
World’s Largest - Volume Tarbela Pakistan NA 148.5 million 1973
Embankment cu. m.
World’s Largest - Nalubaale Uganda $ 60 million 20.5 billion 1954
Capacity Reservoir cu. m.
TUNNELS
World’s Longest Water Delaware New York $ 149 million 135 km 1944
Tunnel Aqueduct State (Not including
design cost)
World’s Longest Railway Seikan Japan $ 5.3 billion 33.5 miles 1985
Land Tunnel
World’s Longest Railway Channel Britain France $15 billion 31.04 miles 1994
Channel Tunnel Tunnel
(Under Sea)
World’s Longest Laerdal Norway $114 million 24.5 km 2000

Vehicular Tunnel

Source: 1. ENR: Construction Facts, Nov. 2003, McGraw-Hill Cos. Inc.
2. Accessed websites in 2013 for World’s Tallest Building, Cable-Stayed Bridges and Largest Floor Area

to three weeks per storey. With the use of latest formwork and ready-mix concrete technology, this
time can be reduced to about one week. To quote an example, the structure of a 45-storey City
Tower Hotel in Tel Aviv, was constructed at the rate of one storey after every five days. A German
ready-mix supplier poured over 16000 m* of concrete within 24 hours for a 8.5 ft thick reinforced
concrete mat foundation. The pour involved 300 workers; four 32-m trucks mounted telescope
conveyors, four 42-m concrete boom pumps and one 52-m boom pump. In another location in Ger-
many, over 1700 m* concrete for a foundation work for one of the tallest buildings in Europe was
poured in a 78-hour period by 90 ready mix trucks operating from six ready mix plants. Way back
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Table 1.2

Some of the World’s Largest Projects and Program

Country Name Cost ($ billion) Start-Completion
Egypt South Valley Development Project 90 1997-2017
16 Nations Partnership International Space Station 60 1993-2008
China South-to-North Water Diversion Project 48 Phase-I (2002-2010)
Phase-II (2050)
Iraq Rebuilding 29 2003
Libya Great Man Made River Project 25 1984
China Three Gorges Dam 24.6 1993-2009
China Beijing Olympics 32 2008
US.A. Louisiana Coastal Restoration Program 15 1990
Japan Expansion of Kansai International Airport, 15 1999-2007
Osaka
US.A. Central Artery/Tunnel-Boston 14.6 1993-2005
China Gas Pipe Line 8.5 Oct. 2003
UK. Channel Tunnel Rail Link 8.5 1998-2007
Lesotho Highlands Water Project 8 1984-2000
Florida Comprehensive Everglades Restoration 8.4 1995-2025
Plan
Norway Ormen Lange North Sea Gas Development 8 2003-2007
Belgium Dutch High Speed Rail 7 2000-2006
Madrid-Lerida Spanish High Speed Rail (AVE) 7 2006
Japan Chubu International Airport 7 2000-2005
U.S.A. Nuclear Tank Waste Remediation System 6.9 2000-2017
China Hong Kong Waste Rail Line 6.6 1998-2003
Ireland Dublin Metro 6.5 2000-2016
India Golden Quadrilateral Highway Project 6 1998-2003
Part-1 (3600 miles)
U.S.A. Third Water Tunnel New York 6 1972-2020
Greece Athens Olympics 5.7 1998-2004
Russia Northern European Pipeline 5.7 2002-2009
Atlanta Hartsfield Airport Expansion 54 2001-2010
US.A. East Side Access Project 53 2002-2011
Taiwan Kaoshsiung Metro 5.1 2001-2005

Source: ENR: Construction Facts, Nov. 2003, McGraw-Hill Cos. Inc.
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Table 1.3

Some of the World’s Largest Construction Machines Capabilities

Machi Model
S. No. achine odel Introduced Capacity Horsepower
Type Year (hp)
1. Bulldozer Komatsu DS75A-3 59, Blade 90 cu yd 1,150
Super Dozer
2. Truck Caterpillar 797 B 2002 Payload 380 tons 3,370
3. Excavator Terex RH-400 1997 Shovel 57 cu yd or 90 tons 4,400
4. Cable Shovel P&H 4100XPB 1999 Shovel 82 cu yd or 100 tons 4,555
Le Tourneau
5. Wheel Loader 2000 Bucket 57 cu yd or 80 tons 2,300
L-2350
6. Scraper Caterpillar 657 E 1984 Bowl 44 cu yd (heaped) 1,045
Hopper 17.5 tons, Paving width
7. Paver ABG Titan 525 2002 52 ft 10 in., Paving thickness 352
19 in.
8. Grader Caterpillar 24H 1996 Length of Blade 24 ft 500
Lift 264 tons @144-ft radius,
9. Tower Crane Kroll 1000 1978 Max. height under hook 311
ft 8 in.
Lattice-Boom Lift 1,543 tons @164-ft radius
10. Crawler Crane Lampson LTL-2600 1994 with 341-ft boom 3,400
. Lift 875 tons @10-ft radius
Telescopic- (basic boom and 176-ton
11. Boom Truck Liebherr LTM-1800 1988 . . . 978
Crane counterweight), Max. lift height
479 ft
Tunnel Borin BENTON'AIR
12. £ pressurised slurry 2001 14.87 m. cutting head diameter 4,691

Machine

TBM

Source: ENR: Construction Facts, 2004, McGraw-Hill Cos. Inc.

during 1982—84, an Indian company using pre-cast technology erected five-residential apartment
superstructures per day in Baghdad. The new materials in the market that have added new dimen-
sions to construction practices which include: curtain walls, structural glazing sheet, aluminum
replacing wood, high performance concrete (going up to 100 MPa), high strength reinforced and
structural steel, multi-variety customised pre-cast members, multi-utility chemical admixtures and
large varieties of finishing products and utility components.
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0 1.2 CONSTRUCTION SCOPE
1.2.1 Construction Market

The market of the construction business includes both international as well as domestic markets. Its
profitability, like any other business, fluctuates according to the law of demand and supply.

International export market. There are about 225 top international companies that compete
with each other for the global construction tenders. Despite some global upheavals and uncertain-
ties, the world construction market showed a gradual rise in revenue from 2002 to 2011. Since the
beginning of the new millennium and upto year 2011, the international construction market, as
reported by ENR, ranged between 116 billion to 450 billion dollars per annum.

Global market of top 225 international companies (revenues USS$ in billions)

Year 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

US$

. 116.5 139.8 167.5 189.4 224.4 310.3 382.4 383.8 383.7 453.0
billion

For ENR’s Top 225 International Contractors, 2001 was a down year. International revenue for
the Top 225 fell 8.1% to $106.5 billion from $115.9 billion in 2000 and 11.5% from 1999’s high of
$118.7 billion. The market reached the $116 516.5 mark in 2002. Since the terrorist attacks of Sep-
tember 11, 2001, on New York City and Washington, D.C., followed by the Afghanistan and Iraq
conflicts, the global construction market is going through an uncertain period. In some countries
like India and China, the construction is booming but in the other countries like USA, the economy
is softening and it is having its effect on the international construction market. Table 1.4 shows how
the international contractors shared the export market in the years 2009-2011.

In the international market, building, transportation and petroleum supply activities constitute
the major areas in the business. The revenues generated by different activities in the global market
in the years 2009—-2011 are given in Table 1.5.

Global infrastructure market. The global market (demand) over the next 20 years for in-
frastructure is forecasted to be US$ 65 trillion. China is the largest infrastructure market in the
world accounting for 40% of global infrastructure demand. Over the next few years, growing
markets for infrastructure are Brazil, India, Indonesia and Turkey, which are expected to account
for around 20%-25% of the world market. The US infrastructure market is about 15% of the
world market. (Source: Global infrastructure market, accessed on September 01, 2012)

Infrastructure projects are the key drivers of economic growth. India is now emerging as the
third largest economy in the world next only to the US and China but inadequate infrastructure
is dragging down India’s economic growth.
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Table 1.4

The Top 225 International Construction Companies Years 2009 to 2011:
International Regions of Market Analysis

International Year 2009 Year 2010 Year 2011
Regions Revenue Percentage Revenue Percentage Revenue Percentage
($ million) ($ million) ($ million)

Canada 13 402.0 34 13 383.4 3.5 13 003.2 34
USA 41 659.5 10.7 34 878.2 9.1 326129 8.5
Latin America 21761.9 5.6 24 819.9 6.5 304252 7.9
Caribbean Island  2077.8 0.5 2292.5 0.6 3620.7 0.9
Europe 114 106.2 9.3 100 806.6 26.3 94 183.4 24.5
Middle East 77 470.6 19.9 77 557.0 20.2 72 434.0 18.9
Asia/Australia 68 532.5 17.6 73 183.1 19.1 76 639.7 20.0
North Africa 21622.9 5.5 27520.9 7.2 29 540.4 7.7
South/Central 29262.2 7.5 29 290.7 7.6 31 051.8 8.1
Africa
All Others 12.3 0.0 49.2 0.0

Domestic infrastructure market. In most of the countries, the domestic market far exceeds
the international market.

In India, the 11th Five Year Plan (2007-2012) targets were an average 8%—0% annual growth
(relative to 5.08% actual targeted in 10th Plan). These were planned to be maintained at 10% in the
12th Plan in order to double per capita income by 2016—17. The most critical short-term barriers to
economic growth are absence of world-class infrastructure (power in particular). Focus on quality
and efficient infrastructure services is essential to realise the full potential of the growth impulses
surging through the economy. Investment requirements for infrastructure during the 11th Five Year
plan were revised to be around Rs. 2054205 crore. While nearly 60% of these resources would
come from the public sector, the balance would need to come either from the exclusive private sec-
tor and/or from public-private-partnership (PPP), wherever feasible. Investment requirements by
2012, estimated by the Committee o n Infrastructure, in some of the key infrastructure sectors are:
Rs. 220000 crore for modernisation and upgradation of highways; Rs. 40000 crore for civil avia-
tion; Rs. 50000 crore for ports; and Rs. 300000 crore for the railways. The power sector outlay is
Rs. 658630 crore.

In India, sector-wise investments in 10th Five-Year Plan and 11th Plan, and Projected infrastruc-
ture Investment during the 12th Plan are tabulated in Tables 1.6 and 1.7.
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Table 1.5

Top 225 International Contractors at a Glance
Nature of Work Handled In International Market

Type of Work Revenue ($ mil) Percentage of Total

2009 2010 2011 2009 2010 2011
Building 94 067.6 85988.3 96102.1 24.1 224 20.1
Manufacturing 6916.9 3805.6 6083.1 1.8 1.0 1.2
Industrial 23001.3 20601.5 29569.0 5.9 5.4 6.5
Petroleum 90837.8 91421.5 104234.1 233 23.8 23.0
Water 14234.2 11221.8 15.352.9 3.6 2.9 34
Sewer/Waste 5813.9 6289.7 7087.9 1.5 1.6 1.6
Transportation 104092.2 112342.0 121439.7 26.7 29.3 26.8
Hazardous Waste 549.2 486.0 827.3 0.1 0.1 0.2
Power 26723.5 35694.4 47043.1 6.9 9.3 10.4
Telecommunication 3937.3 2685.8 5946.4 1.0 0.7 1.3
Other 19833.7 13249.9 29.331.1 5.1 35 6.4

Source: ENR, McGraw-Hill Cos. Inc. (August 20, 2007 and August 18, 2008)

1.2.2 Construction Projects Stakeholders

Project stakeholders or participants are the individuals and organisations who are actively involved
in the project’s outcome. Some stakeholders may have competing and conflicting expectations.
Key stakeholders in a typical construction project include: sponsors, business promoters/owners,
project managers, project teams, architect-engineering associates, construction management con-
sultants, banking and financial institutions, input suppliers, contractors and the affected people. It
is the project manager who manages the expectations of the stakeholders. To quote an example,
stakeholders of a typical medium size BOT highway project are shown in Figure 1.1.
The agencies supporting the construction industry include but are not limited to the following:

e Construction business promoters like government bodies, public and private enterprises for
real estate and industrial development, and other similar agencies;

e Construction management consultant firms;

e Architect-engineering associates;

e Construction manpower recruitment and training agencies;

e Construction materials developing, manufacturing, stocking, transportation and trading firms;

e Construction plant and machinery manufacturing, distributing, and repair and maintenance
organisations;
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Tables 1.6

Sector-wise Investments (Rs. in Crore): 10th, 11th and 12th Five-Year Plan

Infrastructure Requirements 10th FY Plan 11th FY Plan 12th FY Plan
Original Actual In Original Revised Original
Projections vestments Projections Projections Projections
Electricity 2,91,850 3,40,237 6,606,525 6,58,630 12.57.604
(incl. Non-Conventional) (33.49) (37.55) (30.42) (32.06) Y
Roads & Bridges 1,44,892 1,27,107 3,14,152 2,78,658 490272
(16.33) (14.03) (15.28) (13.57) 7
Telecommunications 1,03,365 1,01,889 2,58,439 3,45,134 10.11.692
(11.86) (11.25) (12.57) (16.80) T
Railways (incl. MRTS) 1,19,658 1,02,091 2,61,808 2,00,802 796393
(13.73) (11.27) (12.73) (9.78) e
Irrigation (incl. Watershed) 1,11,503 1,06,743 2,53,301 2,46,234 3.08.642
(12.30) (11.78) (12.31) (11.99) o
Water Supply & Sanitation 64,803 60,108 1,43,730 1,11,689 1.85.244
(7.44) (6.63) (6.99) (5.54) T
Ports (incl. inland) 14,071 22,997 87,995 40,647 1.05.034
(1.61) (2.54) (4.28) (1.98) T
Airports 6,771 6,893 30,968 36,138 66.277
(0.78) (0.76) (1.51) (1.76) ’
Storage 4,819 5,643 22,378 8,966 25.736
(0.55) (0.62) (1.09) (0.44) >
Oil & gas pipelines 9,713 32,367 16,855 1,27,306 262,345
(1.11) (3.57) (0.82) (6.20) e
Total Investments 8,71,445 9,06,074 20,56,150 20,54,205 40.99.239
(100) (100) (100) (100) T

Source: India’s Planning Commission.

Table 1.7

Construction Sector: Micro Aggregate

Macro-Variable 2006-07 2007-08 2008-09 2009-10 2010-11
GDP from construction (Rs. lakh crores) 2.85 3.15 3.333 3.56 3.85
Share of GDP (%) 8.0 8.1 8.0 7.9 7.9
Growth Rate for GDP in Construction (%) 10.3 10.7 5.4 7.0 8.1

Source: Handbook of Statistics, RBI 2010-2011.
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e Banking and financial institutions;

e Risk insurance and legal services companies;

e Construction quality assurance and research and development establishments;
e Contractors and contracting firms; and

e Project manager and his team.

There are six main agencies actively associated with the execution of major works. These are: cli-
ent, construction management consultants, architects-engineering associates, financial institutions,
input suppliers and contractors.

Figure 1.1

Construction Participants in a Typical BOT Project
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Business promoter/client. He is the potential owner of the construction facility. He sponsors the
construction works and ultimately utilises them. A client can be a government body, a public or
private agency, an entrepreneur, or a builder, or an investor. It is the client who undertakes develop-
mental facilities like housing, roads and power plants with certain motives or long-term aims. It is
he who finances their construction, and utilises the facility constructed. It is on his demand that the
market forces react. Thus, in reality, it is the client who is the promoter of the construction business.

Construction management consultants. The emerging trend these days among the clients is to
hire the construction management consultants for rendering certain services on contract basis for
the entire life of the project. The nature of tasks assigned to this group by the clients varies, but it
generally includes the following:

e Project feasibility, including cost estimates;

e Site survey and soil investigations;

e Scrutiny and coordination of designs and drawing work;

e Estimating, initial planning, and budgeting costs;

e Processing pre-qualification of construction agencies, tendering, and awarding contracts to
the successful bidders;

e Designing project organisations for executing works and developing standard operating pro-
cedures and systems;

e Developing detailed construction plans, project schedules and performance measuring stan-
dards; and

e Supervising works, including administration of contracts and controlling of project time, cost
and quality objectives.

Architect-engineering associates. An architect is an individual who designs the buildings, land-
scapes and other artistic features. The engineers associated with architects develop structural, elec-
trical, mechanical and other specialist systems and designs. Architect-engineering associates are
the firms employing both architects as well as engineers to provide complete design services under
one roof. Some of these firms also provide construction management services.

The architect-engineering firms are frequently required to coordinate with the construction man-
agement consultant/manager, who knows the project needs, and is required to scrutinise designs
and drawings from the construction point of view. Construction consultants, with all their construc-
tion expertise, can render valuable guidance and advice to the design team, especially when the
latter has to finally approach them for approval.

Banking and financial institutions. Money is at the core of all business activities and construc-
tion being a capital intensive business, generally it also operates under money constraints. There
are a number of financial institutions that provide long term finance to the construction agencies
for implementing projects. The financial institutions provide direct and indirect financial assis-
tance. Direct financial assistance includes: Term Loans, Foreign Currency Loans, Subscription to
Equity Shares and Seed Capital. The indirect financial assistance helps the industrial units to obtain
finance/credit in the form of Deferred Payment Guarantee, Guarantee for Foreign Currency Loans
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and Underwriting. There are global funding bodies and national financial institutions. The global
funding bodies include: World Bank, Asian Development Bank and similar agencies. In India, the
major financial institutions are:

e Housing and Urban Development Corporation Ltd.,

e Industrial Finance Corporation of India,

e Industrial Development Bank of India,

e Industrial Credit and Investment Corporation of India,
e  Other all-India institutions,

e State Financial Corporations, and

e State Industrial Development Corporations.

Input suppliers. Construction process needs resource input. Construction inputs exist in the form
of men, materials, machinery and money. The workforce connected with construction includes
architects, engineers, managers, technical and non-technical staff, highly skilled operators, and
skilled and unskilled manpower. Construction activity requires a wide variety of materials, which
form a substantial part of the entire construction cost. Induction of construction plant and machin-
ery has revolutionised construction practices by adding the speed factor and reducing the need for
difficult-to-manage manpower.

Construction input resources are converted into construction facilities by using the standard con-
struction practices and management methodologies. This process of input procurement, conversion
and management of resources covers a wide spectrum of the construction business activity.

Contractors. Construction contractors form the backbone of the construction business as they
execute most of the construction work. In the competitive construction business, which requires
special resources for different types of construction work, the contractors generally tend to special-
ise in a particular area of construction. From this functional angle, the contractors can be classified
into the following categories:

a. General contractors,

b. Building contractors,

c. Specialist contractors for various types of heavy infrastructure construction work such as:
highways, bridges, dams, marine works, etc.,

d. Specialist (mostly turnkey) contractors for various categories of industrial works like power
plants, process industries, and so on,

e. Specialist utility services contractors who include: electrical contractors, water supply and
sewage disposal contractors, HVAC (heating, ventilation and air-conditioning) contractors,
and so on.

1.2.3 Industry Contribution to Economic Growth

Construction Contribution. Construction is an ever growing activity across the globe. From eco-
nomics angle, the construction industry is that sector of economy that plans, designs, constructs,
maintains, alters and repairs physical immobile structures and facilities like building complexes,
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transportation networks, processing plants, manufacturing installations, power plants, transmission
lines, ports and harbours, water supply and sewerage disposals, and other utility works involving
civil, mechanical, electrical, telecommunication and other skills. It is an aggregate of businesses
that are closely linked with the physical constructions, repair and maintenance of buildings, infra-
structure works and industrial facilities involving the application of various engineering skills.

The construction industry is one of the main contributors to the growth of the economy of a
country. It generates nearly half of fixed capital formation, employs large work force, and has
national and international markets. The construction industry undertakes a wide variety of works
spread over different regions. In a given accounting year, some works are spilling over from the
previous year; some are completed during the year, while some overflow to the next year. In order
to measure their output at national level, a number of output measuring devices are employed.
These outputs form part of the national accounting, statement, generally published annually. The
information in these construction statements generally falls under three main heads i.e. value added
in construction, fixed capital formation in construction and gross construction output. Value added
in construction is usually referred as the contribution of the construction industry to gross domestic
product (GDP). The GDP is the combined market value of all goods and services produced by an
economy in a year. In order to counter the effect of inflation, the GDP at constant price is adjusted
against a base period. This contribution in GDP, which amounts to the sum of income payments,
includes salary and wages of employees, interest on borrowed capital, net rents paid, profit and al-
lowances for depreciation.

Capital formation in construction. Rlates to the total value of all new construction, addition and
improvements in existing capital works but excluding repair and maintenance. Value Added in
Construction, Fixed Capital Formation and Gross Construction Output are related as under:

Value added in construction industry = Value of new works + Value of improvements
+ Value of repair and maintenance
(It is the contribution of the industry to GDP)

Gross construction output = Value added in construction industry
+ Value of goods and services
(Obtained from other sectors of the economy)

Capital formation in construction = Gross construction output — Repair and maintenance

Economic contribution in India. Among the emerging economies in the world, India recorded
one of the highest growth rates in the year 2003—04; second only to China. In India, during the year
April 2003—March 2004, construction growth in Real GDP was 6.1% and it has recorded 7.2% in
200607 (see details in Table 1.8).

The Indian economy is dominated by the services sector, which contributes more than half of
GDP. The services include communication services, financial services, real estate and business
services (including IT), community services and construction.

Employment potential in construction. Construction is an employment spinner. It generates
more employment than many other sectors. In India, during the 1980s, the overall annual employ-
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Table 1.8
India’s Growth Rate of Real GDP Percentage (at 1999-2000 Prices)

Sub-sectors Growth rate (percentage) Average of
2003-04 2004-05  2005-06@  2006-07#  2007-08« 2000-01to
2007-08
Real GDP at factor cost 8.5 7.5 9.4 9.6 9.0 7.3
Contribution to GDP
Agriculture and allied 10.0 NA 5.9 3.8 4.5 2.9
Industry 6.0 8.5 8.0 10.5 8.1 7.1
Services 8.8 9.9 11.0 11.2 10.7 9.0
Construction 12.0 16.1 16.5 12.0 9.8 10.6
Trade, hotels and 10.1 7.7 94 8.5 12.0 8.2
restaurants
Transport, storage and 15.3 15.6 14.6 16.6 NA 13.7
communications
Financing, insurances, 5.6 8.7 11.4 13.9 11.8 8.8
real estate and business
services
Community, social and 5.4 6.9 7.2 6.9 7.3 5.8
personal services
Construction share in GDP 6.1 6.6 7.1 7.2 7.3 NA

@ Provisional Estimate; # Quick Estimate; * Revised Estimate; NA Not Available.
Source: Reserve Bank of India, Annual Report 2007-2008.

ment increased by 2%, whereas employment in the construction sector recorded an annual growth
of about 7%. Further, the number of persons employed in the construction industry in India during
the Year 2005, was assessed as 31 million (see Table 1.9).

All categories of labour employed in India in all sectors of the economy in the year 2004 were
reported to be of the order of 364 million.

0 1.3 PROJECT CONCEPT AND FEATURES
1.3.1 Project Concept

The works carried out in any organisation can be divided into two categories i.e. new unique en-
deavour and routine operations. The completion time for a unique endeavour can vary from a
few hours to many years, and the cost can range from low to very high. A project is a new unique
endeav-our undertaken to achieve specified objectives. ‘New’ implies that it is different from the
management of routine operations, ‘unique’ means that it is not done before (at the same location
and with the same resources) and it is subject to risks and uncertainties. Transient endavour implies
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Table 1.9

Manpower Assessed in Construction Sector

1995 2005
Growth % in
S. No Category Percentage Percentage 10Y
No. No. r.
Total Total

1 Engineers 687,000 4.70 822,000 2.65 19.66
2 Technicians and Foremen 359,000 2.46 573,000 1.85 59.61
3 Secretarial 646,000 4.42 738,000 2.38 14.24
4 Skilled Workers 2,241,000 15.34 3,267,000 10.54 45.78
5 Unskilled Workers 10,670,000 73.08 25,600,000 82.58 139.92
Total 14,603,000 100.00 31,000,000 100.00 100.00

Source: Report of a Working Group on Construction for India’s Eleventh Plan..

that it is a temporary organisation created to attain specified objectives of completion time, bud-
geted costs and development specifications.

A project is a temporary endeavour or mission undertaken to create a unique products or services
or results. Temporary nature of project means that it has well defined beginning and end. ISO 10006
defines project as: a unique process, consisting of a set of coordinated and controlled activities with
start and finish dates, undertaken to achieve an objective conforming to specific requirements that
include the constraints of time, resources, cost and product quality. Examples of a project include
developing a new weapon system, conducting a feasibility study for setting up a factory, building a
housing complex, constructing a highway, developing a commercial complex, or running an elec-
tioneering campaign. Management of the routine operations in an organisation falls in the category
of operations management.

A project aims at accomplishing a development objective like creating a product or service or
a specified outcome, hereafter referred as a ‘Facility’. The project objective is to create a facility
within specified constraints. The term ‘facility’, as used in this book, includes product, service or a
specified outcome, which is the end result of a project.

Each project has a specified mission or a purpose to be achieved. It ceases after the mission is
accomplished. A construction project mission is to create a desired facility like a housing complex
or a fertilizer plant with predetermined performance objectives defined in terms of quality specifi-
cations, completion time, budgeted costs and other specified constraints. It is not a routine activity
like the regular maintenance of buildings or roads. Management of a construction project mission
entails the multi directional interaction of dynamic forces represented by its scope, time, resources,
cost and quality. There is always a dynamic link on how to manage scope, resources, product qual-
ity and how to stay within time and budget limits. Despite diversities and multifarious activities,
each project is an entity

Each project is unique in itself, and no two projects are ever alike. Even two similarly designed
projects may differ from each other in one or more influencing factors such as: client and contrac-
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tors, quality specifications, resources required, responsibilities assigned and the project environ-
ments. Each one of these factors may have a decisive effect on the development of the project.

1.3.2 Project Purpose and Types

These new unique endeavours can be need-based requirements of an organisation or business- related
endeavours generally conforming to the implementation of a strategic program, or solving a problem
of the owner/sponsoring organisation, or exploit an opportunity for commercial purposes. Broadly
the projects, depending upon the purpose, can be divided into various types as shown in Figure 1.2.

Figure 1.2

Different Types of Projects

| Project Type

Need-Based
Projects

Business Focus
Project

Industrial
Project

New Product
Development Projects
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Public Need
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Government
Infrastructure
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1.3.3 Project Maturity Level

Mature means fully developed or grown up. In the project context, maturity implies the extent and
reliability to which a project scope of work can be defined in performing the specified objectives
successfully. Depending upon maturity level, the projects can be broadly classified into the follow-

ing four categories:

Highly matured projects. These have clearly defined requirements and the well-established
accomplishment methods and processes, which can be defined qualitatively and quantita-
tively in terms of design, specification, BOQ and planned progress. For example, most of the
construction projects fall in this category. These projects can be designed, quantified, planned
and monitored effectively. There are insignificant risks involved in achieving the objectives.

Moderately matured projects. These have clearly defined requirements but delivery process
is not very clear. For example, development and consultancy projects. These have Low Value
Risks in achieving objectives.
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e Low maturity projects. These have clear requirements but delivery process is unknown. For
example, new product development projects. These have Medium Value Risks in achieving
objectives.

e  Poor maturity projects. These have ill-defined objects and unclear delivery process. For ex-
ample, advanced R&D complex projects have High Value Risks in achieving/changing objec-
tives.

1.3.4 Project Types

Depending upon the project scope, maturity and the degree of risk levels, construction-related proj-
ects can be further divided as under:

Type of projects
High Risk | Type-2: PPP projects Type-4: R&D projects
Risk Low Risk | Type-1: Construction Type-3: Consultancy
projects projects
High Maturity Low Maturity
Matrurity Level

1.3.5 Program vs. Project

A program at the macro level comprises of one or more related projects. These projects are usu-
ally a part of an overall strategic programme. For example, a government decision to provide
compulsory education at primary level to the children of its citizens is a strategic programme with
social objective. This compulsory education involves a number of region-wise programmes and
each programme may have a number of projects like: construction of education buildings, provi-
sioning of training aids and staffing with trained personnel.

A programme is managed to achieve its overall strategic objectives through the implementation
of the projects. Portfolio management in a multi-projects environment refers to managing invest-
ments to achieve overall programme strategic objectives, by identifying, prioritising and managing
resources related to the works.

1.3.6 Project and Product Life Cycles

A project life cycle is a set of sequential phases of a project from its initiation to its closure. The prod-
uct is a facility that is produced by the project. A typical project development life cycle can be divid-
ed into three sequential or overlapping stages, i.e. (a) project development management or facility
development stage (which includes project formulation, design, planning, execution, monitoring and
commissioning), (b) facility operation/utilisation stage and (c) facility utility declining till it ends up
with termination stage. The time between the start of the initiation stage of its development to its
dead end represents the Project New Venture Product Life Cycle. It includes the project facility(s)
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development period, the facility/product/deliveries intended utilisation period, and the product de-
termination stage. In the final phase, the product may be redesigned or modified or downgraded or
discarded. The life cycle of a typical New Endeavour Product Life Cycle is depicted in Figure 1.3.

Figure 1.3
The Project Life Cycle of a Typical New Product
Facility/ Product
Project Operation Phase/Stage Termination
Dovelopment JEE—————— Phase/Stage
Phase/Stage
< | L
o Start Time —» Facility/ Product _
Project Ends
Go-ahead
Project Facility/ Product Life Cycle
Management
- - New Endeavour Life Cycle ------------ —

A business related project life cycle = Facility development period
+ Facility operations period + Facility declining period

A real estate project life cycle = Facility development period
+ Property utilisation period + Property declining period

0 1.4 CONSTRUCTION PROJECT CHARACTERISTICS
1.4.1 Construction Project Definition

In the project context, construction implies designing building, installation and commissioning
of items of civil, mechanical, electrical, telecommunication and other utility works, necessary for
building a specified construction-related facility or service.

A ‘construction project’ is a high-value, time bound, special construction mission of creating
a construction facility or service, with predetermined performance objectives defined in terms of
: quality specification, completion time, budgeted cost and other specified constraints. Each mis-
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sion starts with a project go-ahead and ends with the accomplishment of the mission purpose. The
project’s unique construction mission is accomplished within the complex project environments,
by putting together human and non-human resources into a temporary organisation (like a special
mission army operation in the war), headed by a project manager. The term ‘project’ used hereafter
in this book, relates to ‘Construction Project’, unless otherwise stated.

1.4.2 Construction Project Development Phases

A construction project concept analysis starts with feasibility analysis and it is followed by go-
ahead decision. It is completed when its specified product/facility is ready to perform its designed
function. The period between the start and completion of the facility is called Construction Project
Development Cycle.

A generic construction project development cycle can be divided into generally sequential four
phases or stages determined by the control needs of the project. These phases are Concept Analysis,
Planning and Procurement, Implementation or Execution, and commissioning after completion.
Commencing from the concept analysis phase to its completion phase, a typical construction proj-
ect’s four sequential stages or phases are shown in Figure 1.4.

Figure 1.4

Typical Sequence of Developm Phases in a Construction Project

PHASES Concept Plan Execution Commssioning
Analysis Development
Project Charter Plan & Mobilisation Works Completed Handing Over
MILESTONES

NOT TO SCALE

1.4.3 Construction Project Classification

In general, construction projects include numerous interdependent and interrelated activities and
employ huge resources of men, materials and machines. They involve heavy investments of million
to billions of dollars and carry a high degree of risks. They require a high level of technology man-
agement of construction projects and differ from the management of ongoing steady-state business-
related enterprises in many ways (see Section 1.6.3). Universally, the execution of major construction
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-intensive capital works is undertaken by projectising them, that is, by organising them into one or
more construction projects for the implementation. The purpose of the construction project mission
is to create a facility or provide a construction-related service. Construction projects come in many
forms with varying purposes. There is no simple method to classify them. These projects can be
categorised by the nature of construction works, the mode of execution, cost and time constraints,
the inherent uncertainty (maturity level) or a combination of these, as given in Table 1.10.

Broadly, depending upon nature of construction facility, the major construction projects are
grouped into ‘Building construction’, ‘Infrastructure construction’, ‘Industrial construction’ and
‘Special-purpose’ projects.

Table 1.10

Classification of Construction Projects

Project Classification Basis Classification Breakdown
1. Nature of construction facility ‘Building construction’, ‘Infrastructure construction’,
‘Industrial construction’ or ‘Special-purpose projects’.
2. Nature of work Repetitive Works or Nonrepetitive Works
3. Mode of execution Departmental or Contractual
4. Nature of construction contract Cost plus, Item Rate, Lump-sum, Turnkey or BOT
5. Completion time Long duration program (over 5 years)

Medium duration projects (3—5 years)
Normal duration projects (1-3 years)
Special short-term projects (less than 1 year)
6. Budgeted cost (Indian public sector) Mega value programme/projects (over Rs. 1000 crores)

Large value projects (Rs. 100 crores to 1000 crores)

Medium value projects (Rs. 20 crores to Rs. 100 crores)

Small value project less than Rs. 20 crores

7. Maturity level Insignificant risk, Low value risk, Medium value risk,
High value risk.
8. Need based projects Public need projects, Corporate need projects, Com-

mercial projects, Re-engineering projects.

Building construction projects. Building works include all types of buildings such as: resi-
dential and commercial complexes, educational and recreational facilities, hospitals and hotels, es-
tates and offices, warehouses and shelters. ‘Buildings’ constitute the largest segment of construction
business. The building business serves mankind by providing shelter and services for its habitation,
educational, recreational, social and commercial needs. The building works are mostly designed
by the Architect-Engineering firms, and are financed by governments, public and private sectors.
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Infrastructure construction projects. Economic development needs infrastructure servic-
es. These services are broadly divided into physical and social services. Infrastructure physical ser-
vices include: electricity, transport, irrigation, housing, water supply, sanitation etc. Infrastructure
social services cover education, health care, recreation, banking, financial institutions etc.
Infrastructure of physical construction services has a direct impact on the growth and overall de-
velopment of an economy. These are capital intensive and heavy equipment-oriented works, which
involve the movement of a large quantity of bulk materials like earth, steel and concrete. These
works include dams and canals, highways and airports, railways and bridges, oil/gas pipelines and
transmission lines, large water supply and sewage disposal networks, docks and harbours, nuclear
and thermal power plants, and other specialist construction activities which build-up the infrastruc-
ture for the growth of the economy. These works are designed by the specialist engineering firms.

Industrial construction projects. These works include: construction of manufacturing, pro-
cessing and industrial plants like steel mills, petroleum refineries and consumer-goods factories.
These works involve heavy investment and are highly specialised. Industrial Constructions are
financed by government, public and private enterprises.

Special-purpose construction-related projects. These include environmental protection
works, emergencies, remedial works, utility services, and complex key operations.

1.4.4 Construction Project Performance Objectives

There are many factors that determine the outcome of a construction project but the five main
parameters that can sufficiently define a construction project are: scope, quality, resources, comple-
tion time and cost.

1. Scope defines the deliverables. The deliverables are measured in terms of the quantities of
work and the nature of the tasks involved in the execution of the project. The quantity of work
is surveyed from the design and drawings. Nature of tasks determines the complexity of the
work. Complexity increases as the number of dissimilar tasks increase and it decreases if the
tasks are repetitive (or similar in nature).

2. Quality of the product to be achieved in accomplishing tasks is stated in terms of construction
design, drawings and specifications.

3. Resources are necessary to perform the work. Resource productivity measures the efficiency
with which the resources are utilised.

4. Completion time depends upon the speed with which the project is to be executed.

5. Cost is the budgeted expenditure, which the client has agreed to commit to creating/acquiring
the desired construction facility.

The above five parameters are interactive, that is, each parameter is a function of the other. In
addition to the above five parameters, there are many other features/variables that are associated
with project performance. These additional parameters include: project organisation, culture, stake
holder’s interest, contractor’s performance capability, etc.
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The evaluation and balancing of interrelationship among the five interactive project parameters
is a complicated process. However, in a given project, the scope and quality of work in terms of
quantity and specifications are specified and these parameters are not subject to change (unless
scope changes substantially). Costs and resources are correlated. Therefore, for a given quality,
in such situation, scope, time, resources, cost and connected risks are the core parameters. These
parameters are interlinked and must be kept in balance to achieve project objective efficiently and
effectively within the changing environments. (also see Figures 1.5 and 1.11). The project plan-
ning, scheduling and controlling methodology employed for managing scope, time, resources and
cost, within the changing environments, is loosely called the ‘project management techniques’.
This book includes these techniques.

Figure 1.5

Interactive Project Parameters

Product

Quality

Resources

Work Scope

1.4.5 Construction Project Environment

A project exists in association with its internal and external risk-prone environment, which undergo
frequent changes. The internal environment of the project includes: corporate objectives, stake-
holders' interests, resources, problems, conversion processes and people management. The external
environments are associated with changes in social, political, legal, economic and financial factors.

These internal and external environments have inherent uncertainties and are risk-prone. Most of
the construction projects have one or more of the following characteristics/uncertainties associated
with them:
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e Details of work are not precisely defined;

e Scope of work gets modified during execution;

e Nature of work varies from job to job;

e Site of works is located in remote areas;

e Places of works are spread out;

e Resource requirements and organisation of works differ with each task;

e Investments involved are large and the decisions entail risks;

e Performance is sensitive to the unexplored site geology, uncertain weather and unforeseen
natural calamities; and

e Rapidly changing technology, fast moving economic conditions and susceptible environ-
ments add new dimensions to the complex nature of construction projects.

The success of a project depends upon the management of these risk-prone changing environments
within the framework of project objectives. Project risk management during implementation phase
is covered in Chapter 17.

1.4.6 Common Attributes of Construction Projects

While no two projects are alike, they have certain common attributes. These are:

1. Interactive parameters (see Figure 1.5): In the project development phase, initially there is a
gradual build up in the use of resources from the start of the project. It is followed by a long
duration plateau during the execution/construction phase, where most of the expenses are
incurred. Towards the end, there is a rapid run-down as the project draws to a conclusion (see
Figure 1.6).

The probability of successfully completing the project is minimal at the start of the project and
the risk is highest. The probability of successful completion (balance works) gradually increases
and the risks reduce as the work progresses. The implications of design changes in the scope of
work are lowest at the start of the project but increase exponentially as the work progresses (see
Figure 1.7).

2. The ability of the stakeholders to influence the scope of work of a project within a bud-
geted cost is highest at the start and gets progressively lower as the project continues (see
Figure 1.8).

0 1.5 CONSTRUCTION PROJECT DEVELOPMENT:
PHASES AND PROCESSES

1.5.1 Construction Project Phases and Processes

Phases. In a construction project, works are divided into phases for exercising control. A typi-
cal construction project comprises of four phases, i.e. project concept analysis phase, planning and
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Figure 1.6

Project Formulation, Planning and Design, Execution and
Control, and Close-up Phases
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construction procurement phase, construction (execution and control) phase and close-up (includ-
ing demobilisation) phase. These phases are generally sequential but may overlap in some situa-
tions (see Figure 1.9).

Processes. Each phase, depending upon its deliverables, contains a single or a group of process-
es. A process is an action or a set of actions that are performed to bring about a desired result. Each
process is fed with inputs; these inputs are processed using tools and techniques to produce outputs.
The output of a process is generally followed with the start of one or more of the subsequent gener-
ally sequential processes. The phases with processes in a typical construction project are outlined
below; generally these project processes overlap (see Figure 1.10).
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Figure 1.8

The Ability of the Stakeholders to Influence the Scope
of Work of a Project within Budgeted Cost
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The processes in a construction project can be generally divided into two categories, i.e. project
management-related processes and technical management related processes. Project management
processes have the similarity but the technical management process differ from project to project.

The development phases and processes, relating to project phases, given in subsequent para-
graphs, are concerned with management of projects and exclude the technical management related
processes.
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Figure 1.10

Processes in a Construction Project Life Span
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1.5.2 Processes in Construction Project Concept Analysis Phase

Processes in project concept analysis

Need analysis

Feasibility study

Project investment analysis and appraisal

Project implementation strategy

Project Concept Analysis of a project is a complex process. It involves developing the concept of
the project, conducting feasibility study, undertaking investment appraisal and making the decision
to invest in the project. The entire information is then presented in the form of a Feasibility Report
which forms the basis for investment appraisal and decision-making. For larger projects, a Detailed
Project Report is prepared after the investment decision is made, which is discussed in the later part
of this book. The Project need analysis, Feasibility study, Investment Analysis and Appraisal and
Project implementation strategy are outlined subsequent. (Readers may go through all these aspects
covered in details in Project Management Handbook, Chapter 2, by Dr. Uddesh Kohli and Lt Col
K.K. Chitkara, published by Tata McGraw-Hill.

Project needs analysis. The needs of construction projects arise for various reasons. Some of
these ‘needs’ include development of the infrastructure, setting-up an industry, expanding or di-
versifying the existing business activity, meeting the needs of society, an investment in real estate
and so on.

In the construction business, the key to success lies in getting into the right business at the right
time. Identification of such opportunities requires:

1. Generation of ideas. Brainstorming or similar techniques can facilitate in stimulating the
flow of ideas.

2. Monitoring the environment. Basically, a promising investment idea enables a firm (or
an entrepreneur) to exploit opportunities in the environment, by drawing on its competitive
strengths.
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Corporate appraisal. The important aspects to be considered under this include market im-
age, market share, condition and capacity of plant and machinery, location advantage, track
record, cash flows and liquidity, and dynamism of top management. A realistic SWOT ap-
praisal of corporate strengths and weaknesses is essential for identifying investment opportu-
nities, which can be profitably exploited.

Feasibility study. The objective of the feasibility study, invariably, is to analyse the factors af-
fecting the viability of a project and to present the findings with recommendations in the form of a
project feasibility report for implementation. A feasibility report forms the basis for the investment
decisions made by the project promoters, for the support extended by the financial institutions, for
the clearance given by the appropriate approving authorities, and for giving an insight to the project
manager into the techno-economic basis on which the project is approved.

The feasibility study evaluates project potential by examining the technical feasibility, economic

viability and financial implications.

1.
2.

Proposed facility/product features.

Demand survey: It includes prospective customers, consumption pattern, existing market,
government policy, demand forecast and sale potential.

Technical studies: These cover production process selection, construction methodology,
location study, power and local resource availability, means of transportation, scope of
work, wastage disposal arrangement, construction cost estimates, preliminary time plan,
resource forecasts, outline project organisation, and statement of project time and cost
objectives.

Financial implications: They contain sales forecast, project budget, capital costs, profitability
trend, payback period, net present worth, cash flow forecast, and sources of financing.
Economic viability: It highlights social implications and cost benefit analysis.

Summary of recommendations.

Project investment analysis and appraisal. The feasibility report, if found acceptable, is fol-

lowed up with an investment appraisal. The purpose of the appraisal is to conduct an objective
assessment for making the investment decision. It involves a critical examination of the techno-
economic analysis of the feasibility findings, with particular reference to:

Demand analysis,

Technical specification feasibility,

Strength, weakness, opportunity and threat (SWOT) analysis,
Environment implications,

Financial analysis, and

Economic analysis.

Appraisal of the feasibility stage enables a client to:

a.
b.

Decide on the project concept, time and costs;
Outline the approach needed to take the project;
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c. Appoint key persons like construction project managers or project coordinators to act as his
representatives; and

d. Nominate specialist associated agencies such as the architect, designer and consultants, as per
the requirements.

The process of formulation of needs, collection of information, critical examination of concepts
and re-examination of needs, and feasibility of the project may have to be repeated several times
over before a project's inception finally takes shape.

Project scope formulation and implementation strategy. In case the project is financially vi-
able, and the client decides to go ahead and develop the implementation strategy. This strategic plan
or charter or work operation order generally includes the following:

e Broad scope of work including WBS, and functional and technical specifications of the work;
e Project objectives;

e Outline execution methodology;

e Preliminary milestone accomplishment;

e Critical resource forecasts;

e Cash flow pattern and sources of funding;

e Qutline organisation and responsibility assignment matrix; and

e Potential risks and problem areas.

The project strategic plan or project charter is issued by the client in the form of an executive order
or the project operation order. It is supported with the outline plan, policy and procedures, and it is
circulated to all the persons concerned with the decision-making and management of the project.
This strategic plan forms the basis for the start of the project management process and actions of
the project management.

