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of this book. At that time, I mentioned how impressed I had been with Abdul 
Razzak Rumane, even before actually meeting him. He has once again asked 
me to contribute some thoughts to his second edition; it is my distinct plea-
sure to do so.

Dr. Rumane struck me early on as a hardworking, determined, passionate, 
compassionate individual. Over the years, as an expert in quality assurance 
processes, particularly those applicable to the construction industry, he has 
provided valuable information and insights from his extensive background 
and education, thus providing a manageable framework for the practitio-
ners and gatekeepers in the industry. He has put to practical use the tenet 
so expertly articulated by esteemed educational philosopher and healthcare 
administrator Patrick M. Vance, who once stated (relative to working with 
students):

They’re doing what they have to do to get by.
What we have to do is make it so they can’t get by without doing 
some worthwhile things.

The wisdom shared by Abdul Razzak Rumane helps construction 
 professionals do worthwhile things. Applying concepts described in his 
manuscripts, they influence quite literally the standards of quality of our 
societal infrastructure, which in turn influences the quality (and in some 
cases the actual quantity) of life for millions of citizens. What a relief it is to 
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and homes are constructed in mindful, deliberate ways that have the poten-
tial to enhance and perhaps even preserve our lives.

Managing risk, ensuring safety, and providing integrity and reliability are, 
for the gatekeepers who plan and supervise construction, priorities to be 
taken very seriously. To those who value and apply the level of expertise and 
care promoted by Dr. Rumane in this volume, our sincere thanks.

Ted Coleman, PhD, CHES, MS (Counseling)
Professor and Department Chair, Health Science and Human Ecology

California State University, San Bernardino
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Introduction

It is almost 5 years since my book entitled Quality Management in Construction 
Projects was published. The response was encouraging and many people 
appreciated the book as it was totally devoted to quality management in 
 construction projects. I am happy and feel honored that I could share my 
knowledge, which helped many readers in their day-to-day professional 
activities related to quality in construction projects.

Since then, ISO 9000:2008 has been revised and ISO 9000:2015 already 
 published. The revised QMS focuses extensively on risk-based thinking 
that has to be considered from the beginning and throughout the life cycle 
of a project. There were certain quality-related topics such as customer 
 relationship, supplier management, quality audits, tools for construction 
projects, and quality management during each phase of the project life cycle 
that were missing in the first edition, which I feel are important. Further, 
some of the figures and tables need to be updated to make for a comprehen-
sive understanding of the subject.

The new edition is divided into seven chapters as before; however, 
 additional sections have been added to update the information provided in 
the earlier edition.

Chapter 1 presents an overview of quality and is focused on the histori-
cal importance and background of quality that has moved in its different 
forms through distinct phases under a bewildering array of names such as 
inspection, statistical quality control, quality assurance, and strategic qual-
ity management, leading to the concept of total quality management (TQM). 
A brief description of various quality control tools with representative fig-
ures is included in this part to illustrate their applications in practical usage. 
Periodical changes in the quality system and cultural changes needed in 
various areas to meet TQM are also discussed. The chapter also includes 
principles and basic components of TQM. There are prominent researchers 
and practitioners, known as “quality gurus,” whose works have dominated 
the quality movement. This part elaborates the contribution of their phi-
losophies,  methods, and approaches in addressing specific quality issues. 
It also includes quality information system and factors related to quality in 
the use of the CAD software. Customer relationship, supplier management, 
and risk management are added in this chapter, which were not included in 
the  previous edition. Quality function deployment technique is discussed in 
order to know how this can be applied by construction project design pro-
fessionals. An introduction to Six Sigma and a brief introduction to TRIZ are 
also included. Basic value-engineering-related topics such as the objectives 
of value engineering, timings of value engineering, and the benefits of value 
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engineering are also discussed. Chapter 2 is concerned with quality man-
agement system. It gives a brief introduction to standards and standardiza-
tion bodies, ISO certification process, and integrated quality management 
system. It also includes information on quality audits not included in the 
earlier edition. The chapter also covers cost of quality. In Chapter 3, project 
definition, types of construction projects, and comparisons between con-
struction and manufacturing are discussed. Tools for construction projects 
are added in the chapter, which were not covered in the earlier edition. This 
includes design tools, project control tools, material control tools, and lean 
tools; 5S for construction projects is also discussed. This part defines systems 
engineering, its principles, and its applications and approach to construc-
tion projects. It includes a chapter on construction project life cycle that is 
developed based on systems engineering principles. It details how construc-
tion projects can be divided into seven most common phases (five common 
phases were discussed in the previous edition), such as conceptual design, 
preliminary design, detailed design, construction, construction documents; 
bidding and tendering, and testing, commissioning, and handover, further 
subdividing into various elements/activities/subsystems having functional 
relationship, to conveniently manage the construction projects. Chapter 4 
details quality in construction projects and discusses various concepts of 
quality, principles, methods, tools, and processes that can be applied from 
the inception of the project until the issuance of substantial completion cer-
tificate. Brief information on different types of contract deliverable systems, 
contract documents, and contract types based on the forms of payment is 
also given in this part. This chapter discusses the owner’s role while pre-
paring project definition and terms of reference (TOR). It includes informa-
tion regarding the designer’s role and responsibilities to prepare design 
drawings and documents by properly specifying important parameters 
and features of the required services/systems. It elaborates different pro-
cedures a contractor has to follow during a construction process. The part 
also includes guidelines for contractors about preparation and submission 
of construction programs, logs, product data, and shop drawings. Various 
procedures and principles followed during the construction phase are dis-
cussed and implemented. These include mobilization, execution, planning, 
scheduling, monitoring, control, quality, and testing to achieve the desired 
quality results for the project. A summary of probable reasons for rejection 
of works executed by the contractor is presented in a tabular form. The 
importance of work breakdown structure is discussed and a list of major 
activities used in the preparation of contractor’s construction program is 
included in Appendix  A. The general requirements to prepare a contrac-
tor’s quality control plan are described and an example contractor’s quality 
control plan is included in Appendix B. Brief information on site safety is 
covered in this chapter, newly included in this edition. The chapter covers 
quality management and risk management during each phase of the project 