1.5.3 Processes in Construction Project Planning Phase

Processes in project planning phase are as follows:

e Designs and drawings planning;

e Time planning;

e Resource planning;

e Cost planning and budgeting;

e Communications planning;

¢  Quality assurance planning;

e Organisational planning;

e Construction contracts procurement planning;
e Resources mobilisation planning;

e Site administration and layout planning;

e  Workers’ safety, health and environment protection plan; and
e Risk response planning.
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Planning is the process of developing the project plan. The plan outlines how the project is to be
directed to achieve the assigned goals. It specifies a predetermined and committed future course of
action, based on discussions and decisions made on the current knowledge and estimation of future
trends. Planning aims at formulation of a time-based plan of action for coordinating various activi-
ties and resources to achieve specified objectives.

Planning, in its broader perspective, involves advance thinking; as to what is to be done, what
are the activities, how it is to be done, when it is to be done, where it is to be done, what is needed
to do it, who is to do it and how to ensure that it is done; all of this is channelised to generate and
evaluate options for evolving an action plan aimed at achieving the specified goals.

The construction planning process is stimulated through a study of project documents. These
documents include, but are not limited to, the available technical and commercial studies and
investigations, designs and drawings, estimate of quantities, construction method statements,
project planning data, contract documents, site conditions, working regulations, market survey,
local resources, project environment and the client’s organisation. The planning process takes
into account the strengths and weaknesses of the organisation as well as the anticipated oppor-
tunities and risks.

Planning the entire project from its inception to completion requires vast coverage, varied skills,
and different types of plans. The development of types of plans encountered in a typical construc-
tion project is indicated below.

Inception or formulation phase Client project conceptual plan
Engineering and planning phase Client project strategic or preliminary plan
Implementation phase Client and contractor project detailed construction plan

Note. Due to gradual development of scope and stakeholders requirements in complex projects, the above plans are
progressively developed /elaborated.

Client project conceptual plan. Planning by the client begins as soon as he gets the idea
about developing a facility to fulfill certain motives. His early thought process gives him the indi-
cation of the cost, time and benefit. Only when he is convinced about the soundness of his idea, he
decides to go ahead with the feasibility studies.

The feasibility study team, after evaluating the technical feasibility, economic viability and fi-
nancial implications, conceptualise the overall scope of work and breaks it down into various task
groups. It analyses, in outline, the scope of work and assesses the time and costs of accomplishing
the project. This outline conceptual plan, developed by the feasibility team during the inception
stage, forms the basis for identifying the project direction of work and its milestones.

Client project strategic plan. Acceptance of the feasibility studies marks the commencement
of the strategic or preliminary plan-making process. Its main aim is to provide direction to the client
managers and staff employed during the development phase of the project. The project preliminary
plan forms the basis for developing the project construction plan. The preliminary plan may include
the following:
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e Aproject time schedule and the skeleton network to highlight the work dependencies, project
milestones and the expected project completion time;

e The project is designed and preparation schedule is drawn;

e Breaking down of project works into contracts, along with a schedule of contracting activi-
ties, including the tender preparation period, tender finalisation period, and the contracted
works commencement and completion dates;

e Aresources preliminary forecast indicating the phased requirement of men, important materi-
als, plant and machinery;

e Resources procurement system;

e Project organisation and staffing pattern; and

e A preliminary forecast of funds required.

In this planning phase, the project manager, assisted by the chief project planner, performs the
key functions. These include, but are not limited to, the following:

1. Participate in the finalisation of design, drawings and specifications so as to formulate con-
struction methodology.

2. Prepare project execution preliminary plan and formulate the schedule for processing various
contracts.

3. Adpvise the client on an early purchase of the items of plant and equipment needing a long lead
time for procurement.

4. Evolve the pre-tender construction plan for each tender package.

5. Scrutinise the tender packages, including drawings and specifications, so as to minimise the
discrepancies.

6. Conduct the pre-tender briefing to contractors to ensure that the bidders understand the tender
documents and the work involved in each tender.

7. Evaluate project costs and compile project budget including preliminary allocations for the
various heads of expenditures.

8. Compile a project directive covering the scope of work, work plan, organisation, and the poli-
cies and procedures for implementing the project.

Client and contractor detailed construction plan. The client entrusts the construction
of project facilities to the project management team headed by the project manager or the resident
engineer. This team may be from the client’s own construction agency or from a client-appointed
construction management consulting firm or from a suitably organised combination of these. The
planning chief, who is a member of the project management team, is entrusted with the task of
developing the project construction plan. This plan includes the contracted work plans and the
commissioning plan, as applicable. The work programmes are derived from the targets set out in
the preliminary project plan.

The project construction plans as well as the contracted work plan follow a systematic approach.
Various planning techniques are employed to systematise and transform the mental thought process
into the project plans listed above. A plan, prepared well before the commencement of construction
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in a project, can be instrumental in formulating directions, coordinating functions, setting targets,
forecasting resources, budgeting costs, controlling performance and motivating people.

1.5.4 Processes in Project Construction Phase

Processes relating to project construction are as follows:

e Project site organisation,

e Resource mobilisation,

e Scope quality assurance team development,
e Information distribution, and

e Contract administration.

This phase concerns with coordinating and managing people and other resources to carry out the
project plan. In the construction phase, execution and control are concurrent processes.

Construction at the site of the contracted projects is supervised and carried out by two separate
agencies. These are: the client team led by the project manager, and the contractor workforce man-
aged by his construction manager. Both teams have the common goal of completing the project in
time within the specified costs and quality specifications. However, their roles differ.

At the site, the contractor’s construction managers execute their assigned work. They operate to
achieve the contractor’s objectives, which include optimising profit. Client project manager manages
the contractors employed at site with the help of his supervisory team that reports to him for decisions.

It is the client project manager who plays a dominant role. He represents a client and acts as the
boss at the site. He manages the contractors employed at site, and the site activities, with the help
of his supervisory team that reports to him for decisions. It is he who is accountable to the client
for the construction of the project.

The main functions of the construction supervision team are outlined below:

1. Scrutinise the contract documents to ensure that all amendments are incorporated into the
drawings, specifications and bill of quantities held at site.

2. Scrutinise the contractor’s plan of work, the mobilisation plan, the construction procedures
and the quality control measures to ensure that they are in order.

3. Scrutinise the pre-work preparation of work to ensure a smooth start of construction activities.

4. Scrutinise the work programmes to ensure that they are realistic, and monitor their progress
regularly.

5. Scrutinise the quality of materials to ensure that they meet the contract specifications and also
report any deviations.

6. Scrutinise the geotechnical investigations conducted by the contractor to ensure the adequacy
of design parameters.

7. Scrutinise the field work regularly to ensure proper layouts, work conformity as per drawings
and specifications, and good standards of workmanship.

8. Scrutinise the safety measures and working conditions to ensure healthy environments and
prevention of accidents.
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9. Hold review meetings to monitor progress, communicate observations, resolve problems and
plan future works.

10. Scrutinise the payment of monthly bills of contractors to ensure correctness.

11. Exercise cost control and cost reduction measures.

12. Maintain project records, monitor the progress and submit management information reports
at the predetermined frequency.

13. Report immediately to the project manager all cases amounting to breach of contract, non-
adherence to specifications, slow progress and lack of co-operation.

14. Take the project to completion, as per the contract stipulations.

At the site, the contractor’s construction manager manages the work execution as well as the
resources, and the workforce. He operates to achieve the contractor’s objectives, which include
administrating contracts, progressing works, monitoring performance optimising profit, maintain-
ing a cooperative and harmonious relationship with the project manager and others engaged in the
construction activity at the site.

1.5.5 Processes in Performance Controlling
Various steps of performance controlling processes are as follows:

e Scope change control,

e Resources control,

e Schedule control,

e Cost control,

e  Quality control,

e Risk response control, and

e Earned value performance control.

Project plan indicates the path to achieve objectives. During the construction phase, the project
control aims to track the progress of work as per the planned schedule and take corrective actions
including re-planning, when necessary, to achieve the project objectives. Planning and control-
ling are inseparable. In fact during the execution stage, it is the planning team that takes over the
control function. Project control follows a system concept. Each organisational unit in a project
usually referred to as Responsibility Centre, can be viewed as a sub-system. These sub-systems
are highly interdependent and interactive. Each sub-system accounts for its performance and re-
ports the deviation between the actual and the planned to the Project Control Centre. This Control
Centre, manned by the project monitor, is the heart of the system; it receives the performance data
from the responsibility centres and using scientific tools and techniques, transforms this data into
information suggesting remedial courses of action for achieving the objectives. This information,
when fed at the appropriate levels, results in steering organisational effort towards the attainment
of the project objectives.
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1.5.6 Processes in Construction Project Closing Phase

Closing phase processes are as follows:

e Maintenance close,

e Administrative close,

e Contract closeout, amd
e Lessons learnt report.

This phase formalises the acceptance of the project work and brings it to an orderly end. After
completion by the contractor, it is the project team of the client that hands over the project to the
client.

The main focus of the project team in closing the project is to ensure that the project’s product
meets the stipulated requirements and functions satisfactorily after it is handed over to the client.
The team prepares a project manual which may include the project history, the important events,
the scope and schedule of work, the salient features of the contract(s) executed, the addresses of
the suppliers of materials and equipment, the equipment operational and maintenance manual, the
as-built drawings and the final costs. It may also include the problems encountered during execu-
tion, the lessons learnt, the minor defects noticed at the time of handing over and post-completion
maintenance requirements. In most cases, the contractor responsible for the construction is given
a one year maintenance responsibility after completion. This aspect is generally included in the
scope of the work of the contract. In addition, the staff and workers necessary for operating and
maintaining the facility are trained prior to its taking over and the project is cleared of the remain-
ing unwanted materials. The project team fully safeguards the client’s interest before making the
final payments.

A properly closed project is an invaluable asset to the organisation and stakeholders who partici-
pated in the accomplishment of the project. Project closing is important but often a neglected phase
of a project. The various reasons that lead to neglect in the closing phase of a project include insuf-
ficient time, extra effort, lack of enthusiasm after completion of the project, etc. In cases, where the
project performance is not satisfactory, the project team may have inhibitions about discussing the
shortcomings that made it unsuccessful.

0 1.6 CONSTRUCTION PROJECT MANAGEMENT PRACTICE

1.6.1 Classic Functions of General Management

The overall aim of the management in an enterprise is to create within the enterprise an environ-
ment, which will facilitate the accomplishment of its objectives. In doing this, management has
to perform certain functions. Although the development of a theory and science of management
suffers from disagreement among scholars and managers, a general pattern of functions which
management has to perform, has emerged. Traditionally, management functions are grouped under
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six headings, namely: forecasting, planning, organising, staffing, directing and controlling, and
common to all these functions is the function of coordination and communication. These are out-
lined in Table 1.11.

1.6.2 What is Project Management?

Project management is the art and science of converting the client’s vision into reality by working
efficiently, effectively and safely. The British Standard BS 6079: 2000 defines project manage-
ment as the planning, monitoring and controlling of all aspects of a project and the motivation of
all those involved in it to achieve the projective objectives on time and to the specified cost, qual-
ity and performance. Project management, according to ISO 10006: 1997(E), includes: the plan-
ning, organising, monitoring and controlling of all aspects of the project in a continuous process to
achieve its objectives. Project Management Institute of the USA describes project management as
the application of knowledge, skills, tools and techniques to project activities in order to meet the
project requirements.

In the construction context, project management is the art and science of managing all aspects
of the project to achieve the project mission objectives, within the specified time, budgeted cost
and predefined quality specifications; working efficiently and effectively in the changing project
environments with due regard to construction workers’ safety and health.

1.6.3 Why Project Management?

Both general management and project management aim to achieve the assigned goal by manag-
ing the environment, people and resources. The management principles of planning, organising,
staffing, directing, motivating, monitoring, communicating, controlling and decision-making apply
equally in the traditional functional type management as well as in the project management, but
their management philosophy varies considerably. The risks, uncertainties and complexities make
construction project management a relatively difficult and complex process.

Management of construction projects differs from the management of other on-going steady
state business enterprises like manufacturing and trading in many ways. The salient features of
project management and the management of an industrial enterprise are as follows:

1. The project mission is unique. No two projects are alike. The type of work at each site differs,
unlike in industry where a factory manufactures the same type of product repeatedly.

2. Projects are transient in nature. Unlike the on-going steady state enterprises, a project comes
to an end after its mission is fulfilled.

3. Projects consist of a variety of specialised works and need a wide range of tradesmen, who
are casual employees. Since the projects have a short life, workers move from job to job like
nomads, whereas the stable industrial enterprises have more or less permanent employees.

4. Project sites are in open remote areas and are prone to weather changes, whereas industrial
setups are housed in a permanent accommodation with friendly working conditions.
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Table 1.11

General Management Functions

Planning. It involves deciding in advance what is to be done, how and in what order it is to be done in order to
achieve the objectives. Planning aims at deciding upon the future course of action. A plan shows the committed course
of action. Schedule depicts when and in what sequence the planned activities are to be carried and puts the plan on a
calendar date scale. In brief, planning and scheduling involves the following:

e  Crystallising objectives;

e Collecting and synthesising information;
e Developing alternative courses of action within the specified constraints;
e  Comparing alternatives in terms of objectives, feasibility and consequences;

e Selecting and scheduling the optimum course of action; and

e  Establishing policies, procedures, methods, schedules, programmes, systems, standards and budgets for accom-
plishing project objectives.

Organising. It is the process of establishing a structural relationship among functions of people, so as to streamline
the achievement of assigned objectives. Organising involves the following main tasks:

e Dividing the work into component activities;

e  Designing job structures;

e  Defining performance targets and responsibilities;

e Allocating resources;

e  Delegating authority commensurate with responsibility; and
e  Establishing structural relationship to secure coordination.

Staffing and provisioning resources. It implies managing and keeping the positions created by the organisa-
tion structure manned and providing them the right quality resources at the right time. These resources include people,
materials, machinery and money. The connected management tasks include the following:

e Preparing resource procurement schedules;

e  Developing specifications for required resources;

e Deciding appropriate sources of procurement;

e  Budgeting resources and arranging approvals and purchases;

e  Preventing wastage during resource holding at site; and

e  Supplying on time the required quality and quantity of resources.

Directing or leading. It involves influencing people so as to enable them to contribute to organisational goals ef-
ficiently and effectively. Direction implies the following tasks:

e  Providing effective leadership;
e  Motivating the participant’s behaviour;
e  Communicating instructions and orders; and

e  Providing a suitable climate for subordinates’ development.
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from the plan. The process of control can be sub-divided into the following stages:

ntrolling. It involves monitoring of the performance and applying corrective measures in case of deviations

Specifying the factors to be controlled;

Stating the methods of measuring control factors;

Evolving systems for generating performance data;

Monitoring data received and formulating corrective options;
Applying corrective measures to put a plan on the scheduled path; and

Replanning, when necessary.

Coordination and communication. These are essentials in each management function.

10.

11.

12.

13.

Project works are carried out at places that are far away from the corporate head offices, un-
like the industrial management, which is generally located at the place of work.

Project work, especially in high-rise buildings, involves operations at heights, making the ac-
cident rate manifold higher than in industrial factories.

Construction projects operate under risk and uncertain conditions as compared to well-de-
fined industrial processes.

The predetermined and specified start and completion dates of projects do not leave any time
flexibility, especially when projects are to be executed speedily under relatively risk prone
complex situations and resource constraints.

Time delays in between the project execution can alter the schedule of subsequent activities.
Project delays attract heavy penalties. Cost on account of time delays, unless properly con-
trolled, can increase exponentially instead of marginally as in case of other on-going enter-
prises.

Quality at each stage of project work is inspected. Construction quality judgment lies with
the inspector of works in contrast to the measurement of tolerances of an industrial product.
Further acceptance of any work does not absolve the builder of defects appearing later on.
In such situations, generally the entire completed affected work gets rejected, unlike with the
one product rejection in the manufacturing process.

Project tasks are generally non-routine. They are to be executed speedily. This hardly leaves
any time for training or learning process. Accordingly projects employ experienced staff with
proven skills. Comparatively, it is difficult to get state-of-the-art experienced project opera-
tions and management personnel as compared to the on-going enterprises.

Since projects are generally handled by various associates/organisations/companies, they re
sult in social, organisational, technical and economic interactions. Unlike in on-going co
ncerns, any adverse effects on one project leads to repercussions on other interdependent
projects.

Most projects by nature contain several interrelated sub-systems. Integration of activities of
several sub-systems requires coordination and needs information for making decisions. Infor-
mation extraction for making decisions at various levels of management is relatively complex
under dynamic complex project environments as compared to the on-going stable enterprises.
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With the accelerated changes in the environment, management of multi-discipline, multi-dimen-
sional, multi-location, multi-national tasks need project management philosophy different from the
traditional functional organisational structures of the ongoing industrial establishments.

1.6.4 The Emerging Project Management Philosophy

Historical development. In construction, the concept of projectising tasks is not new. It dates
back to the times when the caveman started building his dwellings, but the modern project manage-
ment is a young emerging new management practice.

The project management discipline originated with the development of CPM/PERT network—
the analytical techniques of the early sixties, when the volume and complexity of tasks increased,
especially in construction, aerospace, and defence projects. These network techniques were pri-
marily developed for controlling time and cost of the complex projects. During the seventies, with
the custom arose a demand for quality in products, new project management emerged with a focus
also on quality improvement. The 1980s witnessed total quality management revolution and thus
project management got identified with management of three constraints, i.e. time, cost and product
quality.

The rapid growth in the Information technology made PC, a home device. The internet brought

in the information revolution. Bill Gates called eighties as the decade of quality, nineties about en-
gineering new business processes and in the 2000s, he says, the nature of business and the lifestyle
of the consumers will change because of the flow of digital information. In the new millennium, the
product life cycles are becoming shorter. Engineering/technology appears to be doubling over five
years or less. Computer technology is doubling every two years.
Emerging trends. Moderm projects differ from the past practices. The fast changing environment
of the present era imposes numerous time, cost, financial, legal, ethical, environmental, and logis-
tic constraints. Construction projects contain numerous interdependent and interrelated activities.
They interact technically, economically and socially within the environment as well as with other
organisations, structures and systems. These projects employ voluminous resources. The custom-
ers are demanding new products at cheaper rates with shorter product development time; whereas
the development processes are becoming larger in scale and complexity. The terrorist outfits have
added a new dimension to the uncertain environments. All these have added new dimensions in the
form of risky environments, financial constraints, changing technology implications and organisa-
tional structures (see Figure 1.11).

These new developments demand the control of changes at all times and from all causes during
the implementation. With the accelerated rate of change, management of multi-discipline, multi-
dimensional, multi-national tasks need management philosophy which is different from the tradi-
tional functional organisational structures. Such new trends are moving the corporates to projectise
their operations. This has led to the emergence of a management philosophy of management-by-
projects. However, obstacles to project management are the problems relating to the conflicts,
client interference, unstable environment, technology changes and the scarcity of the competent
project managers.
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Figure 1.11

Total Construction Project Management Model
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U 1.7 CONSTRUCTION PROJECT ORGANISATION
1.7.1 Project Organisation Attributes

A project is organised to achieve its mission by pre-determined objectives. Its organisation is tem-
porary. Project organisation is conceived during the project initiation stage and it comes into ex-
istence prior to the start of the planning stage. It grows gradually. It undergoes changes in various
stages of the project life cycle to meet project needs. Towards the end, it runs down and ceases after
completion of the project. Its special attributes include its innovation and capacity to overcome
problems as they arise. It is staffed with experienced people to respond speedily to changing situ-
ations and to speed up decision making. The responsibility of accomplishment is entrusted to a
single person—the project manager, who acts as a single point of accountability. The success of a
project to a great extent hinges on the efficient and effective management of the physical resources
of manpower, material and machinery.

1.7.2 Organisation for Construction Project Management

Organisation enables a group of people working together with divided tasks and responsibilities,
to co-ordinate their activities harmoniously in order to achieve a common goal. The fast-changing
technology and the demand for cheaper, better and faster delivery of new products, have led to new
thinking towards restructuring, downsising and empowerment of the organisations. With the accel-
erated rate of change in environment, management of multi-discipline, multi-dimensional, multi-
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location, multi-national project tasks need organisation different from the traditional, functional
organisational structures. Construction corporates have high stakes in the projects undertaken by
them. Delay in the projects invites high penalty, cost overruns, and can even mar the very existence
of the firm. In general, large construction corporates create special organisations to handle a pro
ject. Project organisation is a result of this new evolutionary process.

Project-based organisation use various organisation forms in projects. Depending upon the na-
ture of the project and the corporate policy, the project management organisation forms vary from
centralised functional form on the one extreme to a highly decentralised pure product/project form
on the other end; there are many matrix-type organisational forms in between these two extremes.
The typical forms of project organisations are tabulated below:

Construction Project Management Organisation Forms

Matrix Organisation

Org. Forms /Project Functional Projectised
Characteristics Organisation Weak Balanced Strong Matrix Organisation
Matrix Matrix
Project Manager's Authority Little or None Limited = Moderate Moderate to High ngh;zgll most
Performing Organisation's . .
. . Virtually None Limited = Moderate 60%—85% 85%—-100%
Personnel Assigned Full-time
Project Manager's Role Coordinator Expeditor Mixer Collaborative Collaborative
Budget Management Functional Functional ~ Project  Project Manager/  Project Man-
Responsibility Manager Manager Officer ~ Program Manager ager
Project Management Part-time Part-time  Part-time Full-time Full-time

Administrative Staff

Functional Organisational Form. Traditionally a construction corporate is organised on cen-
tralised functional forms. Its departments are arranged by functions such as marketing, engineering,
production, contract, resource procurement, finance, HRD; each headed by a director/specialist
manager. Its centre of power and co-ordination is concentrated at the top with the chief executive.
The classic principles of organisation and their limitations considered while designing Functional
Organisation are given in Chapter 7.

Functional organisational form has its advantages and limitations. Traditional functional organ-
isational form provides stable environments, unified command, better technical control, quick reac-
tion capability, economical utilisation of specialists, excellent co-ordination within functions, and
requires fewer inter-personal skills. The main limitations of traditional form are that no one person
is accountable for achieving the organisational goals, the communication is poor across functional
departments, co-ordination is difficult, response time to external changes is slow and it fails to en-
courage innovation and creativity.



40 Construction Project Management

Pure Projectised or Product Form. Pure project/product organisation is a division of the
corporate organisation, but it operates independent of the parent organisation. It has dedicated
multi-discipline resources assigned to accomplish the specified product goals. A product organ-
isation is headed by a programme director/manager, who maintains complete line authority over
the product. The main advantage of product organisation is that one person is accountable for
achieving the organisational goals, there are strong communication channels, coordination is easy,
response time to external changes is less and it encourages innovation and creativity. The main
limitations are that it is temporary.

Matrix Form. Depending upon the nature of the project and the corporate policy, the project
management organisation matrix pattern can vary from a highly centralised functional organisa-
tion to a dedicated project team with fully decentralised authority. The matrix organisation of
project management lies in-between the two extreme organisational concepts, i.e. Functional
and Pure Project Forms. Project Matrix Organisation is a subset of the construction corporate
organisation. A typical matrix structure of project focused construction corporate organisation is
shown in Figure 1.12.

The matrix structure is viewed as a temporary organisation having human and non-human re-
sources with reduced vertical hierarchy so as to respond speedily in a changing complex situation
for achieving the specified performance objectives. In a weak ‘matrix’ organisation, the project
manager’s role is that of a co-ordinator or an expeditor; whereas in a strong ‘matrix’ organisation,
the project manager has a collaborative role. In the projectised organisation, with a weak matrix,
authority for decision making and direction rests with the project manager; whereas in a strong
‘matrix’ structure, information sharing is mandatory and decision making rests with the task-ori-
ented teams.

In the matrix form the managers in a project team are its key personnel. They are drawn from
their parent departments and are specialists in their field. They are charged with the responsibil-
ity of their respective areas of activity. In this way, communication and coordination between top
management and project management is improved.

Following are the characteristics of the matrix structure:

a. It has a single project manager accountable for the whole project. The project management,
working as a team, performs the basic management functions of planning, organising, staff-
ing, directing, controlling and coordinating the project work.

b. All managers owe their allegiance to the project manager, and not to their parent departmental
heads.

c. Personal commitment to objectives is the key note of matrix organisation. It provides a cli-
mate for motivation, effectiveness and personal development.

d. The specialist staff is employed effectively. The matrix organisation balances their conflicting
objectives by reducing the communication gap.

e. The top management is freed from making routine decisions, as the decision-making machin-
ery forms an integral part of the matrix structure.

f. It provides enough flexibility to meet uncertain and changing situations by establishing a
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Figure 1.12

Construction Project Management: Matrix Organisation

Projects
. Director
Construction Company
Corporate Office
Other
Functions
Management Planning Structural Elec & Mech Contracts
Services Management Engineering Engineering | |Administration
Functional Representatives from Parent Departments
Project A | Project | | |Planning| | |Technical| | | Services | | | Contract | |
Manager Manager Manager Manager Manager
Project B Project Planning Technical Services Contract
Manager | | | Manager [ | | Manager [ | | Manager [ | Manager [ |
Project C Project | | | Planning| | | Technical| | Services | | Contract | |
Manager Manager Manager Manager Manager

project planning and control system at site to monitor the input flow of resources and the
performance output.

However, if not properly conceived and directed, the matrix organisation can result in increased
conflicts, lack of coordination, low productivity, and enhanced costs.

In the fast changing environments and technology, each project organisation will have to be
tailored to meet the requirement by adopting the correct 'martrix' which will put 'authority’, 're-
sponsibility' and 'accountability' in the right perspective. A project organisation can be responsive
to changes in environment if it is provided with inbuilt flexibility and the necessary delegation of
power to the project manager.
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The project organisation will need to be tailored to the requirements. Undoubtedly the principles
of organisational theories (refer to Chapter 7) have universal application, but they need to be
modified to suit the situation. The emphasis on project organisation varies somewhat from standard
organisations and demands the following:

e Decentralisation of power and authority to the project manager;

e Equal emphasis on the human and professional skills of the project managers and the super-
visory staff; and

e Proper integration of the task-oriented teams, through a well-conceived communication chan-
nel, enabling good interaction, both vertically and horizontally.

The key to providing an effective project organisation is to strike the right interface between
itself and the parent corporate organisation by adopting the correct matrix, which will put author-
ity, responsibility and accountability in the right perspective. An organisation can be responsive to
change in the environment, if it is provided with an inbuilt flexibility and the necessary delegation
of power to the project manager.

1.7.3 Project Management Team

The project team includes project manager, the heads of departments, and the project key person-
nel. They are drawn from their parent departments and are specialists in their fields. They are en-
trusted with the responsibility of their respective areas of activity. In this way, communication and
coordination between top management and project management is improved. The composition of
the project team varies from project to project but it is always headed by the project manager.

Traditionally the project management organisation is generally categorised into line and staff.
The line personnel are those who directly contribute to performing work that produces deliverables;
the members of staffs are personnel who support the work indirectly and advisors are the special-
ists/consultants who advise the management on issues such as legal, financial, environmental and
political matters. To quote an example, 2000 Housing Units Project Organisation is outlined in
Exhibit 1.1. The designing of project site operating units, estimating manpower requirements,
scheduling construction site workers and designing workers' financial incentive schemes are cov-
ered in details in Chapter 7.

The project management team is led by a project manager, who is appointed by the client and
acts on his behalf. He coordinates and communicates with all the agencies engaged in project work.
In particular, he is accountable for planning, mobilising, motivating, directing, coordinating and
controlling all the activities at the project site, which are necessary for achieving the project objec-
tives of time, cost and quality. Loosely, the site-in-charge of a major contractor is also referred as
contractor’s Project Manager.

Following are the roles played by project team:

1. The project management team performs the assigned management functions of planning, or-
ganising, staffing, directing, controlling and coordinating the project work.

2. All managers owe their allegiance to the project manager, and not to their parent depart-
mental heads.
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3. Personal commitment to objectives is the key note of a matrix organisation. It provides a cli-
mate for motivation, effectiveness and personal development.

4. The specialist staff is employed effectively. The matrix organisation balances its conflicting
objectives by reducing the communication gap.

5. The top management is freed from making routine decisions, as the decision-making machin-
ery forms an integral part of the matrix structure.

6. It provides enough flexibility to meet uncertain and changing situations by establishing a
project planning and control system at site to monitor the input flow of resources and the
performance output.

The achievement of the project objectives is closely linked with the skill, effectiveness and effi-
ciency of the project management team, and how it is organised for conducting its operations. This
team consists of the functional heads or the body of managers in a project.

The size of the project management team depends upon the nature and scope of the project work.
In medium and large-size projects, it may include specialists to manage: construction planning,
architecture and engineering, tendering and contract administration, value analysis and quality as-
surance, materials and equipment handling, and finance and personnel administration.

Depending upon the size and nature of the project, the managers in the project team are entrusted
with the responsibility to accomplish project tasks. A large complex project may have a manager
in-charge of each specialised task, whereas in smaller and less complex projects, only few manag-
ers can look into all the tasks. The various ways in which the duties of a manager can be combined
with those of the project manager in a small project are:

e Project manager/construction superintendent/planning and controlling manager, can be a sin
tvvgle individual;

e Project manager/resources procurement manager/construction superintendent, can be a single
individual; and

e Project manager/planning and controlling manager/contract manager, can be the same person.

Note: The competent project team members, if not properly managed, do not necessarily produce
good performance; but a poorly managed team even with competent people, invariably results in
poor performance.

0 1.8 ROLE AND FUNCTIONS OF CONSTRUCTION
PROJECT MANAGER

1.8.1 Role of Construction Project Manager

The project manager is the kingpin around whom the whole project organisation revolves. He as-
sumes total responsibility and accountability for the success or failure of the project. His functions
may vary with the nature of the project and organisational setup, but his roles which reflect the be-
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haviour patterns are generally similar in almost all types of projects. Ten related roles of the project
manager are outlined below:

a.

Governance role. The project manager is the legal and social head of the project. He is the
single focal point for making decisions, ceremonial functions and symbolic duties.
Leadership role. As a leader, the project manager directs the inter-functional efforts through
a complex web of relationships created in the project organisation by building a performance-
motivated team of skilled and experienced people who collectively face the challenges posed
by the environment. In crisis-prone environments, effective leadership is an essential require-
ment for success and accomplishment of the project mission, but it does assume far greater
significance in Construction Projects.

Liaison role. The project manager maintains contacts outside the organisation, deals with
those activities which may involve correspondence and contact with the concerned govern-
ment and non-government officials, contract vendors, professionals, and top persons of the
construction industry.

Monitoring role. The project manager’s focus is on the planned baseline for performing
tasks, and implementing time, cost and quality planning and monitoring system. He motivates
the project team to provide timely results on project performance objectives.
Disseminator’s role. The project manager transmits the relevant information received from
external sources and internal systems to the concerned people in the work place. This info
rmation may be written or verbal, formal or informal.

Spokesperson’s role. The project manager acts as the sole representative through whom all
communications with the client or other external parties are conducted outside the project site.
Entrepreneur’s role. The project manager seeks and identifies opportunities to promote i
mprovements and needed changes.

Disturbance handling role. The project manager maintains organisational harmony by re-
solving conflicts and diagnosing organisational behaviour on time. He applies corrective ac-
tion when the organisation faces important unexpected disturbances.

Resources allocation role. The project manager takes responsibility for allocating/altering
the project resources and makes any changes which are necessary to ensure the availability of
adequate resources on time. This role also calls for developing and monitoring budgets and
predicting future resource needs.

Negotiator’s role. The project manager negotiates important conflicting issues and business
related matters, both inside and outside of the project environment. He represents the organ-
isation on major negotiations.

1.8.2 Project Governance Functions

Project manager is accountable for all governance functions. These functions describe the activities
performed by the project manager and his project team. Project manager assisted by his staff may
be directly responsible for the executive functions whereas he may be assisted by the expert manag-
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ers in specialised functions relating to contract, finance and legal affairs. These functions may vary
with the nature of the project and organisational setup, but these are generally similar in most of
the construction projects. The executive functions include envisioning the task ahead, enabling the
individuals to perform the task systematically and efficiently, setting targets and monitoring per-
formance, providing resources support, implementing financial incentive schemes, communicating
feedback, motivating the workforce, building the line-supervisor team, creating a safe working
environment, abiding by professional ethics and it is the leadership that makes all the difference.
The functions that specifically need attention of project manager include but are not limited to the
following:

o  Workers’ safety and health. Managing worker safety and healthy work environment come first
always;

e Technical management and functionality. Manage the facility production so that it must serve
the purpose for which the project is undertaken;

e  Work scope. It has several components and these have to be coordinated to meet functional
requirements. Minimises changes in scope of work;

e Product quality. Manage the quality of work to eliminate the rework;

e Project organisation. Organisation is what people skills are. HRD is a continuous process;

e Resources control. Keep a watch on planned procurement and productivity;

e Cost management. It is a delight to manage production within the budgeted cost;

e Completion time management. Project completion within the time is the essence of the
project;

e Contract management. Manage and administer contracts effectively;

e Risks and environment management. Management of risks is the key to success;

e Leadership, HRD and social activities; and

e Professional ethics.

1.8.3 Leadership Makes All the Difference

What is leadership? Inlayman’s language, a leader is the person who leads or guides a group
of people and leadership is the ability to lead. The leader leads by influencing people. Mankind
has produced great leaders who influenced the destinies of organisations, societies and nations in
various fields.

Leadership is difficult to define precisely. There are as many definitions of leadership as there
are persons who have attempted to define leadership. In the book titled Leaders: The Strategies
of Taking Charge, Nanus and Bennis have reported "some 350 definitions of leadership that the
studies have generated in the last 30 years." On the one hand are those who say that “A leader
is one who succeeds in getting others to follow.” However, there are those who emphasise that
“Leadership is the initiation of acts which result in a consistent pattern or group interaction directed
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towards the solution of mutual problems.” Some definitions are person-oriented and the others are
performance-oriented. However, a common thread that runs through almost all the definitions is
that “leadership is the art of influencing the work groups to achieve the mission and leadership is
situational and dynamic process”.

Figure. 3.4

Leadership as a Dynamic Process

LEADER

LEADERSHIP

GROUP —— —> SITUATION

Role of the project leader. It is the leader who harnesses all the potential of an organisation
and its people and steers it towards success. In project environment, the project leader plays the
following role:

e Fills in the gaps in the incompleteness or imperfection of organisational design it is impos-
sible to design an organisation that will provide for all contingencies;

e Marshals resources to meet continually changing environmental conditions;

e Effects changes in structure and policy as the project organisation grows;

e Creates conditions that give its members a feeling of identification with the organisation and
pride in belonging to it; and

e Deals with the human issues that continually arise.

Key functions of the leader. Managing processes in a project by optimising resources is not
enough. It is the leadership that creates a vision, integrates the tasks, teams and people, gives a
direction, motivates individuals and work groups, communicates effectively to influence organisa-
tional behaviour and ensures customer satisfaction. Managing processes in a project by optimising
resources is not enough. The tasks of a leader are multi-directional. In a crisis-prone environment
leadership skills are needed to envision the project, energize the human resources and enable the
workforce to achieve the mission. The following are the key functions, which a modern leader must
be able to perform.

1. Envision the project processes that integrate tasks, teams and people with a view to leading
the organisation towards the defined goals. This includes:
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e Looking upwards: Managing the sponsor in order to achieve organisational commitments;

e Looking outwards: Managing the client, end-user, and external stakeholders (including
suppliers and subcontractors) to ensure that the project meets their expectations;

e Looking backwards: Monitoring progress with appropriate control systems, to ensure that
the project meets its targets and that the team learns from its mistakes;

e Looking inwards: Managing himself, by reviewing his own performance to ensure that
his leadership of the team is a positive contribution to the project;

e Looking forward: Planning in order to ensure that the team sets realistic targets and ob-
tains appropriate resources to achieve those targets; and

e Looking downwards: Managing the team in order to maximise their performance both as
individuals and collectively.

2. FEnergise the human resources by developing and motivating individuals and work groups to
work enthusiastically. This involves:

e Developing the people skills to their full potential and careers;

e Organising and networking project teams;

e Committing the organisation to accomplish project objectives; and
e Motivating individuals and teams into committing to do their best.

3. Enable the individuals and the work groups to perform enthusiastically to their full potential.
This involves:

e Communicating effectively to influence the organisational behaviour and ensure custom-
er satisfaction;

e (Coaching individuals and teams rather than directing them;

e Monitoring work processes to accomplish objectives;

e Managing changes and conflicts; and

e Delivering products and services that satisfy the customer.

What makes an effective leader? Effective leadership is an essential requirement for the
successful accomplishment of all management activities, but it does assume far greater significance
in project management as project management differs from functional management in many ways.
A projects mission is unique, its organisation is temporary, it is transient in nature and project costs
on account of time delays can increase exponentially. There are expectations of stakeholders, task
requirements, peer behaviour, aspirations of subordinates, organisational policies and changing en-
vironments. The in-built difficulties, uncertainties and risks pose never-ending problems and create
frequent crises. Furthermore, the various projects in a company are generally interdependent and
any adverse effects in one project can have repercussions on the others. All these characteristics
place a heavy demand on the leadership skills of the project manager.

There are several complex elements that determine leadership effectiveness under project en-
vironments. Literature on leadership is full of numerous theories, which attempt to clarify exactly
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what it is that makes an effective leader. It is generally agreed that leadership is situational. Taking
a broader view, the major variables that affect the leadership effectiveness can be broadly grouped
under the following heads:

e Competency characteristics of the leader-special qualities such as intelligence, technical
skills, human skills, attitudes and traits;

e Behaviour style and emotional stability; and

e  Culture of the organisation and influence of the environment.

However, what is it that causes leadership failure? Some of the studies bring out the fact that
the failure of a leader is usually due to a cluster of reasons and not just one reason. The common
reasons found for leadership derailment are:

e Rigid, abrasive and arrogant style of functioning;

e Over ambition and power politics;

e Failure to handle performance problems on time;

e Unwillingness to delegate responsibilities and over-managing specialist technical tasks;
e Inability to build a work team;

e Overdependence on superiors and mentors; and

e Betrayal of trust and failure to meet commitments.

Good management is essential for the successful accomplishment of all projects, but it demands
a bias towards strong leadership at various levels of the organisation. It is the sheer dynamism of
the project leader manager, which greatly influences the supervisors and the workforce, driving
them willfully towards the common goal of completion of the work within the specified objectives.
It is the leadership that makes all the difference to the success or failure of a project.

0 1.9 MAIN CAUSES OF PROJECT FAILURE
1.9.1 India’s Public Sector Project Performance

It is not uncommon to see a project failing to achieve its mission of creating a facility within the
specified cost and time. Hardly few projects get completed in time and within original costs. The
status of performance of India’s Public Sector Projects generally follows the adverse time and cost
overrun trend since the year 2000.

According to the annual year 2007 report of the Ministry of Programme Implementation of In-
dia, out of 866 projects each costing over Rs. 20 crores, the status was as follows:

e 56% had cost overruns (totalling 20% cost); and
e 49% faced a time overrun from 1 to 196 months.

Cost Performance of Central Sectors Project of the Government of India, as reported in October
2007 is shown in Table 1.12.
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Table 1.12

Performance of Central Sector Projects in India

Project Time & Cost Overruns

Projects (Rs. 20 crore and above) No. 866
Expenditure till Dec. 2006 Rs. 138905 crore
No. of Delayed Projects No. 297

Time overrun 1-196 (months)
Cost overrun Rs. 24389 Crore
Anticipated total cost Rs. 375888 Crore

Source: Times of India, 29th October 2007.

According to the annual report of the Ministry of Programme Implementation of India, pub-
lished in Times of India, August 2, 2009, about 50% of the 925 project sanctioned by Central
Government are running behind schedule. In January 2013, the time overrun status of 572 Cen-
tral Sector Projects is more than 50% and cost overrun is of the order of Rs. 1.42 lakh crores. Its
present status can be viewed in Ministry of Statistics and Programme Implementation website:
http://mospi.nic.in/Mospi_New/site/home.aspx.

1.9.2 Some Other Research Findings Highlighting
Causes for Project Failure

Kumar Neeraj Jha (2011) studied the project failure attributes resulting in adverse schedule perfor-
mance, cost performance, quality performance and contractual dispute occurrence and developed
22 attributes resulting in project failure. Out of these, he highlighted the following critical failure
causes of adverse schedule, cost, quality and contract performance. These are as under:

e Poor human resources management and labour problems;

e Negative attitude of PM and project participants;

e Conflict between PM and other outside agencies and top management;
e Inadequate Project formulation in the beginning; and

e Holding key decisions in abeyance.

1.9.3 Summarising Major Causes of Project Time and Cost Overruns

Studies reveal that the main controllable causes of the projects time and cost overruns include, but
are not limited to, the following:
Project formulation, planning and contract administration failures. These include:

1. Inadequate project formulation. Poor field investigation, inadequate project information, bad
cost estimates, lack of experience, inadequate project formulation and feasibility analyses,
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poor project appraisal leading to incorrect investment decisions.

2. Poor planning for implementation. Inadequate time plan, inadequate resource plan, inadequate
equipment supply plan, inter-linking not anticipated, poor organisation, poor cost planning.

3. Lack of proper contract planning and management. Improper pre-contract actions, poor post
award contract management.

4. Lack of project management knowledge and skills during execution. Inefficient and ineffec-
tive working, delays, changes in scope of work and location, law and order.

Client Inaccurate budget cost estimate. Client or the owner estimates, depending upon
the purpose, can be categorised into the project proposal indicative cost estimate, preliminary esti-
mate for budgeting costs, detail estimate for controlling costs, definitive estimate to assess cost-at-
completion and the final closure cost estimate. The types of estimates, their nomenclature and the
methods of estimation vary considerably. Client cost estimation is a continuous process and its final
cost is known when the project is near to completion.

Contractors’ unrealistic tendered cost estimate. On receipt of work tenders from the
client's consultants, the contractor prepares his detailed estimates within the specified tendering
period. Despite the well-established methodology for project estimation, the contractor construc-
tion contract estimate still remains a risky proposition. Unlike other industries where the sale price
of the product is determined after its manufacture, in construction, generally the works are priced
before they are produced. This estimation of costs at the tender stage adds to the business risk of
the contractors. A construction contractor always gambles when he bids for a contract. A bid on the
higher side (of what he considers reasonable) may mean an opportunity missed for new business,
whereas a quotation on the lower side may imply less profits, or possibly a loss or, in some cases,
even the contractor's bankruptcy. When the contractor wins a bid for quoting the lowest, his fellow
bidders may question his judgment. Studies reveal that the failure rate of the construction contrac-
tors is one of the highest among the various types of businesses. A construction contract based on
inaccurate cost estimates is bound to fail unless its performance objectives are revised and/or ad-
ditional funds inducted.

Management failure. A project environment comprises various interrelated constituents such
as resources, tasks, and technology along with the people working against time under stress and
strain, and all of these combine together to achieve the common project objectives. The problems of
management are so complex that they defy simple solutions. Some of these are beyond the manage-
ment's control but some can be avoided. The following causes of project failure can be attributed
to management failure.

a.  Work policy failure. It is due to unclear objectives and targets, unworkable plans, top
management's failure to back up the plans, failure to identify critical items, lack of under-
standing of operating procedures and policy directions, too many change orders, reluctance
to take timely decisions, and ignorance of appropriate planning tools and techniques.
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b. Organisational failure. It is due to incorrect organisational structures resulting in inad-
equate funding, confusion of responsibility, inadequate delegation of authority at various
levels, higher management interference, lack of stress on accountability, and a tendency of
people to escape responsibility by passing on the buck.

c. Human resource failure. It can be due to an improper choice of the project manager,
inexperienced staff, and failure to procure and positioning of skilled manpower as per the
planned schedules.

d. Directional failure. It can be attributed to a lack of team spirit, internal conflicts, poor hu-
man resource management, and labour strikes.

e. Controlling failure. It is due to unclear targets, inadequate information flow, incompe-
tency in adopting appropriate monitoring techniques, and an absence of timely corrective
measures.

f. Coordination failure. It can be attributed to a breakdown of communication at various
levels, lack of day-to-day decisions to fill procedural gaps, and an absence of cooperation
and esprit de corps.

g. Procurement failures. They may be due to faulty procurement of machinery and materi-
als, bad workmanship, poor performance of sub-contractors, accidents, unforeseen bad
weather, and a failure to adapt to the local conditions.

h. Unpredictable causes. Failures can be due to unforeseen natural calamities like earth-
quakes, floods and natural disasters. Failures can also result from deliberate attempts made
by manipulators during the feasibility stage by incorporating inaccurate time and cost esti-
mates with a view to secure business or start a project. The unpredictable causes need risk
management skills.

Systematic planning, scheduling and controlling of projects can go a long way in preventing project
collapse due to management failure. The Planning, Scheduling and Controlling methodology em-
ployed for managing scope, time, resources, costs and risks are loosely called Project Management
Techniques.

0 1.10 IMPORTANCE OF INTEGRATED PLANNING, SCHEDULING AND
CONTROLLING OF CONSTRUCTION PROJECTS

1.10.1 Planning Benefits

Planning is the process of formulating of a time-based plan of action for coordinating various ac-
tivities and resources to achieve specified objectives. Planning, in simple words is the process of
developing a project plan. The project plan shows how the project is to be directed to achieve the
assigned goals. It specifies a pre-determined and a committed future course of action, based on
discussions and decisions made on the available knowledge of future trends. “Whatever mode of
construction is taken by the client or contractor, sufficient time should be given for construction
planning prior to starting of construction. Good planning will get the construction sequence right
to avoid delays and rework.”
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The object of planning construction project is to pre-determine how the project objectives will
be achieved. Planning precedes all managerial activities and the process combines systematic cre-
ative thinking with planning techniques to develop a project plan. The project plan comprises a
time plan, resources plan and plan for controlling the project. It also includes schedules of design
and drawing preparation, work quantities, progress of work planned resource allocations, budget
costs and cash flow estimates.

1. Project plan clearly defines project’s scope of work. It breaks down project objectives into
clear, identifiable, quantifiable, attainable and verifiable goals, which are assigned to indi-
viduals, and responsibility centres for accomplishment.

2. Project plan aids the management in performing its functions efficiently and effectively. It is
the spine of the system and at the core of all management activities. It streamlines the project
management process and supports the management organisational structure and functioning.

3. Project plan forms the basis of project operations and directions and shows how the project is
to be run. It also specifies the committed future course of actions on the basis of current deci-
sion made with available knowledge of the future.

4. Project plan identifies critical activities, thus enabling management of project by exceptions.

5. Project plan provides the yardstick for measuring progress and evaluating resource perfor-
mance—it aids in developing information systems and decision making during the implemen-
tation stage. It further simplifies and smoothen communication to enable coordination among
all those involved in project management.

6. Project plans provide the basis for coordinating the efforts of clients, consultants, architects,
designers, quantity surveyors, specialists, suppliers, contractors and the project staff.

7. A project plan maintains continuity of work, especially when project organisation is tempo-
rary and its staffing is transient in nature.

8. Project plan has built in flexibility in the form of floats to navigate changes in the planned path
for meeting fast changing environments.

9. Project plan creates a healthy environment. It promotes unity of purpose among functional
diversities to make people time and cost conscious. It commits individuals to tasks and moti-
vates them to achieve challenging targets.

Therefore, a well-conceived project plan, developed before the commencement of project
execution stage, can go a long way to prevent a project collapse on account of management
failures. But a Construction Project Plan, howsoever skillfully devised, cannot make up for bad
management.

1.10.2 Scheduling Benefits

Scheduling means putting the plan on a calendar time scale. During the execution stage, monitor-
ing brings out the progress made against the scheduled base line. Work scheduling serves a fivefold

purpose:
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Schedule simplifying a project plan. The bar chart type work schedule provides a simplified
version of the work plan which can be easily understood by all concerned with planning, co-
ordination, execution and control of projects.

Schedule validates time objectives. Work schedule shows the planned sequence of activities,
data-wise. It takes into considerations, the reduction in efficiency resulting from climatic ef-
fects on resources while putting the plan of work on a calendar basis. A schedule verifies the
accomplishment of the tasks on dates imposed for completion of the project and the achieve-
ment of milestones.

Schedule aids in the optimisation of resources employed. The work schedule is based on
economical employment of the resources of men, materials, and machinery. It avoids abrupt
changes from time to time.

Schedule enables forecasting of input resources and earned value to indicate the pattern of
requirement and the financial state of the project in terms of investment, expenditure, output
and income.

Schedule brings out implications of time and resource constraints.

1.10.3 Control Benefits

Control deals with the formulation and implementation of corrective actions necessary for achiev-
ing project objectives. The control system aids the management at various levels to perform its
functions efficiently and effectively for achieving the overall project objectives. The illustration
given below shows the typical pyramidal management structure with the nature of control exer-
cised at each level.

The benefits, which can be derived at each level of management through an effective control

system, are outlined in Figure 1.13:

Operational control at supervisory level. It improves productivity by:

Minimising unproductive man hours;

Preventing wastage of materials;

Economising plant and machinery utilization; and
Reducing activity execution time.

Administrative control at managerial level. It assists in ensuring project organisational efficiency

and effectiveness of:

Updating the work quantities status and determining the balance scope of work;

Analysing project time status and its implications on project time objectives;

Evaluating the production cost status and forecasting future trends;

Calculating income status and forecasting cash inflows;

Computing budget status and forecasting cash inflows; and

Computing budget status and analysing the implications of variations of future expenditure.
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Figure 1.13

The Typical Pyramidal Management Structure with the Nature of Control
Exercised at Each Level
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Directional control at general manager’s/project manager’s level. It helps in formulating and
directing the policies for the achievement of project objectives by:

e Analyzing project time cost behaviour and making decisions on time saving when required;

e Reviewing project costs and profitability, and making profitability improvement decisions
concerning wastage reduction through rigorous cost control, value engineering techniques,
cost benefit analysis, workers’ incentive schemes and alternate methods of construction which
cost less;

e Auditing management’s performance;

e Strategic control at corporate level. It provides information that can assist management in
formulating corporate strategies by:
e Determining overall profitability;
e Budgeting and allocating funds and resources; and
e Updating the company’s planning norms and unit rates for securing future works.

An effective control system generates information that can improve the productivity of men
and materials, economize the employment of resources, enable the understanding of time and cost
behaviour and add value to the quality of work. It also provides early warning signals of ensuing
dangers, updates the resource planning and costing norms, prevents pilferage and fraud and assists
in formulating bonus/incentive schemes for motivating people. It may be noted that the prerequi-
sites for effective functioning of the monitor are the management backed drive for making the site
executive integrated plan conscious and by creating a well-coordinated harmonious environment.
Further, a computer is an efficient invaluable tool to assist the monitor in the performance of his
duties but it is not a substitute for the planning function.
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During project implementation, the plan-do-monitor-communicate-replan (when necessary) is a
continuous process. In this context, the term planning broadly includes the plan making, schedul-
ing and controlling processes. The Planning, Scheduling and Controlling methodology employed
for managing project scope, time, resources, costs and risks are loosely called Project Management
Techniques, these are the focus of this book.

APPENDIX A

Construction Project Manager
Competency Skills

0 A.1 INTRODUCTION AND SCOPE

Modern construction projects are complex and risky by definition. They are managed by individu-
als, whose work is to deliver projects. It is the project manager and the project team, who skillfully
leads the multi-disciplinary, multi-functional team, in order to accomplish the assigned mission.
The project team consists of brain power that can vary with the nature of project. The ‘facts of
life” in project work (crises, uncertainties, risks, and pitfalls) test the mettle of these managers in a
continuous manner. Clearly this is not the field for the timid and the untrained. Competency of a
construction project manager to manage a given project raises many questions such as competency
requirements, and need for skills upgradation. Most of these questions are covered under the fol-
lowing sections:

e Construction Project Manager Competency Requirements
e Competency Considerations of a Project Manager for a Specific Construction Project
e Skills Upgradation Options

0 A.2 CONSTRUCTION PROJECT MANAGER
COMPETENCY REQUIREMENTS

Competence implies that the knowledge, skills, and essential personality traits are required for
managing the project. The success of a project relies on competency of the construction project
manager.
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Competence = Knowledge (qualifications)
+ Skills (ability to do a task)
+ Leadership characteristics and Interpersonal Skills
+ Demonstrable past performance
+ Personal Attributes

Professional competency development is a continuous process that is commonly termed as ‘Con-
tinuing Professional Development (CPD)’.

Competency Requirements Model. Construction projects are unique that is no two proj-
ects are alike. In order to fulfill the assigned role effectively and efficiently, an ideal construction
project manager must have project management skills, technical expertise, environmental man-
agement capabilities, leadership qualities, and interpersonal acumen. The model shown in Figure
A.1 broadly, represent the competency requirement of a construction project manager in managing
commonly encountered construction projects. These knowledge areas and skills overlap in some
projects.

Figure A.1

Construction Project Management Competency Requirements’ Model

Project Management
Body of Knowledge

Technical
Knowledge and
Skills

Leadership and

Interpersonal
General
Management

Environment
Management
Skills

Skills
Knowledge
and Skills

PP - Past Performance; CPD - Continuting Professional Develpment; PA - Personal Attitude

Project management knowledge and skills. These include management of integration,
scope, time, resources, cost, quality, procurement, human resource, communication, risks and over-
all coordination. In addition, the construction specific projects also include contract administration
and contract claims management.
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General management knowledge and skills. These include project formulation processes
along with management of finance, purchases, marketing, commercial and labour laws, logistics
and supply chain, general management principles, personnel administration, workers’ health and
safety practices, and information technology.

Environment knowledge and skills. Environment means the operating surroundings of a
project. It includes management of changes in external and internal situations of the environment.
The external environment is affected by changing conditions in political, legal, economic, natural,
ecology, and health etc. The internal environment crisis could be due to project management plan
deviations, communication failure, resources supply breakdown etc.

Leadership and interpersonal skills. It covers attributes, such as leadership traits/qualities,
devotion to work, effective communication, motivation, negotiation, community development and
conflict management, and problem solving approach.

Technical management knowledge and skills. It implies construction project related;
technical and design practices, construction standards, and supporting disciplines, such as legal,
inventory management, marketing, logistics, contracting, and new product development.

Past performance, continuing professional development (CPD) and personal attri-
butes. These are at the core of the competency requirements. Past experience determines the
performance of an individual. A construction project manager should be a person with at least a
degree or equivalent in engi—neering, architecture, or quantity surveying. He should have relevant
technical management qualifications and construction experience, of at least few years as a senior
person in similar projects. CPD shows the development of an individual after obtaining his en-
gineering and management qualifications. In particular, the checklist of desirable attributes of a
project manager is given below:

e Attitude—an open positive ‘can do’ attitude.

e Common sense—an ability to see things as they really are and to pick sensible, effective,
straight forward solutions.

e Open mindedness—being open to new ideas, practices, and methods.

e Adaptability—an ability to anticipate and adapt to changes.

e Inventiveness—an ability to discover innovative strategies and solutions.

e Prudent risk taker—a willingness and ability to identify, understand, and manage the risks.

e Fairness—a fair and open attitude, which respects all human values.

e Commitment—a very strong overriding commitment to the project’s success, user satisfac-
tion, and project team working.

If there is one single attribute of a project manager, which should be regarded as absolutely es-
sential, it is that of commitment to the project’s success. Without this, other personal attributes, no
matter how admirable do not necessarily benefit the project.
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0 A.3 COMPETENCY CONSIDERATIONS OF A PROJECT
MANAGER FOR A SPECIFIED CONSTRUCTION PROJECT

Some existing standards for the assessment of a project manager’s compe-
tence. The project management professional societies throughout the world take into account
different approaches to define the competence that is required for managing projects. Broadly, there
are two streams of thought on competency requirements.

Project Management Institute (PMI®, www.pmi.org), based in USA, through its body of knowl-
edge (PMBOK 2013) , PMP certification program and its Project Manager Competency Develop-
ment Standard, advocates process management based approach to competence. Association for
Project Management (APM, www.apm.org.uk or info@apm.org.uk) through its body of knowledge
and APM certification program focuses on the functions the project managers need to perform.

But the accreditation/certification by the above societies are not adequate to meet the compe-
tency requirements of all types of the construction projects. What is needed is competency for
managing a given construction project. Readers may visit the above mentioned and explore other
websites for more details.

Assessing Competency of a Project Manager for a Specified Construction Proj-
ect. While, selecting a competent construction project manager, the traditional approach of a
corporation is to look for the appropriate technical qualifications, relevant experience, and past
track record. These qualifications may include a combination of engineering degree or PE/IPEA
registration, PM/MBA or equivalent qualifications, membership of societies and demonstrated per-
formance on similar projects. Most of the developed and developing countries have developed
standards for Registration of their Professional Engineers and are member of the International
Professional Engineers Agreement (formerly, known as the Engineer Mobility Forum). Engineer
Mobility Forum of the East Asia has laid down certain requirements for accrediting Professional
Engineers. To quote an example, Institution of Engineers India, who is a member of the EMF has
specified eligibility criteria for becoming a professional engineer. These criteria include, recog-
nized bachelor degree in engineering or equivalent, minimum seven years of professional experi-
ence, minimum two years of professional experience in significant engineering activity, satisfac-
tory level of Continuous Professional Development (CPD), member of a recognized professional
institutions or society, and, good character with demonstrated commitment to the code of ethics.

For a given project, corporate should customize the selection process. Because, it is rare to find
an experienced project manager with excellent knowledge and skills in all parameters of compe-
tency requirements who and can manage all types of construction projects.

0 A.4 SKILLS UP-GRADATION OPTIONS

Education can be defined as the organized and sustained instuctions that are designed to communi-
cate a combination of knowledge, skills, and understanding valuable for all the activities. Training
focuses on the development of competency skills that will be applied to a particular task or in a
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particular context. The education and training for the development of the Total Project Manage-
ment processes can be divided into the following categories:

e Academia-directed project management education in the institute or distance learning
approach.

e Corporate-directed in-house project management training, seminars conducted by experts or
online distant learning teaching ending up with contact seminars.

e Own time Individual-directed self-learning education and training using published literature,
distance learning and virtual class room delivery approach.

The unprecedented rate of emergence of new technology, calls for continuous upgrading of mana-
gerial skills. The construction projects, thus, should resort to outsourcing to just-in-time training
rather than live with just-in-case-a-situation-arises education type. The emerging trend is to de-
velop competencies of managers based on corporate goals. Training performance are subject to
return-on-investment analysis, and not just on the ‘reaction sheets” that are compiled at the end of
a training workshop.

The various methods that can be employed for upgrading managerial skills for project manage-
ment are:

1. Re-engineer corporate heavily-staffed training centers (where existing) by changing their role
as ‘training coordination centre and conducting job-related training by employing expert/
consultants/monitors.

2. Use online short duration delivery methods, such as the Internet, teleconferencing, and cus-
tomized programme. These enable access to up-to-date knowledge, as and when required,
rather than waiting for several weeks for a new training session to begin.

3. Encourage self-initiated learning practices in managers by using distance learning programs,
especially during non-traditional delivery hours such as evening/weekend classes. This will
help them in gaining new insights, skills, and tools, which are needed to keep the competitive
edge, in the fast-paced global market for shaping their future career. In turn organisations, also
gain from their acquired knowledge.

4. Corporate firms can adopt construction management training institutions/consultants to pro-
vide customised state-of-the-art knowledge and know-how, and act as mentors to managers
as the project grows.

5. Academic institutions and universities can impart customized training to managers on con-
struction related subjects at postgraduate level, as and when required. In addition, universities
can conduct courses such as ‘Master in Project Management’.

The specially designed short duration contact programme, conducted by academic or training in-
stitutions, in virtual or cloud-based environment, can meet the needs of the construction corporate.
It can also provide the win-win situation for all the participants. For the learner, cloud/e-mail based
online distance learning, can reduce travel time, unproductive costs, enables delivery at home with-
out disturbance in job assignments. It can also provide training to more people at less cost and the
learners can get training at cheaper rates.



Planning Project Works
Scope and Its Integration
Processes

The project charter outlines the project scope. The project scope defines the development works
that must be undertaken in order to deliver a facility or a product or a service (hereafter referred
as facility) within the specified attributes. These attributes are expressed in terms of related time,
cost and other constraints. Project facility development work scope aims at ensuring that all the
construction works are done as per design and specifications to ensure the achievement of the stated
purpose or functionality of the facility.

The project facility work-scope planning focuses on the scope of work and its components (de-
liverables), generally identified with its functional requirements, design and drawings, the facility
production quality specifications, work breakdown structure (WBS), costing in Bill-of-Quantities
(BOQ), and the production method statements. The contractor(s) deliver the entire facility or the
contracted part of the work scope as per the terms and conditions of their contract.

The project work scope planning considers various options for the execution of project work
before making implementation decision. There are several possible approaches for the execution
of the project scope of work. These include the departmental approach, contractual approach and
consultant approach. Further, there are many types of contracts like fixed price, cost-plus, service
procurement, and PPP/ BOT varieties. Each has its own merits and limitations. The guidelines for
administration of construction contracts and the dispute resolution mechanism is briefly covered in
Appendix M.

The simple definition of the project scope has in-built depth while managing. It defines the
project work scope with its specifications. It integrates the scope execution plan with its attributes
of completion time, resources, and costs. Thereafter during implementation, it controls the deliv-
erables along with their attributes to ensure that they meet the product specifications and project’s

purpose.
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Project scope integration plan interlinks the work scope and the associated features. The plans of
the associated features, which forms part of the project scope integration plan include project time,
resources, cost, quality assurance, risk response methodology,risk mitigation strategy and project
management information system (see Figure 2.1). This integrated plan is also called a project
management plan.

This chapter focuses on project work scope and its integration planning approach. It also pro-
vides an overview of the processes and techniques covered in the book. This chapter is divided into

the following sections::

Figure 2.1

Project Work Scope and Integration Planning Flow Diagram
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1. Project Work Scope Planning
2. Project Work Scope Construction Procurement Options
3. Work Construction Method Statements
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4. Project Work Scope Integration Planning
5. Role and Function of Chief Planner

The Project Success Strategy Development is outlined in Appendix B.The planning of project
time, resource and cost is described in Chapters 3—12. Methodology for controlling project work
scope and its attributes are covered in Chapters 13—18. The contents of this chapter should be
viewed as guidelines. The methodology covered here should be suitably modified to conform to the
varied nature of construction projects.

0 2.1 PROJECT WORK SCOPE PLANNING

2.1.1 Project Work Scope Planning Processes

If the project is approved for implementation, the project formulation phase generally concludes
with the documentation of the project charter or work operation order and the selection of the proj-
ect manager. It covers the purpose for undertaking the project and the initial outline organisation.
It highlights the broad scope of the construction work (including deliverables and requirements)
and defines the project time, cost and quality objectives. It may also include project assumptions
and constraints, inclusions and exclusions, an outline execution methodology, scheduled milestone
plan, major resource forecasts, budgeted cost and cash flow forecasts, and potential risks and prob-
lem areas.

The project facility development work scope focuses only on the works to be executed. It aims
at ensuring that the project includes all the works conforming to stipulated design, drawings, speci-
fications and BOQ), and is concerned only with the work required to complete the project success-
fully.

Work Scope Planning commences after finalization of the Project Charter. The scope planning
and controlling processes along with the tools and techniques and outcome are given in Table 2.1.

2.1.2 Formulating Scope Requirements

‘Requirements’ are the statement of the facility needs that a project must satisfy. These include the
quantified and documented needs of the stakeholders. These requirements include but are not lim
ited to the functional requirement of the facility, user requiremetnt, technical requirements, initial
constraints and assumptions. In the initial stages of the project, there may be a large list of require
ments. But these ‘Requirements’ must be formulated keeping in view that during implementation,
these are to be controlled. It is therefore necessary that the requirements are fully documented and
are understood by the persons responsible to control these.

In the project context, requirements can be divided into facility scope features and functional
requirements, and project scope attributes requirements. Requirement formulation aims at defin-
ing and documenting the functional requirements of the facility, the needs of the client and other
stakeholders to accompolish meet the project objectives. Requirement management processes
include capturing, analysis and testing the documented statement of stakeholders and user needs.
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Table 2.1

Work Scope Planning and Controlling Processes

Work scope planning and
Controlling processes

Tools and techniques

Outcomes

Formulating requirements

Defining Facility Development work
scope

Developing work breakdown
structure

Preparing construction method
statements

Deciding procurement options

Developing a project mnagement
integrated plan

Verifying and controlling works
execution and acceptances.

Project charter, stakeholders’ inter-
ests, SWOT analysis, workshops and
opinion & surveys

Design & drawings, construction
specifications, bill of quantities

WBS techniques

Construction practices, specifications

Examining departmental & contrac-
tual work execution options,
organising resources mobilisation

Integrating project time, resources,
costs, quality & risk management
plans.

These are covered in Chapter 13.

Project scope statement, project
objectives

Work scope definition
Scope baseline
Activities lists

Construction practices

Mode of execution decision,
construction site mobilisation

Project management plan

In simple words, ‘Requirements’ are the statement of the facility needs that a project must satisfy.
The basic input in the formulation of these requirements is the project charter and the discussion

with the stakeholders prior to finalisation of the project management plan

2.1.3 Project Scope Planning Tools and Techniques

The work scope planning tools and techniques include but are not limited to the following:

1. Development of designs, drawings and specifications. They provide the characteristic fea-

tures and modes of realisation of the deliverables.

2. Estimation and structuring of quantities of work. The Bill-of-Quantities (BOQ) coupled
with the Statement-of-Costs (SOC) become the project work scope baseline. Production

method statements are covered in Section 2.3.

3. Work breakdown structure (WBS). It decomposes the project work scope into deliverables
and splits up deliverables into various levels such as sub-projects or task groups, tasks, work

packages and activities.

2.1.4 Design Planning

Designs form the basis for determining the functional fitness of the proposed facility, develop-
ment of the drawings, estimation of cost of the project and the quantity of work, deciding upon
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construction time and forecasting cash-flow. During the design process, project information is col-
lected, analysed, communicated and recorded for incorporation into the proposed scope of work
(see Table 2.2).

Table 2.2

Typical Building Design Management Processes.

Project Phase Design Function Output

1. Inception Conceptual design Conceptual sketches, proposal analysis, recommendations
2. Feasibility Schematic design Schematic drawings, scope description, cost projections
3. Project planning Design development Detailed designs
4. Construction Provision of good-for- Detailed drawings, bill-of-quantities, specifications,

procurement construction design and revised cost projections, milestone completion time

drawings, and specifications schedule
5. Construction Scope verification Drawing schedules, shop drawings and
specifications

6. Post construction Operation and maintenance As-built drawings, operation and maintenance data,

close up system equipment warranties, project report.

Designing and drawings development follows three sequential processes—schematic design,
design development and detailed Good for Construction (GFC) drawings.

Schematic design phase. In the project feasibility stage, the designer/architect evaluates the
client’s requirements. After discussing the alternatives with the client, the designer then prepares
a conceptual design brief for the client’s approval. The schematic design brief includes site plan,
facility drawings, outlined specifications and conceptual design for structural, electrical, mechani-
cal and other connected systems. The design document may include preliminary sketches, diagrams
and other written documents, so as to indicate the project scope, time and cost and describe the
outline of the construction methodology.

Design development phase. This phase commences after approval of schematic designs.
The emphasis in this phase shifts to the details of constructability, system integration and aesthet-
ics. The drawings in this phase include planning, elevation and section of the facility. It also in-
cludes the design of the external services.

Drawings development phase. The drawings show a graphical representation of the design
intent, usually on a two-dimensional surface, for the purpose of conveying data about a specific
portion of a project. Drawings indicate the relationship between elements by showing location,
identification, dimensions and sizes, connection diagram, shape and form for each material, as-
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sembly, component and accessory. Drawings are used in many ways by the concerned persons. The
traditional users include architect/engineers, owners, contractors and sub-contractors.

Drawings may also be required by various agencies like financial institutions, lenders, insurance
agencies and licensing authorities. The type of drawings vary with the purpose of the user and the
construction phase. Drawings are organised into sets or folders. A drawing-set is a collection of
sheets or files of drawings related to a product, facility or service. A well-organised drawing set
enables easy retrieval of information, assisting coordination and avoids duplication and omission
of information.

The organisation of drawing-sheets into sets depends upon many factors such as project type,
size, disciplines involved, construction sequence and delivery systems. There are many systems for
drawings sets organisation such as those developed by reputed institutions like the Construction
Specifications Institute (CSI) of USA and Royal Institute of British Architects (RIBA). Some proj-
ects organise drawing sets by A/E disciplines and/or WBS pattern. The current trend is to comput-
erise sets by designing suitable identification codes for various components and then assign these
with the desired drawings, quantities, specifications and other related information. The Internet
makes it possible to transmit computerised sets of drawings promptly to all concerned.

2.1.5 Specifications

These define the qualitative requirements for the products, materials and workmanship upon which
the design is based. The specifications also describe the inspection and acceptance procedures.
Specifications denote requirements of the owner. Technical specification documents include: ma-
terial specification, construction requirements, and construction method and acceptance criteria.
Technical specifications may take several forms and one or more of these may be selected. Ex-
amples of these are as follows:

e Describe in words about the work to be done, the quality of materials and workmanship, the
method of construction, the method of testing, etc.;

e Standards published as reference specifications for construction material and processes by
government approved professional bodies and engineering societies;

e Construction drawings showing the plan, elevation, sections of relevant structural and archi-
tectural elements in scale, the levels, perspective view, materials, methods, etc. according to
which the construction will be done; and

e Client’s developed standards.

Almost every country has its own construction standards and some of them also follow other coun-
tries' standards. The well-known organisations publishing standards include: Bureau of Indian
Standards, British Standard Institute, Construction Specification Institute, USA, and International
Standard Organisation, Geneva. The Construction Specification Institute can be accessed on http://
www.csinet.org and MasterFormat of specifications on http://www.masterformat.com/revisions/
index.
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2.1.6 Bill-of-Quantities Structure

The project scope of work is measured in quantities and related costs. A preliminary cost estimate
is prepared by a client in the initial stages for tendering the works. It follows a structured approach.
The structure of a detailed estimate takes many forms. These forms vary with the nature of the
project, the type of contract, the company policy and the client requirements. The three typical
well-known forms of Bill-of-Quantities (BOQ) in the structuring estimation items are given in
Table 2.3.

Table 2.3

Three Well-known Estimations Structures for
Building Construction Projects

R S Means Engineering News Recorder Construction Specification Institute
Sub-structure Site work General requirements
Super-structure Foundations Site work
Exterior enclosure Floor systems Concrete
Interior construction Interior columns Masonry
Conveying system Roof systems Metals
Plumbing system Exterior wall Wood and plastics
HVAC system Exterior glazed openings Thermal moisture
Electrical system Interior wall systems Doors and windows
Fixed equipment Doors Finishes
Special foundation Specialties Specialties
Site construction Equipment Equipment
General contingencies Conveying systems Furnishings
Other related costs Plumbing Special construction
HVAC HVAC
Electrical systems Mechanical
Fixed equipment Electrical
Special electrical
Marks up

General contingencies
Other related costs

In particular, each head of the BOQ is further decomposed into detailed items of work, where
necessary. Extracts of BOQ of items of work in foundation construction of a residential building
module (original modified) aregiven in Table 2.4.

2.1.7 Work Breakdown Structure (WBS)

Work Breakdown Structure (WBS) is a ‘deliverable-focused hierarchical grouping of project. It
defines the total work scope of project’. Deliverables are tangible, measurable parts of the project.
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Table 2.4

Bill of Quantities: Foundation of a Residential Building*

Ttem Description Quantity Unit Rate (§) Amount ($)

A.1  Excavation in foundation includes 44 400 M3 5.00 222 000
disposal of earth within the work site,
leveling and dressage and compaction of
final source.

A.2  Backfilling and compaction around 13 320 M3 5.00 222 000
foundation in layers not exceeding 30
cm with excavated earth

A.3  Earth filling and compaction in plinth 33855 M3 20.00 677 100
with approved soil in layers not exceed-
ing 30 cm level

A4 Anti-termite treatment for bottom and 59274 M2 7.50 444 555
sides of foundation plinth wall as per
approved manufacturer’s specifications

A.5  Painting with 2 coats of bitumen paint to 75 591 M? 2.45 185198
foundation sides and plinth wall surface
A.6  Laying of polythene sheet 1000 G as 65 157 Mm? 1.00 65 157

separator between earth and concrete,
and earth and ground floor slabs

A.7 75 thick blinding concrete Grade M-100 1998 M3 95.05 189910
in foundation with sulphate resisting
cement

A.8  Reinforced concrete Grade M-250 14 643 M3 163.50 2394 150

in foundation and plinth walls with
sulphate resisting cement including
inserts, form-work and including expan-
sion joints as necessary but excluding
reinforcement

A9 Same as Item A.8, but for ground floor 3146 M3 144.95 455975
slab

A.10  Mild steel weld mesh reinforcement as 72.26 Ton 1518.1 109 691
per BS 1221 for ground floor slab

A.11  High strength deformed bars reinforce- 673.33 Ton 1095.00 737292
ment as per ASTM 1-615 Grade 60 or
equivalent

*Qriginal modified.

Non-deliverable items of work such as the designing, resources procurement and financing of proj-
ect etc. are not included in the WBS. The project work can be broken down into manageable parts
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arranged in a hierarchical order into levels of sub-projects, tasks, work packages (WP) and activi-
ties as show in Table 2.5.

Table 2.5

Typical Cross-section of a Highway Construction Project

Level Description Main Criteria

1 Sub-project level An independent, deliverable end product requiring processing of mul-
titask having large volume of work.

2 Task level An identifiable and deliverable major work containing one or more
work packages.
3 Work-package level A sizeable, identifiable, measurable, cost-able and controllable work

item/package of activities.

4 Activity levelww Identifiable lower-level job, operation or process, which consumes
time and possibly resources.

Notes:
®  Project title can be defined as level 0.
®  Some academicians and practitioners restrict the work breakdown process into tasks levels. Others go down to work

packages or activities.

Each descending level of WBS signifies an increasingly detailed description of the elements of the
preceding project level (see Figure 2.2). WBS development methodology is detailed in Chapter 3.

WBS is the core upon which project management processes are built. A good quality WBS
should meet the core requirements for which it is created. These requirements include deliverable
orientation and hierarchical decomposition into levels covering the full scope of work at least till
work packages level that support deliverables. It can be further split up into activities, but excludes
all that is not within the scope. WBS assists in codifying in digit hierarchical order down to activi-
ties. It enables the preparation of WBS dictionary and serves as input for the development of work
scope definition, identification of activities, planning of time schedule and cost breakdown. It helps
in project management software application. The WBS applications are covered in Appendix C.

Example: WBS of a highway project. The development of WBS is illustrated with examples
from a highway construction project. The scope of work in this BOT highway construction project
valued around Rs. 750 crores, included designing and construction of pavements, flyovers and two
toll plaza complexes. The pavement work was divided into 29 sectors, each varying from between
half to three-fourths of a kilometer of the road stretch with typical 6-lane cross-sections. Each sec-
tor consisted of pavement work, drainage and culverts (see Figure 2.3).

The ‘pavement work’ was divided into five parts: left service lane, left main lane, median divider
at the middle, right main lane and right service lane. The WBS of the ‘pavement work’ of this proj-
ect is developed, step-by-step, in the subsequent paragraphs.
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Figure 2.2

Typical work breakdown structure configuration.

[ Project 1 ]

Subproject 1.2

[ I ]
[ Task1.2.1 ] [ Task1.2.2 ] [Task1.2.3]

[ [ |
‘ WP1.2.1.1’ ‘ WP1.2.1.2H WP1.2.1.3H WP1.2.3.1’ ‘ WP1.2.3.2’ ‘ WP1.2.3.3’

Subproject 1.1

Sub-projects level. Sub-projects are derived by decomposing the scope of project work into
independent large-volume mini-projects or task groups, which can be progressed in a systematic
manner, without interference from other work groups (see Figure 2.4).

Task level. The project or sub-project work can be split up into various tasks. A task is an iden-
tifiable and deliverable major work (see Figure 2.5).

Work-packages level. A project task can be further sub-divided into one or more work pack-
ages. Each work package contains a sizeable, identifiable, measurable, costable and controllable
package of work (See Figure 2.6).

Activity level. A work package can be further broken down into various identifiable jobs, op-
erations and processes, which consume time and possible resources which are necessary for its
completion. Each one of these is called an activity. See Figure 2.7 for the activities in a section of
the highway pavement work.

Other examples of work breakdown structure. WBS can be represented in three familiar
forms such as: hierarchical inverted tree structure, numbered levels table and task matrix format.
The following list provides the illustraters WBS of some of the projects given in Chapter 3:
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Figure 2.3
Typical Cross-section of a Highway Construction Project
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Figure 2.4
Project Work Breakdown into Sub-projects A Highway Construction Project

Highway Construction Project

Pre-Construction
Tasks Groups

Pavement Construction
Task Groups

Flyover Construction
Task Groups

Figure 2.5

Project Work Breakdown Tasks (Deliverables) Highway Construction Project

Highway Construction Project

Pre-Construction

Pavement Construction

Flyover Construction

Task Group task Group Task Group
Obligations Preliminary Road and 29 Sectors
Investigation Flyover design
1 23 15 20 29
9 Flyovers

Nature of project

WBS patterns

Exhibit references

Simple projects: Pumping station construction

Complex projects: 2000 Housing Units Project

Simple repetitive projects: Factory project

Complex repetitive projects: Education building
complex

Complex program: New cantonment
construction

Tree-structure and numbered levels

table
Tree-structure

Task matrix

Combination of tree-structure and

task matrix

Tree-structure

Exhibit 3.4

Exhibits 3.1-3.3
Exhibit 3.5

Exhibits 3.6-3.7

Exhibits 3.8-3.10

It may be noted that in the beginning of a complex project, it may not be feasible to create fully
decomposed WBS due to non-availability of the appropriate information. In such cases, initial
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Figure 2.6
Highway Pavement Construction Tasks—Group

29 Sectors

1 2 3 15 20 29

A Construction Sector Tasks and Work Packages

Drains Lanes Culverts
Left Service Lane  Left Main Lane Median Right Main Lane  Right Service Lane
Figure 2.7

Nature of Activities in Service Lane of a Highway Project

S. No. Service Lane Construction
1. Clearing and grubbing (SL)
2. E/w in cutting (SL)
3. E/w in filling (SL)
4. Sub-grade (SL)
5. GSB (SL)
6. WMM (SL)
7. DBM (SL)
8. BC (SL)
9. Road barriers, signage, road marking, lighting and finishes

(There were about 6,800 activities in the highway construction project.)

decomposition levels are partial, and the full decomposition can be undertaken at a later period
when the required information is known. To quote an example, take the case of a mega-size BOT
Express Highway Project involving ‘six lanes road pavement construction of length 225 km with
service roads on both sides’. The project was divided into six sectors nearly equal in length, each
sector separated by a major structure. The various structures in the project included grade separa-
tors/flyovers, major and minor bridges, elevated roads, various types of culverts/underpasses and
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connecting longitudinal drains. The WBS of this project developed in 3-levels for developing a
preliminary construction plan is shown in Exhibit 2.1

0 2.2 PROJECT WORK SCOPE CONSTRUCTION
PROCUREMENT OPTIONS

2.2.1 Construction Procurement Options

There are several approaches possible for constructing facilities in a project. At one extreme, an
Employer/Client wishing to construct a facility may undertake to execute the work through his or-
ganisation (departmentally). The other end of the spectrum is to get the entire work done on turnkey
basis through a contractor. There are many in-betweens. In general, work scope construction can be
divided into three main categories, i.e. contractual approach, departmental approach and consultant
including professional construction manager (CM) approach.

2.2.2 Departmental Approach

The in-house or departmental execution of works is carried out by the concerned organisation with
its own resources. India’s border road construction is mostly done by the Border Road Organisation
and it has done commendable work in the high altitude areas. This approach has certain advantages.
The employer/client maintains direct control over the operations and can change the scope of work
to meet the changing situation. It enables design and production secrecy. It adds capacity in the
organisation. But, it may needs additional investment and resources as the organisation executing
works departmentally has to build up its own competency in the various construction activities.
Mostly construction works are executed through contracts.

2.2.3 Contractual Approach

Construction projects, whether small or large, cannot be executed with in-house resources unless
the employer/client himselfis a contractor. Construction contractors form the backbone of the con-
struction business as they execute most of the construction work. The contractual option has many
advantages such as:

e Contracted works usually cost less than the departmentally executed work.

e In contracted projects, the owner utilises the services of the contractor experts/specialists/
suppliers rather than training his own staff and facing teething problems in specialised fields.

e The employer/client's risk of variations in the cost is covered in contract work.

e The employer/client can limit his manpower to supervisory roles.

e The employer/client saves on the investment needed to procure the expensive capital
equipment.

The competitive modern construction business requires special resources for different types of
construction work and the contractors tend to specialise in a specific area of construction. From this
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functional angle, the contractors can be classified into different categories. These include general
contractors, building contractors, specialist heavy infrastructure contractors, specialist industrial
works contractors and contractors offering specialist utility services including electrical, water sup-
ply, sewage disposal and HVAC services. But the administration of contracts is not trouble-free as
the contractor dispute are unavoidable, see Appendix M.

2.2.4 Types of Construction Contracts

Various types of contracts have been evolved to suit the various situations, compliance with the
legal requirements and to meet employer/client’s needs. Types of contracts include:

1. Fixed price or lump sum construction contract is follows:
Fixed price with escalation price adjustment,
Fixed price with incentive targets, and Fixed price privatised infrastructure
2. Cost-plus percentage fee such as:
Cost-plus fixed fee,
Cost-plus guaranteed maximum,
Cost-plus guaranteed maximum and shared savings, Cost-plus incentive (award fee), and
Cost and cost sharing.
3. Public Private Participation (PPP) infrastructure projects; and
4. Resource and service procurement.

At one end of the range is the fixed price lump sum or turnkey type of contract under which the
client has a fixed price for construction works. At the other end is the actual cost-plus a fixed-fee
type of contract. Between these, there are various types of contracts, such as the incentive types of
contracts, and the bonus-penalty type of contract. It should be noted that there are no demarcation
lines for using various types of contracts. In construction projects, one or more types and forms of
contracts can be used for different types of work.

Fixed price/lump-sum contracts. In a fixed price contract, the contractor undertakes to con-
struct the tendered works at a fixed price subject to adjustment for deviations ordered by the owner
according to the terms of contract. In a lump-sum contract, the scope of work is based on the
tender documents which include: time stipulation for construction, drawings, specifications and
BOQ. While quoting lump-sum contracts, the contractor prepares detailed estimation of cost and
takes risk that the actual cost shall not exceed the bid amount. Generally construction projects like
residential buildings, road construction, sponsored by government use lump-sum type of contracts.

Cost-plus-fee contracts. The employer/client agrees to pay all costs incurred by the contrac-
tor in the execution of works plus an agreed fee to cater for contractor overhead and profit. This
form of contacts are generally employed in fast-track type of turnkey construction, to save time by
processing works based on part design and drawing, without waiting for completion of entire de
sign package. Cost-plus-fee contracts also find application in specialised turnkey works like power
plants.
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Public Private Participation (PPP) Build-own-transfer infrastructure projects con-
tracts. The Build Operate Transfer (BOT) family includes a variety of techniques such as: the
BOT, the Build Own Operate (BOO) and the Build Own Operate Transfer (BOOT). The basic
concept behind the BOT is that infrastructural works can be procured by the government or the
public sector, with private sector turnkey participation. The cost of these projects gets recovered
by the builder from the consumer over a fixed period of time through a government-backed
arrangement.

Resource and service contracts. These deal with the procurement of resources and services
by contract or supply order from various business firms like materials suppliers, manpower recruit-
ment firms, plant and machinery hiring firms, banks and financial institutions.

2.2.5 Contractual Arrangements

There are wide varieties of contractual arrangements; the three main categories are outlined as fol
lows:

1. Build-only contracts. In these contracts, the architectural and engineering design and draw-
ings are provided by the Employer/Client to the contractor at the time of tendering as a part
of the contract document. Most of the public works contracts are of this category. Build-only
contracts can be further classified into lump-sum contracts, measurement contracts and cost
reimbursement contracts.

2. Engineering procurement and construction contracts. These are package-deal turnkey-type
fixed-price contracts that include: design, resources procurement, construction and commis-
sioning of the proposed facility. Turnkey contracts are based on preliminary information pro-
vided by the owner. This preliminary information includes: the purpose of the facility, its
contemplated layout, contractual requirements, relevant sketches and performance specifica-
tions. Mostly large-sized jobs and specialised industrial plants, where time is of paramount
importance, are undertaken on a turnkey basis.

3. Buid-own-transfer PPP contract. The growing need for speedy implementation of infrastruc-
tural works, especially in developing countries which have a financial resource crunch, has
given rise to new practices of procuring high-cost engineering capital works. The emerging
trends are to use BOT family contractual arrangements. Such infrastructure works include:
highways seaports, airports, railways, power plants, clear water supply, and waste and sew-
erage disposal. Mostly, the upsurge in the BOT family is driven by the government need to
reduce public expenditure by involving private financial participation, while at the same time,
speeding up economic growth.

2.2.6 Sequential vs. Fast Track Approach

Sequential approach. Traditionally, the management process follows a sequential approach. It
begins with the owner’s decision to procure a facility. The design is then finalised by the architect
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engineering associates, and is delivered to the contractor either during tendering or after the award
of contract. Each stage is completed prior to commencement of the next stage (see Figure 2.8).
The traditional sequential approach has the following disadvantages:

Figure 2.8

Fast Track Development Approach

Owner’s Owner’s
Decision Decision
Engineering Engineering
Drawings Drawings
Construction Construction
Sequential Traditional Approach Fast Track Approach

1. The owner’s decision regarding the budget for building the facility is generally based on the
assessment of the feasibility report without tendering the work. Thus, it lacks the input from
the contractor, which may not match the budgeted cost.

2. It delays the project as the contract is finalised after the entire set of drawings and specifica-
tions are completed by the designer for the tendering bids.

3. Price to be paid by the client increases as the lowest quoted general contractor includes his
mark-up both on his department executed work, as well as the sub-contractor quotation re-
ceived by him. Ultimately, it is the back-to-back specialist sub-contractor who remains re-
sponsible for the quality of work and whose performance guarantee remains with the client
till completion of his contract.

4. In order to secure the contract, the general contractor perceives the works to be of such qual-
ity that meets the minimum quality stipulation. Thus minimum quality and quantity attitudes
result in conflicts and claims between the client and the contractor.

Traditional ‘build-only’ type contracts, where designs and drawings are provided by the client to
the contractor, are viewed by clients as time consuming, capital intensive and risky, especially for
high cost infrastructure projects. In the end, it is the owner who pays for time delays and cost of
inefficiency inherited in the sequential approach.

Fast track approach. It aims at reducing project time by overlapping project development
phases. For example, in a building, foundation work can commence after its architectural and foun-
dation drawings are ready. It need not wait till completion of all the building drawings.

The outcome of this BOT fast track total-solution infrastructure construction results in a win-win
situation for the participants. The government gets the work done at a marginal cost, in less time,
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and saves on specialist effort needed for high-tech projects. Builders promote their business and
get a guaranteed surplus. The citizens get the needed facilities by paying a nominal toll over a fixed
period of time. Thus, all the participants gain in the bargain.

Fast-track approach requires a high degree of coordination among the stakeholders and faster
information processing to keep pace with the construction. It adds further complications to the al
ready complex projects, but certainly makes them move faster.

2.2.7 Contracts Procurement Schedule

After the works to be contracted are decided, a contract procurement schedule is prepared. The
number of construction contracts to be tendered will depend upon many factors. These include:

e Nature of the works;

e Location of the work site;

e  Value of the contract;

e Availability of contractors;

e Need to accommodate local contractors;

e Need to obtain performance guarantee from a single party for a given system,;
e Concern for completion at minimum cost;

Concern for high quality;

Current work load of the contractor and capability of the contractors;
Time schedule of the work; and

e Political pressure.