xxxixIntroduction

life cycle. Chapter 5 presents brief information on post-handover activities 
such as operation and maintenance. Chapter 6 discusses facility manage-
ment and Chapter 7 relates to assessment of quality.

The book, I am certain, will meet the requirements of construction profes-
sionals, students, and academics and satisfy their needs.
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1

Overview of Quality

1.1  Quality History

Quality issues have been of great concern throughout the recorded history of 
humans. During the New Stone Age, several civilizations emerged, and some 
4000–5000 years ago, considerable skills in construction were acquired. The 
pyramids in Egypt were built approximately 2589–2566 BCE. Hammurabi, 
the king of Babylonia (1792–1750 BCE), codified the law, according to which, 
during the Mesopotamian era, builders were responsible for maintaining the 
quality of buildings and were given the death penalty if any of their con-
struction collapsed and their occupants were killed. The extension of Greek 
settlements around the Mediterranean after 200 BCE left records showing 
that temples and theaters were built using marble. India had strict standards 
for working with gold in the fourth century BCE.

According to A History of Managing for Quality (J. M. Juran, editor-in-chief), 
China’s recorded quality history can be traced back to earlier than 200 BCE. 
China had instituted quality control in its handicrafts during the Zhou 
dynasty between 1100 and 250 BCE. During this period, the handicraft indus-
try was mainly engaged in producing ceremonial artifacts. Table 1.1 presents 
a sample of surviving writings that are related to quality management in 
China during ancient days. This industry survived the long succession of 
dynasties that followed up to 1911 CE.

Scandinavian shipbuilders were using quality improvement techniques 
over the entire first two millennia BCE and the first millennium CE. Examples 
of specification and inspection can be found in the Bible dating from at least 
500 BCE, and at about the same time, the Greeks were using tight quality 
control methods in the building of their temples. The Romans standard-
ized nearly everything they touched from 300 BCE to 300 CE. According to 
Sebestyen (1998), “Marcus Vitruvius Pollo, the first century BCE military and 
civil engineer, published his 10 books (i.e., a book with 10 chapters) in Rome. 
This was the world’s first major publication on architecture and construc-
tion, and it dealt with building materials, the style and design of building 
types, the construction process, building physics, astronomy and building 
machines” (p. 2).

1



2 Quality Management in Construction Projects

During the Middle Ages, guilds took the responsibility for quality control 
upon themselves. Guilds and governments carried out quality control; con-
sumers, of course, carried out informal quality inspection throughout history.