The decision on the number and type of contracts should be carried out as a separate exercise called
contract planning. At the conclusion of this exercise, a document called tender list is prepared. It
is also desirable to add time dimension to the tender list and convert it into a tender schedule. The
tender schedule covers only the broad scope of work; the detailed scope of work is spelt out in the
tender document which is issued to the prospective contractors for bidding.

The construction contract procurement, which is a specialised field, includes the processes of
issue of notice for tenders, pre-qualification of contractors, preparation of contract documents, and
invitation to contractor’s pre-qualification, issue of tenders to pre-qualified contractors, evaluation
of bid on receipt and award of contract. The guidelines for administration of contracts and claims
settlement mechanism are covered in Appendix M.

U 2.3 WORKS CONSTRUCTION METHODS STATEMENTS
2.3.1 Product Quality Management Processes

Product quality is the degree to which a set of stipulated characteristics fulfill requirements. The
requirements refer to the needs or expectations of the clients/promoters, which who are stated in the
approved design, drawings and specifications.

Quality yields many benefits. It reduces complaints, production costs, and production time. It
improves customer satisfaction, morale of the people and the efficiency of the system. Quality
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management is that aspect of overall management function which determines the quality policy,
objectives and responsibilities and implements them by means such as: quality planning, quality
assurance, quality control, and quality improvement. The product quality management aims to
ensure that the product will satisfy the needs for which it is undertaken. In addition, a product qual-
ity management system must integrate project environment protection and workers’ occupational
health and safety (OH&S) management system.

In a project, the product quality management processes include: quality planning, quality assur-
ance, quality control, quality inspection and acceptance, and quality audit (see Figure 2.9):

The product quality development pyramid (shown in Figure 2.9): links up closely with the role
and responsibilities of the managers, and the quality management policy described as follows:

Figure 2.9

Product Quality Development Pyramid

QM Manual: Methods,
Procedures

PM assisted by Quality Management Plan

Engineering Manager

Q. Planning

Broadly based on the

Project Team 1SO 9000 Guidelines

Q. Assurance

Checklist,

Inspections

QC Department and Tools and
Site Managers Techniques

Q. Control, Inspection and Audit

1. Quality planning aims at identifying the quality requirements and standards that are relevant
to the product and documenting methods for determining, how the project will conform to
these requirements and standards.

2. Quality assurance focuses on demonstrating the planned and systematic confidence building
measures, to ensure that the necessary quality requirements and standards are being met in
practice.

3. Quality control is the operational technique of monitoring and recording the results of ex-
ecution to assess performance and make necessary changes in processes (where required) to
ensure conformance to the requirements and standards.

4. Quality inspection determines the acceptability of the end product or deliverable or service or
a stage of construction, to ensure that it conforms to functional requirements.

5. Quality audit is the in-house or third party's systematic and independent examination and
documentation to determine whether product quality activities and related results comply
with the planned arrangements and are implemented effectively to achieve project objectives.
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2.3.2 Construction Methods Statement Enhances Quality and Productivity

Object of methods statement. Construction production quality is the degree to which the
production meets the requirements and methodology stated in the design and specifications. The
requirements refer to the needs or expectations of the client/promoters and the methodology im-
plies execution of construction in conformity with the approved design, drawings and specifica-
tions. A method statement describes in detail the sequence and the manner in which the work is
to be executed. In order to produce a quality work, it is necessary that the methods statement is
prepared by the executing agency and approved by the client engineer. Even if the contract does
not stipulate preparation of method statement prior to the execution of construction work, it is
still the contractor’s responsibility. In order to get things right first time during construction, it
is necessary that all the parties involved in construction arrive at an agreed approach with regard
to the method of construction.

It is important to note that the quality must be built into the product from the early stages of
the project development. An error in the design stage will have more impact on quality than, say
a rework on defect rectification during production. For example, a design discrepancy in an RCC
beam design:

e ifnoticed during pre-concreting stage will cost for redesigning and work stoppage;

o if observed after concreting will cost for dismantling and recasting; and

e if it cracks after the building is occupied then the cost of rectification will include cost of
user’s vacation/inconvenience and cost of rework of all the affected structural components.

Conceptually, a design defect will cost n times for design rectification prior to production,
not less than n? times for rectification during the execution stage and for more than n® times for
rework during the operation/maintenance stage.

2.3.3 Methods Statement Contents

The contents of a method statement will vary with the nature of activity for which the method
statement is prepared. However, its format can be in tabular, descriptive text, graphs/charts or a
combination of these. The contents of a post-award method statement generally include but are not
limited to the following:

e Nature of work/activity with BOQ references;

¢ Quality compliance specifications. In particular, specifications should be as per contract and
a hard copy of the contents of these specifications should be available for reference at short
notice;

e Good-for-construction drawing references including shop drawings;

e Methods of construction including sequencing of work with a duration/time schedule of each
operation;

e  Workers’ strengths to be employed, category-wise with skilled workers certification/experi-
ence (in special cases like welding, electrical work, pre-cast erection);
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e Construction material to be used with sample approval references;

e The equipment to be employed with names and experience of operators and equipment cali-
bration certificate, where applicable;

e Safety precautions to be observed and the nearby location of medical facilities;

e  Materials test to be conducted after construction and the connected laboratories; and

o Name of the supervisor with qualifications and experience in similar work.

2.3.4 Benefits of Preparing Construction Method Statement

In the fast changing environment, the single most important measure for good performance is the
ability to produce specified quality work.

A well-prepared method statement is bound to enhance the construction quality. Meticously im-
plemented method statement can minimise rework of efective work, eliminate rejections and can
save unwanted costs. It is a confidence building tool that satisfies the client, consultants, contractor
and those executing the works. It aids the estimators and planners to refine their function. A data
bank of methods statement can facilitate an organisation to develop a methods statement library for
future use, when required.

U 2.4 PROJECT WORK SCOPE INTEGRATION PLANNING
2.4.1 Scope Integrated Plan

Project scope integration plan interlinks the scope associated features which include completion
time, resources constraints, budgeted cost, risks response and their mitigation strategy, and, project
management information system. This calls for the development of a project work execution plan,
which integrates time, resources, costs, risks and quality specifications with the quantity of work to
be performed. This integrated project work execution plan becomes the baseline for measuring the
implications of scope changes and controlling the project scope performance. The subsidiary plans,
which form part of the project scope integration plan include: project time, resources, cost, quality
assurance, risk response plans and project management information system (see Figure 2.1).

Work scope management is closely linked with the achievement of project objectives. The typi-
cal Scope Integration Planning and Control-related phases and processes of a construction project
are shown in Table 2.6.

The processes, which form part of the project scope integration plans, can be categorised as fol-
lows:

e Project time management processes;

e Project resources management processes;

e Project cost management processes;

e Product quality assurance processes;

e Risk response planning and controlling processes; and

e Project management information system for controlling integrated features.
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Table 2.6

Scope Integration Planning and Control Processes

Scope Formulation Planning and Execution and Close-up Phase
Parameters Phase Design Phase Control Phase P
Work- scope Statement of Scope definition Scope Handing over project duly
management project scope including design, verification and  completed and acceptance

Scope- time man-
agement

Scope- resources
management

Scope cost
management

Scope- risks
management

Scope-contracts
management

Scope-quality
management

Strategic
milestone plan

Main
resources
forecast

Initial estimate

Anticipated risks

Planned sched-
ule of tenders

Quality policy

specifications and
BOQ

Work package time
schedule

Resources
mobilisation plan

Work cost planning
work cost budgeting

Identifying and
mitigating risks

Contract
procurement plan

Work quality
assurance plan

change control

Project time
control

Resources
productivity
control

Cost and earned
value control

Risks
response control

Contract
administration

Scope control
re-work project

with as-built drawings and
related documents

Listing lessons learnt to
improve performance of
similar projects.

Resources

Employment record
productivity norms

Final cost estimate

Risks contingency amount

Contract close up

Work acceptance

2.4.2 Project Time Management Processes

In construction, all projects are time bound. The project time objective specifies the project comple-
tion time. Time is the essence of all construction projects. Time delays attract penalties while early
completion can earn rewards. However, in spite of one’s best efforts to complete a project on time,
changes from the original estimated project time plan sometimes do occur.

A plan, prepared well before the commencement of construction on a project, can be instrumen-
tal in formulating directions, coordinating functions, setting targets, forecasting resources, budget-
ing costs, controlling performance and motivating people. It is for this reason that after the scope is
defined, the project planning starts with time planning as the first step.

Project time management processes, the related tools and techniques employed and the outcome
of each process are reflected in the model shown in Table 2.7. It is illustrated in subsequent sections
with Exhibits from live projects.

1. Identifying Activities Using Project Work Breakdown Structure Techniques. The
project activities identification technique depends upon the nature of the project. Some illustrations
are given follows:
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Table 2.7

Project Time Management Model

Processes Tools and Techniques Outcome
Identifying project activities Project work breakdown techniques Activity list
Estimating activity duration and One-time estimation; three-time Activity duration; activity
resources estimation; probabilistic estimation; resources database

activity resources estimation

Networking activities Project network analysis Project completion time; critical
time-cost trade-off activities; time-cost functions
Developing project schedule Bar chart for simple project Project time schedules;

activity database
Network-based schedules for

complex projects

Line-of-balance (LOB) chart for repeti-
tive projects

Controlling project schedule Monitoring methodology Updated networks and
schedules
Nature of Project 2000 Housing Units Project Exhibit References
Simple projects Exhibit 3.4 Section
Complex projects Exhibits 3.1 to 3.3 Section
Simple repetitive projects Exhibit 3.5 Section
Complex repetitive projects Exhibits 3.6 and 3.7 Section

The project activities identification techniques are covered in Chapter 3.

2. Activities Duration Estimation. Duration of an activity is defined as the expected eco-
nomical transaction time. The estimation of this time is based upon the current practices, carried
out in an organised manner, under normal prevailing conditions and the person responsible for
the activity’s performance preferably must do its assessment. Activity duration estimation is the
method to determine the time period and the connected resources needed to complete individual
activities. The activity duration estimation methodology using one-time and three-time is covered
in Chapter 3.

3. Project Network Modeling and Analysing Techniques. Project activities modeling
methods depict the logical sequencing of activities using standard symbols and conventions. These
models are time analysed to identify the critical path and for computing the project completion
time.



Planning Project Works Scope and Its Integration Processes 85

Some illustrations from 2000 Housing Unit Project using CPM, PERT and Precedence networks
Techniques are as follows:

e CPM Network of Pumping Station Project—Exhibit 4.1;

e PERT Network of Pumping Station Project—Exhibit 4.3;

e Precedence Network of four foundations rafts constructed—Exhibit 5.2;

e Summary Precedence Network of Primary School—Exhibit 5.4;

e Precedence Network of a group of similar Education Buildings—Exhibit 5.5; and
e Precedence Network of Raw Water Clarifier Tank—Exhibit 5.7

The Project Network techniques used for planning projects are covered in Chapters 4 and 5.

4. Time Scheduling of Work. Scheduling means putting the plan on a calendar time scale.
The scheduling methodology varies with the planning technique and the nature of the task. Simple
projects can be scheduled using the bar chart methodology. Line-of-Balance (LOB) technique is
widely accepted for scheduling repetitive works projects. Network scheduling methodology is
suitable for all types of projects. There are many other scheduling techniques. Each technique
has its merits and demerits. Generally, all scheduling techniques use a time scale along horizontal
axis. The time scale for most of the schedules uses ‘days’ as the unit of time because it can cater to
non-working days. Schedules are best presented in the bar chart form for ease of comprehension
and communication.

The scheduling methodology depending upon the type of project can be broadly divided into
two categories:

e Scheduling non-repetitive network based projects; and
e Scheduling repetitive projects using line of balance techniques.

Some of the illustrations from 2000 Housing Units Project are given in the following Exhibits:

e Time limited Site Development Project—Exhibit 6.4;

e Resource limited Site Development Project—Exhibit 6.5;

e Manpower optimised education building Projects—Exhibit 6.6;

e Residential Building Finishes Plan: Derived Using LOB Technique—Exhibit 6.7; and
e Residential Building Monthly Target—Exhibit 6.10.

The time schedule of work serves many purposes: it simplifies the project time plan by putting
it on a calendar basis; it verifies fulfillment of time objectives; it aids in optimising resources;
it evaluates implications of resources constraints, and; it enables forecasting of input resources,
expenditure and income. These resource forecasts cover manpower, materials, machinery, work
done-income and cash-flow. The Project Time Scheduling techniques are covered in Chapter 6.

5.Time Schedule Controlling Techniques. A project plan indicates the path to achieve the
project objectives. During the implementation stage, the Project Control System aims at ensuring
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the execution of work as per the planned schedule and by the application of corrective measures,
including re-planning when necessary, in order to achieve the project objectives. Some illustrations
from 2000 Housing Units Project given in the book are as follows:

e Primary School Construction: Updated Summary Precedence Network—Exhibit 16.1;

e Updated Line-of-Balance Chart—Exhibit 16.2;

e Updated Bar Chart Schedules—Exhibit 16.3; and

e Pumping Station Project Original and Time Compressed Network—Exhibit 16.6.

The Project Time schedules controlling techniques are covered in Chapter 16.

6. lllustration. The bar-chart skeleton Time Schedule of the Residential Building of 2000 Hous-
ing Units Project is shown in Exhibit 2.2. It looks simple, but its development requires in-depth
skills in project plan development techniques covered in the Chapter 6 of this book.

Some illustrations of development processes of time schedules from 2000 Housing Units Project
and other projects are given in Chapters 3—6. These are also shown in List of [llustrations.

7. Project Management Software. Those readers familiar with project management software
like MS Project and Primavera products, can develop the network and schedule directly on the
computer screen and monitor the time schedule, provided they have worked out the inputs such as
project calendar, activities involved, duration estimate, and the network logic. The capabilities of
these software are outlined in Appendix F.

2.4.3 Project Resources Management Processes

Project resources management. It aims at planning, scheduling, procurement and control of man-
power, materials and equipment required for the project. A model showing resources processes,
tools and techniques used for processing and the outcome in each case is outlined in Table 2.8:

Table 2.8

The Project Resources Management Model

Resources processes Tools and technique Output
Manpower planning Manpower forecasting and schedul- =~ Manpower requirement and mobili-
ing technique sation plan

Manpower organising methodology  Project task force organisation

Materials planning Identifying and processing the mate-  Material procurement plan

rials required.

Designing materials inventory Inventory management plan
Equipment planning Analysing equipment requirement Equipment requirement list

Equipment selection criteria Equipment procurement plan
Resources productivity control Resources productivity analysis Resources productivity improvement

and trends
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Planning construction manpower. Project manpower plan primarily focuses on: determining the
size of the project workforce, structuring the project work force into functional groups and worker
teams, and scheduling manpower employment to match with the task requirement. Project con-
struction workers scheduling process involves:

e Identifying the tradesmen or the skills required.

e Establishing productivity standards to determine the number of workers needed to perform a
given job in a specified time.

e Forecasting date-wise workers requirement for accomplishing the project work.

e Organising the planned work force into operating work teams, which have been assigned
programmed tasks.

These above aspects of manpower planning are covered in Chapter 7 and Appendix G. The
construction Workers’ Monthly Requirement Forecast for 2000 Housing Units Project is shown in
Exhibits 2.3.

Planning construction materials. The materials planning and programming, which is the
key function of materials management, is closely linked with project planning and control set-up.
Both these work together to classify materials activity-wise, cost-wise and develop a plan for pro-
curing and stocking construction materials, so as to provide materials of the right quality, in the
right quantity, at the right price, from the right source and at the right time.

Construction materials procurement schedule involves the following processes:

e Identifying the materials required;

e Estimating quantities and defining specifications;

e Forecasting requirements;

e Locating sources for procurement;

e Getting materials’ samples approved; and

e Designing materials’ inventory and developing a procurement plan, to ensure the flow of ma-
terials till the connected construction works are completed at the project site.

The aforementioned aspects of materials planning are covered in Chapter 8. The list of Residen-
tial Building’s main materials of Direct Material of the 2000 Housing Units Project is shown in
Exhibits 2.4.

Planning and selecting construction equipment. Construction equipment helps to pro-
duce a given output at an accelerated speed in a limited time. Equipment saves manpower, which
is becoming more costly and more demanding day by day. Equipment adds a sense of urgency and
improves productivity, quality and safety. Although equipment involves an initial heavy invest-
ment, on the whole it adds to the profitability by reducing overall costs, provided it is properly
planned, economically procured and effectively managed.

Production tasks which can be performed with the equipment include: excavating, handling,
transporting, filling, compacting, grading, hoisting, concreting, precasting, plastering, finishing,
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Exhibit 2.3

2000 Housing Units Project Extract from Workers’ Requirement
for Crash Programme

No. Work Description May Jun Jul Aug Sep Oct g:;t

1. Construction Works
Carpentry Work
Furniture carpenter 56
Wood polisher 3
Shuttering carpenter 41 77 122 124 124 124 76
Carpenters’ helper 10 38 60 60 60 60 90
Masonry Work
Concrete mason 10 46 46 46 48 58 112
Block work and plaster 14 14 14 15 47 78 41
mason
Tiling mason 12 104
Masons’ helper 30 40 40 40 40 40 272
RCC Steel Work
Rebar fabricator 22 45 74 91 99 104 109
Rebar helper 20 22 36 40 40 44 67
Painting Work
Painter 1 20
Painters’ helper 20
Electrical Works
Electrician 10 16 16 16 18 27 77
Electrical helper 1 5 5 15 24 90
Plumbing and Sanitary Works
Plumber/Pipe fitter 3 10 10 34 56 68 47
Plumbers’ helper 1 10 10 34 50 59 53
Unskilled Work
General helpers 70 70 124 142 164 204 211

2. Mechanical Trades
Light vehicle drivers 7 15 15 15 15 15 23
Heavy vehicle 9 20 20 20 20 20 38

drivers

Equipment operators 1 18 38 55 57 59 94
Blacksmith 1 12 12 12 12 12 43
Welder 5 12 12 12 12 12 15
Sheet fabricator 18 26
Auto electrician 1 2 2 2 2 2 5
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Mechanic diesel/ 6 8 10 10 10 10 16
petrol

Mechanic operator/ 1 8 30 41 46 48 13

helper

Riggers 27 36 36 36 36 36 97

Other categories 3 3 3 28 28 28 36

Administration Staff

Cook 4 10 10 10 10 10 24

Mess helper 1 26 26 26 26 26 10

Security staff 6 6 6 6 6 10
3. Administration 5 11 11 11 11 11 44

helper

Total 303 580 792 896 953 1118 1942

trenching, cable-laying, pipe-laying and so on. In addition, the supporting equipment at the project
site consists of generators, transmission lines, pumping sets, treatment plants and other utility ser-
vices equipment. Equipment planning and selection processes aim at:

¢ Identifying construction tasks to be undertaken by mechanical equipment;
e Assessing equipment required,

e Exploring equipment procurement options; and

e Participating in decision-making for selecting the equipment.

Equipment planning and selection processes in a project, are covered in Chapters 9 and 10. Major
construction plant and equipment employed in 2000 Housing Units Project is tabulated in Exhibits
2.5.

Forecasting resources input and output. A resource plan shows when and in what quantity the
resources are to be inducted at the project site to achieve the project targets. The resource planning
focus is to determine what resources (workers, materials, equipment), in what quantities and qual-
ity, and when and where each is be provided to perform project activities. The basis of forecasting
is the schedule of work.

Resource forecasts are generally depicted graphically with time represented along the abscissa
and the resources along the ordinate axis, to determine the data-wise and cumulative requirement
pattern. The resulting graphical pattern for most of the cumulative forecasts is an ‘S’ shaped curve.
These curves show the cumulative forecast of the value of work done and manpower requirements.
Exhibit 2.6 shows the forecast of manpower required and the value of work done in 2000 Housing
Units Project. The methodology for forecasting input resources and earned value output is dealt
with in Chapters 6 and 12.

Resources productivity. The success of a project depends upon the performance of the input
resources. Productivity provides the scale to measure the performance of these input resources. In
general, productivity is defined as the ratio of output to input. There are various methods for deter-
mining resources productivity. It can be measured as under:
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Exhibit 2.4.

Main Materials Required: Residential Buildings with Precast Concrete Super
Structure Project.

% Building
S. No. Item and Description Materials
Total Amount

I Bulk Materials

1. Cement 19.43
2. Sand 6.39
3. Aggregate 5.75
4.  Admixtures 4.80
5. Steel 15.22
6. Weld mesh 0.48
7. Binding wire 0.26
8. Bitumen 0.12
9. Anti-termite chemicals 0.50
10.  Polythene sheets 0.36
11. Imported soil 0.93
12.  Softwood 0.42
I Wiring
13. PVC conduits and accessories 0.33
14.  Socket outlets 0.32
15. Armored cable 0.39
I Screed
Cement Included in No. 1
Sand Included in No. 2
v GRC Panels
16. GRC panels 6.25
\% PVC Plumbing
17.  PVC Pipes and accessories 2.64
V1 GI Plumbing
18.  GI pipes and fittings 0.56
19. 15 mm valves 0.26
20. Hot water pipe 0.29
Vil A/C Ducting
21. GISheet24 g 0.43
22. GISheet22g 0.39

VIII Staircase Metal Works
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IX False Ceiling
Softwood
24.  Asbestos sheet
X Ceramic/Glazed tiles
25. Tiles Type A
26. Tiles Type B
27. Tiles Type C
28. Tiles Type D
XI Doors/Windows including shuttering/Glazing
Softwood
29. Door/windows profiles
XII Sanitary fittings
30. European water closet
31. Bidet
XIII Painting
32. Spray plaster
33. Plastic emulsion paint
34. Paint primer
35.  Paint putty
X1v Electrical Fittings
36. Electrical holder and fittings
XV Kitchen cabinets/Wardrobe
37. Kitchen cabinets
38.  Wardrobe
XVI  PVC Tiles
39. PVCltiles
40. PVC skirting
XVII PVC Handrail
41. PVC handrail
XVIII  Roof Treatment

23. 40 mm GI pipe

42. Roofing felt

43. Bitumen primer

0.32

Included in No. 12 above
0.36

0.52
0.42
0.63
2.50

Included in No. 14
1.99

0.22
0.20

1.31

0.71

0.46

1.09

1.56

2.92
3.21

1.28
1.16

0.02

2.50
0.46

XIX External Finishes and Miscellaneous Items

44. Waterproofing compound

0.72

Worker’s productivity

Material productivity

Quantity of work done per man-hour

= Work units/Effort in man-hours

Quantity of work done per unit of materials
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Exhibit 2.5
2000 Housing Units Project: Major Plant and Equipment Planned

Category Quantity Category Quantity
I. Earthmoving and Road Making V. Power Generation and Water Supply

Machinery Machinery

(1) Dozers 2 Nos (1) Generators — 500 KVA 11 Nos

(2) Loaders shovels 7 (2) Generators — 175 KVA 10

(3) Excavators 3 (3) Generators — 25 to 55 KVA 6

(4) Compressors 8 (4) Pumps 7

(5) Road rollers—Vibratory and pneumatic 2

(6) Motor grader 1 VI. Precast Factory Machinery
(7) Asphalt hot mix plant 1 (1) Batching plant 100 cu m/hr 1
(8) Asphalt paver 1 (2) Gantry cranes 10
(9) Tar boiler 1 (3) Steam boilers 2
(10) Bitumen sprayer 1 (4) Mould—vibratory 75
(11) Soil compactors 30 (5) Electric cars 4
(6) Prime movers for trailers 5
II. Concreting Machinery (7) A frame trailers 10
(1) Batching plants 35 cu m 2 (8) Flat head trailers 5
(2) Transit mixers 6 cm 4
(3) Concrete pump 1 VII. Manufacturing and Fabrication
(4) Concrete mixers 21/4 3 Workshop
(5) Screed pumps 4 (1) Duct making machines 10
(6) Mobile conveyors 4 (2) Inserts manufacturing machines 20
(3) Metal work fabrication machines 7
III. Erection and Handling Machinery (4) GRC manufacturing machines 9
(1) Crane 55 tons 4 (5) Plastic mounding machines 2
(2) Crane 20 to 35 tons 4 (6) Wood work and carpentry machines 15
(3) Crane 6 to 10 tons 3 (7) Steel doors and windows manufacturing
(4) Forklifts 12 machines 13
IV. Transport Fleet (8) Rebar fabrication machines 8
(1) Heavy duty tractors/tippers/dumpers/ (9) Block making machine: 2000 blocks/hr 1
tankers 35 (10) Spraying and plastering machines 6
(2) Dumpers (2 ton capacity) 16
(3) Farm tractors with trailers 81 HP 5

= Work unit’s performed/Material quantity

Equipment productivity = Quantity of work done per equipment hour
= Work units/Effort in equipment hours
Overall productivity = Value of work done/Cost of work done

Productivity control aims at ensuring an efficient utilisation of the inputs of man, materials and
sequipment to produce specified quality of work. Efficient utilisation of resources at the project site
is accomplished by identifying the causes of their wastage and by effecting improvements so as to
minimise this wastage. The causes of wastage are located by analysing the variances:
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Exibit 2.6

2000 Housing Units Project
Man-month Requirement and Earned Value Forecasts

Comulative in million

60
n
I R et AR e
30
p U R R A S
U - G LEGEND
-8 ].Man-months
+ 2.Earned Value
0

0 3 6 9 12 15 18 21 24 27 30 33
Time in Months

1. Represent forecast in thousand man-month
2. Show value of work done in million dinar, 1 Dinar=$ 3.2

Productivity performance variance = Planned productivity — Actual productivity

Planned productivity

Productivity performance index = —
Actual productivity

Labour, equipment and material productivity needs to be controlled in construction projects.
These and the connected functions of Construction Project Manager are described in Chapter 14.

2.4.4 Project Cost Management Processes

The Project Cost Management System includes the processes relating to planning costs baseline
for each work package, budgeting work package, controlling cost by analysing direct and bud-
geted costs behaviour, predicting trends and forecasting cost-at-completion. These processes are
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interdependent and do overlap. However, they are described here as distinct processes because the
tools and techniques for each are different (see Table 2.9).

Table 2.9

Project Cost Management System

Processes Tools and Techniques Outputs

Estimating cost Cost estimation method Revised cost estimates

Work package standard cost
baseline. Work package budgeted cost
(earned value) baseline

Cost breakdown structure: work—cost

Planning cost
& breakdown structure

Project budget allocations;

Budgeting cost Budgeting cost methodology Cost management plan

Revised cost estimates and/or
revised project budget. Cost-at-
completion forecast

Direct cost control technique. Budgeted cost

Controlling cost control (EV) technique

Estimating costs. Cost estimation is a specialised field. It starts with project need identifica-
tion and continues till the project close-in time. The cost estimation methodology is outlined in
Chapter 11.

Planning construction standard costs. The construction cost plan covers engineering prac-
tices that integrate estimating, planning judgment, costing techniques and accounting discipline for
developing standard costs. It enables the preparation of financial forecasts, the project budget and
cost control measures with the ultimate goal of achieving project profit/cost objectives. Cost plan
uses the standard cost concept for costing work-packages, work-items or activities. The standard
cost technique is widely applied in forecasting, budgeting, accounting and controlling costs. The
cost planning estimation methodology is outlined in Chapter 11. Direct labour and direct material
standard costs estimated for the foundation work package of the 2000 Housing Units Project (data
modified) are listed in the illustrations given below:

1. Exhibit 3.11 shows the foundation construction sub-project: activity-wise workers’ require-
ment and cost estimation for one foundation module construction.

2. Exhibit 3.12 illustrates the foundation construction sub-project: major materials requirement
estimate for one foundation module.

3. Exhibit 10.2 demonstrates construction equipment costing: hourly owning and operating cost
estimate.

Planning construction budget. A project budget reflects the financial plan of operations,
with specified goals and the costs expected to be incurred for achieving these goals. The primary
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purpose of having a budget is to assign financial targets and resources to each functional group, so
as to establish a basis for controlling their performance. It also helps to make site executives work
with cost-consciousness instead of purposeless routine working.

The basis of a budget is the project plan and its schedule of work. The preparation of a budget
involves structuring of the project’s functional organisation into Production, Services and Adminis-
tration responsibility centres. Each responsibility centre is assigned its goals in the form of a work
done budget and production targets and is allocated resources necessary to achieve the assigned
goals. Finally, a project financial plan is compiled in the form of a Project Master Budget. These
aspects and the methodology for preparing the project construction budget are covered in Chapter
12.

Costs and earned value control. Cost control is the restraining of expenditure within the
predetermined limits. It involves the processing of reports received from various responsibility
centres or operating divisions, relating the cost incurred with the set standards, analysing the reason
for any variances and presenting the results to the project management for decision making and
initiating remedial measures.

The cost and performance control process follows an active and forward-looking approach. It
does not confuse itself with the historical data contained in cost reports and accounting documents,
but goes further to indicate corrective measures so as to minimise inefficiencies and reduce costs.
In fact, no project management can be effective without first installing and operating an effective
cost control system. Chapter 15 describes the methodology for exercising project cost and perfor-
mance control by the project monitoring team and for controlling the direct costs, contribution and
the budgeted costs, and the earned value management technique. It also outlines the responsibility
for controlling costs and the approach needed to minimise them.

2.4.5 Risk Response Planning and Controlling Processes

Business decisions are based on future predictions about the environment. In the early days of
project management, the projects were generally of short duration, about one to three years, and
the environment was much more stable. The modern day projects, such as privatised infrastructure
BOT projects, have a project life that is spread over many years. With market globalisation, proj-
ects are becoming larger and more complex. These projects involve a large capital outlay, generate
unbalanced cash flows, and involve complex contractual arrangements. They encounter changing
economic and financial situations, face unstable political climate resulting in changing regulatory
issues and have to cater to unpredictable environmental changes. The stability of modern projects
is thus, constantly subjected to certain sensitive and volatile, external and internal environments.
The resulting instability causes uncertainty. Uncertainties bring with them, elements of risk. The
success or failure of a project largely depends upon the effectiveness and the efficiency with which
the risks and uncertainties are managed. In fact, risk management has emerged, as the main func-
tion of project management.

Project risk management is the art and science of managing risks caused by unforeseen changes
(uncertainties) which may require deviations from the planned approach and may therefore affect
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the achievement of the project objectives. It involves systematically identifying, analysing, plan-
ning and controlling risks. It provides greater insight into risks and their impacts for taking risk
related decision.

The risk identification process. It involves researching the project to determine the sources
of risk, and connected potential risk factors that lead to risk events and thereby reducing the chanc-
es of overlooking any potential risk event.

Risk analysis or risk assessment process. It aims at quantifying risk exposures to enable
mitigation and development of project risk response plans for managing risks during the execution
of the project. Quantifying risks involves the estimation of the probability of occurrence and the
cost of risk consequences of each risk element. This is followed by the ranking of risks.

The risk response plan development process. It considers risk transfer, reduction, avoid-
ance and other mitigation tools to develop a risk response plan to ensure that the appropriate risk
warning tools are in place, to handle risks efficiently. A pre-determined risk response plan can mi-
nimise the consequence of possible adverse future events and can maximise the benefits of positive
future events.

Risk control process. It aims at controlling deviations to cut down risks and maximise the
project value. It handles risks in a manner that achieves project objectives efficiently and effec-
tively, by monitoring and adjusting plans and evolving alternate plans to manage foreseeable risks,
whenever necessary.

Table 2.10

Project Risk Management Models

Processes Tools and Techniques Outcome
Risk Identification Work breakdown analysis Sources of risks
Management process analysis Potential risk events
System flow analysis Project risks checklist

Brain storming
Check-list templates
Knowledge experts judgement

Risk Analysis Risk probability assessment Time-overrun risk assessment
Risk impact assessment Risk contingency assessment
Risk classification Risk assessment Sensitivity List
Risk ranking

Risk Response Planning  Risk mitigation planning (or Risk response strategy
strategy) Risk response plan/baseline

Responsibilities allocation

Risk Response Control Risk monitoring methodology Risk-related corrective action
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2.4.6 Project Management Information System

Information is at the root of the decision-making process. It links time, cost and resources perfor-
mances to achieve the ultimate project objective of total quality management. Information plays an
important role in binding the building blocks of modern multi-division, multi-location and multi-
national organisations.

Project performance monitoring follows a systems approach. Each organisational unit in a proj-
ect usually referred to as a responsibility centre, can be viewed as a sub-system. These subsystems
are interdependent and interactive. Figure 2.10 shows the outline of the control system of a housing
units project.

Figure 2.10
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The performance inputs generate a considerable amount of tabulated data. This data is generally
unorganised. In order to comprehend the actual status, these reported inputs need to be properly
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sorted out, by making and updating suitable displays depicting the current performance status and
the extent of deviations from the planned path.

The project monitor, who manages the Project Management Information System (PMIS), is
assigned the task of planning data tapping, data consolidation, performance analysis, trend fore-
casting, data recordkeeping, data processing, timely communication of the performance feed-
back to the project teams and the information reported to the top management. Consolidated data
displays in the form of graphs, charts, diagrams, tables and pictures have an eye appeal. They are
the best means of human communication. Visual displays help in understanding the complication
and interrelated state of performance of various control centres at a glance and provide an insight
into the operations.

Planning, executing, accounting, monitoring, analysing information, communicating, decision-
making, and re-planning (when necessary), is a continuous controlling process. It goes on until the
completion of the project. The modes of information communication by the monitor to the project
teams and the top management is covered in Chapter 18.

2.4.7 Project Integrated Control Methodology

Baseline plans controlling methodology. In a typical project, control focus is on methodology for
controlling the baselines of scope, time, resources and cost objectives. These are covered in chap-
ters Chapters 13—17 as shown in Table 2.11.

Table 2.11

Nature of Performance Baselines Controlling Scope, Resources,
Cost, Times, and Risks

S. No Goals Control Parameters Baselines Control
Methodology
1 Project control frame work - See Chapter 13
2 Project work scope control Work scope definition See Chapter 13
3 Resources productivity control Resources performance standards See Chapter 14
4. Cost and earned value Control Planned and budgeted costs See Chapter 15
5. Time schedule control Project master-time schedule See Chapter 16
6 Risks during project implementation. ~ Resources response plan See Chapter 17

Milestone plans. These are the goal achievement targets of the key events set in the baseline
plans. These key events can either be the delivery date of an important stage of a deliverable or
the date of receipt/accomplishment of an important event. Some of the examples of milestones in a
medium size and built-only repetitive building construction contract project are:
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e Date of handing/taking over of the site;

e The scheduled dates for approval of method statement;

e Date of submission of RCC materials with test reports;

e The scheduled dates for approval of samples of RCC and finish materials;

e Date of completion of foundation, superstructure and finishes of each building;
e Date of completion of key events of external utility services, item-wise; and

e Date of handing over of the completed project.

It is an accepted practice to list the milestones on top of the chart depicting Project Time Schedule.
In addition, a separate Summary Network Milestones Chart can facilitate better sequencing of these
key events.

Responsibility assignment matrix (RAM) chart. RAM shows the responsibility and ac-
countability, assigned to the concerned managers in an overall plan for the accomplishment of a
given task. The traditional organisational chart outlines the basic relationships and the grouping
of positions with the formal channel of authority and responsibility. But it does not show how
individual functions are related to each other in the organisation environment. In addition to the
traditional organisational chart, organisations do require another chart commonly called the respon-
sibility assignment matrix (RAM) or the linear organisation chart, to define the involvement of the
stakeholders in the project activities.

The RAM specifies individual and collective roles and authority relationship with overlapping
involvement (as applicable) in the organisation of line managers, staff and stakeholders. It can in-
clude time, responsibility and accountability of each member during various phases of the project.
It can be developed to explain the procedure for designing, developing and operating of the organ-
isational interface.

The RAM also indicates as to when an individual’s role may be reviewed or when he may sign
off from a phase, if not required. The RAM can be drawn to depict the following:

e To pin-point the organisational position and functional interface between the members and to
support the organisational goals, usually defined in terms of milestones to be achieved;

e To specify the individual and collective roles and authority relationship with overlapping
involvement and commitment (as applicable) in the organisation of line managers, staff and
stakeholders; and

e To assign responsibilities in developing systems, procedures and operating functions of the
organisational interface.

e To update the individual’ role and the related status.

The RAM is a very useful tool for managers and stakeholders in the project environment to under-
stand the functions and their authority relationships. For a simple project, these relationships can
be shown easily but for a complex project, a series of descending charts for various interacting
levels and different symbols may be necessary. This will ensure that there is no uncertainty in an
individual’s mind about his role in each phase of the project and that he has a clear idea when he
finally reverts to his parent department.
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To quote an example, the project plan preparation is not a one-man show, it needs team effort.
Although the project chief planner is accountable for developing the plan, others also share respon-
sibility along with him. A typical responsibility matrix for evolving a construction plan is shown
in Figure 2.11.

As can be seen from Figure 2.11, the plan development proceeds stage-by-stage. It involves
participation and acceptance of a commitment by the various functional heads, especially the ex-
ecutive director, the project manager and the construction managers. Initially, only the project con-
ceptual/preliminary plan is made, it is subsequently supplemented when the project work unfolds
and the execution methodology is finalised. Obviously, all this needs a highly skillful, matured and
experienced chief planner, who can win over the cooperation and control the project team during
the planning phase of the project.

Figure 2.12 shows another example of a RAM chart of development of Design and Drawings
of Education Building and External Services of 2000 Housing Units Project. The development of
such a chart, combined with the discussions that usually accompany such a development, can help
greatly to facilitate an understanding of the functions of the project design and plan development
team.

0 2.5 ROLE AND FUNCTIONS OF CHIEF PLANNER

2.5.1 Role of the Chief Planner

The project environment often tends to create a conflict among the project executives. At times,
there may be a lack of mutual trust between them, especially when they dislike following a cer-
tain plan or when someone monitors their performance. Non-cooperation is also not uncommon.
Occasionally, people may render incorrect data to mislead the planners or to cover up their unsat-
isfactory performance.

Instances are also not lacking where a conflict may develope due to some inappropriate behav-
iour pattern of the project planning cell itself, a situation which must be avoided at all costs by the
chief planner. The smoothening of planning functions can be achieved to a large extent if the chief
planner plays effectively the following key roles.

Service role. The planning chief primarily performs a service function: he exists to render as-
sistance to the executives and staff in the performance of their planning and control function. He
maintains close liaisons with the heads of various departments including: site supervisors, project
engineers, designers, estimators, quantity surveyors, material purchasers, accountants, personnel
administrators, plant and machinery controllers and all the other managers in the project. He par-
ticipates in almost all the meetings, discussions and decision-making exercises so as to assist the
project manager in performing his planning functions.

Information record-keeper role. The planning chief is the manager of the project data bank.
He maintains the project information bureau. He runs the project information service, both for
internal and external needs. He should be able to process data, produce and advertise information
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and provide it to the information seekers. In this information marketing role, the planning cell is
expected to maintain up-to-date displays and records of the following:

e Contract documents including contract conditions, drawings, specifications, bill of quantities,
and activity-wise cost breakdown;

e Project models, pictures, charts and tabulated data to illustrate the layout, scope and progress
of the work;

e Project plans and planning assumptions including the planning data and output norms;

e Statistics of all reports and returns handled in the project and their pictorial displays;

e Records of minutes of all meetings and conferences, policies and important correspondence;

e Control charts showing progress of work, resource availability, cost status and anticipated
trends; and

e Revised unit rates and resource planning data for each item of work, for reference in future
projects.

Coordination role. Coordination is one of the most sensitive function of the management. It aims
at an effective harmonisation of the planned efforts for accomplishing the goals. If the situation
variables are measurable, the policies and the procedures well-defined, and communication flows
smoothly in all directions, then esprit de corps prevails and everyone is interested in his task—and
all work is done collectively to achieve the ultimate project objectives in a fast changing project
environment. Coordination in such a case is not required. However, such an ideal environment is
rarely met in construction projects. Coordination is essential both within and among the various de-
partments to fill up the voids created by changing the situation in systems, procedures and policies.

The planning chief can play an important role in smoothening up the project coordination func-
tion by performing the following tasks:

e Communicating promptly the monitored information to all concerned for taking corrective
measures to prevent adverse situations;

e Creating a climate of cooperation by avoiding interdepartmental conflicts and resolving all
issues affecting the progress of work;

e Providing a proper flow and record of the monitored information through monthly informa-
tion reports, minutes of meetings, project bulletins and liaison letters; and

e Pursuing all the planning and monitoring issues raised by the departments to their logical
completion.

Professional role. The effective implementation and smooth functioning of the planning system
primarily depends upon the professional competency of the planning chief. He should be able to
plan the project, organise the control system, employ monitoring tools and techniques, design the
codification system, develop the management information system, and create a conflict-free and
harmonious working environment. All this requires a high degree of professional skills; some of
these are acquired while others come with experience.

To make the planning system effective, the professional qualifications of the planning chief should
be at least a degree in engineering, a post-graduation in construction management or business ad-
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ministration (MBA) with skills in use of project management software, and adequate construction
experience in various fields including: site-work, estimating and costing and planning. He should
have worked as the planner on a major project. Additionally, a chief planner should have an analyti-
cal mind, a creative approach, highly developed conceptual skills, a past record of team-working,
devotion to duty and a strong sense of purpose.

Roles when ‘planning starts’ and when ‘specialised planning function ceases.” In the initial stag-
es of preparation of a project plan, the chief planner needs to win over the confidence of the project
team as well as the persons holding vital connected work documents like feasibility studies, and
quantity and cost estimates. No plan can be prepared without studying these documents. For vari-
ous reasons, the persons holding these may hesitate to part with them. While some may fear a criti-
cism of their work, others may consider planning a fault-finding exercise.

The plan-do-monitor-replan continues during the construction phase of the project till a saturation
point is reached, when specialised planning is no longer needed. If the project implementation is
based on a sound plan and the planning system functions effectively, this planning saturation stage
arrives when the major portion of the project work (say 60%—70%) has been executed. By then,
all the members of the project team would have become familiar with the plan for execution of the
balance works and generally, the project plan does not need further re-planning. It is ironical that at
the saturation stage, which marks the effectiveness of the planning system, the need for specialised
planning and monitoring ceases and the planning team becomes almost redundant. Unless needed
elsewhere, some short-sighted management team may attempt to ease out the planning staff to save
overhead costs.

No two projects are alike. Each new project enhances the planning skills of the planners. In ev-
ery project, the planners have to conceptualise the development of the project right from the scratch
to near completion. They have to plan and monitor against inevitable and unforeseen situations,
and go through numerous stresses and strains of the projects’ activities. They have to compile the
planning data from their experience. It is not easy to find planners who are experienced in the de-
velopment of project time, resource and cost plans, and can also design and implement the project
control system. It is thus advisable to well utilise their services, within the project or elsewhere,
rather than easing them out halfway through the project.

2.5.2 Functions

The primary role of the project planning cell is to assist the project manager and the management
team in planning, coordinating and controlling the project, so as to achieve defined time goals with
minimum costs. Within the framework of this role, the planning cell plans the project and provides
planning information continuously to the management team on the planned targets, actual perfor-
mance and the likely trends along with the remedial measures.

The functions to be performed by the project planning cell and its composition vary with the size
and complexity of the project. For example, a large-size building construction project may have a
planning cell consisting of: a planning manager, a civil engineer, an electrical or mechanical engi-



106 Construction Project Management

neer, a systems engineer and a draftsman. On the other hand, in a similar small-size project, all the
functions may be entrusted to one planning engineer only. Further planning, estimation and cost
accounting functions can be best performed if they are placed under one head and the participants
work as a team, sharing data and evaluating information.

Generally, the chief planner performs the following functions:

e Formulating the planning and control policies and the data processing system;

e Making the project time, resources and cost baseline plans, and replanning when necessary;

e Formulating the work organisation plan;

e Establishing the planning and performance measuring standards;

e Mobilising and allocating resources for various construction sites;

e Collecting and collating site data about the activities in progress; employment of manpower,
equipment and materials, etc. and also evaluating the resource productivity;

e Monitoring the progress of specified performance objectives;

e Tracking variances of labor output and machinery utilisation of productivity standards and
providing feedback-based productivity information to the site executives;

e Updating resource productivity norms, and planning the data and unit rates of work;

e Maintaining the technical records, publications and the project library;

e Participating in technical meetings and preparing their minutes;

e Coordinating all technical activities;

e Rendering assistance to the site executives on construction planning, formulating monthly
targets and managing the project information system including submission of reports at pre-
determined frequency to all concerned; and

e Setting up a project control room displaying vital up-to-date information.

The aforementioned list is only indicative and not exhaustive. It may be noted that the pre-requi-
sites for effective functioning of the planning personnel include: the management-backed drive
for making site executive plan-conscious, the involvement of project engineers in planning and
controlling activities, the existence of a well-coordinated and harmonious environment and, on top
of all this, the role played by the project planning chief.



Planning Project Works Scope and Its Integration Processes 107

APPENDIX B

Project Success Strategy
Development

O B.1 INTRODUCTION AND SCOPE

A construction project is a temporary endeavour that is undertaken to create a unique facility in
conformity with needs of corporate/sponsor. The urgency and integration of the complex process-
es, for managing the project scope, time, resources, costs, and quality is subject to unpredictable
changes in internal and external environments. Some projects succeed in achieving their specified
objectives and other fail. The factors resulting in the success (or failure) of a project have been stud-
ied by many project management practitioners and academicians. The basic questions that arise are:

e  What are the criteria for project success and how to measure these?

e What are project success key factors?

e How to develop strategy for project success?

e Significance of key performance indicators in success strategy implemetation.

The above aspects are covered briefly in subsequent paragraphs.

O B.2 CRITERIA FOR PROJECT SUCCESS AND
HOW TO MEASURE THESE?

In simple words, the success of a project means the successful achievement of project objectives,
stipulated in terms of ‘timely completion , within budgeted cost, specified quality specifications’
and meeting assured facility functionality requirements. Generally, it can be said that a project is
completed successfully, if it meets the following completion criteria:

e The project achieved its specified functional objectives and its purpose with required quality;

e Its completion is within the pre-stated allocated time period, budgeted cost, specification
level, and functional purpose;

e It is accepted by the owner, promoter, and user;

e Corporate and project management can use the clients’ name as a reference;

e [t conforms to the given scope of work with minimum or mutually agreed upon scope changes;

e [ts completion satisfies the project team and the people; and

e There are minimal disputes and conflicts among the stakeholders.
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This traditional criteria, which stood grounded in the past, cannot be considered adequate for
the success or failure of modern projects, as it raises many questions, such as how to measure suc-
cess from angles of various stakeholders/participants. These stakeholders include sponsor, project
management, corporate, contractor, vendors, and the user. They view success from different angles
leading to different criteria for success:

1. Sponsor success. His success criteria is to see that the project is completed as per specified
objectives in order to get the value for money? It implies that the project is functional for the
purpose for which it was conceived. It should not be the case like ‘the surgical operation was
successful but the patient died’.

2. Project Management Success. It is measured to determine, as to how far the employed
resources have been utilized productively for producing the planned outputs and achieve
objectives.

3. Corporate success. The corporation will be satisfied with the successful outcome, if it pro-
motes growth and reputation.

4. Contractor’s and vendor’s success. Their satisfaction depends upon the targeted profit-
ability.

5. Users’ success. They will be satisfied if the functionality of the facility created meets their
expectations.

O B.3 PROJECT SUCCESS KEY FACTORS

The key success factors in a modern project are subject to internal and external forces, as depicted
in Figure B.1.

There are numerous research findings and opinions of the experts on key factors of the project
success. To quote an example from the study of the key factors influencing to the project success,
Emanuel Camilleri (2011) summarized his findings. It is based on the documented 252 opinions of
the experts. The top 6 key success factors, in the order of importance are outlined below:

e [Effective implementation of Project Planning and Control System;

e Strategic Fitness with project objectives and the stakeholders commitment for achievement;
e Matured Project Scope with minimum changes;

¢ Smooth information Communication at appropriate channels;

e Effective Management and Leadership; and

e Management of Project Risk.

Dr. Kumar Neeraj Jha (2011) studied in detail, the various attributes for the project success. Out
of these, he highlighted the following critical success factors:

e Positive attitude of PM and project participants;
e Effective monitoring and feedback by the project team members;
e Selection of PM with proven track record at an early stage by top management;
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Figure B.1

Construction Project Management Key Success Factor Model

planning & Control Systen

mOQZP»Z—m
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Resources

Leadership & Management

Coordinating ability and rapport of PM with the team members and the sub-contractors;
Project Managers technical capabilities; and
Leadership quality of PM.

It can be broadly inferred that implementation of an effective planning and control system is the

most important key factor that influence the success of a project.

Guidelines for Project Planning and Control System Effectiveness. The guidelines
for the success of the planning and control system are tabulated below:

Minimize start up problem;

Plan the time schedule in the initial stages of the project and revise the schedule when the
contract is finalized;

Forecast important events and risky situations;

Estimate costs and value of work, package-wise;

Forecast cash flow and ensure adequate funding till completion;

Assign KPI and responsibilities;

Administer contract fairly to avoid disputes and litigation;

Ensure timely availability of right quality of resources at the right place;
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e Focus on logistic requirements particularly the acquisition of materials;

e Continue “What if?” approach;

e Know and respond to the real status of the project;

e Regularly monitor progress and take remedial action in case of deviation from the planned
path;

o Implement resource control mechanisms;

e Conduct third party regular reviews by internal and external parties; and

e Establish and control contractor’s performance.

O B.4 PROJECT SUCCESS STRATEGY

Construction projects are prone to risks, which in turn results in changes from the project planned
path for accomplishing the objectives. For successful completion of project, it is necessary to for-
mulate and implement strategy based on how to manage the key success factors. The guidelines
for managing the success factors are as follows:

1. Establish a well designed project planning and control system for managing work scope
changes, product quality specifications, timely milestone completion, productive resource
utilization, working within budgeted cost, and changing risky environments.

2. Set up the project organization for managing the integrated planning, and control system.

3. Ensure Expect sponsors’ and contractor’s support for timely finance provisioning as per prior
agreement and have minimum scope changes.

4. Create goal-oriented motivated project environment through effective leadership and ethical
behavior at all levels.

5. Monitor the Success Strategy regularly and apply corrective measures, as and when neces-
sary.

6. Seek commitment of stakeholders to meet their obligations and to abide by project success
criteria using long term and short term Key Performance Indicators as explained in the next
paragraph.

Note. The goal-oriented regularly-monitored project plan in controlled project environment
with effective leadership at all levels, makes all the difference in achieving project objectives

Q B.5 SIGNIFICANCE OF KEY PERFORMANCE INDICATORS
(KPI) IN PROJECT SUCCESS STRATEGY IMPLEMENTATION

What are Key Performance Indicators (KPI). Key Performance Indicators (KPIs) refer to
the set of quantifiable progress targets assigned to key personnel and to measure their performance
at the predefined times. In simple words, monitored KPI evaluate the key person performance and
how well the project is moving towards meeting strategic goals.
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How Key Performance Indicators (KPI) are defined. After the project organization has
analyzed its project mission, identified all its stakeholders, defined its goals, and developed its proj-
ect management strategy to achieve these goals. It needs a yardstick to measure progress toward
those strategic goals. Key Performance Indicators (KPI) are the tools that are employed to review
the project as well the stakeholders performance status. An effective KPI define the following:

Objective with Commitment Specific goals and responsibility for their achievement. It needs
commitments of each stakeholder, project team member, and even supervisors to achieve the goals.
Preferably KPI should be agreed/proposed by the concerned manager/individual before they are
approved by the top management.

Quantifiable Performance KPI’s assigned goals must be quantifiable and measurable. Gener-
ally the KPI should be about 5 to 10 specific points for each concerned manager/ individual.

Practical Actionable Approach KPI can be put into practice to effect desired change within
the present company processes and objectives. Fulfillment of KPI must not be linked to the factors
beyond the control of the company.

KPI Monitoring It helps to determine KPI status. KPI must have a specific time-frame action
plan divided into key check points.

lllustration: Some KPI for the first six months of a New Project. Few KPI’s identified
from the project management baseline plan and assigned personally to the stakeholders, managers,
and supervisors, and which become their commitment for the first six months, are listed below:

e Milestones achieved vs. planned;

e Number of interdependencies project tasks delayed

e Backlog of completion of Project Scheduled Tasks more than one week;

e Schedule Performance Index (SPI) Variation;

e Ratio of Total Direct Workers Costs vs. Total Manpower Costs;

e Budgeted Cost of Work Scheduled (BCWS) overrun/underrun Status;

e Material delivery deadlines met and delayed;

e Deviation from the planned budget;

o The Milestones deviation from the planned time schedule in calendar dates; and
e Earned value vs planned value extent and time deviations.

KPIs can be assigned using Responsibility Assignment Matrix (RAM), which is described in Sec-
tion 2.4.7 Chapter 2. During project implementation, the plan-do-monitor-communicate-replan
(when necessary), is a continuous process. In this context, the strategy for project success and KPI
should be reviewed regularly and corrective measures should be applied, as necessary.






Defining Project
Activities

An activity can be defined as an identifiable, quantifiable, measurable, costable, assignable, and
controllable lowest level, element of work, which must be performed during the course of a project
for achieving the project mission.

The activity definition processes, the tools employed and the outcome of each process are tabu-
lated below:

Activity Definition Processes Processing Tools & Techniques Outcome
Identifying Project Activities Project WB Structure Functions WB e WBS
Matrix Repetitive WB Matrix WBS e Activity List
Templates
Estimating Activity Duration and One-time Estimation Method Three-  Activity Duration
Activity Resources times PERT Estimation Method Non-
linear Distribution Method Resources
Planning Data
Defining Activity Database Duration Supporting Resources Activity Database

Activity Cost Estimation Activity
Earned Value Estimation

Project Work Breakdown Structure (WBS) is the basic tool that is used to identify activities. WBS
methodology facilitates the splitting of the work scope of project into hierarchy of breakdown lev-
els of sub-projects (end products or deliverables), tasks, work packages, and activities.

Activity time duration estimate is at the core of all project time management processes. Ac-
tivities require resources for their timely completion. In construction projects, the time duration is
generally related to the quantum of resources employed. Information about physical resources such
as men, materials, and machinery, which are needed for the execution of each activity, enables fore-
casting of the physical resources and planning of production costs and the cash flow. The estimation
of physical resources is covered in Chapters 7-9.
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An activity is defined in terms of its core database. In construction, activity core database in-
cludes work quantity, execution time (duration), resources requirement, production cost and earned
(budgeted) value that is associated with the accomplishment of the activity. Some of the data is
determined during the activity duration estimation process; while remaining data is derived dur-
ing the project time-scheduling, resources planning, and cost budgeting processes. This database
is vital for planning and monitoring of the project work, especially with commonly used project
management software.

The inputs to the activity definition process are the site data and available project documents.
These documents may include, project charter, WBS, technical and commercial studies, investiga-
tions, designs and drawings, estimate of quantities (BOQ), construction method statements, con-
tract documents, and the project planning data. These should be studied prior to commencement of
Project Activities Identification processes.

This chapter is divided into the following sections:

Project Work Breakdown Levels Development Methodology

Project Activities Identification Methods

Activity Duration Estimation

Activity Costs and BOQ Work-Item Relationship in Contracted Projects
Activity Database

Al ol o e

Project Work Breakdown Structure is the basic tool that is used for managing project. It is at the
core of activity identification, cost planning, organisation design, risk identification, data organisa-
tion, and many other processes. Appendix C at the end of this chapter is devoted to project Work
Breakdown Structure applications in project management.

O 3.1 PROJECT WORK BREAKDOWN LEVELS
DEVELOPMENT METHODOLOGY

3.1.1 Project Work Breakdown Levels Defined

The work scope of a project can be broken down into manageable parts that can be arranged in a
hierarchical order into levels of sub-projects, tasks, work packages, and activities. Each descending
level signifies an increasingly detailed description of the elements in the preceding project level. An
activity is the lowest level element of work, which is usually a part of the work package.

Work Breakdown Structure (WBS), as already defined in Chapter 2, is a “deliverable- fo-
cused hierarchical grouping of project elements that organises and defines the total work scope of
project.” Deliverables on the other hand are defined as tangible and measurable parts of the project.
This definition is elaborated in Appendix C.

Some academician and practitioners restrict the work breakdown process into deliverables or
task levels while, others select work packages or activities levels. At work package level time and
cost can be worked out accurately in deails and as such this level is generally used for controlling
cost and time. But for activity identification and time progress monitoring, breakdown to activity
level is a must .
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Work Breakdown Structure of Construction Projects, as considered in this chapter, is a visual
representation of the construction works split down to sub-projects (deliverable end products),
tasks, work packages, and activity levels. The Work Breakdown Structure of a construction proj
ect down to, at the activity level is commonly called as Project Work Breakdown Structure (PWBS)
or just WBS. The WBS levels can be defined and classified as shown in Table 3.1.

Table 3.1

Definition and Classification of Project Work Breakdown Levels

Level Description Main Criteria

1 Sub-project level An independent, deliverable end product requiring processing of multitasks
having large volume of work.

2 Task level An identifiable and deliverable major work containing one or more
work packages.

3 Work-package level A sizeable, identifiable, measure, cost-able and controllable work item/package
of activities.
4 Activity level Identifiable lower-level job, operation, or process, which consumes time and

possibly resources.

5 Operations level A lowest level day-to-day operation, or process, which is part of an activity.

Note: Project title can be defined as level 0.

Following indirect and non-deliverable items of work are generally not included in the WBS:

e Activities that do not directly contribute to end products or deliverables such as functional
responsibility, pre-contract development activities, resources procurement, and financing of
the project.

e Activities relating to testing, reworking, handing over, demobilisation, and the project close-up.

3.1.2 Project Work Breakdown Salient Features

Each level has certain features associated with it: these are listed in Table 3.2. However, it may be
noted that level categorisation is a broad concept and at times their overlapping or further detailing
may become unavoidable.

3.1.3 lllustrations: Project Breakdown Levels of 2000 Housing Project

Development of WBS from top-down levels is illustrated with examples from 2000 Housing Units
Project. The project work include: construction of residential apartments, educational buildings,
public buildings, a civic centre, connected external utility services, and landscaping. The residential
accommodation superstructure was of precast concrete construction. The 2000 apartments were



116 Construction Project Management

Table 3.2

Project Work Breakdown Levels of a Medium-Size Project: Salient Features

1\?(') Features Sub-project Task Work Package Activity
1. Level designation Level 1 Level 2 Level 3 Level 4
2. Work interdependency  Independent; Generally Mostly Interdependent
with other jobs can proceed independent interdependent
without
interference
3. Type of Project Plan Corporate Project Conceptual ~ Project Project
where used Strategic Plan Plan Preliminary Plan Master Plan
4. Nature of Time Summary Summary schedule  Preliminary Master
schedule schedule schedule schedule
5. Duration unit Months Months/Weeks Weeks/Days Working Days
6.  Organisational Project Project Team Work Centres Work
responsibility Manager In-charge Supervisor

Note 1: Work breakdown levels are not related to cost, but as a rough guideline each work package cost can be sizeable
(say vary between 0.05%—5% of the cost of the project) and preferably time duration of an activity should not exceed
25 working days.

Note 2: In a large size construction project, each of the sub-projects can be treated as a project, thus creating a multi-
project environment.

grouped into residential buildings consisting of 334 near identical modules, where each module
comprises of six flats. The precast production and erection was geared to achieve a peak of five flats
superstructure equivalent to per working day. The total value of contract work was approximately
US $150 million and the project should be completed in 36 months, as per the contract. This proj-
ect scope of work is listed in Table 3.3. Work breakdowns of the 2000 Housing Units Project are
sketched in Exhibits 3.1 through 3.3. These are explained in subsequent paragraphs: Table 3.3.
Sub-projects level. Sub-projects are derived by dividing the scope of project work into in-
dependent large-volume mini projects or deliverables, which could be progressed in a systematic
manner, without interference from another group of work. In a major project, each of these sub-
projects can be headed by a senior construction manager. For instance, in the 2000 Housing Units
Project, each type of residential, educational and public building and external utility services can
be designated as a sub-project (see Exhibit 3.1).

Tasks level. The project or sub-project work can be split up into various tasks. A task refers to
an identifiable and deliverable major work. It is an entity in itself that can be performed without
much interference from other tasks.

In the 2000 Housing Units Project, the construction work in each residential building, are grouped
under three main tasks, i.e. foundation, superstructure, and finishes (see Exhibit 3.2). Execution of
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Table 3.3
2000 Housing Units Project Scope of Work

1. Residential buildings (334 modules) with specified External utilities

- 3 Bedroom flats 1400
- 2 Bedroom flats 600
Total built up area 267,333 m?

2. Educational buildings

- Nursery 2
- Kindergarten 4
- Primary school 5
- High school 4
Total built up area 32,804 m?
3. Public buildings 11,600 m?
4. External utilities Services
Filtered water supply/piping (32 km):
. o 32 km
Unfiltered water supply/piping (36 km):
. o 36 km
Sewage disposal/piping (21 km)
. L 21 km
Storm water drainage/piping (12 km)
. . 12 km
Pipe gas supply/piping (27 km):
. O 27 km
Electric power supply and : distribution network/ 111 km
cabling (111 km) 53 km
Telephones/cabling (53 km) 3000 m?
Substations and pump houses (3000 sq.m)
5. Roads, footpaths, pathways, sports facilities, gardens and landscaping 210,000 m?

each of these residential building tasks was entrusted to a task responsibility centre, headed by a
manager or a senior engineer.

The task level can be used in developing project plans, the design-preparation plan and the con-
tract tendering plan. A task is generally supported by its design package. Each task is assigned time
and cost objectives, along with planned resources for accomplishing the task objectives. Task level
is generally used in the project-summary plan and the design-preparation plan.

Work package level. A project task can be further subdivided into one or more work packages.
Each work package contains activities, which are identifiable, sizeable, measurable, cost-able,
assignable and controllable packages of activities/works. A work package, generally, consists of
more than one activity. In the case of a multi-activity work package, each activity has its own unit
of measure which, in some cases, is related to the bill of quantities. It is mandatory requirement that
a work package should be expressible in one measure unit, such as length, area, or volume, for the
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Exhibit 3.1

2000 Housing Units Project Sub-project and Task Level Work Breakdown

HOUSING
PROJECT
. . . Sub-
Residential Educational Public External project
buildings buildings buildings Services level
B i
334 nos. High Primary K.G. Nursery
dul school school .
modules 4 nos. 6 nos. 4 nos. 2 nos.
Task
level
Res. Bldg Rgs' bldg. | | Reg. bldg.
Foundation uper- Finishes
structure
Filtered
water Sewerage Road/ Service
supply system pavements buildings
system ete.
Unfiltered Gas
water Electrical supply
:;Sr;r;z system system
Police Party Social Sub- Hammam Mosque
station Office centre shopping
Health Youth Shopping Post Swimming Air raid
centre centre complex office pool shelter
L 4
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Exhibit 3.2

2000 Housing Units Project: Construction of Residential Building:
Tasks and Work Package Levels Structure

‘ Residential Building |

|
l |

Foundation Precast Superstructure  Finishes Tasks
Tasks Tasks Tasks ¥
|
l [ I
Base Raft Plinth Wall Ground Floor
Construction Construction Construction Construction
Work
l l | I Package

First Second Third Parapet
Floor Floor Floor & GRC

| | l | l |
Electrical & Roof  Staircase C & J  Flooring Painting

Mechanical Treatment Works Fitting &
Works Fixtures X

purpose of measuring performance. In case, if it is not possible to define its unit of measure, then
its work content should be further divided into more than one package. But there is a wide gap in
size and other characteristics that defines a work package, as it has no single solution. However, the
following guidelines should be considered while defining a work package.

Identify the physical accomplishment of a work item;

Avoid overlapping from the preceding and succeeding work packages;
Reduce the parallel activities;

Minimise the sequential inter-dependent activities;

Defines the time and cost estimates;

Assign work-incharge to supervise the entire work package;

Eliminate time-breaks, if they occur in the execution of sequential activities;
Identify the type of resource needed for execution;

Separate the quality acceptance criteria; and

Reasonable size so that it can be assigned to a suitable work-incharge. As a rough guide, the
package size can be kept within 0.05%—5% of the cost of the project.

If some of the work packages that are under consideration do not fulfill above criteria, then it should
be further decomposed into more than one work package, if necessary.

In the 2000 Housing Units Project, foundation work of a residential building was broken down

into four work packages; base, raft, plinth wall, and ground floor slab. Exhibit 3.2 shows the tasks
and the work packages for the construction of a residential building of the Housing Units Project.
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Activity Level. A work package can further be broken down into various activities. An activity
consumes time and resources. Each activity is identifiable, sizeable, measurable, cost-able, assign-
able and controllable.

o Identifiable: Work element in which work can be executed with the least interference from
the preceding and succeeding work packages. In general, each activity must be identifiable
and quantifiable interdependent activities, which consume time and resources.

e Sizeable: An activity that consumes time, resources, and is of reasonable size. The smaller
the size of the activity, the lesser is the margin of error in estimating the time and cost. The
estimated errors, whether positive or negative, usually reduce the margin of errors when con-
sidered collectively in a work package. However, there is a size limit, as small size can also
unnecessarily increase the number of activities, whereas, on the other hand large size can
make monitoring difficult.

e Measurable: A work package, generally, consists of more than one activity. In case of a
multi-activity work package, each activity has its own unit of measure, which, in some cases,
is related to the bill of quantities. It is desirable that an activity should be expressible in one
unit of measure, such as length, area or volume, so that its performance can be easily mea-
sured. In case, it is not possible to define it into a single unit of measure, then it should be
further divided into more than one activity, each enabling performance measurement. .

e Cost-able: Each activity consumes resources. Its direct cost can be defined as the sum of
the direct costs of the works that are constituted in the activity. The cost of executing a work
package, while working efficiently under normal conditions is termed as the standard work
package cost. Moreover, it forms the building block for planning, budgeting, and controlling
project costs.

e Assignable: Organisationally, a project is divided into a number of construction respon-
sibility centres or cost centres. Each of these centres is allocated resources and assigned
targets that are been expressed in terms of work packages. Each work package is further
divided into activities. Each of these work centres consists of one or more work packages.
Each work centre is assigned targets that needs to be achieved and is allocated resources to
accomplish the targets. The activity is at the lowest level, which can be assigned to a single
person.

e Controllable: T he project performance can be best measured in quantities and compatible
activities. The smaller the size of an activity; the greater is the precision in measurement and
controlling of performance.

In the 2000 Housing Units Project, foundation construction task of a residential building can be
broken down into 27 activities (see Exhibit 3.3).

Operations Level. An activity comprises of one or more operations. Each operation includes,
a part of the work content of the activity. It generally has a particular type or a fixed group of re-
sources associated with it. It is performed during the scheduled time duration of the activity. Some
operations may start with the commencement of the activity, while others may take place during
its time duration. In some situations, performance periods of operations may overlap. In the 2000
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Exhibit 3.3

2000 Housing Units Project Residential Building
Work Packages and Activity Level Work Breakdown Structure
Construction of Foundation Residential Building

Foundation Tasks

[ I [ | T
Base Construction Raft Construction  Plinth Wall Construction G. Floor \;Vor]ii
Work Package Work Package Work Package Construction = 2¢28¢
| Work Package 3
| | 1 | 1 i
Layout Shuttering Reinforcement Concreting Curing
! | ! f I
Earthwork Base Preparation Blinding Bitumen Coating Concreting
Raft-sides
Shuttering Activity
Layout Erection
| I |
Placing Deshuttering Curring
| I | —
Layout Excavation Levelling | Shuttering  Concreting
] | l | ] |
Anti-Termite Polythene Preliminary Shuttering Mesh Concreting Curing
Treatment Sheeting Works Fixing
Lo . N
Bitumen Coating Back  Plinth  Anti-termite Polythene
Plinth Wall Filling Filling  Treatment Sheeting vy

Activity Breakdown into Operations

Operation 1

Operation 2

v

Operation 3

Operation 4

Housing Units Project, operations involved in activity ‘concreting raft’ of foundation work include:

e (leaning and preparing inner side of the raft for concreting;
e Pumping concrete;

e Spreading and vibrating concrete; and

e Finishing of top concrete surface.
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Operations are not considered during the network modeling and analysis stage, except that the sum
of the costs of operations equals the activity cost. They form the basis for allocation and scheduling
of resources of each activity.

3.1.4 Significance of Work Breakdown Levels

The construction projects are best, organised by tasks, controlled by the work packages, and pro-
grammed for day work, by using planned operational level that are monitored by the activities.

In a project master plan, each work package is assigned with its performance objectives. These
are generally stated in terms of its completion period, standard cost, resource-productivity stan-
dards, and the earned value or the standard sale price. The measure of performance thus, gets
closely linked with the execution of its work packages.

Work packages form a common base for linking the key functions in management of a proj-
ect. This leads to the simple-management theory of managing, designing, estimating, planning,
organising, directing, communicating, and controlling by work packages. A project planner uses
activity, as the common database for planning a project. The activity duration forms the basis for
time planning and scheduling of project work. Detailed information about resources, such as men,
materials, and machinery that are needed for execution of each activity, enables the preparation
of resource forecasts. The activity contract-value (sale price) is used to determine the income and
cash-flow forecasts. The activity base is vital for monitoring the progress of the project work. In
the 2000 Housing Units Project foundation construction task can be broken down into 27 activities
(see Exhibit 3.3).

Q 3.2 PROJECT ACTIVITIES IDENTIFICATION METHODS
3.2.1 Activities Identification Approach

The base for the identification of activities in a project is WBS, but the structure format and meth-
odology depends upon the nature of the project and its purpose. In general, these approaches can
be categorised as follows:

Nature of Project WBS Patterns Exhibit References
Simple Projects: Pumping Station Tree-structure and Numbered levels ~ Exhibit 3.4
Construction

Complex Projects: 2000 Housing Tree-structure Exhibits 3.1-3.3
Units Project

Simple Repetitive Projects: Factory =~ Task Matrix Exhibit 3.5

Project

Complex Repetitive Projects: Educa- Combination of Tree-structure and Exhibits 3.6-3.7
tion Building Complex Task Matrix

Complex Programme New Canton- Tree-structure Exhibits 3.8-3.10

ment Construction
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3.2.2 WBS Development of Simple Project: lllustrated
by Pumping Station Sub-Project

In a project, the construction of a pump house of size 40000 mm length x 8840 mm breadth was
tendered as one contract (Figure 3.1). The scope of work included the construction of the pumping
station building, the procurement, installation of six pumps and one gantry crane, the provision of
connected internal services and, the commissioning of the pump house.

The work-breakdown of the pumping station contracted work can be developed by splitting the
work into divisions or levels till the desired activity level for planning and controlling the progress
of the work is achieved. The Work Breakdown Structure that lists the involved activities is drawn
in Exhibit 3.4. It is developed using the following procedure:

a  First division: Showing tasks. The works in the pumping station sub-project can broadly be
divided into two task groups-Building Construction tasks and Electrical & Mechanical Tasks.

Pumping Station Contracted Works

Building Construction Tasks Electrical & Mechanical Tasks

b Second division: Depicting work packages. Each of the task group derived in the first division
can further be subdivided into work packages as follows:

Building Construction Task

Structure Finishes
(Work package)
| |
Foundation Superstructure
(Work package) (Work package)

Electrical & Mechanical Task

Equipment procurement Equipment Installation
(Work package) (Work package)

¢ Third division: Representing activities. Each of the work packages can further be split into ac-
tivities. For instance, activities constituting the work package structure consist of Excavation,
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Figure 3.1
Pumping Station Project
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Foundation, Walls and Roofing. Similarly, the activities of the other work packages can also
be derived. The activities for the pumping station sub-project are structured in a hierarchy tree
format in Exhibit 3.4.
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Exhibit 3.4
Pumping Station Project
Pumping Station Project
Work-breakdown Structure
| | I
Pump House Building E/M Works

|

[ [ | |
Foundation Superstructure Flooring and Internal

Finishes Services
Excavation Foundation
Wall
| |
Wall Above Ground Roofing

|
I [ I | |
Upto Upto Upto Tie-band  Gable
Sill Lintel  Tie-band End

| I
Fabrication & Sheeting
erection of trusses

I I | I I

Flooring Internal External Painting & Site
Plaster Plaster Finishes Clearance

| I
Electrification = Water Supply & Sanitary Fittings

I I

Procurement of Installation &
Equipment & Machinery Commissioning
|
I I I
Gentry Pumping Sets Pipes and
Crane & Accessories Accessories
I I
Gantry Erection Pumping Sets

]
I | I |
Foundation  Installation Pipe Work  Commissioning
& Testing

This structure can also be depicted in a standard levels-labeled table as follows:

WORK BREAKDOWN STRUCTURE OF PUMPING STATION SUB-PROJECT
1. Pumping Station Project
1.1 Pump House Building
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1.1.1

Foundation

1.1.1.1 Excavation

1.1.1.2  Foundation
Superstructure

1.1.2.1 Wall Above Ground Level
1.1.2.2  Roofing

Finishes and Essential Services
1.1.3.1  Internal plaster

1.1.3.2  Laying Floor

1.1.3.3  External plaster

1.1.3.4  Painting and finishes
1.1.3.5 Site Clearance

Internal Services

1.1.4.1 Electrification

1.1.4.2  Plumbing and sanitary fitting

1.2 Electrical and Mechanical Works

1.2.1

1.2.2

Procurement of Equipment
1.2.1.1  Procurement of crane gantry
1.2.1.2  Procurement of pumping sets
1.2.1.3  Procurement of suction/delivery pipes
Installation and Commissioning of Pumping Sets
1.2.2.1  Erection of gantry
1.2.2.2  Pumping sets
1.2.2.2.1 Foundation of pumps
1.2.2.2.2 Installation of pumping set
1.2.2.2.3 Fixing of suction and delivery pipes
1.2.2.2.4 Commissioning of pumping sets

The breaking down of the project work into large detailed components (like minor operations or
processes) should be the avoided to make a WBS, a manageable tool.

3.2.3 Simple Repetitive Project: lllustration

This technique is generally used for determining functional activities at the feasibility stage or in
the turn-key projects. In this, the tasks or work packages included in a project are listed vertically,
while the various functions or connected aspects are listed horizontally, in a hierarchy. The inter-
connection between the tasks and the functions, where applicable, represents the activities.

Factory construction project. Consider the case of a medium size factory, which was as-
signed top priority for construction. Since the project was to be completed with foreign collabora-
tion, it was decided to drastically cut down the usual departmental procedures in order to speed it

up.
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The project consisted of the construction of factory buildings, office and living accommodation,
temporary accommodation for construction staff, and essential services. The sitting board took a
month to finalise the layout and other connected preliminaries. The go-ahead signal for the survey
of land and project preliminaries was accorded immediately on the finalisation of location studies.
The final approval for the project was expected to take another month. All work related with the
procurement, installation, and commissioning of the factory equipment was to be undertaken by
the foreign consultant.
The project was planned for completion in two phases, which were:

e Phase [: To commission the factory within 18 months after the project go-ahead signal is is-
sued. This phase also include essential office and living accommodation.

e Phase II: To complete the remaining accommodation within six months after the completion
of phase L.

In order to plan and monitor the execution of the project, a project planning cell was established,
where planning chief was made a member of the project construction team.

The task matrix prepared by the planning chief to derive activities for developing the project
preliminary plan is given in Exhibit 3.5.

3.2.4 Complex Repetitive Work Breakdown Matrix:
School Construction Sub-project of 2000 Housing Units Project

In projects involving repetitive or similar activities, the Work Breakdown Structure method can
be used to identify activities in one building/facility/sector, while the matrix method can assist in
determining activities in other similar areas.

Consider the construction of schools in the 2000 Housing Units Project. The project includes
two nursery, four kindergarten, five primary, and four high schools. These schools had similar con-
struction but are varied in size. The Work Breakdown Structure of the primary school, reflecting
work packages and the connected activities is shown in Exhibit 3.6.

Primary School work packages and activities are as follows:

Primary School Work Package and activities

S. No. Work Packages Connected Activities

1. Footing Wings-I and II Excavation and footing, stub column and plinth beam and ground floor slab.

2. Superstructure Wings-1 Wing I Ground floor column, first floor beam and slab and roof structure. Wing
and II II First floor structure.

3. Structure of gymnasium Foundation, portals and slab.

4. Building Frame Block work, concealed pipes or conduits, internal plaster, AC ducting and pip-

ing, roof treatment, wiring and external plaster.

S. Finishes Tiling, preliminary paint, equipment installation, carpentry, joinery and metal
work, fitting and fixtures, final paint and balance completion.

The activities of the primary school can be listed in the main column of the Task Matrix, as shown
in Exhibit 3.7. The other school activities, being similar to that of the primary school, can be easily
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Exhibit 3.5

Planning of a Factory Project during Feasibility Stage Task Matrix

Activities with Durations in Months

Task N
Code Task Description Accomplish- .. Con .
. Designing . Execution
ing tracting

A Preliminaries 1 - - -

B Project Sanction 1 - - -

C Land Procurement and Survey 2 - - -

D Factory Building - 1 2 12

E Office and Living - 1 2 9
Accommodation Phase-I

F Office and Living - 1 2 6
Accommodation Phase-I1

G Temporary Storage - - 1 3
Accommodation

H Installation of Tube-wells - - - 2

I External Water Supply and Sanitation Phases - 1 2 3
Tand IT

J External Electrification - 1 2 3

K Air Conditioning Factory and Office Building - 1 2 2

L Furniture for Phases I and II - 1 1 4

identified and tabulated in the matrix. In particular, the duration of the activities can be incorporated
as shown in the Exhibit 3.7.

3.2.5 Complex Programme WBS: New Cantonment Projects

Background. This case history illustrate the application of the Work Breakdown Structure tech-
nique in developing the tasks involved for planning a military cantonment construction project. This
case can be used as a guide for developing programme for new township and housing complexes.
The team assigned for preparation of the project plan studied the information (then available) from
the following sources:

e The sitting board report;
e The layout plan;
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Exhibit 3.6

Primary School Construction

Work-breakdown Structure

I
I I I I |

Footing Superstructure Gymnasium Building Finishes
Wings I & II Wings I & II Structure Frame Work
Work Package Work Package Work Package Work Package Package
I
Excavation Stub Ground Foundation Portals Slab
& Footing Columns  Floor
& Plinth
Beam
| |
Superstructure Superstructure
Wing I Wing II
|
First Floor
Structure
I I I
Ground Floor  First Floor Roof
Columns Beam & Slab Structure
I I | [ |
Blockwork Pipes Internal Ducting Roof Screed External

& Conduits Plaster & Piping Treatment & Wiring Plaster

I [ I I |
Tiling Preliminary Equipment Carpentary Fitting Final Final
Paint Installation & Joinary & Fixtures Paint Completion

e The project administrative approval;

e The existing outline of ten-year plan for the construction of the project;

e The progress reports of the works under execution; and

e The policy letters covering the brief history of the project, the scope of the work and the limi-
tations or constraints imposed by the higher management from time to time.

Further details for making the time plan were obtained by discussing the relevant aspects with
the heads of sections and applying the famous questions—Who? What? Where? When? Why?
How?—as and when required.

The sketch showing the layout (not to scale) of the cantonment is given in Figure 3.2. The can-
tonment area is divided into 15 Zones, which are serially numbered from 1 to 16, excluding the
number 13. Based on the work load; source of water supply, plan of sewage disposal, and common
road network, these zones are further grouped into four sectors.

Zonal accommodation including internal service. The accommodation, planned zone-
wise, is as follows:
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Exhibit 3.7

Construction of Education Buildings: Task Matrix with Duration

o Actvity Code 'Chool  school  Schoal __ Schont
1. Excavation and footing EF 3 3 2 2
2. Stub column and plinth beam PB 3 3 2 2
3. Plinth filling PF 2 2 2 2
4. Ground floor slab GS 3 3 2 2
5. Ground floor column GC 2 2 2 2
6. F. F. Slab and beam Wing I FS 3 4 3 3
7. Roof structure URF Wing [ RS 4 4 0 0
8. First floor Wing 11 FS 3 4 0 0
9. Foundation portals Wing II FP 3 3 0 0
10.  Construction Portals IT CP 4 4 0 0
11. Gymnasium slab Wing II SC 4 3 0 0
12. Block work BW 4 4 1 1
13.  Pipes/conduit and frames DW 3 3 1 1
14.  Internal Plaster IP 4 4 2 2
15.  AC ducting and piping AC 2 2 6 6
16.  Roof treatment RT 2 2 2 2
17.  Screed and wiring SC/EW 2 2 2 2
18.  External plaster EP 2 2 2 2
19.  Tiling TL 3 3 2 2
20.  Preliminary paint PT 3 3 2 2
21.  A.C. equipment installation and AE 2 2 2 2

testing

22.  Cand J metal work CJ 4 3 2 2
23.  Fitting and fixtures FF 4 3 2
24.  Final paint and completion CM 4 4 2 2

e  Unit accommodation other than married (OTM): Zones 1, 2, 3,4, 8,9, 10, 11, 12, 14, 15, and
16. Each zone has a major unit or its equivalent number of smaller units located in it;

e Married accommodation (Md): Zones 7A, 7B, 7C, 7D, 7E, and 7F;

e Accommodation for construction staff: Zone 5;

e Cantonment hospital: Zone 4; and

e Cantonment market: Zone 6.
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The sector-wise location of the zones is shown in the Exhibit 3.8. Proceeding similarly, each zone
is further subdivided into sets of adjoining buildings.

Inter-sector external services. These services include roads, power supply, water supply, sew-
age disposal, area drainage, and arboriculture. These can be further sub-divided into inter-sector,

Exhibit 3.8
Sector-wise Location of Zones in a Cantonment Construction Project

Cantonment Construction Project

l
| | | | | I

Project Sector A Sector B Sector C Sector D External
Preliminaries Services
| |
OTM Zones Md Zones
9, 10, 11 & 12 7E
I I
OTM Zones Md Zones
4,5 6, &8 7C, 7D, & 5
l [
OTM Zones Md Zones
1, 14, 15, & 16 7A
I I
OTM Zones Md Zones
2&3 7B & 7F

inter-zonal, and the zonal works. The work breakdown of the inter-sector service tasks is shown in
Exhibit 3.9.
The tasks involved are outlined below:

1. Roads. The main road runs through the centre of the cantonment. There are a number of
other roads, which connect different zones.

2. Electrification. The main source of electric supply is from the hydel department. The hydel
power is received at the receiving station in Zone 1. It is then transmitted to the various zones
by HT transmission line. There are 17 substations, which step down the high voltage to 440
volts and distribute it to the various zones by the LT lines. The power house, housing three
generating sets, caters to important installations in an emergency.

3. Water supply. The main source of water supply is a stream. An irrigation channel connects
this stream to the water treatment plant. The treated water is pumped to six water reservoirs,
which are distributed to the various Zones as follows.

e Three water reservoirs: for Zones 9, 10, 11, 12 and 7E.
e One water reservoir: for Zones 5, 6, 8, 7C and 7D.



Defining Project Activities 133

Exhibit 3.9

Inter-sector External Services
|
l I |

Roads Utilities Area Arboriculture
Drainage & Landscaping
Main Inter
Road Zonal
Roads
| | |
Power Water Sewage
Supply Supply Disposal
Installations HT Feeders
|
| I |
Receiving  Power Sub-stations.
Station House 1to 14, 16 & 17

I I l

Treatment Pump Water Water
Plant House Reservoirs Mains
Rising Gravity
Mains Mains
l | |
Treatment Oxidation Trunck
Plant Ponds Mains

e One water reservoir: for Zones 14, 15, 16 and 7A.
e Two water reservoirs: for Zones 1, 2, 3, 4, 7B and 7F.

Sewage disposal. It is based on the oxidation-pond method and is organised as follows:

e The trunk sewer from Zones 9, 10, 11, 12 and 7E are connected to the oxidation pond
in Zone 12.

e The trunk sewer from Zones 4, 5, 6, 7D and 8 terminates in the oxidation pond in Zone
B.

The trunk sewer from Zones 7A, 14 and 15 are also connected to another set of oxidation
ponds in Zone 8.
The trunk sewer from Zones 1, 3 and 7B are connected to oxidation ponds in Zone 1.

e All other Zones are connected with separate septic tanks. Area drainage and arboricul-
ture. These are planned on area basis.
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7. Area drainage and arboriculture. These are planned on area basis.

Cantonment projects work-breakdown structure. The Work Breakdown Structure down
to the task level developed for this programme is shown in Exhibit 3.10.

Exhibit 3.10

Contonment Construction Project: Work-breakdown Structure

|
| | | | I |

Project Preliminary Inter-sector Sector A Sector B Sector C  Sector D
| External Services
I [ | | [ I [ I !
Land Sanction Detailed OTM Md LT OTM LT Md
Acquisition Survey Acc  Accn Lines Cn Accn Lines Accn
[ l l
Preliminary Cost Architectural Zones 9, Zone Zones Zone Zone
Survey Estimation Master Plan 10, 11 7E 4,5,6, 7C 7D
& 12 & 8 Zone 5
Roads Electrification Water Sewage Disposal  Arboriculture
Supply
Main Road Zonal Reservoirs Water Gravity Trllmk Sewlage Separate
PWD Roads with Works  Mains Mains Treatment Activities
Raising not
Mains Considered
(1) Sector B to Oxidation Septic
Eiﬁ:ﬁinsy Hydel Oxidation Pond in tanks
ication Pond in Zones 1, 8 Zones 2
Zone 8. & 12 & 16
. (2) Zones TA, 14
Generation HT Feeder & 15 and
Bridge at
Sewer

Generator Construction i
Crossing in  QTM Acen LT Linkes Md Accn

Installation Power Zone 8 | i
Commission House (3) Zones 1&3 Zones 1, Zones Zone TA,
: I | to Oxidation 14 to 16 14, 15, 14 to 16
. 7A, 16
Receiving HT  Sub stations ZP:;::: in &1
Station Lines '
| i | I I
Treatment Temporary OTM LT Married
Water Supply Water Acen Lines Acen.
& Purification Works Zone Zone 3, Zones
Complex 2&3 7B, 2 7B & TF
Note: (1) Zone TA to 7F are all married
accommodation.

The zone accommodation was split into one or more part(s), broadly conforming to the above
grouping in order to derive the list of tasks for each zone. This WBS was used for planning long
duration programme with budget constraints.
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3.2.6 Building Work Breakdown Templates

3.2.6.1 CI/SfB construction index manual

Background. The CI/SfB Construction Index Manual, originally published in 1976 by the
RIBA Publication Ltd, London, is primarily designed for use in project information and related
applications, such as preparation of bills of quantities and establishing the performance accounting
linkages.

The CI/S{B system is internationally recognised. It originated in Sweden in 1974 and was initial-
ly developed for coordinating the building processes. In 1952, it was adopted by the International
Congress for Building Documentation (CIB) for standardising the classification and filling system
of documents.

RIBA Publishing is the publishing arm of the Royal Institute of British Architects. With such
avast experience, they have provided a range of publications for the day-to-day information needs
of Architects, Designers, and Construction Professionals. These publications include contracts,
forms, agreements and guidance.

Work package. The construction elements in CI/SfB (extract in Table 3.4) represent the overall
process of building construction, beginning with the site development and proceeding vertically
down to the external utility services.

Table 3.4

Primary Division of a Building

Code no. Primary Division Basis of Grouping Within Division
(00) Site development Information relating to external site development works.
(10) Sub-structures Foundation work below grade
(20) Super-structure primary Load bearing structural elements above grades
elements
(30) Super-structure Secondary Non-load bearing elements
elements
(40) Finishes Exposed surface treatment
(50) Mechanical services All piping and ducting systems including materials and equipment
(60) Electrical services All wired system, materials and equipment
(70) Fixed equipment All fixed equipment, components and fixtures in a building
(80) Moveable equipmentv Alvl moveable equipment components and furnishes in a building

(90)

External services

All services not within the enclosed limits of the buildings
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Table 3.4 matrix depicts primary divisions in the first column. Their corresponding sub-divi-
sions are reflected horizontally against each of them in CI/S{B.

Generally, each primary division can represent the work package of small projects, whereas for
large package, each sub-division or its further breakdown may have to be used to denote a work
package. These sub-divisions are shown in Table 3.5.