The guilds’ involvement in quality was extensive. All craftsmen living in 
a particular area were required to join the corresponding guild and were 
responsible for controlling the quality of their own products. If any of the 
items was found defective, then the craftsman discarded the faulty items. 
The guilds also initiated punishments for members who turned out shoddy 
products. They maintained inspections and audits to ensure that artisans fol-
lowed quality specifications. The guild hierarchy consisted of three categories 
of workers: apprentice, journeyman, and master. The guilds had established 
specifications for input materials, manufacturing processes, and finished 
products, as well as methods of inspection and testing. They were active in 
managing quality during the Middle Ages until the Industrial Revolution 
marginalized their influence.

The Industrial Revolution began in Europe in the mid-nineteenth century. 
It gave birth to factories, and the goals of the factories were to increase pro-
ductivity and reduce costs. Prior to the Industrial Revolution, items were 

TABLE 1.1

A Sample of Ancient Chinese Writings on Quality Management

Kao Gong Ji (Records in Inspecting the 
Works)

403 BC A recognition of quality as the 
combined result of “the time of 
heaven, the energy of earth, the 
beauty of material, and the 
skill of the workman”

Tang Lu Shu Yi Za Lu Men 
(Introduction to the Laws of the Tang 
Dynasty, Miscellaneous Categories)

Compiled in AD 
635–640

A law stipulated that measuring 
tools were to be checked every 
August, and were to be used 
only after the seals were 
affixed.

Wu Jing Zong Yao (Compendium of 
the Most Important Military 
Techniques)

AD 650–950 Subject: weapons manufacture

Ying Zao Yi Xun (Architecture Rules 
and Methods)

Song dynasty 
(AD 960–1219)

Subject: architecture

Zi Re Yi Xun (Teachings of the 
Deceased)

Yuan dynasty 
(AD 1279–1368)

Subject: textiles

Long Jiang Chuan Chang Zhi (Records 
of the Long Jiang Shipyard)

Ming Dynasty 
(AD 1368–1644)

Subject: shipbuilding

Cong Cheng Zuo Fa Gui Ze 
(Regulations in Engineering Projects)

Qing dynasty
(AD 1644–1911)

Subject: construction

Tian Gong Kai Wu (Technology and 
Manufacture)

AD 1637 by 
Sung Yingxing

Subject: manufacturing

Source: Juran, J.M. & Godfrey, A.B. (1999). Juran’s Quality Handbook, Reprinted with permission 
of The McGraw-Hill Education.
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produced by individual craftsman for individual customers, and it was pos-
sible for workers to control the quality of their products. Working conditions 
then were more conducive to professional pride. Under the factory system, 
the tasks needed to produce a product were divided among several or many 
factory workers. Under this system, large groups of workmen performed 
similar types of work, and each group worked under the supervision of a 
foreman who also took on the responsibility of controlling the quality of the 
work performed. Quality in the factory system was ensured by means of 
skilled workers, and the quality audit was done by inspectors.

The broad economic result of the factory system was mass production at 
low costs. The Industrial Revolution changed the situation dramatically with 
the introduction of a new approach to manufacturing.

In the early nineteenth century, the approach to manufacturing in the 
United States tended to follow the craftsmanship model used in European 
countries. In the late nineteenth century, Frederick Taylor’s system of 
“scientific management” was born. Taylor’s goal was to increase produc-
tion. He achieved this by assigning planning to specialized engineers, and 
execution of the job was left to supervisors and workers. Taylor’s emphasis 
to increase production had a negative effect on quality. With this change in 
the production method, inspection of finished goods became the norm rather 
than inspection at every stage. To remedy the decline in quality, factory man-
agers created inspection departments having their own functional bosses. 
These departments were known as quality control departments.

The beginning of the twentieth century marked the inclusion of process in 
quality practices. During World War I, the manufacturing process became 
more complex. Production quality was the responsibility of quality control 
departments. The introduction of mass production and piecework created 
quality problems as workmen were interested in earning more money by 
the production of extra products, which in turn led to bad workmanship. 
This situation made factories introduce full-time quality inspectors, which 
marked the real beginning of inspection quality control and thus the intro-
duction of quality control departments headed by superintendents. Walter 
Shewhart introduced statistical quality control in the process. His concept 
was that quality is not relevant to the finished product but to the process that 
created the product. His approach to quality was based on continuous moni-
toring of process variation. The statistical quality control concept freed man-
ufacturers from the time-consuming 100% quality control system because 
it accepted that variation is tolerable up to certain control limits. Thus, the 
quality control focus shifted from the end of line to the process.