Activities. In CI/SfB, the primary divisions are further split up horizontally into sub-divisions or
activities. For example, sub-division 21 represents the external wall (load bearing), while sub-divi-
sion 43 stands for the floor finishes. Further sub-division breakdown leads to the inter-connected
activities. For instance, roof (27) is broken up into flat roof (27.1), pitched roof (27.2), and folded
plate roof (27.4), etc.

3.2.6.2 Construction Specifications institute (CSI), USA specifications

CSI has brought out significant publications to introduce uniformity in construction documents,
particularly in Construction Specification. The 50 divisions’ specifications groups in a standardised
sequence are being widely used by the construction industry in the US. It finds application in or-
ganising data, developing method statements, arranging project contracting manuals, and writing
specifications. Master Format of CSI is the specifications-writing standard for most commercial
building design and construction projects in North America. It lists titles and section numbers for
organising data about construction requirements, products, and activities. Updates to Master For-
mat are made annually. For further information about building specification of CSI, visit www.
csinet.org

U 3.3 ACTIVITY DURATION ESTIMATION
3.3.1 Activity Duration Definition and Its Implications

Duration of an activity is defined as the expected economical transaction time that is required to
perform an activity according to the specified execution method. The estimation of this time is
based upon the specified practices that are carried out in an organised manner under the normal
prevailing conditions. Moreover, the preferred choice for doing its assessment is by the person
responsible for its performance. This definition of activity duration has many implications. These
are given in subsequent paragraphs.

Duration is transaction time. The transaction time of an activity is the time taken to change
from one state to the next within the system. In other words, duration is the time delay incurred
in moving from one event to its succeeding event. Generally, smaller the level of activity details,
the better its duration assessment. In the long run, during the progress of a project, plus and minus
variations in activity duration tend to get adjusted.

It may be noted that duration is only an assessment and may differ with the actual time, which an
activity take for its transaction. The methods used for assessment of the duration are one time and
three time estimates. These methods are explained in Section 3.3.2.



Defining Project Activities 137

Table 3.5
CI/SfB Manual Main Content with Codes

CI/SfB Table 0: Physical environment

1 Utilities, civil engineering facilities
2 Industrial facilities
3 Administrative, commercial, protective service

facilities
4 Health, welfare facilities
5 Recreational facilities

6 Religious facilities

Educational, scientific, information
facilities

Residential facilities

8 81 Housing

87 Temporary, mobile residential facilities

CI/SfB Table 1: Building elements

(1-) Ground, substructure

(11) Ground

(13) Floor beds

(16) Retaining walls, foundations

(2-) Structure, primary elements, carcass

(21) Walls, external walls

(22) Internal walls, partitions

(23) Floors, galleries

(24) Stairs, ladders

(27) Roofs

(28) Building frames, other primary elements
(28.8)  Chimneys

(29) Parts, accessories, etc

(3-) Secondary elements, completion of structure
31) Secondary elements to walls, external walls

(31.4)  Windows

(31.5)  Doors, doorsets, frames
(35) Suspended ceilings

(37.4)  Rooflights

(38) Balustrades, barriers

(4-) Finishes to Structure
(41) Wall finishes, external

(42) Wall finishes, internal

(43) Floor finishes

(45) Ceiling finishes

(47) Roof finishes

(48) Other finishes to structure

(49) Parts, accessories, etc. special to finishes to struc-
ture elements

(5-) Services, mainly piped, ducted

(52) Waste disposal, drainage

(52.1) Refuse disposal

(52.5) Rain water, surface water drainage

(52.6) Internal drainage, above ground
drainage

(52.7) Below ground drainage

(53) Liquids supply

(53.1) Cold water supply

(53.3) Hot water supply

(54) Gases supply

(54.1) Fuel gas supply

(54.2) Vapour supply

(54.4) Medical, industrial gas supply

(55) Space cooling

(56) Space heating

(56.4) Central heating: hot water, steam
distribution

(56.5) Central heating: warm air distribution

(56.6) Central heating: electrical distribution

(56.8) Local heating

(57) Air conditioning, ventilation

(58) Parts, accessories, etc, special to piped, ducted

service elements

(6-) Services, mainly electrical

(61) Electrical supply
(62) Power

(63) Lighting services
(64) Communications
(66) Transport
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Duration is assessed based on specified execution method. The choice of the method
of activity execution depends upon the past experience, market availability of appropriate resourc-
es, available resources, and the cost-benefit analysis of the various execution methods of. The first
step in estimating duration is to develop the methodology for execution based on current practices.
Further this method of execution may undergo a change with the passage of time or with improved
techniques that may alter the activity duration in due course.

Duration is assessed based on resources earmarked. The duration of an activity de-
pends on the volume and the nature of resources earmarked for execution. The resources, such as
men, machinery and materials are required for the execution of each activity. The typical resource
planning norms that can be used for preliminary estimation of major item of resources are dealt
with in Chapters 7, 8 and 9.

Duration is economical transaction time. The assessment of expected time should be
based on the most economical method of activity execution under the prevailing working condi-
tions, by using the available or earmarked resources.

Consider a job involving 50 cubic meter of manual excavation over an area of 15 x 6 m. It is pos-
sible to organise work by employing 18 men for one day in two shifts, or three men for five days; or
four men for four days to complete this task. If each man is paid $5.00 per day, and assuming that
tools required for digging are brought by the workers, the time for completion of excavation and
the corresponding labour costs for this activity can be tabulated as follows:

The duration for this activity corresponding to the least cost of execution ($75) should be taken
as three days. It may be noted that the duration of an activity is correlated with time and its cost.
The time and cost at the least cost point is termed as normal time and normal cost of the activity.

Duration is estimated in terms of predetermined units of time. The unit of time can
be a month, a week, a day, or even an hour. The considered unit depends upon the plan type. The
guidelines given below may be adapted for selecting the unit of time for assessment of duration of
activities in the following:

Completion Time (Day) Manpower Employed Cost ($)

1 18 90
2 8 80
3 5 75
4 4 80

e Project Summary Schedule: Months or weeks

e Project Master Schedule: Weeks

e Detailed Work Programme: Working days or hours

The following conversion factors may be used for converting from one unit to another.
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e Working hours in a day: 8 hours
e Working days in a week: S or 6 days
e  Weeks in a year: 52 weeks

All activities in the network or schedule use same unit of time. The duration assessed
in weeks includes weekly holidays but excludes other holidays and non-productive period. Further,
the seasonal and weather uncertainties are not considered; these are taken care of at the time of
scheduling stage. Overtime is also not considered unless it is a standard practice.

The assessed duration estimate is expressed in terms of unit of time, in the nearest whole number.

Duration estimation is based on current practices. This implies that the estimation is
based on the present knowledge of the transaction method in an economical way; it may undergo a
change with the passage of time or with improved techniques.

Duration estimation is based on work being carried out under normal prevailing site
conditions. This implies that estimation is based on the method of work under normal working
conditions at the site, using economical resources. Adjustments for time delaying factors, like rainy
season and bad weather are considered at the time of work and resource scheduling (refer Chapter 6).

Duration estimation methods presuppose that activity is performed in an organised
manner. Working in an organised manner implies breaking down the activity into elements, match-
ing optimum resources for each element, laying down a systematic method of execution, and specify-
ing objectives and responsibilities, so that the task is performed efficiently and enthusiastically.
Duration is assessed preferably by the person responsible for its performance. This makes the dura-
tion estimate realistic and meaningful.

3.3.2 Duration Estimation Methods

Generally, any of the three methods are employed for assessing the duration of construction activi-
ties. These are termed as one-time estimate, three-time PERT estimate, and non-linear distribution
(e.g. trapezoidal) estimate.

One-time estimate. The estimation of duration is based on one or more of the following.

e Data planning;
e Past experience on execution of a similar project; and
e Average time assessed by a group of executives.

Example: In excavation of 3,000 cu. ft of common earth, if output of a man is taken as 100 cu.
ft per day and six men can be effectively employed on the job, the duration of the activity would
be five days.

In most of the construction work, it is generally possible to assess the duration of an activity with
reasonable certainty by using experience or the departmental data planning. The one-time estimate
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for activity durations is used in these projects. Further, the one-time estimate is task- oriented and
the activity duration can be correlated to the cost and the resources employed. The method of the
one-time estimate is simple and can easily be followed by all the concerned parties along with the
planning or execution of construction works.

Three-time PERT estimate. When the exact duration of an activity, like research and devel-
opment, is not certain, the three-time estimate is used to compute its expected duration. The follow-
ing relation is used to calculate the expected duration of such an activity:

T +4T +T
T =2 m "»
¢ 6

Where,

T’ =expected completion time

T =optimistic time, assuming that everything goes extremely well with no delays
T, =pessimistic time, assuming that everything goes wrong

T =most likely time, assuming normal conditions

Example: Let us take the activity of sanctioning a government project. It has to pass through
many channels and depends upon many factors. Let us assume that the sanction is most likely to
take 8 weeks, and if all goes well, the earliest it can happen is 6 weeks, but in any case, it will cer-
tainly come through in 16 weeks. The expected duration of the activity can then be calculated as
follows:

6+(4x8)+16
T = S+Ux)+16_ 9 weeks
6
The three-time estimate can effectively be used in certain areas of construction projects where time
is the main criteria and the resources employed are of secondary consideration. Some of these are

as follows:

e The planning of projects especially, at the feasibility stage;

e The skeleton networks enclosed with the tender documents;

e The contracted works, where time is the main consideration for the management; and
e The complex structures, where the exact duration estimate is difficult to assess.

The analysis of networks using the three-time estimation is based on probabilistic methods, which
are covered in Chapter 4.

Non-Linear distribution estimate. The one-time activity duration estimation methodology,
given above, assumes average daily uniform manpower (or effort) of work throughout the execu-
tion of activity. But execution of some activities may need effort in a non-linear pattern. Such
non-linear distributions may follow triangular, trapezoidal, binomial, beta, gama, normal or other
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pattern. In such cases, the activity duration estimation needs to be modified accordingly. Some of
the non-linear probability distribution are given below (see Table 3.6) that are used to convert this
distribution into one-time expected or mean value.

Formulae are approximations only. Readers may refer to standard books on statistics to understand

Table 3.6

Probability Distributions Approximates Statistics for Simplifying Calculations

Statistics Normal Beta Triangular Uniform
Expected Value or mean (a+b)2 (a+4m+Db)/6 (b+m+a)3 a+(b-a)2
- [(b-ay+@m-a)* (b’-a’)/[3%Db-a)-
2 _ )2 -a)?
Variance s (b - a)*/36 (b-a)¥/36 (b - m)]/18 (b - a)/4
Standard Deviation, s (b-a)6 (a-b)6 v \y

Note: a = Optimistic value, b = Pessimistic value, m = Most likely value, v = variance

these probability distributions and estimation formulae for calculating their mean and standard
deviations.

The non-linear probability duration estimate are used in those projects, which involve high de-
gree of risk, like oil exploration (for further reading, refer Chapters 16 and 17). This method of
estimation is employed in GERT networks, which are rarely used in construction projects.

3.3.3 Duration Estimatiotn Procedure

The various stages in duration estimation of a construction activity can be identified as follows:

e Decide the method of execution;

e Estimating the quantity of work involved;

e Identify the resources required,

e Assessing the effective employment of resources;

e Estimating the activity completion period usingt estimated resources;

Quality
Output per unit of resource x Resource earmarked

Completion Period =

e Rounding off the completion period to nearest value after making reasonable contingency
allowance; and

e Use the three-time PERT or a non-linear estimate, where it is not possible to predict reason-
able activity duration by one-time method and then convert it into one-time estimate.
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Example: Highway pavement construction duration estimation. Calculate the duration of road
pavement construction activities for one KM road stretch of service road. The quantity of work, the
output of each equipment team, and the equipment team composition are shown in the table below.
The equipment team available with assessed output is given in Table 3.7.

Table 3.7
Equipment Team Output

S. Equipment Team Output . .
No. Nomenclature (m¥/day) Available Team Equipment
1 Clearing , Grubbing and E/W cutting/ 720/10 hrs. Dozer (D80), Exc., Tipper-3
exc by dozer/excavator

3 E/W Emb/filling 720/10 hrs. Dozer (D80), MG, Vib Roller (10 tons),W.
Tanker(6KL)

4 Sub-grade 720/10 hrs. Dozer (D80), MG, Exc.Vib Roller (10 tons),
Tractors SOHP (2)

5 GSB 600/10 hrs. MG, Vib Roller (10 tons), W. Tanker (6KL)

6 WMM 500/8 hrs. WMM (2x200 TPH), Paver (100 TPH)

7 DBM and BC 500/8 hrs. HMP 2x120 TPH, Pavers (2x100 TPH),

Rollers 2 each of type Vib, Tandem, Smooth
Wheel, Tippers 5.5 cum

Note: Output of road pavement construction equipment is given in Table 3.8. These can be suitably modified based on
available equipment.

3.3.4 Activity Resources Estimation

The construction activity accomplishment process combines resources like men, materials, and ma-
chinery. The duration of an activity and the resources required are interlinked. For example, the ac-
tivity of placing concrete in the foundation of a large building can be done manually or using crane
and bucket arrangement, or pumping by concrete pumps or transporting by a conveyor system. The
time and cost for each of these methods will differ accordingly. Similarly, the time and manpower
required for wall shuttering will depend upon the type of shuttering used from the available choices
of custom-built steel wall forms and the conventional timber-plywood steel props support system.
In short, it is the method of production and the time available that dictates the resources required
for accomplishment of an activity.

In the initial stages of duration estimation, it is necessary to make a preliminary assessment of
the resources of men, machinery and materials, which are required for the execution of each ac-
tivity within assumed/stipulated duration. This assessment is used to forecast resources required,
develop a time schedule within resource constraints, and evaluate the connected costs.
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Table 3.8

Equipment Teams Available and Duration Estimation

S Work Eqpt. Team Eqpt. Eqpt. Dur.
N(; Nature of Work Quantity Output Team Teams (Da 's)
: (CM) m’/day Days  Available Y

A B C D E=C/D F E/F

1 Clearing , Grubbing and E/W 11931 720/10 hrs 16 2 8
cutting/exc

3 E/W Emb/filling 12719 720/10 hrs 18 2 9

4 Sub-grade 20430 720/10 hrs 28 2 14

5 GSB 5337 600/10 hrs 9 1 9

6 WMM 6158 500/8 hrs 12 1 12

7 DBM 4183 500/8 hrs 8 1 8
BC 1921 500/8 hrs 4 1 4

The preliminary estimate of resources needed to accomplish an activity can be made by using
the planning norms developed from the past experience of companies or the published literature,
suitably modified to conform to project environment.

The resource planning norms include the following:

e  Workers output norms;
e Plant and machinery output norms; and
e Materials quantity estimation and wastage norms.

The typical resource planning norms that can be used for preliminary estimation of major item of
resources are dealt with in Chapters 7, 8 and 9.

The methodology for costing of resources and activities is covered in Chapter 11.

Exhibit 3.11 shows the Foundation Construction Sub-Project: Activity-wise Workers’ Require-
ment and Cost Estimate for One Foundation Module are tabulated in Exhibit 3.11. Exhibit 3.12
illustrates the Construction Sub-Project: Major Materials Requirement and Cost Estimate for One
Foundation Module.

3.3.5 Human Side of Activity Duration Estimation

Initially, in analysing the duration estimators, the followed approach includes calculation of ex-
pected duration estimate corresponding to around 50% confidence level using one-time, three-time
or other methods. Thereafter, they add contingency time to allow for unforeseen safety/reserves ex-
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Exhibit 3.11

Foundation Construction Sub-Project: Activity-wise Workers’ Requirement and
Estimation for One Foundation Module Construction

Direct labour crew

No. Activity Uni¢ ~ Quan-  Duration BOQ Code
tity Hours Skilled  Unskilled
1. Layout for excavation - - 4 - 2 1-1
2. Excavation with machines CM 400 8 - 1 ”
3. Base preparation SM 360 16 4 10 ”
4. Anti-termite at base SM 362 4 - 2 Al-4
5. Polythene sheeting SM 362 6 - 3 Al-6
6. Shuttering for blinding RM 90 2 2 Al-7
7. Placing concrete M-100 CM 18 18 4 5 Al-6
8. Layout for raft - - 4 1 2 Al-8
9. Shuttering for raft SM 22.5 8 2 2 ”
10.  Reinforcement for raft MT 6.066 32 10 5 Al-11
11.  Raft concreting M-250 CM 88.14 5 5 6 Al-8
12. Curing raft - - 4 - 1 ”?
13.  Bitumen coating raft sides SM 362 3 2 3 Al-5
14.  Layout for plinth wall - - 4 - 2 Al-8
15.  Wall shuttering SM 485 48 0 8 ”
16.  Wall concreting M-250 CM 43.78 3 5 6 ”
17.  Deshuttering - - 16 8 8 ”
18.  Curing wall - - 8 1 ”
19.  Bitumen coating wall and ~ SM 319 3 2 3 Al-5
raft
20.  Back filling CM 120 8 - 4 Al-2
21.  Plinth filling CM 305 16 - 8 Al-3
22.  Anti-termite under GF SM 172 2 - 2 Al-4
slab
23.  Polythene sheeting SM 225 3 - 2 Al-6
24.  Shuttering for GF slab SM 11 8 1 1 Al-9
25.  Weld mesh fixing MT 0.651 8 4 2 Al-10
26.  GF concreting M-250 CM 28.34 2 5 6 Al1-9
27.  Curing GF slab - - 8 - 1 ?
28.  Total manhours 1202 1304
29.  All-in rate per manhour $1.50 $1.25

30.  Direct Labour Cost $ 1803 $ 1630
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pected corresponding to around 80-95% confidence level to make it a highly probable performance
target. Thus, traditional duration estimation approach includes hidden safety factors in each activity
to cater for Murphy’s Law according to which “if anything can go wrong, it will.” This makes ex-
ecutives feel comfortable, but it results into many harmful consequences, such as:

1. Parkinson’s Law comes into action. The work effort expands to accommodate the additional
time. People simply adjust the level of effort to keep occupied for the entire duration.

2. Level of effort generally, follows the "Student Syndrome". Little effort is made by the student
during the initial days of assigned homework and when the safety period is over, work starts
with high speed sometimes leading to overruns from the original estimated date for submis-
sion of the assignment.

3. Iterodes hidden safety reserves. The project is denied the benefit of the safety time, included
in activity duration estimate, which would have yield a positive variance, if the work is ex-
ecuted at a high speed as done during the final days of “Student Syndrome”. In fact, excess
activity duration wastes safety time, which is catered to protect against effects of Murphy’s
Law.

In 1997, Dr. E. M. Goldratt postulated a new approach to minimise time and cost overruns that
address both the human aspect and the technical approach in project management. It is based on
the originator’s bestselling novel, Critical Chain. This technique is called Critical Chain Project
Management (CCPM) and it is outlined in Chapter 16.

U 3.4 ACTIVITY COSTS AND BOQ WORK-ITEM
RELATIONSHIP IN CONTRACTED PROJECTS

3.4.1 Activity Cost Classification

In general, the term cost implies expenditure that is incurred in monetary terms by a person or an
agency to acquire a product or a service or to accomplish an objective. For a given product, the
expenditure incurred or the money spent by the customer to acquire it, the manufacturer to produce
it, and the retailer to sell it, is not the same. The cost of an item is related to the purpose for which
it is incurred; it varies when it passes through various agencies.

For example, suppose a customer purchases an apartment from a Realtor for one-million U.S.
dollars. The total money paid by the Realtor to acquire it from the builder is $950 000, while the
production cost incurred by the builder for the land and construction is US $850 000. In each case,
the cost is related to the specific purpose or activity for which it is incurred, and the cost associated
for accomplishment of each activity becomes its cost objective.

In other words, the cost objective represents the cost, which a person or agency has decided to
pay for fulfillment of a specific purpose. In particular, the term cost, when singly used in this book,
stands, for the production cost. The cost classification varies with the purpose. In general, the activ-
ity costs can be classified as follows.
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Cost Purpose Cost Classification
1. Estimating costs Direct and indirect costs
2. Accounting costs Production cost and earned (sales) value

The above cost terms are outlined in the following paragraphs. These are further elaborated in
Chapter 11.

Activity direct cost. This is the cost that can be traced in full with the execution of a specific
activity. It consists of costs of direct materials, labor, equipment and other costs. For example, in
the activity of roof concreting, the following direct costs would be involved.

Type of Costs Items of Costs

Direct materials Cost of concrete and steel

Direct labour Cost of labour employed

Direct equipment Cost of equipment hired for placing ready-mix
concrete

Direct other expenses Formwork hiring charges

Activity indirect cost. This is the cost that is incurred while performing an activity, but cannot
be traced directly to its execution. In other words, all costs other than the direct ones fall in this
category. These represent the share of supervision, general and administration costs, and are com-
monly referred to as overheads. Generally, the overheads charged to an activity are expressed as a
percentage of its direct costs.

Activity production cost. This cost is the sum of direct cost and its apportioned indirect cost.
It is built up as follows:

Cost Elements Amount
1. Direct material costs A

2. Direct labour costs

3. Direct equipment and other expenses
4. Direct costs (A+ B + C)

5. Indirect costs

6. Production cost (D + E)

mm g QW

3.4.2 Activity Earned Value in Contracted Projects

It is the BOQ value of the work done in a contract, which the client is committed to pay for the
satisfactorily completed works. In contracted works, Earned Value is the sale price, calculated at
contract rated, which the owner has budgeted for payment to the contractor for the work done.
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Earned value or sales prices for various items of work are fixed and these are listed in the Bill of
Quantities (BOQ). As an example, Table 3.9 shows an extract from the Bill of Quantities (BOQ),
for the foundation work of a residential building complex (with actual data modified). In the BOQ,
the sale price is generally expressed in units of the work item. But for forecasting and monitoring
this price or earned value, it is necessary to compute the sales price, preferably activity-wise.

Table 3.9

Bill of Quantities: Foundation of a Residential Building (Original Modified)

Item

No Description Qty Unit  Rate ($) Amount ($)

Al Excavation in foundation includes disposal of earth 44,400 M3 5.00 222,000
within the work site, leveling and dressage and compac-
tion of final source.

A.2  Backfilling and compaction around foundation in layers 13,320 ~ M? 5.00 222,000
not exceeding 30 cm with excavated earth

A.3  Earth filling and compaction in plinth with approved soil ~ 33,855 M3 20.00 677,100
in layers not exceeding 30 cm level

A.4  Anti-termite treatment for bottom and sides of founda- 59,274  M? 7.50 444,555
tion plinth wall as per approved manufacturer’s specifi-
cations

A5 Painting with 2 coats of bitumen paint to foundation 75,591 M2 2.45 185,198
sides and plinth wall surface

A.6  Laying of polythene sheet 1000 G as separator between 65,157 M? 1.00 65,157
earth and concrete, and earth ad ground floor slabs

A.7 75 thick blinding concrete Grade M-100 in foundation 1,998 M3 95.05 189,910
with sulphate resisting cement

A.8 Reinforced concrete Grade M-250 in foundation and 14,643 M3 163.50 2,394,150
plinth walls with sulphate resisting cement including
inserts, formwork and including expansion joints as
necessary but excluding reinforcement

A.9 Same as Item 1.8, but for ground floor slab 3,146 M3 144.95 455,975

A.10  Mild steel weld mesh reinforcement as per BS 1221 for 72.26 T 1,518.10 109,691
ground floor slab

A.11  High strength deformed bars reinforcement as per 673.33 T 1,095.00 737,292

ASTM 1-615 Grade 60 or equivalent

This computation is carried out by developing a correlation between each work item and activity.
By breaking down an item of work into activities, or subdividing an activity into items of works,
as the case may be.
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Example 1: This example illustrates the splitting up of sales price of the BOQ work-item No. 8
into work package sales price.

Let us consider the BOQ item No. A8 in Table 3.9 relating to plinth wall concreting. It represents
the concrete M-250 in the plinth wall of a building module of the repetitive-type residential build-
ing construction complex. This work item can be broken down into the sales price of connected
activities of the work-package as shown in Table 3.10.

Table 3.10
Sale Price Breakdown of Raft Concreting Work Package

BOQ Activity Qty Unit Rate ($) Amount ($)
A-5  Bitumen painting 362 m? 2.45 886.90
A-8  Layout - -

A-11  Reinforcement fixing Included in raft work package
A-8  Shuttering 485 m? -

A-8 Concreting 43.7 m? 163.50 7144.95

A-8  Deshuttering - -

A-8  Curing - - -
Total  Concrete placed 43.7 m3 $8031.85
Value

Standard unit sales price of work package ‘plinth wall’ expressed in work-unit of m* concrete
placed works out as $8031.85/43.70 = $183.80/m°.

Example 2: This example shows the determination of sales price of work-package representing
ground floor slab of one module from the given BOQ work item.

The sales price of the work package ground floor slab in work units of m* concrete placed works
out to $515.82 m?, that is, $14648.42 divided by 28.34. See Table 3.11 for details.

Q 3.5 ACTIVITY DATABASE

An activity is defined in terms of its database. The database components include the quantified val-
ues of the all the parameters that are related to the accomplishment of an activity (or a task) in the
estimated time. These parameters include:

e Activity description;

e Method of execution of the activity;

e The quantity of work involved, expressed in standard units of measures;

e Activity estimated duration;

e The quantities of physical resources needed including direct labour, direct material, and direct
equipment;
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Table 3.1

1

Determination of BOQ Price of Ground Floor Slab Work Package

BOQ  Activity Qty Unit Rate ($) Amount ($)
A-5 Bitumen painting 319 m? 2.45 781.55
A-2 Back filling 120 m? 5.00 600.00
A-5 Plinth filling 305 m? 20.0 6100.00
A-4 Anti-termite treatment 172 m? 7.50 1290.00
A-6 Polythene sheeting 225 m? 1.00 225.00
A-9 Shuttering 11 m? - -
A-10 Weld mesh laying 0.651 Ton 1518.10 988.28
A-9 Concreting M 250 28.34 m’ 163.5 4633.59
A-9 Curing - - - -
\T/;’fjé Concrete placed 28.34 m’ $14618.42

e The estimated production direct cost including direct labour costs, direct material costs, direct
equipment costs, and sub-contractor costs; and
e The budgeted cost or earned (contact) value.

In addition, an activity database also includes activity identification code (ID), predecessors, suc-
cessors, start date, completion scheduled date, and imposed constraints.

Some of these parameters get defined during the activity duration estimation process; while the
others are known after the planning processes of resources and cost, described in Chapters 7—12.

Activity Database Model

Activity ID

\

Predecessors

Cost
Budgets

Constraints

Custom

Data Item

Calendar

Descriptions

\

Successor

Resource
Budgets

Log

\

Dates

Activity Codes

—

\
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APPENDIX C

Applications of Work
Breakdown Structure

O C.1 INTRODUCTION AND SCOPE

The work breakdown structure (WBS) of a project is one of the most valuable tools of project
management. It is designed and created during the initiation and planning phase. WBS finds wide
and varied applications in the various phases of a construction project from inception to close out.
It forms the basis for defining the scope of work and change request, identifying activities, devel-
oping time schedule, structuring the organisation, assigning responsibilities, organising costs and
budgeting, monitoring performance, codifying systems, organising data, managing information
flow, closing project on completion and analysing the sources of risks.

This Appendix examines the WBS concept and definition. It outlines the typical applications of
WBS in various phases of a construction project. Towards the end it outlines the characteristics of
a good project work break down structure.

Q C.2 WBS CONCEPT

Study of the project management literature reveals that the WBS definitions have under gone many
successive changes from its original concept of ‘task oriented family tree of activities’ to the widely
accepted and globally recognised PMI current WBS definition. It states that “WBS is a deliverable-
oriented hierarchical decomposition of the work to be executed by the project team to accomplish
the project objectives and create the required deliverables with each descending level of the WBS.
Each descending level represents an increasing detailed definition of the project work. The WBS
is decomposed till the desired lowest level is reached. The desired lowest level could be upto work
packages or activities. The current WBS definition has the following implications when applied to
construction projects:

1. Deliverable orientation. The deliverable orientation includes both internal and external
deliverables. The deliverable orientation implies a given configuration of deliverables and
shows a unique and verifiable process, product, service or a combination of these that must be
completed to achieve the specified outcome.

2. Hierarchical decomposition. Decomposition is a planning technique that subdivides a work
scope component into meaningful smaller unit (similar to a parent-child relationship in a fam-
ily), which can be easily understood, verified, and monitored.
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3. 100% Rule of work scope. This rule implies 100% of the scope of work must be included in
the WBS. It means the decomposition of all deliverable is processed till the complete scope of
work is linked in the WBS; and all the deliverable can be easily understood, planned, moni-
tored, verified, and accepted. The WBS should not include any work that is not within the
project scope.

Generally the project time schedules are best monitored at activity level and the costs are best
monitored at the work package level. The WBS organises and defines the total scope of the project.

A WBS dictionary is a document that briefly covers each deliverable component and outlines
its scope of work and it defines parent and child relationship. It may also include the other relevant
information about the component database (like identification (ID), start and completion dates, es-
timated cost and value of work), applicable quality specifications, organisation/person responsible
for accomplishment etc.

O C.3 TYPICALWBS APPLICATIONS
C.3.1 Managing Project Scope

WBS is a simple basic tool that defines the entire scope of the project. WBS separates items of
work intodeliverable components and establishes the relationship of the deliverables with the scope
of the project tobe completed. WBS creates a deliverable oriented hierarchical top-down structure
that provides the view ofthe entire project work scope. WBS contains the entire scope of work thus
reducing the chances of missinga deliverable item or task. If an item is on the WBS, then it is a part
of the scope of the project; otherwise itis not. WBS can be structured in a hierarchical manner or in
an indented tabulated text format as illustratedin examples in Section 3.2.

The WBS prepared at the beginning of the project provides conceptual view of the work scope.
Onmaturity, it takes the role of the project scope baseline. A matured WBS can facilitate scrutiny
of work-in-progress to ensure that all works in progress are within the scope of the project. WBS
can be employed tomonitor the progress of works scope. On completion of work, it can be used
to verify the work accepted isspecified item of WBS and BOQ. In short, WBS is essential for the
success of the project.

C.3.2 Managing Project Time Schedule

WABS is the basic input for developing project time schedule. It is the backbone for developing
andmanaging the time schedule. The deliverables in the WBS are decomposed into tasks, work
packages andactivities. It enables identifying, arranging and listing the project activities in a se-
quential order. The WBS patterns used for identifying activities are covered in Chapter 3. WBS
simplifies time progress monitoring.The decomposition of work scope into activities facilitates
monitoring of time progress. The projectschedule acts as baseline. Using schedule as baseline for
time and earned value performance, the monitor can indicate time and cost status showing whether
it is ahead or behind the schedule. Updated WBS acts ascommunication tool to facilitate time and
cost performance reporting.
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C.3.3 Managing Project Costs

WBS aids in developing a hierarchical view of cost breakdown. It helps in costing, cost
planning,budgeting, accounting, monitoring and controlling costs. Such structures are used for
developing a costcodification system in BOQ, Bill-of-Materials and Accounting Cost.

For accounting purposes, cost is generally assigned to each work package and the budgeted
amounts arecalculated by summing up the various work packages. WBS can be coded to define
each element of cost.Such an arrangement is often termed Code of Account. For the purpose of
managing costs, each element ofthe WBS can best be viewed as a three-dimensional model. Three
axes of this model can be represented asin Figure C.1.

Figure C.1

The Structure of a Project: A Three-Dimensional Cost Control Model

Deliveries

WBS

WP-4
WP-3 BRS

WP-2

BRS-3 —>
- Responsibilities Estimated cost
BRS-1
CBS

Control Account Database Structure

1. Estimated cost. These are further sub-divided into cost elements such as labour costs, material
costs, equipment costs and other expenses.

2. Deliveries. These generally conform to work packages derived in the project work break-
downstructure.

3. Management implementation responsibilities. These identify the resource person responsible-
to accomplish the delivery targets within estimated costs.

C.3.4 Designing Organisation

Structuring the Organisation. WBS indicates how the project organisation structure can be
designed andhow the reporting structure can be established. Organisation Breakdown Structure
(OBS) of linemanagement hierarchy (Exhibit 1.1) generally follows the WBS levels of sub-proj-
ects, tasks and workpackages. The guidelines for designing of the project OBS are outlined in Sec
tion 1.7.3.
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Assigning Responsibilities. WBS is cross-referred with organisational functions to define
individual anddepartment assignments in the Responsibility Assignment Matrix (RAM). WBS pin-
points individualsresponsible for a given work assignment. Names of the responsible persons can
be entered against eachwork element in the WBS. It also shows how project personnel relate to the
rest of the project (see Figure C.2)

The development of responsibility assignment matrix for assigning responsibilities among the
project stakeholders and the members of project team is covered in Chapter 2.

Figure C.2

Organisation Breakdown Structure
Work Package, ‘3’ and Taskforce, ‘C’

Project

Task Task Task

Depart

) 4
) 4
4

Organisation

Depart

& o

Depart.

C.3.5 Data Codification and Organisation
A project organisation handles large varieties of data. This data includes activities, resources, costs
and documents. The project management system is codified primarily to serve a four-fold purpose:

a. To identify the data connected with each work package and activities, as these form the data
base for managing various project functions.
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b. To aid in the organisation of data into various levels of WBS, management and functional
units.
c. To computerize the data processing system.

Each code is made unique. In fact, an organised control of a major project is not possible with-
out the proper codification of the project data. The code is built up by using alphabets, numerals,
symbols, or a combination of these. These codes abbreviate data and expressions used in natural
language into some set of predetermined string of characters. Short-length data code reduces stor-
age space and costs. Each code is unique. In fact, an organised control of a major project is not
possible without the proper codification of project data. To quote an example, foundation activities
of a housing complex were codified as shown in Table C.1.

Example. In the Foundation Package of a Housing Project, the IDs assigned activity-wise are
given in Table C-1.

Table C.1

Base Preparation Work Package

ID Activities
RBFDO013B11 Layout for excavation
RBFDO13B12 Excavation with machine
RBFDO013B13 Base preparation
RBFD013B14 Anti-termite at base
RBFDO013B15 Polythene sheeting
RBFDO013B16 Shuttering for blinding
RBFD013B17 Placing concrete M-100
Where,

e  RBFD represents the Residential Building Foundation
e 013 is the Building Module Location Number B
e Represents the Base Preparation Work Package

° 11 to 17 are the serial number of activities

In a major project, the activity identification coding structure generally follows the work break-
down hierarchy. The coding starts from the top, it goes down from project/sub-project levels until
activity level is reached. With a well-defined codification system of project variables, the proj-
ect data can be arranged by WBS levels, resources, costs, departments, responsibilities, life cycle
phases and so on.

Project management software provides the facility of developing a WBS dictionary in a hierar-
chical order. It enables organisation of deliverables in the customised format. The various modes in
which data can be organised using appropriate project management software are as follows:

e WBS format;
e  WBS/group by department/responsibility early vs. target bar chart for monitoring progress;
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e Organisation of information at various levels;
e Early vs. target bar chart by responsibility and
e Cost category layout.

Similarly in multi-project environment, WBS facilitates the management of projects in a computer
aided enterprise project management of a corporate. It is made possible by ensuring consistency as
far as possible in WBS pattern, calendar, activity codes, resource codes and cost accounting codes
of the projects to be managed. Organised data displays for a project developed using software are
given in Appendix F.

C.3.6 Sources of Risks

It is said that the real risks in project management are the ones which we fail to identify. The break-
down of the work into activities in WBS enables the identification of the sources of risks activity-
wise thus minimising chances of missing risk sources. Project risk sources, events identification
and quantification techniques are covered in Chapter 17.

Q0 C.4 GOOD QUALITY WBS ATTRIBUTES

There is a general understanding that WBS is the foundation upon which the project management
structure stands but there is little agreement regarding the characteristics of a quality WBS. A good
quality WBS must fulfill the minimum set of core attributes that should be there in all the WBS. In
addition, the project specific user-related and user-specific characteristics should also be included
where it is applicable. The guidelines given in the subsequent paragraphs can be followed to deter-
mine the quality of a good WBS.

C.4.1 Good Quality WBS Core Attributes

The good WBS of all the projects should have the following attributes:

e [tis deliverable-oriented and has full scope of the project work including internal and external
works;

e [t has a coding system that generally conforms to the hierarchy;

e It has hierarchical decomposition of the work in that each level of decomposition includes
100% of the work of the parent element;

e [t can be well understood and executed by the project team;

e [t creates the required deliverables and its each descending level represents an increasing
detailed definition of the project work;

e [t is decomposed till the lowest desired level is reached;

o The lowest desired level could be upto work packages or activities;

e In general, the project time schedules are best monitored at activity level and the budget costs
are best monitored at the work package level;

e [tis updated regularly and the performance is communicated to all concerned; and

e [t has all components listed in the WBS dictionary.
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C.4.2 Good Quality WBS: Specific User Related Attributes

The Project Specific user-related attributes are in addition to the core attributes. Such characteristic
of WBS include but are not limited to the following

e Decomposition of a project with uncertainty may have to be restricted to a higher level to
exercise control;

e In case of high priority projects, WBS may have to be decomposed to the lowest operational
level;

o  WBS of some projects may need addition of special type of items like designing, procurment,
contracting etc.;

e Some projects may require accountability assignment at certain levels.

C.4.3 Poorly Developed WBS Consequences

A poorly developed WBS will involve frequent changes in plan, procurement, resource induction,
unclear assignments, disputes and conflicts. Such changes are bound to have time and cost overruns.



Project CPM and
PERT Network Analysis

The advancements in technology and the speed of execution of modern construction projects in-
volve inter-relationship of the voluminous interdependent activities. These projects carry the risk
of schedule slippages, time overruns, inadequate decisions and contractual complications. The net-
work analysis techniques, which were developed between fifties and sixties era, are now used as an
effective management tool for planning, scheduling and controlling of complex projects.

The term project networks analysis is a generic term that covers all the network techniques used
for planning, scheduling, and controlling of projects. The three such commonly used techniques are
Critical Path Method (CPM), Program Evaluation and Review Technique (PERT) and Precedence
Diagramming Method (PDM), hereafter is called Precedence Network Analysis PNA) (see Figure
4.1). These network techniques generate time-oriented diagram having activities organised into a
logical order. Common features are that they make use of the network model for depicting the time
plan of the project, apply the critical path concept for determining project duration and identifying
critical activities, and, employ network analysis techniques for controlling the project-time objec-
tives. But each of these techniques has a distinct model with a varying field of application.
Experience has shown the following:

1. CPM is best suited for developing the sub-networks of sub-groups and task having activi-ties
with deterministic single-time duration. The sub-networks can then be systematically inte-
grated into a project network using the PNA techniques.

2. PERT is useful for projects involving uncertainties. In such cases, probabilistic approach of
three-times is used for assessing the activity duration.

3. PNA is the commonly used technique for time planning of construction projects.

4. Graphical Evaluation and Review Technique (GERT), which includes probabilistic condi-
tional branching and looping paths, is rarely used in construction projects and is not included
in this book.

This chapter describes the CPM and PERT network analysis techniques. It covers the following topics:
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Figure 4.1.

Project Networking Techniques.

Comonly Used Project Techniques

Activity-On-Arrow (AOA) Activity-On-Nodes (AON)
Techniques Techniques
CPM PERT PNA (PDM) GERT

CPM Network Analysis Fundamentals

CPM Network Development of Pumping Station Project
PERT Network Modelling and Time Scheduling Methodology
4. PERT vs. CPM

we e

The methodology for developing time-cost function, which is used for determining economical
completion, is covered in Appendix D. Precedence network analysis is described in Chapter 5
and Probabilistic Decision Network Analysis is covered in Appendix E. Critical Chain Method
is explained in Chapter 16 and application of Monte Carlo Simulation technique for analysing
non-linear duration activities networks is outlined in Appendix P. Project networks can be easily
developed and analysed using Project Management Software, it is outlined in Appendix F.

0 4.1 CPM NETWORK ANALYSIS FUNDAMENTALS

A network shows the sequence and interdependence of the activities a project in a diagrammatic
form by using standard symbols. For example, CPM network of a Pumping Station construction
project is drawn in Exhibit 4.1.

4.1.1 Network Elements

The two basic elements used in a network are activity and event. In addition, where necessary,
dummy activities are introduced to maintain logic.

Activity. A project can be broken down into various activities that are necessary for its com-
pletion. An activity, as already defined in Chapter 3, is an identifiable, quantifiable, measurable,
costable, and discrete lowest level element of work, which must be performed during the course of
a project,in order to achieve the project mission. Each of these activities consumes time for their
completion. Acquiring land, fixing steel, collecting materials, building a wall, constructing a roof,
and curing the concrete are examples of common activities that are involved in a building contruc-
tion project.
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The activities are represented by arrows in the forward direction. The tail of the arrow depicts
the commencement of an activity the arrow head represents its termination. The various ways by

which the arrow of an activity ‘A’ can be drawn are shown in Figure 4.2:
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Figure 4.2

Arrow of an Activity ‘A’ Drawn in Different Ways

A A

Notes:

1. The description of an activity is written above the arrow and its duration in the middle. An
activity excavation needing two units of time for its completion, shown as:
Excavation
2
2. The length of the arrow is not drawn to scale. As far as possible, the length of arrow should be
so long so that the description of the activity, could be written over it.
3. Arrows are neither curved nor they are drawn in the reverse direction.

Event. It the state that marks the completion of a preceding activity and the beginning of the
succeeding one. It has no duration, represents only a single point time. Symbolically, an event is by
a circle or an ellipse, as follows:

O O O

The events are labelled numerically that helps to identify them and describe the connecting activi-
ties. The procedure for labelling events is covered in the subsequent paragraphs. An activity (i-j)

would be shown as:
® ()

1. The first event of a project is called as the start event and the last end event.
2. An event at Which an activity starts is termed as the preceding event. The event it terminates
is called the succeeding event.

Notes:
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3. An event of significance, such as ‘electrification complete’, ‘buildings ready for occupation’
etc., is called a key event. The occurrence of a key event is termed as the milestone.

a Oa

4. Akey event common to two or more sub-networks is called as the interface event.
Dummy activity. It is a superimposed activity, which does not represent any specific operation
or process. It has zero duration and consumes no resources. Its purpose is two-fold:

a. To provide a logical link in order to maintain the correct relationship of activities.
b. To simplify the description of concurrent activities in terms of event numbers.

The dummy activity is drawn like any other activity, but with dotted lines, as shown below:

R »> b4
K /

Example. Consider a simple task consisting of six activities A, B, C, D, E and F. The du-rations
of these activities are 2, 3, 2, 1, 3 and 2 days, respectively. The network is shown in Figure 4.3.

Figure 4.3

Network of Activities and their Respective Duration

This shows that activities A, B and C start at the same time; D follows the completion of A and
B; E starts after C and D are completed; and F follows C. The project is over when E and F are
completed.

The points to be noted are:

a. The activities A and B are concurrent (see Figures 4.4 and 4.5). To enable their description by
event numbers, the dummy activity ‘G’ has been used.

b. To depict relationship among C, D, E and F; the dummy activity ‘H’ is introduced (see
Figure 4.6).
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Figure 4.4

Correct Representation of Concurrent Activities

—CD

G

DD
Figure 4.5

Incorrect Representation of Concurrent Activities

YANDS

Figure 4.6

Part of Network Showing that F Follows C, and E Starts
after Completion of C and D. The Dummy
Activity H Provides the Logical Link

E

>/Z\ = 5
1 N 3

4.1.2 Network Modelling

The development of a network can be by first tabulating the network logic and then drawing the
arrow diagram step-by-step. This is illustrated below with a simple example. Consider a work
package consisting of nine activities: A, B, C, D, E, F, G, H and J. Their durations are 4, 3, 5, 2, 1,
3, 3 and 2 units, respectively. The logic of activities is tabulated in Table 4.1. It is determined by
questioning each activity as under:
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Table 4.1
Logic Table of Activities

Activity Preceding Succeeding Remarks

A Nil B,H Start activity
B A G,J

C Nil H Start activity
D Nil E,G Start activity
E D F

F E Nil Last Activity
G B,D Nil Last Activity
H A, C J

J B, H Nil Last Activity

Which activity/ies precede this activity?

Which activity/ies succeed or follow this activity?

Are there any logic constraints imposed on this activity?
4. Is it the final activity?

W=

The step-by-step development of the logic arrow diagram can proceed as follows:

e A, Cand D can start concurrently in the beginning of the project. Therefore their logic can be
represented as:

D

e B follows the completion of A. It can be represented as:

A B

D

e E starts after the completion of D and is succeeded103' by F. It can be represented as:
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A B

Q
v \
¥

D E F

e G starts after the B and D are complete. It can be represented as:

A B G

/N

.
.
.
.
D . E
.

e H follows the completion of A and C. It can be represented as:

4y

.
.
.
.
.
red
’
.
.
.
.
.
.
.
.
.

e Jsucceeds B and H, can be represented as:

\\\ Y’
»
4

D E F

In order to maintain logic and provide the logical link, two dummy activities are introduced. The
logic involved, shows that ‘G’ follows B and D and ‘J’ starts after the completion of B and H.

e The task is over when F, G and J are completed (Figure 4.7).

e The above logic diagram can be converted into the nine-act ivity network by repositioning ac-
tivities so as to avoid the crossing of arrows, inserting events to mark the start and completion
of activities and writing the duration of each activity. This work package network is shown
in Figure 4.8.
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Figure 4.7

Logic Diagram of Activities

A B G
/ C ‘\‘ H " dJd N
D . E . F
Figure 4.8

Logic Diagram of Nine Activities

Df\EOF

4.1.3 Numbering Events

Purpose. The numbering of the events serves a three-fold purpose, as follows:

1. It simplifies the identification and description of an activity in terms of event numbers. The
activities are coded as ‘i-j°, where 7 and j are the event numbers the commencement and ter-
mination of an activity, respectively.

2. It helps in developing identification code for computer applications.

3. It systematises the computation of critical path. This point is illustrated under the network
critical path.

Preferred Rule. To codify the activities, their numbering can be done in an adhoc manner,
provided that unique digits are used for numbering the events. However, the following rules of
numbering events help in detecting errors:

1. For each activity, as far as possible, the number of the preceding event (i) should be less than
that of the succeeding event (j).

2. If the effort, required in renumbering is (like the insertion of an event after the finalisation
of the network would require a renumbering of all the subsequent events), then the next
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(higher) number can be given to the new event without altering the other existing numbers.
Alternately, events can be labelled in even digit sequence e.g. 0, 2, 4, to cater for insertion of
subsequent events at a later time.

Procedure. Various methods can be used for numbering events, which are in conformity with
the rule for numbering. The method given below has an added advantagethat is the numerical se-
quence indicates the order in which events are considered during time-analysis. This procedure for
numbering events is standardised as follows:

L.

The start event of the network is numbered as zero. Events can also be numbered as one or by
an alpha-numeric identification (ID) code.

If there are more than one start events, then these start events can be numbered consecutively
in any order, starting with one.

Starting with the top chain, the subsequent events in the chain are numbered in the serial or-
der till more than one activity emerges out of an event, or where the tail event of an activity
converging into it, is not numbered.

Where more than one activity emerges out of an event, the events in the topmost activity or
chain are serially numbered first, till an event is reached, where the tail event of the activity
converging into it is not numbered.

Where the tail event of the converging activity is not labelled, one proceeds with the next
activity chain from the top and in that order, following similar procedure, till all events are
numbered.

The CPM and PERT networks in this book generally follow the above procedure for numbering
events. This procedure is illustrated with a simple example given below.

Numbering Events Example 1:

1.

Consider the network given in Figure 4.9. The start event is numbered as zero.

Figure 4.9
Network Showing Numbered Events
U N N
0 2 & !
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6.

Proceeding with the top chain first, the event on top chain is numbered as 1.

The event subsequent to event 1 cannot be numbered as the tail event of the dummy activity
converging into it is not numbered.

Starting with the second chain from top, event 2 is numbered.

There are two activities emerging out of event 2; proceeding first with the top chain, events 3
and 4 are numbered.

Proceeding similarly, other events can be numbered as shown in the above network.

Numbering Events Example 2:

The start event is numbered as zero (see Figure 4.10).

In the top chain, first event is numbered as 1, and the event subsequent to it is labelled as 2.
The event subsequent to event 2 cannot be numbered as the tail events of the activities G and
J converging into it are not numbered.

Starting with the second chain from top, the events 3, 4, and 5 are numbered serially. Note
that the succeeding event of activity G still cannot be numbered as the tail of activity J is not
numbered.

Proceeding similarly with the bottom chain. The other events are numbered 6,7 and 8, as
shown in Figure 4.10.

Figure 4.10

Network Showing Procedure for Numbered Events

D ) —E o) E
5 00 A 2 N g

4.1.4 EventTimings and Associated Terms

Each event has two timings associated with it. These are the Earliest Event Time (EET) and the
Latest Event Time (LET). The other connected terms are slack and critical events.

Earliest event time (EET). It the earliest time at which an event can take place, assuming that
all the events prior to it had also occured at their earliest time.
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The value of EET is inserted into the circle or ellipse representing the event by suitably dividing
them into parts, as shown below:

EET

EET

The EET of the first event is set as zero, while the EET of subsequent events is calculated by add-
ing the activity duration to it. If there is more than one activity terminating into an event, the EET
of that event is the highest value obtained by adding activity duration to the EETs of the preceding
events. This process of determining EET is called forward pass.

EET, = EET, + d; largest value if more than one path

Take, for example the network given in Figure 4.11. The EET of the start event zero (g the comple-
tion of activity B, designated as EET , is 0 + 3 = 3. EET, has the highest value (3) of the duration
along paths 0—1 and 0-2. EET, is 0 + 2 = 2. Similarly, EET, and EET are 4 and 7, respectively.

Figure 4.11

Network lllustrating Calculation of Earliest Event Time (EET)

EET; = 7

e

Latest event time (LET). It is the latest time by which an event can occur, if the project is to

be completed within the specified time. The LETs are written as:
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Unless otherwise specified, the LET of the end event is taken equal to its EET. The LETs of the
remaining events are calculated by moving in a reverse path and subtracting the activity duration
from the LET at the head of the activity.

LET, =LET, - d; lowest value if more than one path

If more than one activity diverges from an event, its LET would be the lowest value obtained by
subtracting the duration of each activity from the LET of the respective succeeding event. This
process of determining LET is back pass or backward pass.

The LETs of the sample network discussed earlier are shown in Figure 4.12 and Figure 4.13.
Note that the LET of event 3 (LET),) is the lowest value (4) of paths connecting events 34-5 and
events 3-5.

Figure 4.12

Network lllustrating Calculation of Latest Event Time (LET)
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G
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AN EY

LI
0 2 AN B 3 7
H BET, =
2 NG EY% 2

Figure 4.13

Network Showing Critical Events

o
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Slack. The difference between the LET and EET of an event is called slack or event slack. It
gives the time within which the event must take place if the project is to be completed on schedule.
For example, the slack of the event 3 would be:

LET,—EET,=4-2=2

Critical events. The events having a zero slack are called critical events. They must take place
at a stipulated time without fail. There is no flexibility in their schedule. Any change in their oc-
currence would affect the project completion time. For example, the events 0, 1, 2,4 and 5 of the
network given in Figure 4.12 have LETs equal to EETs. These are its critical events.

4.1.5 Activity Timings and Connected Terms

Corresponding to the event timings at its beginning and termination, each activity has four timings
associated with it. These are the Earliest Start Time (EST), the Latest Start Time (LST), the Earli-
est Finish Time (EFT) and the Latest Finish Time (LFT). The other connected terms are float and
critical activities.

Earliest start time (EST). This is the earliest time an activity can be started, assuming that all
the activities prior to it have taken place as early as possible. The EST of an activity is equal to the
EET of the preceding event, that is,

EST = EET,

Latest start time (LST). This is the latest time by which an activity can start in consistent man-
ner, with the completion of the project in the stipulated time. The LST of an activity is determined
by subtracting the activity duration from the LET of the succeeding event, that is,

LST=LET - d
For example, the LST of activity ‘F’ in the network shown in Figure 4.13.
=LET,-d=7-2=5
Note: The LST of activity ‘F’ is not the same as the LET of its preceding event.

Earliest finish time (EFT). It is the earliest time by which an activity can be completed, as-
suming that all the activities prior to it begin at their ESTs. The Earliest Finish Time (EFT) is cal-
culated by adding the activity duration to EST. For example, the EFT of activity F:

EFT=EET,+d=2+2=4

Latest finish time (LFT). It is the latest time by which an activity must be completed to ensure
the completion of project within the stipulated time, that is,

LFT = LET].
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Float. The difference between the Latest Start Time (LST) and the Earliest Start Time (EST) of
an activity is called float, total float or activity slack. Float is a measure of the amount by which the
start of an activity can be delayed in consistent with the completion of the project on time. Math-
ematically, the float is represented as:

For example, for an activity ‘C’, the float would be:

Float = LST — EST
=LET, -d - EET,
=4-2-0=2

Similarly the floats can be calculated in Table 4.2. Chapter 6 deals with the various types of floats
and their applications.

Table 4.2

Activity and Float Calculation

Activity Code Activity Description Float = LET], —d- EET, Remark
0-1 B 3-3-0=0 Critical activity
0-2 A 3-2-0=1
0-3 C 4-2-0=2
1-2 G 3-0-3=0 Critical activity
2-4 D 4-1-3=0 Critical activity
34 H 4-0-2=2
4-5 E 7-3-4=0 Critical activity
3-5 F 7-2-2=3

Critical activities. activities (including dummy) having a zero float are called critical activi-
ties. For example, in the Network drawn in Figure 4.13, the activities B, G, D and E are critical
activities as their float is zero.

The activity A connects two critical events, 0 and 2, but it is not a critical activity as its float is 1.
All critical activities must join two critical events, but all activities joining two critical events are
not necessarily critical themselves. For easy identification, the critical activities are shown by any
or a combination of the following:
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(1) Two small vertical lines in the middle of an arrow;
(i) A thick line; and
(ii1) A combination of (i) and (ii).

1 .
—_—
---=tk---»

In the network shown in Figure 4.14, B, G, D and E are critical activities and the sum of duration
along the critical path is 7 time units (i.e. 3+ 0+ 1+3=7).

Figure 4.14

Network Showing Critical Activities
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The term zero float implies that the activity must commence and terminate at the specified time.
Any delay in the start and completion time of a critical activity will increase the duration of the
project Network critical activities are shown in Figure 4.14.

4.1.6 Network Critical Path

The path of critical activities (including dummy activities), which links the start and end events is
called critical path. In other words, it is the path of activities having zero float and events having

zero slack. The sum of the duration of the critical activities along a critical path gives the dura-
tion of the project. These are illustrated with the network given in Figure 4.10.

Determining earliest event times (EET). The EET of the start event is set as zero time.
Then, moving in the forward direction, the succeeding events are selected one by one in the as-
cending order of their event number code. The EETs are processed systematically. If there is more
than one path converging into an event, its EET the value obtained along the longest path. Further,
during analysis, the earliest event timings can be worked out and written directly on the network,
as shown in Figure 4.15.
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Figure 4.15
Network Showing Earliest Event Times (EET)
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Note: The minimum project duration is equal to the EET of the end event.

Calculating latest event times (LET). Ifthe project is to be completed on schedule, the LET
of the end event must be taken equal to the laid down completion time. Generally, in the initial
stages the project completion time constraints are not considered and LET of the end event is equal
to the minimum project duration indicated by the EET of the end event. The LET of the remaining
events are calculated by reversing the method followed for determination of the EET. In practice,
the LETs are directly worked out on the network, as shown in Figure 4.16.

Figure 4.16
Network Depicting Latest Event Times (LET)

Isolating critical events. The slack of an event is equal to the difference between its LET
and EET. The events having zero slack are termed critical events. After working out, the LETs and
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EETs of all the events on the network, the critical events having zero slack can be spotted. In the
network shown in Figure 4.17, the critical events are 0, 3, 4, 5 and 8.

Figure 4.17
Network Showing Critical Path

Identifying critical activities. The critical activities are always joined by critical events, but
an activity joining two critical events may not necessarily be a critical activity. It is therefore es-
sential that floats of all activities (including dummies) critical events should be worked out and
activities having zero floats should be identified.

Float=LET —d - EET,
After identification, the critical activities should be marked on the network using the conventional
symbol (as shown in Figure 4.17).

4.1.7 Significance of Critical Path

1. It is the longest path in the network. However, it is possible for a network to have more than
one critical path. The sum of the durations of critical activities along the critical path deter-
mines the duration of the project.

2. It is the most sensitive path, which means any change in duration of a critical activity along
the critical path is bound to affect the duration of the entire project.

3. By isolating critical path, the project management can exercise ‘management by excep-tion’,
thereby focusing its attention on the critical activities.

U 4.2 CPM NETWORK DEVELOPMENT OF
PUMPING STATION PROJECT
4.2.1 CPM Network Modeling and Time Analysis

An experienced planner can develop the CPM sub-network of a sub-project or a task, working straight
from its Work Breakdown Structure or Task Matrix. However, for a beginner, a step-wise approach
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can systematise modelling and time analysis of the network. This step-by-step procedure involves,
defining the scope of network, listing activities, developing logic diagram, structuring network, in-
corporating activity durations, numbering events, and computing the critical path (see Table 4.3).

Table 4.3

CPM Network Modelling and Time Analysis Procedure

Defining scope of network
Determining activities
Establishing logic of activities
Developing network logic diagram
Structuring model
Incorporating activity duration
Numbering events/activities
Time analysing network
(Time compress critical path, if required)

The network analysis procedure is illustrated with the help of a simple pumping station sub-project,
are discussed in Chapter 3. The work scope of this sub-project includes construction of a pumping-
station building, procurement and installation of the pumping sets, erection of gantry crane, and
commissioning of the installation. The contract for the sub-project has been finalised and the net-
work is to be drawn for controlling the execution of the contracted works.

It is emphasised that the network should be drawn preferably after finalising the construction
methodology. Further, logic should not get bogged down with focus on resource availability as
these are consider during scheduling (Chapter 6). Accordingly, one should focus on the procedure
of modelling and analysis of network illustrated in the following paragraphs, rather than debating
the method .

4.2.2 Defining the Scope of Network

From its conception to its evolution and completion, a project has innumerable activities associated
with it, but it is not necessary to include all of them in the network.

For example, a network drawn for systematic execution of contracted work need not to be in-
cluded the pre-contract planning and designing activities. The first step in network modeling, is
to define the scope of the network by fixing start and end events, stating suitable assumptions, and
lying constraints.

1. Start and end events. These define the extent of the network. The contract period of work
commences from the time of handing over site to the contractor, which can be treated as the
start event. The clearance of site after completion of work is generally the last activity of a
contract and completion of the activity becomes the end event. For the major multi-project
networks, there may be more than one start and end event.
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2. Assumptions. These are the statements that are assumed to be true and from which the conclu-
sions can be drawn. These aim at reducing the network size by omitting unnecessary details.
Suitable assumptions can also be made about the ‘unpredictable, the network.

3. Constraints. The restrictions and limitations, like those arising from the method of execu-
tion, priorities of the work, and availability of resources. Such cases impose constraints on
sequencing of activities. The nature of constraints and their implications on schedule develop-
ment and controlling time are covered in respective chapters.

4. Consider the example of pumping station sub-project. The scope of the network is defined as
reflected in Table 4.4.

Table 4.4

Scope of Network: Pumping Station Project

1. Extent of network
(1) Start event Handing over of the site to the contractor.
(i) End event Clearance of site, after completion of the works.
2. Main assumptions. The contractor has ascertained the availability and delivery period of the specified
pumps, gantry crane and fittings prior to tendering. But, he shall be placing the supply order for these immediately
after the award of the contract.
3. Constraints
(1) The work on concreting of foundation for pumping sets must not commence before the procurement
of the pumping sets. This is to ensure that foundation bolts and other inserts are correctly embedded.
(i1) The gantry crane must be erected prior to the installation of pumping sets.
(iii) The flooring work can commence only after commissioning of the pumping
sets.

4.2.3 Determining Activities

The various stages in the execution of a project can easily be visualised by breaking down the
work into major tasks or work packages. Each one of these can further be split into sub-tasks,
these sub-tasks can be further sub-divided; this process continues till the desired level of activities
is reached. The technique of breaking down the project into its component activities has already
been described in Chapter 3. The activities derived for the pumping station sub-project are given
in Table 4.5.

4.2.4 Establishing Logic of Activities
The logic of activities within the work package can easily be established by asking the following

questions relating to each activity:

1. Which activity/ies precede this activity?
2. Which activity/ies succeed or follow the completion of this activity?
3. Are there any constraints imposed on starting of this activity?
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Table 4.5

Activities of Pumping Station Project

Work Package No. 1

Building Structure

B - Foundation
C - Walling
D - Roofing

Work Package No. 2

Procurement of Equipment

E - Procurement of crane gantry
F - Procurement of pumping sets
G - Procurement of suction/delivery pipes

Work Package No. 3

Installation and Commissioning of Pumping Sets

H - Erection of gantry

I - Foundation of pumps

J - Installation of pumping set

K - Fixing of suction and delivery pipes
L - Commissioning of pumping sets

Work Package No. 4

Finishes and Essential Services

M - Internal plaster

N - External plaster

(0] - Plumbing and sanitary fittings
P - Electrification

Q - Laying floor

R - Painting and Finishes

S - Site clearance

4. Is it the final activity? If so, what are the activity/ies that precede this activity?

The above questioning technique enables determination of the logic preceding and succeeding ac-
tivities of each activity. The activity logic, thus obtained, can be complied in the form of an activity-
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dependence table. To quote an example, activity-dependence table of Pumping Station Project is
given in Table 4.6.

Table 4.6

Pumping Station Project Activity Dependence Table

Activity Code Activity Description 3:::3?11 zz:f‘i(tl;l(lsg) chtfslet(;l(g)g
WP No. 1 Building Structure
A - Excavation 2 - B
B - Foundation 3 A C
C - Walling 13 B D
D - Roofing 5 C H, M, N
WP No. 2 Procurement of Equipment
E -Procurement of crane gantry 16 - H
F -Procurement of pumping sets 20 - I
G -Procurement of suction/delivery pipes 10 - K
WP No. 3 Installation and Commissioning of
Pumping Sets
H - Erection of gantry 2 D,E J
I - Foundation of pumps 3 F J
J - Installation of pumping set 1 H, I K
K - Fixing of suction and delivery pipes 2 G,J L
L - Commissioning of pumping sets 2 P, K Q
WP No. 4 Finishes and Essential Services
M - Internal plaster 4 D P,O
N - External plaster 3 D R, S
o -Plumbing and sanitary fittings 2 M Q
P - Electrification 4 M L
Q - Laying floor 4 L,O R, S
R - Painting and Finishes 4 N, Q End
S - Site clearance 2 Q,N End

At times in the initial stages, the preceding and succeeding activities connecting the work packages
are difficult to determine, but they become apparent during integration. Further, it is not necessary
to determine, both, preceding and succeeding activities; logic gets established with preceding ac-
tivities, however, succeeding activities logic can help in verification of the sequencing of activities.
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4.2.5 Developing Network Logic Diagram

The main purpose of the logic diagram is to facilitate the drawing of network. The preparation of
logic diagram can be divided into three stages: (i) developing logic diagram for each work pack-
age, (i1) integrating work packages, and (iii) transforming integrated work package logic diagrams
into a project logic diagram. In practice, work packages are considered in the sequence they occur.
Further, the drawing of workpackage logic diagrams and the process of integration can be carried
out simultaneously.

Developing workpackage logic diagram. The activity-dependence table, provides the nec-
essary data for developing the workpackage logic arrow diagram.

Logic diagrams can be developed for each workpackage. These diagrams based on the logic, given
in the activity-dependence table (see Table 4.6) for each work package of the pumping station sub-
project are shown in Figure 4.18.

Integration of workpackage logic diagrams. The term integration implies the connect-
ing of logic diagrams of the work packages into a single-project logic diagram. Prior to the com-
mencement of integration, it is e ssential that, as far as possible, the paper on which the project
logic diagram is to be drawn is divided into various strata. The term stratification means division
of the diagram in such a way that activities pertaining to the same depart-ment, contract, site,
location or method of construction, can be suitably grouped by drawing horizontal and/or verti-
cal imaginary lines. Generally, the integration link can be visualised from the Work Breakdown
Structure.
The process of integration logic diagram is commenced from the beginning of the project, work
packages falling in the same strata are connected in their occurring sequence. While integrating,
the sequence of activities terminating into and emerging out, along with the connecting key events
must be verified by questioning each about its preceding and succeeding activity.

Broadly, the integration of the work packages of the pumping station sub-project can be divided
into two strata, namely, civil works and mechanical works, see Figure 4.19.
While integrating the workpackage diagrams, the logic of all the activities should be re-examined
to find their interdependence. This interdependence can initially be correlated with dummy activi-
ties. In some cases, the activities may have to be re-drawn to conform to a given logic.

The sub-project logic diagram, derived after integrating the workpackage logic diagrams of
civil and mechanical works of the pumping station sub-project, is shown in Figure 4.19. The main
points to considered are:

a. The start event is common to both civil and mechanical works logic diagram.

b. The erection of gantry is to start after completion of roofing. A dummy activity has been in-
terposed to maintain this logic.

c. The commissioning of pumping set can commence after the electric lines have been laid. This
is shown by a dummy activity.
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Figure 4.18

1. Building structure sub network

Q Excavation Foundation ~ Walling _ Roofing ‘Q

Note: Start event is circled and numbered zero; last circle is labeled 1.

2. Equipment procurement sub network

Procurement of crane gantry

Procurement of pumping sets Q
v
Procurement of suction/delivery pipes
3. Building finishes sub network
External plaster
Plumbing and
Internal plaster Sanitary fittings N Flooring Site clearance O

g () - :

Electrification Finishes /

d

Commissioning of pumps

Note: All the above activities can be commenced from the start event and they can run
concurrently.
4. Equipment installation and commissioning sub network
%,
3 .
© Erection of
crane gantry

@

Q
%,
N
2

ixi o\ o
Installation of Fixing of suction/ %? Commissioning of

Foundation of pumps

Q N__ Pumping sets Delivery pipes '\ pumping sets O

Note: The activities linking other work packages.
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Figure 4.19
Logic Diagram of Pumping Station Project
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Procurement of -7 : \
crane Gantry (E) 4~ Erection of Crane Gantry (H) I AN
I \
Procurement of Foundation of \ Installation of Fixing of Sunction/ | Commissioning of AN
Pumping Sets (F)  Pumps (I) Pumping Sets (J) Deliery Pipes (K)  yPumping Sets (L) @

\ Procurement of Sunction/Delivery Pipes (G) /

d. Itis desirable to complete the plumbing and sanitary works and commission the pumping set
prior to the laying of floor, so as to avoid breaking floor surface, in case of defects.

A dummy, connecting circles 3 and 4, has been used to show this logic.

4.2.6 Preparation of Logic Diagram and Draft Network

The main purpose of the flow diagram is to facilitate a systematic drawing of the draft. The guide-
lines for converting the logic diagrams into draft network are:

a. The dummies should be reduced to minimum.

b. The crossing of arrows should be avoided by a suitable re-positioning of the activities.

c. The new activities should be incorporated, if visualised during the preparation of logic diagrams.
d. Logic of all the activities should be verified for its correctness.

Figure 4.20 also shows the draft network diagram of the pumping station sub-project.

Figure 4.20
N

N
B ARNGS
/

A B C D M

\ E 3 H

I /

/
Q|
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4.2.7 Structuring Model Using Network Drawing Rules

The project networks are constantly read, referred and reviewed. Therefore, it is essential that they
should be suitably titled and numbered, neatly drawn by readable lettering printed horizontally, and
divided into strata for easy reference.

The various conventions and rules for drawing CPM network are given below. The master net-
work of pumping station project is shown in Exhibit 4.1.

1. All arrows must run from left to right. Turning arrows in the reverse direction is not correct
dummies should be reduced to minimum.

2. The new activities should be incorporated, if visualised, during the preparation of logic dia-
grams. Logic of all the activities should be verified for its correctness.

3. The arrows should have sufficient horizontal length, so that a description could be written
over it.

4. The crossing of arrows should be avoided by suitably re-positioning them.

5. Arrows running close to each other should be avoided. The intervening space should be suf-
ficient to permit writing of activity description.

6. The concurrent activities (commencing or terminating into common events), where necessary
arrows should be separated by inserting additional events followed by dummy activities.

7. The activities emerging from an event should take-off from a line rather than a point. Simi-
larly, activities terminating into an event should finish into a common line.

8. Wherever possible, the network should be drawn in such a way that activities belonging to the
same strata can be by drawing vertical and/or horizontal lines.

9. Use of large sheets should be avoided. If required, a large network can be split into two or
more sheets having common interface events. For easy recognition, the interface events can
be represented by double circle or ellipse.

10. The network should be re-drawn, if necessary, to give it neat appearance.

11. Prints of important networks should be taken and circulated to all concerned authorities or
departments for and feedback. Amendments should be carried out, if necessary.

4.2.8 Incorporating Activity Duration

The duration of activities are estimated, while breaking down the project into activities. Further,
some new activities may also get added during the preparation of network. Therefore, after drawing
the network, the duration of all the activities should be re-checked and necessary corrections made.

4.2.9 Numbering the Events

This is the last operation in the modelling of the network. The procedure for numbering the events
is explained in Section 4.1.3. It is as follows:

e The start event of the network is numbered as zero;
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e Starting with the top of the chain, the subsequent Events 1 to 4 in the chain are numbered seri-
ally till more than one activity emerges out of Event 4;

e Next consider activity, ‘External Plaster’ in the top most chain emerges out of Event 4. Its termi-
nating event cannot be numbered the tail event of the activity converging into it is not numbered;

e Select the next activity chain from the top and label it as Event No. 5; and

e Follow similar procedure till all the events are numbered as shown in Exhibit 4.1.

4.2.10 Time Analysing Network

The critical path computation procedure involves:

e Determining the Earliest Event Time (EET) by forward pass analysis;
e (Calculating the Latest Event Time (LET) by backward pass analysis;
e Evaluating activity floats;

e Identifying critical activities; and

e Highlighting critical paths.

This time analysis can be carried out directly on the network, as shown on the pumping station sub-
project in Exhibit 4.1. The activity timings are computed in Table 4.7.

4.2.11 Time Compression of the Critical Path

Normally, a project should be planned for the completion period determined from the network (plus
some reserve extra time). Increasing the duration of the project beyond its optimum completion
time is out of question, since, it would only add to the overhead costs of the project. But if the anal-
ysed completion time is greater than the desired time objective, the time compression of the project
critical path can be explored by modifying the network without any increase in the cost of activities.

Time compression of the critical path involves splitting (where feasible) the critical activities
into smaller ones, either by using different methods of execution without any appreciable change in
resources or by switching over to a lower level of activity details. Some of these smaller activities
may form a chain of activities, while, others may be in parallel manner. Generally, it is the parallel
component of the critical activities that enables a compression of the project completion time as
given in Figure 4.21.

If time compression does not meet the project completion time target, then the network will
have to be subjected to time crashing. The methodology for Time-Cost Trade-Off technique, which
forms the basis for developing time-cost function and Time Crashing, is covered in Appendix D.

U 4.3 PERT NETWORK MODELLING AND TIME
ANALYSIS METHODOLOGY

4.3.1 Modelling PERT Network

The Programme Evaluation and Review Technique (PERT) is employed for planning and con-
trolling the projects involving uncertainties.
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EST = EETi;

Table 4.7

Pumping Station Project

EFT= EETi +d

LST = LETj-d; and, LFT = LET]j

Float = LST — EST = LETj — d-EETi; *Critical Activities having zero float

Code

Activities Data

Activities Description Dur. EST EFT LST LFT

*Start Event 0 0 0 0 0

0-1* Excavation 2 0 2 0 2

1-2* Foundation 3 2 5 2 5
2-3% Walling 13 5 18 5 18
3-4% Roofing 5 18 23 18 23
4-5% Internal plaster 4 23 27 23 27
4-6 Dummy 0 23 23 23 26
0-6 Procurement of crane gantry 16 0 16 10 26
0-7 Procurement of pumping sets 20 0 20 5 25
0-9 Procurement of suction/delivery pipes 10 0 10 19 29
6-8 Erection of gantry 2 23 25 26 28
7-8 Foundation of pumps 3 20 23 25 28
89 Installation of pumping set 1 25 26 28 29
9-10 Fixing of suction and delivery pipes 2 26 28 29 31
10-11 Commissioning of pumping sets 2 31 33 31 33
4-12 External plaster 3 23 26 34 37
5-11 Plumbing and sanitary fittings 2 27 29 31 33
5-10%* Electrification 4 27 31 27 31
11-12* Laying floor 4 33 37 27 37
12-13* Painting and Finishes 4 37 41 37 41
13-14* Dummy 0 41 41 41 41
12-14 Site clearance 2 37 39 39 41

Note: Dummy activities must also be time analysed to determined floats. *Critical Activities
having zero float.
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Figure 4.21

Part of the Network Showing the Significance of Resolving an
Activity 5-10 into Two Parallel Activities

Plumbing
4

Plumbing
4

Electrification
Internal

electrification 7 N ,”l
_/

Commissioning
Power of pumping

supply N ‘e sets
\

Commissioning
of pumping
sets

\/

PERT is an event-oriented technique based on a network of events the activities are derived by
connecting the events. It lays stress on measuring the uncertainty in activity times by using the
three-times duration estimation method. For computation of critical path, the PERT three-times
probabilistic network is converted into a single-time deterministic CPM Model. PERT studies the
implications of uncertainties on scheduling project time and slack of events by employing statisti-
cal tools.

Two special features of PERT distinguish it from the other network analysis techniques. These
features are emphasis upon events rather than activities and the use of three-times estimate for ac-
tivity duration. Exhibit 4.2 illustrates the PERT network of pumping station subproject.

The PERT networkmaking approach is to identify the milestones necessary for successful com-
pletion of the project. These milestones are then depicted in the form of a key-events network
showing their sequence and interdependence. After this, the events visualised between the mile-
stones are added and their interrelationship gets established. These event nodes represent points
in time, which are generally terminal in nature. The activities are derived by interconnecting the
events. The event diagram thus obtained is converted into event oriented PERT network using the
network drawing rules.

The steps involved in this technique are:

e Identification of key events or milestones which must occur during the project execution;

e Determination of the sequence and interdependence of the key events;

e Incorporation of events (or activities) between the milestones, conforming to their sequence
of occurrence; and

e Connection of events, maintaining their interdependence.

This gives the project flow diagram from which the network can be drawn directly using the net-
work drawing rules.

It may be noted that while determining the three-time estimate, the optimistic and pessimistic
times should be assessed first. These two extremes bracket the most likely time, thus helping the
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planners to concentrate within this range. There is also a tendency of planners to either use the

same figure for all the three-times (say, 9, 9 and 9) or arrive at the most likely time first and then
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arrive at the optimistic and pessimistic time by subtracting and adding an equal amount (say, 6,
9 and 12). These trends should be avoided because such estimates are likely to be conservative.

4.3.2 Computing Critical Path

The first step in computing the critical path in PERT network is to reduce the three-time activity du-
rations estimate into single expected time estimate. The rest of the procedure for computing critical
path of PERT network is exactly the same as of the CPM network. The steps involved in computing
critical path are as follows:

1. Estimate the expected activity duration. It is given by the following formula:

T,+4T,+T,
< 6
where, T = Expected activity duration

T = Optimistic time, assuming that everything goes extremely well with no
delays

r, = Pessimistic time, assuming that everything occurs at its worst, with the
exception of delays due to acts which cannot be foreseen.

T = Most likely time, assuming the normal prevailing conditions.

As an example, consider PERT network outlined in Figure 4.22.

Figure 4.22
PERT Network

5 I
6-9-12 \l/ 2.3-5

F

m LI .

8-10-14 \L/ 5-6-8 W 2-3-4
TN m /h
N N

G
1-2-3

7-9-11 1-2-3

Using the three-time activity duration estimation formula, the expected activity timings can be
calculated as in Table 4.8.

2. Convert PERT network into deterministic model. It is done by changing the three time activity
durations in PERT to the one-time expected estimates as shown in Figure 4.23.
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Table 4.8
Expected Activity Timings

S. No. Activity T, T, T, T,
1 A 10 12 16 12.3
2 B 6 9 12 9.0
3 C 2 3 5 32
4 D 8 10 14 10.3
5 E 5 6 6.2
6 F 2 3 4 3.0
7 G 1 2 3 2.0
8 H 7 9 11 9.0
9 J 1 2 3 2.0

Figure 4.23

Converting PERT Network into Deterministic Model

I I TV c
12.3 \IJ_/ 9.0 QJ_/ 3.2
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LD
\l/
i ﬂ\
9.0 \_L/
3. Determine critical path. It is obtained by analysing the one-time deterministic model as
worked out in Figure 4.24.
Transfer deterministic model into PERT network. This is achieved by replacing the one-time esti-
mate with the three-time activity estimates and marking the critical path, as shown in Figure 4.25.
Note: If more than one critical path is discovered during the analysis, then the path having the
maximum level of uncertainty is termed as the critical path. The method of measuring uncertainty
is covered in the next section.

4.3.3 Uncertainty in Project Duration Estimation

The duration of an activity is defined as the expected economical transaction time. Its estimation is
based on the current practices that are carried out in an organised manner under the normal prevail-
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Figure 4.24

Determining Critical Path
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Figure 4.25

Transferring a Deterministic Model into PERT Network
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ing conditions at the place of execution. Its assessment is done preferably by the person responsible
for its performance.

The duration estimation of an activity, however, cannot be taken as exact. It has fringes, and
may be a bit this side or the other. These slight variations add to the uncertainty in the network.
When they are considerably less, the one-time estimate is used for activity-duration estimation and
determination of resources. To cater to the uncertainty prevalent in activity estimation, the PERT
statisticians developed the three-time estimate, assuming that activity estimation trend follows the
beta probability distribution (see Figure 4.26).

To reduce the number of parameters in the beta distribution and to simplify calculations, it is as-
sumed that the expected activity duration corresponds to the 50% probability of performance. Its
value is estimated from:
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Figure 4.26

Activity Distribution Curve

Frequency of Occurrence —»

Min. Completion Timfl a m T, Time —— b

#]
Mode |
|

Mean

N
Max. Asseseci Time of Completion

I Range = 60

atdm+b

Mean value= T

Where,

m is taken as the most likely time, assessed by the planners

a and b are defined as the optimistic and pessimistic times which an activity takes for its perfor-
mance.

It is assumed that a and b are non-negative and:

A<m<b

The beta curve is taken as unimodel and continuous. Standard deviation, which is a measure of un-
certainty, is taken as (b — a)/6. The greater the spread (b — a), the higher will be the value of standard
deviation, and more will be the uncertainty.

Consider A and B as two activities of a project.

A B

T =4 T=1
T,=7 T,=6
T=16 T =23

For Activity A
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For Activity B

T.(A) =

Te(B):l

_T.+4T, +T,
6
4+4x7 +16_8
+4 6+23 g
6

Standard deviation of Activity, A= (16 —4)/6 =2

Standard deviation of Activity, B=(23 — 1)/6 =3.67

Although the expected performance time of activities A and B is eight, their range (difference be-
tween the highest and the lowest value, that is, T -T, ) differs. The greater the range the higher is
the value of standard deviation and higher is it uncertainty.

The duration of a project is computed by adding the duration of activities along a critical path.
In order to evaluate uncertainty in project time, the originators of PERT assumed that the means of

Frequency of Occurrence (y) —*

Figure 4.27

Pattern of Variation of Project Time

« Normal Distribution Curve
y2 - 1 e-x- 02/202
ov\2r

where x = Mean Time (expect time ¢,
o = Standard deviation

+ oo
——
| |
X o 20 30 Time (x)
0
Mean

distribution of critical activities, lying on a critical path, follow the normal distribution, and thus,
the pattern of variation of project time approximates the normal distribution with the characteristics

shown in Figure 4.27.

e Mean = Sum of the means of critical activities:
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= Expected project duration corresponding to 50% probability.
= Mean of Normal Distribution
e Variance = Sum of variance o critical activities

V=V,+V, %o +V
= Variance of Normal Distribution
e Standard deviation= \VVariance

o= \7

= Standard deviation of Normal Distribution
It may be noted that a normal distribution curve is fully defined and can be plotted when its mean
and standard deviation are known.
To simplify calculations, the effect of variation of non-critical activities is not considered.

Figure 4.28
Time Analyzed PERT Network
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Further, if there is more than one critical path, the path having the maximum variance is used for
determining uncertainty.

Example. Consider the case of the PERT network given in Figure 4.28.
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1. Expected project duration. It is given by adding the expected duration of critical activities.
Expected Project Duration=A+B+C=123+9.0+3.2=24.5

2. Standard deviation. Variance is equal to the sum of variances of critical activities.
V=V+V +V_

{16—10}2 {12—6}2 {5—20}2
= + +
6 6 6

=1.00+1.00+0.25=2.25

Therefore, project standard deviation is given by:

o=\
c=V225=15
Figure 4.29
Probability Distribution Graph
<= _* >, Time
| I | I
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Hence, the normal probability distribution of this project has the following characteristics:

Means = Project duration corresponding to 50% probability
Means = 24.5 Standard deviation = 1.5

The graph of the distribution is shown in Figure 4.29.
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Figure 4.30

Probability of Project Completion Time at x = Shaded Area of Curve

4.3.4 Probability of Meeting a Given Time Scheduling

Unlike the network, using the single-time estimate where the emphasis is on activities and their re-
lated cost (or resources), the network using three-times estimates contains information that enables
calculation of the probability of meeting a given schedule. The chances of meeting a given project
time schedule (say x) are equal to the area of the project probability distribution Figure 4.30.

Probability = Shaded area under the curve x 100

The shaded area of the normal distribution corresponding to the value x (expressed in standard
deviation units) can be directly read from the standard normal distribution table given in Table 4.9.
The value of x in standard deviation units (Figure 4.31) can be worked out as:

‘e Scheduled date — Expected date
Standard deviation

Example 1: Calculate the probability of completion in 23 months from the probability distribu-
tion given in Figure 4.29.

‘o Scheduled date — Expected date  23-24.5
Standard deviation 15

-1

The normal distribution for the project is shown in Figure 4.27, with the value of x marked on it.

The probability of project completion in 23 months is given by the area under the curve
corresponding to X= — 1. Referring to the Table 4.8 the area under the curve at x =—1 gives this
probability as 15.87%.
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Table 4.9

Area Under the Normal Curve

- 30 -x 0 + 30 - 30 0 -x + 30
X Area X Area
- 35 0.00023 0.0 0.5000
- 34 0.00034 0.1 0.5753
-33 0.00048 0.2 0.6141
- 32 0.00069 0.3 0.6517
-3.1 0.00097 0.4 0.6879
- 3.0 0.00135 0.5 0.7224
- 29 0.0019 0.6 0.7549
- 28 0.0026 0.7 0.7852
- 27 0.0035 0.8 0.8133
- 2.6 0.0047 0.9 0.8389
- 25 0.0062 1.0 0.8621
- 24 0.0082 1.1 0.8830
- 23 0.0107 1.2 0.9015
- 22 0.0139 1.3 0.9177
- 21 0.0179 14 0.9319
- 2.0 0.0226 1.5 0.9441
-19 0.0287 1.6 0.9545
- 1.8 0.0359 1.7 0.9633
- 1.7 0.0446 1.8 0.9706
- 1.6 0.0548 1.9 0.9767
- 15 0.0668 2.0 0.9817
- 1.4 0.0808 2.1 0.9857
-1.3 0.0968 2.2 0.9890
- 12 0.1151 2.3 0.9916
- 1.1 0.1357 2.4 0.9936
- 1.0 0.1587 2.5 0.9952
- 09 0.1841 2.6 0.9964
- 0.8 0.2119 2.7 0.9974
- 0.7 0.2420 2.8 0.9981
- 0.6 0.2743 2.9 0.9986
- 0.5 0.3085 3.0 0.99900
- 04 0.3446 3.1 0.99929
- 03 0.3821 3.2 0.99950
- 02 0.4207 3.3 0.99965
-01 0.4602 3.4 0.99976
- 00 n s0nn 2 K n aaaQ2

Example 2: Estimated project duration corresponding to 98.00% probability of completion
from the distribution given in Figure 4.29.

‘e Scheduled date — Expected date
Standard deviation

Value of x corresponding to 98% probability as read from Table 4.9 is 2.0. Hence, the probable
completion date is

=24.5+2.0 x 1.5=27.5 months
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Figure 4.31

Normal Distribution for the Project
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Example 3: Assess expected duration corresponding to 25% probability in Figure 4.29. From
Table 4.9, the value of x corresponding to 25% probability =—0.675 .Hence, expected date = 24.50
—0.675 1.5=24.50-1.01 =23.49 months.

Note: The procedure used to calculate the probability of meeting a given schedule can be sum-
marised as follows:

Step 1: Determine the expected durations (7)) of all the activities of the network.

Step 2: Compute critical path, considering the expected duration of all activities.

Step 3: Assess the expected completion time of the project by adding the expected durations of
critical activities along a path.

Step 4: Calculate the variance of the project probability distribution by adding variances of critical
activities along each critical path. If there is more than one path, take the maximum value.

Standard deviation=\Variance

The standard deviation is a measure of dispersion. The larger the variance. The bigger the spread
and more uncertain is the achievement of the scheduled time.
Step 5: Determine the value of abscissa of normal curve in standard deviation units as:
‘e Scheduled date — Expected date
Standard deviation

Step 6: The probability of completing the project in x units of time is equal to the area under the
normal curve from — oo to x. The area under the curve is read from Table 4.9. The important values
of area under the curve for different values of x are:

x = —30, area = 0.135%
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x= —-20r, area = 2.28%

X = —o0, area = 15.87%
x= 0, area = 50.00%
X = o, area = 84.13%
x = 20, area = 97.73%
x = 30. area = 99.865%

Probabilities less than 50% signify the need for using additional resources or effort.

O 4.4 PERTVS.CPM

A controversy has developed over the years between the proponents of PERT and CPM. The com-
monly debated questions are: Which of these methods originated first? Which is the better one? Are
both of them practically the same? To understand the various distinguishing features of the two and
their spheres of application, let us first discuss their original differences and then the subsequent
developments. All controversial issues, which are only of an academic interest with no practical
significance have been avoided.

4.41 Original Differences

Table 4.10
CPM Vs. PERT Original Differences

Factors CPM PERT
1 Field of application Deterministic projects like in Projects involving uncertainties like
construction research and development
2 Model emphasis Activity oriented Event oriented
3 Activity duration estimation One-time method Three-times method
4 Time-cost trade-off Feasible Not feasible
5 Resources optimization Feasible Not feasible
6  Technique complexity Simple Comparatively difficult

CPM was developed for planning, scheduling, and control of civil works, while PERT originated in
response to the complexities of the uncertainty in research and development projects for controlling
their multifarious time schedules. Originally, thus, their fields of application were quite different.
In network modelling, CPM laid emphasis on breaking the projects into various works or ac-
tivities. In PERT, the project breakdown was in terms of milestones which were planned to occur
during its execution. Therefore, CPM was activity-oriented whereas PERT was event-oriented.
Originally, the application of CPM was confined to construction works where the activities were
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familiar and their duration could be easily estimated from the one-time estimate. Since PERT was
designed to cope with uncertainties, it used the three-time estimate.

In CPM, activity durations were related to costs. This provided a means of assessment of dif-
ferent activity durations with varying costs and made crashing of activities possible. PERT dealt
with events and their probable time of occurrence. This enabled adoption of prob-abilistic approach
in time scheduling. The CPM schedule enabled optimisation of resources as the activity durations
were defined in terms of resources was not possible with PERT. CPM, which used the one-time
estimate, was simpler to follow, while, PERT required a stat-istician to interpret the results.