The systematic approach to quality in industrial manufacturing began in 
the 1930s when some attention was given to the cost of scrap and rework. 
With the impact of mass production, which was required during World 
War II, it became necessary to introduce a more stringent form of quality 
control. This was instituted by manufacturing units and was identified as 
Statistical Quality Control (SQC). SQC made a significant contribution in that 
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it provided a sampling rather than 100% product inspection. However, SQC 
was instrumental in exposing the underappreciation of the engineering of 
product quality.

In his books, Juran (Juran and Godfrey 1999) has detailed that, prior to World 
War II, Japanese research on and applications of modern quality control were 
limited. Japanese product quality was poor relative to international levels. 
These poor products were sold only at ridiculously low prices, and it was dif-
ficult to secure repeat sales. Among the exceptions were the high-technology 
products of some Japanese companies, primarily for military use, which 
were manufactured without the successful application of mass production 
techniques.

The concepts and techniques of modern quality control were intro-
duced in Japan from the United States immediately after World War II. 
The General Headquarters (GHQ) of the allied occupation forces in 
Japan was experiencing difficulties with the poor state of the country’s 
communication systems and the defective quality and late delivery of 
communication equipment and components ordered from Japanese 
manufacturers. The GHQ’s Civil Communication Section (CSS) was 
instructed to provide communication equipment manufacturers with 
business management guidance, including advice on quality control. 
Many Japanese manufacturing companies received help from the mem-
bers of the section. (Juran 1999, p. 41.2)

Juran further states:

In Europe quality was considered as a cultural issue first and a technical 
issue second. In western Europe as in other areas of the Western world, 
from the 1950’s to the 1970’s, quality was considered a priority issue 
mainly in defense aerospace, telecommunications, electro-nuclear energy 
and energy in general, chemicals and their high technology sectors. An 
indication of the level of interest in quality disciplines (specifically, in 
statistical quality control) was the formation of national quality associa-
tions in many European countries during the early 1950s. In the area of 
consumer durables and consumer goods in general, which were enjoying 
a period of high demand, a capacity for innovation and the ability to pro-
duce large volumes at low cost were the main priorities. Healthy market 
performance meant staying more or less in line with the typical (and often 
mediocre) quality standards of the relevant price/performance class, 
which, given the lack of specific competitive estimate, tended to remain 
stable. Certain niches, brands or even entire geographical areas stood out 
for high quality and reliability of their products, but as a rule, higher 
quality positioned a product in a higher price class compared with prod-
ucts offering similar performance. Countries like Germany, for instance, 
had a reputation for superior product quality, especially in niche markets 
(e.g., luxury automobiles, electric home appliances), but since this quality 
stemmed from the high professional skills and craftsmanship, product 
prices were usually higher. (p. 38.2)
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Harold Kerzner (2001) has given the quality history of the past 100 years:

“During the past 100 years the views of quality have changed dramati-
cally. Prior to World War I, quality was viewed predominantly as inspec-
tion, sorting out the good items from the bad. Emphasis was on problem 
identification. Following World War I and up to the early 1950s, emphasis 
was still on sorting good items from bad. However, quality control prin-
ciples were now emerging in the form of

• Statistical and mathematical techniques
• Sampling tables
• Process control charts”

He further states that from the early 1950s to the late 1960s, quality con-
trol evolved into quality assurance, with its emphasis on problem avoid-
ance rather than problem detection. Additional quality assurance principles 
emerged, such as

• The cost of quality
• Zero-defect programs
• Reliability engineering
• Total quality control

Kerzner (2001) has gone further, saying

Today, emphasis is being placed on strategic quality management, includ-
ing such topics as

• Quality is defined by the customer.
• Quality is linked with profitability on both the market and cost 

sides.
• Quality has become a competitive weapon.
• Quality is now an integral part of the strategic planning process.
• Quality requires an organization wide commitment. (p. 1087)

Thomas Pyzdek (1999) has stated that “in the last century, quality has moved 
through four distinct “quality eras”: inspection, statistical quality control, 
quality assurance, and strategic quality management. A fifth era is emerging—
complete integration of quality into the overall business system. Managers in 
each era were responding to the problems they faced at the time (p. 12).”

From the foregoing writings and many others on the history of quality, it 
is evident that the quality system in its different forms has moved through 
distinct quality eras, such as

 1. Quality inspection
 2. Quality control
 3. Quality assurance
 4. Total quality
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However, quality actually emerged as a dominant thinking only since World 
War II, becoming an integral part of the overall business system focused on 
customer satisfaction, and becoming known in recent times as “Total Quality 
Management” (TQM), with its three constitutive elements:

• Total: Organization-wide
• Quality: Customer satisfaction
• Management: Systems of managing

Figure 1.1 shows the birth of total quality.