4.4.2 Later Developments

As the various drawbacks of PERT gradually became apparent, series of further studies were ini-
tiated by the US Defence Department. Notable among these were the PERT/TIME and PERT/
COST. In the CPM field, the concept of three-time estimates was introduced into networks, which
were primarily designed for controlling the time factor rather than the resources. In recent years,
further developments in PERT and CPM have made CPM appear more like PERT and the subject
of network analysis has come to be known as PERT/CPM. To distinguish these two main network
techniques, the event-oriented networks using three-time estimates for activity durations having
uncertainties can be termed as a PERT network, while, the other, which is activities-oriented that
use one-time estimate may be referred to as the CPM. In the high value cost construction project
involving uncertainties, Monte Carlo simulation technique can be used to determine probabilities
of project completion (see Appendixes P and Q).

APPENDIX D
PROJECT TIME-COST FUNCTION

O D.1 INTRODUCTION

The time and cost factors of a project are inter-related. The project cost function shows the relation-
ship of the cost versus the completion time. Its ordinate represents the cost and the abscissa a time
scale. In the formulation of the project cost function, the direct and indirect costs along with the
financial gains resulting from early completion are considered..

The project time corresponding to the minimum value of the cost function gives the most eco-
nomical duration of the project. The project cost function also gives the cost of reducing the project
duration from its economical (normal) completion time. Crash point at the interaction of crash time
and crash cost; corresponds to the maximum possible time crashing. In addition, project cost func-
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tion provides a ready reckoner for assessing the change in cost with varying project duration and
resulting critical activities as shown in Figure D.1.

Figure D.1

Project Time—Cost Relationship

Cost

Project Cost Function

Crash Time
Normal Time

Time

O D.2 CONCEPT

The basic concept behind the formulation of a project time-cost function is that the normal time
duration of an activity is based on considerations of normal cost, using an efficient or desired
method of performance of the activity. Each activity is considered in isolation, while working out
its normal, time and cost. The reduction in duration below the normal time by a changed method
of execution implies an increase in the cost. There will also be a stage beyond which the activity
duration cannot be further reduced. The lower limit up to which an activity time can be reduced, is
called the crash time and the corresponding cost is referred to as the crash cost.

The difference between the normal time and the crash time of an activity indicates its potential
to undergo crashing. The slope of the activity cost function shows the rate of increase of cost, with
the reduction in time for the activity as shown in Figure D.2.

Figure D.2.
Activity Time Cost Relationship

Crash Cost Activity Funtion

Normal Cogt

Cost Crash Time Normal Time

Crash Potential




202 Construction Project Management

Crashing potential of an activity = Normal time — Crash time.

Crash Cost —Normal Cost
Normal Time — Crash Time

Rate of Crashing =

There are number of ways for reducing the activity duration from the normal time depending
upon the activity under consideration. The most common methods of time reduction are as follows:
e Increase the resources allotted and/or work overtime; and
e Change the mode of execution/performance of an activity, say from the manual method to the
mechanical method.

In some cases, use of several methods of performance of an activity may give a non-linear relation
between the activity time and cost, but with a view to simplify the calculations in the formulation
of the project cost function. It is assumed that the portion of the curve between the normal point
and the crash point is linear.

0 D.3 PROCEDURE FOR PLOTTING THE PROJECT
COST TIME FUNCTION

The procedure for preparation of the least cost schedule is illustrated with the example of a simple
project. The network, the activity cost data, assessed crashing costs, and their crashing potential are
as shown below. In the given example, the indirect cost is $500 per week and the anticipated bonus
for early completion is $800 per week. The step-by-step procedure is also outlined in Table D.1.

1. Time analyse the network and deter mine the critical path.

2. Tabulate the normal and crash duration and normal and crash cost for all the activities. Esti-
mate the activity-crashing potential for each activity (Table D.2).

3. Determine the rate of crashing of all the activities (Table D.3).

4. Crash critical activities beginning with the activity having the least rate of crash-
ing. Each activity is shortened until its crashing potential is exhausted or a new critical path is
formed. If a new critical path is formed, reduce the combination of the critical activities having the
combined lowest rate of crashing and continue till there is no more scope for crashing.

Lowest Rate of Crashing

Activity Crashing Potential Rate of Crashing ($)/Week
A 2 1500
B 1 1000

First crashing. With the crashing by one week of Activity B, the cost of the project increases
by $1000 and the revised project duration works out to be 9 weeks (see Figure D.4).
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Table D.1

Procedure for Plotting Project Cost Time Function

1. Time analyse the network and determine the critical path.
2. Tabulate normal and crash duration, and normal and crash cost for all the activities.
3. Estimate activity crashing potential for each activity.
4. Determine the rate of crashing of all the activities.
5 Crash critical activities beginning with the activity having the least rate of crashing. Each activity is shortened
until its crashing potential is exhausted, or a new critical path is formed.
6. If a new critical path is formed, reduce the combination of critical activities having the combined lowest rate
of crashing, and continue till there is no more scope for crashing.
7. At each crashing incorporates the cost implication in a table.
8. Add direct cost date-wise, and then tabulate its cumulative effect.
9. Assess indirect cost and saving for early completion, date-wise, and tabulate their cumulative effect.
10.  Aggregate cumulative effects of direct and indirect costs and the savings for early completion.
11 Plot the data thus obtained, by selecting suitable scale with time along the abscissa and cost along the ordinate
axis.
12.  The lowest point of the project cost curve indicates the lowest cost and the corresponding optimum comple-
tion time
Table D.2
The Assessed Crashed Costs and the Crashing Potential for a Project
S. No. Activity Duration in Cost (USS) Crashing Potential (Week)
Weeks
(Week) Normal Crash Normal Crash
1 A 4 2 4000 7000 2
2 B 3 2 3000 4000 1
3 C 2 2 2000 2000 —
4 D 5 3 2000 5000 2
5 E 2 1 2000 4000 1
6 F 1 1 1000 1000 —
7 G 3 2 3000 8000 1
8 H 3 2 3000 5000 1
9 I 2 1 2000 3000 1
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Figure D.3

Analysing the Network: Completion Time is 10 Weeks
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Table D.3

Determination of the Rate of Crashing

S. No. Activity Crashing Potential (Week) Rate of Crashing (USS) per Week

1 A 2 1500
2 B 1 1000
3 C — —

4 D 2 1500
5 E 1 2000
6 F — —

7 G 1 5000
8 H 1 2000
9 1 1 1000

Second crashing. Scrutiny of the network after the first crashing reveals that there are two critical
paths. Further, reduction means that the sum of the durations of the critical activities along each critical
path be reduced by one week. The total increase in the cost for crashing the project duration from 10
weeks to 8 weeks is $2,500, i.e. cost of crashing Activities A and B each by one week (see Figure D.5).

Third crashing. The number of critical paths increases after the second crashing. The various
ways of reducing the project time during the third crashing are utilised and the revised duration of
the activities for 7 weeks completion time is given in the network drawn in Figure D.6.
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Figure D.4.
Netwok after First Crashing: Completion Time is 9 Weeks
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Determining course of action of reducing
Affected project time during third crashing
Options A
Activities
Cost of Crashing (USS)

1 A&D 1500 + 1500 =3000 1
2 E,.G&]J 2000 + 5000 + 1000 =8000 2
3 E,G&H 2000 + 5000 + 2000 =9000 3
4 AE&G 1500 + 2000 + 5000 =8500 4
5 D,G&]J 1500 + 5000 + 1000 =7500 5
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Figure D.6

Network after Third Crashing: Completion Time is 7 Weeks

Fourth crashing. Proceeding similarly, it can be easily verified that although all the activities
are critical, there is still room for crashing. It may be noted that after the fourth crashing, although

activities E and H can be reduced, further crashing of all the critical paths is not possible. Therefore,
the fourth crashing becomes the final crashing (see Figure D.7).

Figure D.7

Network after Fourth Crashing Completion Time is 6 Weeks

D 4 m p E g F
53 N 2 N T
=, 4] A KAWLN
5 GH 8

5. Incorporating the cost implication in a table after each crashing. The network, after
its fourth crashing, shows the duration of the crashed activities and depicts the network plan of the
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least cost of the project. The cumulative effects of direct and indirect costs and the savings for early
completion must be aggregated (Table D.5).

Least cost schedule. The data, thus obtained, must be plotted by selecting a suitable scale
with time along the abscissa, and cost along the ordinate axis. The lowest point of the project cost
curve indicates the lowest cost and the corresponding optimum completion time. The project cost-
time function generally takes the shape of a concave curve as shown above. The ordinate of the
lowest point in the curve gives the most economical cost of the project, and the time corresponding
to the least value ordinate gives the optimum duration of the project. The optimum duration for the
project under consideration comes out to be 9 weeks and its optimum cost works out to be $267 000
(see Figure D.8). Its implication are given in Table D.4.

Figure D.8.
Time Cost Trade-Off Function
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O D.4 TIME CRASHING

The project cost curve, which shows the pattern of the cost variation with time, provides a ready
reckoner for assessing the increase in cost for a given project duration. All crash points correspond
to the maximum possible time crashing. The crashing cost can be determined from the project cost
curves. In addition, the tabulated data gives the information regarding the corresponding critical
activities and their revised duration. To quote an example, the implications of completing the proj-
ectin 7 weeks (Figure D.6) are:
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Table D.4

Detrmination of the Rate of Crashing

Project Duration Crash- | Crashing Cost Per Week
ing (Week) from No Crashing State
Activity Reduction Possible Rate of No First | Second | Third | Fourth
Crash- | Crash | Crash | Crash | Crash | Crash
ing
10W |9W 8 W TW 6
Weeks
A 2 1500 1500 1500
B 1 1000 1000
C - - 1500 1500
D 2 1500
E 2000
F — —
G 1 5000 5000
H 1 2000
1 1000 1000
Crashing cost 1000 1500 3000 7500
Cumulative crashing cost 1000 2500 5500 13 000
Normal cost 22,000 | 22000 |22000 |22000 22000
Indirect cost 5000 4500 4000 3500 3000
Total cost 27,000 | 27500 |28500 |31000 |38000
Gains for early completion 800 1600 2400 3200
Net financial effects 27,000 [26700 |v 28 600 | 34 800
Project duration in weeks 10 9 8 7 6
Estimation of economical cost for 9 weeks completion =$26 700.00
Assessed cost for 7 weeks completion = $28 600.00
Increase in cost due to crashing by 2 weeks =$1900.00

The revised durations of the critical activities after third crashing are shown in the network

(Figure D.6).

0 D.5 AWORD OF CAUTION

There are many benefits, which can be achieved by the early completion of the project. The early
project completion can yield added revenue, early release of capital and facilities, and, in some
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cases, can save idle time expenses of machinery. The non-financial gains can be earning goodwill,
boosting of the reputation, and raising of morale. But the technique of minimising the cost by
crashing of activities, although mathematically feasible, as explained, has many inherent practi-
cal difficulties. One of the main reasons, is that it is not possible to predict the activity cost-time
data accurately. In addition, the advantage gained by economising the project cost is nullified, by
the fact that optimisation of resources becomes extremely difficult, resulting in increased cost and
resource wastage.
Note: Time crashing networs problems can also be solved using ‘Excel-Solver’ software.






Precedence Network
Analysis

In Critical Path Method and Program Evaluation and Review Technique (CPMT/PERT) networks,
activities are connected with each other, according to the finish-to-start logic, i.e. an activity starts
only after its preceding activity is completed. But in reality, a certain lag or lead of time between the
adjoining activities may occur. While, lag implies a delay in the start of successor activity, on the
other hand, the lead allows an overlap of time between successor and its predecessor activity or the
amount of time the successor activity can be advanced with respect to predecessor. For example, in
a housing construction project, the CPM network may show the activity of wall plastering as start-
ing after the completion of masonry work of a particular building. In practice, however, plastering
can start as soon as the masonry in first room is complete and need not wait for completion of ma-
sonry work of all the rooms. Such inaccuracies in a CPM network may misrepresent the real time
situation unless a detailed CPM network is drawn that includes each minor operation and process. A
detailed CPM network, on the other hand, may become unmanageable and defeat the very purpose
of project planning.

Each activity in a precedence network (PN), is generally represented by either a rectangular or
a square box. These boxes represent activities-on-nodes, unlike the CPMT/PERT networks, which
show activities-on- arrows. The time duration of the activity is incorporated inside the nodal box.
A precedence network (PN) incorporates the concept of lags and leads, while depicting the rela-
tionship of various starts and finish of activities. They represent a real time plan, which shows the
dependency and inter-relationship of various activities in a better way as compared to the other
project network analysis techniques. The PN is thus best suited for planning complex construction
projects. Precedence Network Analysis (PNA) technique is also commonly known as Precedence
Diagramming Method (PDM) or Activity-on-Node Network.

This chapter is divided into the following sections:

1. Precedence Network Analysis (PNA) Fundamentals
2. Network Development Procedure
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Case Illustrations

Classification of Networks

Guidelines for Drawing Project Precedence Network
PNA vs. CPM

AN IS

Decision Network Analysis is covered in Appendix E. Project networks can be easily developed
and analysed using Project Management Software; this aspect is outlined in Appendix F. Critical
Chain Method is explained in Chapter 16. Introduction to probability distributions and applica-
tion of Monte Carlo Simulation technique for analysing non-linear duration activities networks are
outlined in Appendix P.

0 5.1 PRECEDENCE NETWORK ANALYSIS FUNDAMENTALS
5.1.1 Typical Precedence Network

The activities in a precedence network (PN) are depicted by either a rectangular or a square box.
The time duration of the activity is incorporated inside the nodal box. The logic relationship in a
PN is shown by connecting activity nodes with lines drawn from the preceding activity(ies). The
Precedence Network of construction of the raft foundation of a building, is shown in Exhibit 5.1.
The modeling features of the precedence network are given in the subsequent sections.

Note.

Latest Finish Date (LFD) = Latest Finish Time (LFT),
Total Float = Latest Finish Time (LFT) — Early Finish Time (EFT), or
= Latest Start Time — Early Start Time

5.1.2 Modelling Features

Activity representation. Precedence network depicts activities either by square or rectangular
nodes, which comprises the activity data. A typical activity box is given below:

EST Dur EFT

ACTIVITY DESCRIPTION

LST No. LFT

The activity description is written in the middle portion of the node box. The duration is written in
the rectangular space above it, while the activity number is written inside the box.

The activity data in the box also includes activity timings. The box shape and the data inside the
activity box can be represented in different ways (Figure 5.1).

LFT =  Latest Finish Time
Dur = Duration
No. = Activity number or identification label
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Figure 5.1
Different Ways of Representing an Activity in PNA
EST Dur EFT EST Dur EFT
DESCRIPTION NO. & DESCRIPTION
RESOURCE RESOURCE
LST No. LFT LST TF LFT
DESCRIPTION EST EFT
RESOURCE
DESCRIPTION
EST Dur EFT RESOURCE
LST No. LFT Dur TF
TF = Total Float

Resource = Gang size or man-days or cost earned value etc. can be written below description, if
considered necessary.

Network logic. Generally, the extreme left vertical side of the activity box represent the start of
the activity; while, on the other hand, the extreme right side, its completion. The connecting lines
show the relationship among the various activities. A logic diagram showing the start of activity B
after completion of activity A is shown below:

A B

The logic between the activities is showed by connecting them with lines, where length of lines
is insignificant. Generally, these lines move from left to right direction. Arrow heads are not nor-
mally shown unless considered essential for clarity of logic. Crossing of lines should be minimised.
Where unavoidable, line crossings may be depicted with symbols like those used in electrical cir-
cuits.

In PN, the precedence logic between activities is of two types; namely, job dependency logic and
construction situational constraints logic:

Precedence Logic

Job Logic Situational
(Mandatory) Constraints

The job dependency logic shows the sequence in which the jobs or activities progress, e.g. blinding
activity starts after the completion of excavation. It generally follows the rule that except the start
activity, each activity can start only after, its preceding activity(ies) is completed.
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The construction job time constraints logic arises from the restrain on start and completion of
dependent activities that is imposed due to the construction process at site. It is of two types, i.e.,
‘Lag’ or ‘Lead’, which are situational requirements. Lag is a delay between linked job logic activi-
ties, while, Lead is an opposite of Lag, i.e. it shows an overlap between preceding and succeeding
activity and is shown by assigning negative (—) sign. Most Project Management software do display
lag or lead on the network display. No resource is been consumed by Lag or Lead process.

For example, the start of blinding activity may get delayed by two days after completion of exca-
vation for grading and soil testing of the excavated surface. It can be represented on the network by
+2FS. This feature of Precedence Networks enables depicting of real time situational constraints.
The construction situational constraints can be of the following types (Figure 5.2).

Figure 5.2

Types of Precedence Relationship

Finish-to-start A 2FS B
i.e. delay from the finish of

preceding aCtlYlty to the start Activity B Starts after 2 time-unit delay constraints from completion of
of the succeeding one. Activity A

8SS

Start-to-start
i.e. delay from the start of — A F
preceding activity to the start
of the succeeding one.

Activity F starts after 8 time-unit delay constraints from commencement of activity

A
Finish-to-finish — E F
i.e. delay from the finish of LFF
preceding activity to the fin-
ish of the succeeding one. Completion of activity F will take at-least one time unit after completion of activity
E
—_ B E —

Start-to-finish

i.e. delay from the start of
preceding activity to the fin-
ish of the succeeding one.

1SF

D

Activity D is finished after at least 1 time unit delay from start of activity B

Note: Situational relationships are always defined from preceding activity to its successor activity.
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Representation of situational constraints on starting and finishing activities, which is generally
stated in terms of time delays, is a unique feature of PN. Unlike CPM/PERT networks, PN depicts
the lead or lag in activities to provide a realistic sequence of engineering tasks as they occur in the
actual execution of works. CPM/PERT networks use only FS situational constraint.

Note: In complex networks, a dummy can be introduced to simplify crisscrossing of linkage.
Using a dummy connector/event in order to link multiple activities can avoid congestion. Dummy
events can be drawn as boxes or circles.

U 5.2 NETWORK DEVELOPMENT PROCEDURE
5.2.1 Network Development Procedure

Though the procedure for drawing PN is similar to CPM, its model presents a different look. For
the beginners, the step-by-step network modeling procedure involves defining the network scope,
listing activities, developing logic diagrams, structuring networks, incorporating activity duration,
superimposing lead or lag constraints, and finally, numbering the various activities. The procedure
is illustrated with the example of Precedence Network of construction of the raft foundation of a
building. It is shown in Exhibit 5.1.

Raft Construction methodology. The various activities involved in the raft construction are
given in Table 5.1.

Table 5.1

Various Activities of the Raft Construction

Code Description Duration (days)
A Excavation 4
Blinding base 2
C Steel fabrication 5
D Transportation of rebar steel to task 1
E Formwork setting and rebar fixing 3
F Raft concreting 2

Excavation starts with the commencement of the building construction and takes four days to
complete. After excavation, two days lag is required to clear the area, conduct compaction tests,
and mark the layout prior to the commencement of blinding.

Excavation is then followed by blinding, i.e. placing of lean concrete on the base. This is com-
pleted in two days. The raft formwork and reinforcement steel bar fixing is commenced after the
blinding of the base.



Precedence Network Analysis 217

Formwork and steel fixing is finished in three days, after the completion of blinding. Procure-
ment and fabrication of steel required for the raft can start at the fabrication shop on commence-
ment of the building construction, which can take upto five days. However, fabricated steel can be
transported from the workshop to task, only after when part of the blinded area is cleared of the
excavated material, which is expected to take one day from the start of blinding process. Further,
due to constraints regarding the availability of a crane, unloading at site, which is a part of this
transportation activity, must be completed the same day.

The formwork setting and fixing of reinforcement proceed concurrently that gets complete in
three days. The expansion joint in the middle of the raft divides this work into two parts; where
the first part takes two days for completion and the second, third day, which gets followed by raft
concreting.

Raft concreting is also subject to approval of concrete mix compressive strength that is deter-
mined by testing concrete cubes, which is scheduled on the eighth day from the commencement of
building excavation. The process of concrete placing takes two days. Concreting can start one day
prior to finish of the first part of the preceding activity of Formwork and Steel fixing, i.e. 2 days
from the start of Formwork and Steel fixing. It is subject to the condition that LFT of Formwork
and Steel fixing must be completed latest by /1 days to enable its movement to the next raft and
concreting, thereafter takes 2 days.

Defining the network scope. Generally, a PN starts with a single ‘start node” and terminates
on a single ‘final node’. In cases, where there are more than one activity starting in the beginning
or terminating at the end, an additional activity node is inserted. In Exhibit 5.1, start project node
is inserted since the two activities (activity A and activity B) start concurrently in the beginning of
the project.

Activity listing and activity dependence table. This can be prepared in a manner similar
to CPM network, as shown in Table 5.2.

1. Note I: After finishing excavation (activity A), it takes two days to clear the area, conduct
compaction tests and mark the layout, i.e. 2 FS, prior to start of blinding of base (activity B).

2. Note 2: Transportation of fabricated steel after finish (completion) of steel fabrication in the
workshop can commence one day after the start of part of the blinding area (expected to take
one day from start of blinding) is cleared of the excavated material. This is to be com pleted
on the same day as its duration is 1day.

3. Notes 3: Raft concreting in the first part of the blinded area, can start one day prior to finish of
the formwork and rebar activity. However, finish of concreting of the remaining part will take
one day after finish of formwork and rebar activity.

4. Note 4: Raft concreting is subject to approval of the concrete mix 7-day compressive strength
determined by testing concrete cubes, which is scheduled on the eighth day from the com-
mencement of excavation.

5. Note 5: Network can be drawn easily on computer screen using project management software
like Primavera and Microsoft (see Chapter 16 and Appendix P).
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Table 5.2
Activity Listing and Activity Dependence

Activity Code Preceding Succeeding Situational Constraints
Type Extent ?:22‘:;}1,:12
Start S - A, C - -
Excavation A S B,D ES - S
Blinding base B A E FS 2 A (Note-1)
Steel fabrication C S D - - S
Rebar transportation D C,A E SS 1 B (Note-2)
Formwork and rebar E B,D F - - -
Raft concreting F E - FS (-1) E (Note-3)
FF 1 E (Note-4)
SF 8 A (Note-4)

6. Note 6: In order to prevent crisscrossing of lines, dummy connectors can be inserted, as
shown in Figure 5.3 and Figure 5.6 .

Precedence logic diagram. The first step while drawing the network is to establish network
logic, either by making an activity dependence table or with experience by directly sketching the
network outline. In PN, a flow diagram can be easily plotted on pre-printed box pattern drawing
sheets, tracing papers, or box type stickers, similar to that of box pattern sheet. Each box can rep-
resent an activity and the flow diagram can be developed by connecting these boxes logically with
lines. The left-side of the activity box represents the start and its right side represents the end of
an activity. Finish also marks the exit point of an activity. The top and bottom of the box are kept
off-limit, unless required to connect activities with other sub-networks. It is shown in Figure 5.4.

Network drawing. The formal PN can then be drawn by using the standard symbols and net-
work drawing conventions as shown in Exhibit 5.1.

Duration estimation. The duration of an activity in PN is assessed generally by the one-time
estimate method. Generally, delays are expressed in terms of time units, though they can also be
reflected as percentage of the preceding activity duration. In the later case, the percentages have to
be converted to time units for the purpose of time analysis.

The three-times estimate of activities can also be used in PN. In such cases, analysis of the network
is carried out by reducing three-times to a single expected time and then proceeding in a manner
similar to PERT.
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Figure 5.3

Dummy Connectors to Link Precedence Activities

C

A
D

B
E

Figure 5.4
Precedence Logic Diagram
Start A B E F

Activity numbering. The activity numbering methodology is similar to CPM numbering. It
commences with the start of an activity and completes with the last one. This labelling is primarily
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done for manual time analysis. Project management software generally provides 10 characters or
more space for labeling activities that are called as Identification Codes (ID). Designing of an activ-
ity identification code is covered in Chapter 18.

Project network. The project network is developed by logically integrating its sub-networks. It
covers the entire project scope and depicts its execution plan. It also highlights the milestones and
contracts or sub-contracts that are been planned during the project life. It provides the yardstick for
measuring and analysing progress. It is supported by the various sub-networks of the project. The
left-side of the activity box represents the start and its right side represents completion or end. Fin-
ish also marks the exit point of an activity. The top and bottom of the box are kept off-limit unless
required to connect activities with other sub-networks.

Integration of sub-network logic commences from the beginning of the project. While integrating,
the sequence of activities is verified by its preceding and succeeding activities. Work packages fall-
ing in the same strata are connected based on the occurrence order. The integrating process finishes,
when each activity within or outside, the sub-network is logically linked with precedence logic lag
and lead amount, wherever applicable.

If these are flaws in developing a network, the project schedule will become unrealistic. Most
common flaw is assuming limited resources and linking every activity with SS and FF logic. As-
sume unlimited resources and use precedence logic, unless there is a specific constraint. The issue
of resources optimisation is resolved during scheduling.

5.2.2 Time Analysis

In PN, the activity times and not the event times are shown on the network. Like CPM network, the
time analysis process can be divided into two stages, namely, forward-pass computation and back-
pass computation. These timings facilitate determination of critical path and various types of floats.
The method of time analysis of raft concreting network drawn in Exhibit 5.1, like CPM networks,
involves forward path and back pass, whichis given in following paragraphs.

Forward-pass computation. Set the Earliest Start Time (EST) of nodes that depicts the start
of the project as zero and write it in the space provided. Nodes shall follow in the ascending nu-
merical order.

a. Activity A node No. 1
ESTI=0
EFT =EST, +d =0+4=4

b. Activity B Node No. 2
EST,=EFT, +delay=4+2=6
EFT,=EST,+d=6+2=38

c. Activity C Node No. 3
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EST, =0
EFT,=EST, +d,=0+5=5

d. Activity D Node No. 4
EST, = (EFT,) or (EST, + 1SS), greater of these
=6+1=7EFT,=(EST,+d)=7+1=38

e. Activity E Node No. 5
EST, = Greater of EFT, and EFT,
= QGreater of 8 and 8
=8
EFT, = Greater of EST, +d, =8 +3 =11

f.  Activity F Node No. 6
EST, = Greater of EFT1, and EST, +8,

As a specific case concreting can start after 10 days subject to completion of the half raft upto
expansion joint, raft is divided into two equal parts by the expansion joint and it need not wait till
completion of second part. However, the latest the time for completion of formwork and steel fix-
ing is 11.

=11 -1 FS, and 8; greater of these,

=10

EFT6 =EST6 +d6 or EFTS + 1, whichever is greater
=10+2o0r 11 +2=13.

This situation has arisen because of the constrain that that LFT5]atest finish time is 11 (due to im-
posed constrain) and concreting must start thereafter.

Back-pass computation. Proceeding systematically with nodes in descending order, results
in working out of the latest timings of the activities, as shown in Table 5.3.

Table 5.3

Nodes and Timing Activities

Node No. Activity Duration LFT LST
6 F 2 13 10
5 E 3 11A 8
4 D 1 8 7
3 C 5 7 2
2 B 2 8 6
1 A 4 4 0
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Critical path (CP). It refers to the path of activities, whose duration is the longest. Activities A,
B, E, and F have zero float (Float = LST —EST), and are critical activities. The path from start to
end connecting these critical activities is known as the critical path. The length of this longest path
in the network is 12 time units.

Schedule dates are obtained by adding ‘one’ to EST and LST. The timings in network can be shown
in scheduled dates using the following rule:

Early Start Date (ESD) = Early Start Time (EST) + 1
Latest Start Date (LSD) = Latest Start Time (LST) + 1,
Early Finish Date (EFD) = Early Finish Time (EFT),
Latest Finish Date (LFD) = Latest Finish Time (LFT),
Total Float = Latest Finish Time (LFT) — Early Finish Time (EFT), or
= Latest Start Time — Early Start Time

Changing all timings to scheduled dates can be a solution; however, it is preferable to analyse by
making use of timings and dates during scheduling. If you are working with project management
software, check which mode of network analysis is displayed by it.

5.2.3 Repetitive Works Network

The PNA technique can be applied to prepare the network plan of projects that involves repetitive
works. Such networks also facilitate scheduling of manpower as well as other resources.

As an example, take a building complex involving construction of four similar raft foundations.
The work scope and network for completion of the first raft is given in Exhibit 5.1. This network
indicates that the first raft takes two working weeks for completion; assuming that rebar steel fab-
rication would be carried out in the central rebar fabrication yard. The network for construction of
subsequent rafts can be easily developed as follows:

e Decide the order of priorities of constructing rafts; and
e Plan each construction activity into a work-team with the assigned manpower, equipment and
other resources that are required for its completion.

The raft-construction network plan can then be developed by vertically linking the work-teams
(Exhibit 5.2). In particular, the backward-pass time calculations should be thoroughly scrutinised.
Note that one work-team for each activity continues working on similar activities of subsequent
rafts till the time of completion. This example highlights the usefulness of using PNA network
technique for planning repetitive works project.

0 5.3 CASE ILLUSTRATIONS
5.3.1 Primary School Construction PN

This illustrates the methodology of developing the network for construction of a primary school
by integrating its sub-networks, summarising this network by introducing hammock activities, and
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Exhibit 5.2
Four Rafts Construction
8 SS

RAFT Excavation Blinding Formwork & Concreting
No-1 2 FS Rebar | _; pg

0 4 4 6 2 8 8 3 11 10 2 12

0 1 4 9 2 |11 11 | 3 | 14 16 | 4 | 18
RAFT Excavation Blinding Formwork & Concreting
No. 2 2 FS Rebar 1 FS

4 4 8 10 2 12 12 3 15 14 2 16

4 5 8 12 6 14 14 7 17 18 8 20
RAFT Excavation Blinding Formwork & Concreting
No. 3 2 FS Rebar 1 FS

8 4 12 14 2 16 16 3 19 18 2 20

8 9 12 15 | 10 | 17 17 | 11 | 20 20 | 12 | 22
RAFT Excavation Blinding Formwork & Concreting
No. 4 2 FS Rebar -1 FS

12 4 16 18 2 20 20 3 23 22 2 24

12 | 13 | 16 18 | 14 | 20 20 | 15 | 23 22 | 16 | 24

preparing the network of a group of similar educational buildings. The primary school building is
broadly divided into three parts; Wing 1, Wing 2, and gymnasium. Wings 1 and 2 have a common
foundation, and both are two-storied. The roof of the gymnasium is supported on portals. The Wing
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2 and gymnasium share a common beam with the gymnasium roof starting a week later than Wing
2 roof. The construction of school involves the following stages:

e Foundation of Wing 1 and Wing 2 up to the ground floor slab;

e Foundation of gymnasium portal to start eight weeks after the commencement of the founda-
tion of wings. It is due to site constraints;

e Frame structure of Wing 1, Wing 2 and gymnasium; and

e Block work and finishes.

The primary school Work Breakdown Structure is shown in Exhibit 3.6. After examining the con-
struction methodology and the sequence and logic of activities; the PN of the primary school can
be developed by integrating the following logic sub-network diagrams:

Foundation Wing 1, Wing 2 and gymnasium activities

1. Foundation portals gymnasium EF
2. Ground floor slab PB
3. Plinth filing PF
4. Stub column and plinth beam GS
5. Excavation and footing FP

Frame structure of Wing 1, Wing 2 and gymnasium activities

6. First floor column Wing 1 FC
7. FF slab and beam Wing 1 FS
8. Roof structure Wing 1 RS
9. First floor Wing 2 FF
10. Construction portals CPp
11. Slab of gymnasium and Wing SG

Block work and finishes

12. Block work BW
13. Pipes and conduit, and frames PC
14. Internal plaster 1P
15. Ducting and wiring DW
16. External plaster EP
17. Roof treatment RT
18. Screed SC
19. Tiling TL
20. Preliminary paint treatment PT

21. Air-conditioning equipment
Installation and testing AC
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22. Carpentry and Joinery CJ
23. Fittings, fixtures and metal works FM
24. Final Paint and Completion CM

The integration of work-package logic diagrams in construction sequence produces the project
logic diagram. The flow diagram of the primary school construction shows box type activities and
the logic build-up is shown in Figure 5.5.

The project flow diagram can be converted to PN by using the network drawing rules similar
to that of CPM. The primary school structure construction precedence sub-network is shown in
Exhibit 5.3. Similarly, the ‘finishes’, sub-network can be added to the structure construction sub-
network to develop the primary school construction network.

The summarised network of the primary school project is shown in Exhibit 5.4. This network,

in addition to controlling the work progress, was also used to prepare the network plan for a group
of educational buildings in the 2000 Housing Units Project. This project involved construction of a
nursery, a kindergarten, a primary, and a high school on the western sector of the project area. These
sch ools were of similar design and construction but varied in construction areas. The activities and
their durations, school-wise, are reflected in Exhibit 3.7.
Taking into consideration the development plan, the priorities for completion of the construction
of schools were determined. Thereafter, the repetitive works, which is education buildings project
network was developed by logically inter-connecting the networks of each school that are listed in
the order of construction priorities. The network comprising these four typical school buildings is
summarised in Exhibit 5.5.

5.3.2 Education Buildings Phase |

As already covered under work scope of 2000 Housing Units Project in Chapter 3, the project
consists of 15 Educational Modular Buildings. These further comprise 5 Primary Schools, 4 High
Schools, 4 Kindergarten, and 2 Nursery Schools. In the first phase of construction, the project stipu-
lated construction of one education building of each type at specified locations. The construction
activities of these buildings in first phase are tabulated in Exhibit 3.7. The precedence network of
the group of these education buildings is drawn in Exhibit 5.5.

5.3.3 Raw Water Clarifier Construction Project

The civil works in a raw-water treatment plant of a refinery project includes construction of a clari-
fier, mixer chamber, sludge transfer basin, and foundations to support pipes and pump. Since the
commissioning of the refinery depends upon the clarified water supply from the raw-water treat-
ment plant, this work was accorded highest priority and a time limit of seven months, commencing
from February 1, 1986, which was fixed for the completion of all civil works (Exhibit 5.6).

The clarifier RCC tank had an outer diameter of 22.0 m. It had both, an underground chamber
and an above-ground level that is a 4.5 m high structure. The underground chamber had conical
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Exhibit 5.3

Primary School Structure Construction Precedence Network

Col & P FF FF Roof
Exc & Ftg Beams  Plinth Fig  Gd Slab Column Slab-1 Slab-1 Blockwork
0 3 3 6 6 8 8] 11 11 13 13| 16 16| 20 201 23
EF| 3 — PBl 33— PF| 2 —GS| 3—FC| 2 — FS| 31— RS| 4 BW| 3
0 3 3 6 6 8 8| 11 11| 13 13| 16 16| 20 20| 23
FF
Slab-1
13| 15
— FF| 2
18{ 20
Fdn
Portals Const Portal Slab Gyn
8| 11 11| 15 15| 19
8 SS
FP| 3 CP| 4 SG| 4
9| 12 12| 16 16| 20

and trapezoidal RCC sumps. The heavily reinforced floor slab of the main tank acts as the roof for
the underground chamber.

The main clarifier tank had an inner chamber of 7 m diameter that is constructed over the RCC

columns. The inner chamber was encircled by twin circular RCC baffle walls. These circular twin
narrow-spaced baffle walls had a semi-circular raised spillway at the bottom.

The outer ring wall was 4.5 m high above the RCC circular floor and the floor was supported on

a circular base-wall of 1.8 m in height. The outer ring wall (dia. 22 m) had an overflow channel,
which was to be cast along with the outer ring wall.

Construction sequence. The various stages in the construction of clarifier tank are:

Construction raft of underground chamber;

Building the perimeter wall of underground chamber up to conical sump;

Elevating central circular areas of inner conical chamber up to the bottom level ground slab;
Building baffle wall in three stages, namely, base, spillway inner wall and outer wall columns,
and the outer wall;

Raising the outer ring wall up to the bottom level of ground floor slab, followed by filling
with lean concrete, except for two sectors on the opposite face to the entrance of underground
chamber;

This gap is left that provides an approach for concreting the remaining structure using 22 m
boom-length concrete pump;
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Exhibit 5.4

Summary Precedence Network of Primary School

% * * *
Foundation Structures Blockwork & External
Wings 1 & 2 Wings 1 & 2 Int. Plaster Plaster
(-1 FS) 2FS
0 11 11 10 11 21 23 8 31 31 2 33
0 |Fw | 11 10 | SW | 21 23 | BP | 31 3 EP | 39
8 S8 - 1FF
*
Foundation Structure Ducting & Roof
Portals Gymnasium Wiring Treatment
8 3 11 11 8 20 31 2 33 33 2 35
9 FP | 12 12 | SG | 20 31 {DW | 33 39 | RT | 41
*
Tiling & AC
P. Painting Equipment
33 6 39 35 2 37
33 | TP | 39 41 | AE | 43
* *
Carpentry & Painting,
Joinery Fittings & Eins.
39 4 43 43 8 51
K s ..
Critical Activity 9 1 cl a4 4 | pr | st

e Filling the below ground area, enclosed by ring wall, with lean concrete for laying the central
ground floor slab except the two approach sectors;

e Concreting the ground floor slab over the central circular area including slab of the under-
ground chamber, baffle wall (dia. 7 m), both the sumps;

e Laying the remaining ground floor slab, sector-wise, with 10 cm kickers of outer ring wall
(internal dia. 22 m) except the two approach sectors;

e Building the inner chamber in two stages, namely, column and ring beam, followed by cylin-
drical wall with slab;
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Exhibit 5.6

Raw Water Treatment Clarifier
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e Raising the ring wall (internal dia. 22 m), sector by sector, above the central ground floor slab,
except for the two approach sectors;

e Constructing the remaining two sectors of outer ring wall; and

e Screening after installation of mechanical equipment.

Work breakdown. The construction of the water clarifier tank involves the following work
packages. These along with their respective activities are shown in Table 5.4.

Table 5.4

Construction of the Water Clarifier Tank’s Work Packages and Their Activities

S. No. Work Package Activities

1 Field location Survey and layout.

2 Underground chamber Excavation, blinding, raft concreting, wall concreting, and central ground
floor slab.

3 Inner conical sump Excavation, blinding, columns and beams, central ground floor slab,
above-ground level wall and slab.

4 Baffle Wall Excavation, blinding, base, wall, and central roof slab

Outer ring wall Excavation, blinding, below-ground level wall (in three lifts), central

ground floor slab, and level above-ground and outer ring wall (10 sec-
tors).

Time analysed PN. The network of a raw water clarifier is shown in Exhibit 5.7. The completion
time of civil works was fixed as 140 working days corresponding to the scheduled start date of
February 1, 1986 and the completion date of July 12, 1986.The contractor planned for completing
work in 120 fair-weather working days, earmarking the remaining 20 days as his reserve for rains
and bad weather. The contractor’s work programme, based on the earliest start time, is also given
in Exhibit 5.7.

O 5.4 CLASSIFICATION OF NETWORKS

From the functional angle, the networks in a project are classified into four categories: skeleton
network, master network, detailed network, and summary network. The purpose of these networks,
the level of activity used the unit adopted for estimation of duration, and the rough cost of each
activity is given below.

5.4.1 Skeleton Network

The project skeleton network depicts the preliminary or outline plan of the project using (sub-
projects and tasks) level of activities. The duration of each activity is estimated in months or weeks.
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The rough cost of each activity varies from 0.5% to 5% of the project cost. Skeleton networks are
prepared during the feasibility or engineering stage with a view to provide direction to the project
management team.

5.4.2 Master Network

This network is designed for controlling the systematic execution of a project or contract. It gener-
ally uses work packages as database. Its unit of time for duration estimation is considered in weeks.
The rough cost of each activity is 0.1%—2.5% of the project cost.

5.4.3 Detailed Network

This network is prepared for the execution of day-to-day work, conforming to the sequence of ac-
tivities given in the master network. It contains lower-level activities, whose duration is assessed
in terms of days. These are prepared for controlling the extremely important sub-projects, tasks or
contracts where the progress of work is to be watched and controlled on a day-to-day basis. De-
tailed networks are also prepared for determining the duration of a work package.

5.4.4 Summary Network

This network depicts the summary of a master network. In the summary network, sub-projector
task level is used and their duration is assessed in weeks. The project summary network and its
schedule are used in project information reporting to the top management. One of the methods of
summarising a master network is to introduce the hammock activities to link a sub-network or a
group of activities, as explained earlier.

U 5.5 GUIDELINES FOR DRAWING PROJECT PRECEDENCE NETWORK

The networks drawn using standard conventions are easily readable and acceptable. These rules for
drawing networks depend upon the network technique employed. The rules for drawing the CPM/
PERT sub-networks are covered in Chapter 4. The PN drawing conventions are described here-
with to standardise details presentation.

5.5.1 Network Purpose

A project needs different types of networks like master network, summary network, and contract
control network, at various levels of control. The first step in drawing a network is to decide upon
the type of network required and then drawing separate networks, which incorporates relevant in-
formation for each level of control. Initially, the draft of the network should be prepared in pencil
and should be discussed at various levels. As far as possible, the level of activities within a network
should be kept consistent.
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5.5.2 Network Drawing Sheet Size

Each type of network should be drawn on convenient size sheet not exceeding A0 size (1189 mm
x 841 mm). An A0 size drawing sheet is sufficient for as many as 200 activities. Networks should
be split into various sub-networks linked by the interfacing activities or events (shown in boxes or
circles) and should be drawn on smaller size (A3 or A4) paper.

5.5.3 Project Network Layout Stratification

Prior to the commencement of integration, the paper on which the project network diagram is to be
drawn should be divided into various strata. Stratification means division of the network diagram
in such a way that activities pertaining to the same department, contract, location, or method of
construction, can be grouped by drawing horizontal and/or vertical lines. Generally, the strata can
be visualised from a prior knowledge of work scope in a project. These can also be easily deduced
from the Work Breakdown Structure. The method of stratification is covered in Chapter 4.

5.5.4 Network Layout

The on-repetitive networks should be developed horizontally, starting from left to right. The path
containing the maximum activities should be positioned in the middle portion of the network, while
the remaining activities should be suitably positioned on its upper and lower sides. For repetitive
work networks, the linking of activities should be horizontal or vertical, according to the require-
ment.

Check that all activities are included in the network. The standard network symbols and method
of linking symbols should be used. The non-standard symbols if used should be clarified.

5.5.5 Network Logic

The following guidelines may reduce complications arising from the multiple nature of depen-
dency logic:

1. Outgoing dependency lines can be drawn on the activity box, either from left top or bottom,
or from the right edge of the activity box. For repetitive work projects, the middle of bottom
side may be used to link up repetitive activities vertically.

2. Activities heading to an activity box, depending upon logic, are mostly linked with the left
edge of the activity box. In rare cases, the right edge or top side of the box is used to represent
the start-to-finish and finish-to-finish logic.

3. Crossing and/or reversing of dependency lines should be minimised by suitably positioning
the activities.

4. Arrowheads should be drawn wherever necessary to clarify the direction flow.

It may be noted that in case of logic constraints:
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1. There can be more than one different type of relationships between any two given activities.

2. The situational time constraints can be positive or negative in order to show overlapping or
separation of activities. For example, a succeeding activity completion constraint imposed on
the completion of preceding activity, can have a negative delay effect.

3. Too many relationships can complicate a network. It can also result in conservative estimates
as there is a tendency to use extensive overlapping while attempting to meet a predetermined
objective.

4. Unless absolutely essential, it is a general practice to restrict the situational constraints to a
minimum. It can be done by restructuring logic in such a way that the succeeding activity
starts only after the preceding activity(ies) has been completed, even if this amounts to a fur-
ther splitting of related activities.

5.5.6 Events and Dummy Activities

Generally, PNs do not have events and dummy activities. However, there are few exceptions. Where
PN starts (or ends) with more than one activity, its start (or end) can be shown by a start event (or
an end event). In large networks, connectors are used to separate part of a network for providing
logical links. In addition, interface in the form of dummy event can be introduced to mark the over-
lapping of sub-networks. The connectors and dummy events are shown in Figure 5.6.

U 5.6 PNAVS.CPM
5.6.1 Same Family

Both Critical Path Method (CPM) and Precedence Network Analysis (PNA) belong to the family of
network analysis techniques. The common features, as already mentioned in Chapter 4:

e Make use of the network-type graphic model to depict the time plan for project execution ;

e Apply the critical path analysis concept for determining project duration and identifying criti-
cal activities; and

e Employ these network analysis techniques for scheduling and controlling of projects.

Although CPM and PNA network models may appear different; however, they are logically are
similar. For a given project, both CPM and PNA network contain same job activities and durations.
In case of networks, using 