1.2  Quality Definition

Quality has different meanings for different people. The American Society 
for Quality (ASQ) glossary defines quality as follows:

A subjective term for which, each person has his or her own definition. In 
technical usage, quality can have two meanings:

 1. The characteristics of a product or service that bear on its ability 
to satisfy stated or implied needs.

 2. A product or service free of deficiencies.

1200–1799 Guilds 
of Medieval Europe

1800–1899 
Product orientation

1900–1940 
Process orientation

1941–1945 Quality 
during World War II

1946–Present birth 
of 

total quality

Product inspection Product inspection Product inspection Sampling inspection

Statistical 
quality control

Statistical 
quality control

Year and period

Key quality practice

FIGURE 1.1
Birth of total quality. (Source: American Society for Quality (2001), Quality 101, Exhibit 17, 
Reprinted with permission of American Society for Quality © 2001, ASQ, www.asq.org.)

http://www.asq.org
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It further states that it is

• Based on customers’ perceptions of a product’s design and how 
well the design matches the original specifications.

• The ability of a product and service to satisfy stated or implied 
needs.

• Achieved by conforming to established requirements within an 
organization.

The International Organization for Standardization (ISO 1994a) defines 
quality as “the totality of characteristics of an entity that bears on its ability 
to satisfy stated or implied needs.”

Pyzdek (1999) views that there is no single generally accepted definition 
of quality. He has quoted five principal approaches to defining quality that 
have been described by Garvin (1988). These are as follows:

 1. Transcendent—“Quality cannot be defined, you know what it is.” 
(Persig 1974, p. 213)

 2. Product based—“Differences in quality amount to differences in the 
quantity of some desired ingredient or attribute.” (Abbott 1955, 
pp. 126–127)

  “Quality refers to the amounts of the unpriced attributes contained 
in each unit of the priced attribute.” (Leflore 1982, p. 952)

 3. User based—“Quality consists of the ability to satisfy wants.” 
(Edwards 1968, p. 37)

  “In the final analysis of the market place, the quality of a prod-
uct depends on how well it fits patterns of consumer preference.” 
(Kuehn and Day 1954, p. 831)

  “Quality is fitness for use.” (Juran 1974, p. 2-2)
 4. Manufacturing based—“Quality (means) conformance to require-

ments.” (Crosby 1979, p. 15)
  “Quality is the degree to which a specific product conforms to a 

design or specification.” (Gilmore 1974, p. 16)
 5. Value based—“Quality is the degree of excellence at an acceptable 

price and the control of variability at an acceptable cost.” (Broh 
1982, p. 3)
“Quality means best ‘for certain customer conditions.’ These condi-
tions are (a) the actual use, and (b) the selling price of the product.” 
(Feigenbaum 1991, pp. 1, 25)

These definitions can further be summarized under the name of those  
contributors to the quality movement whose philosophies, methods, and 
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tools have been proved useful in quality practices. They are called the “qual-
ity gurus.” Their definitions of quality are as follows:

 1. Philip B. Crosby—Conformance to requirements not as “goodness” or 
“elegance.”

 2. W. Edwards Deming—Quality should be designed into both product 
and the process.

 3. Armand V. Feigenbaum—Best for customer use and selling price.
 4. Kaoru Ishikawa—Quality of the product as well as after-sales services, 

quality of management, the company itself, and the human being.
 5. Joseph M. Juran—Quality is fitness for use.
 6. John S. Oakland—Quality is meeting customer’s requirements.

Based on these definitions, it is possible to evolve a common definition of 
quality, which is mainly related to the manufacturing, processes, and service 
industries as follows:

• Meeting the customer’s need
• Fitness for use
• Conforming to requirements

However, the definition of quality for construction projects is different 
from that of manufacturing or services industries as the product is not repeti-
tive but a unique piece of work with specific requirements. Quality in con-
struction projects is not only the quality of product and equipment used in 
the construction of a facility but the total management approach to complete 
the facility. The quality of construction depends mainly upon the control of 
construction, which is the primary responsibility of the contractor.

Quality in manufacturing is spread over a series of processes. Material 
and labor are input into these processes out of which a product is obtained. 
The output is monitored by inspection and testing at various stages of pro-
duction. Any nonconforming product is identified as repaired, reworked, or 
scrapped, and proper steps are taken to eliminate problem causes. Statistical 
process control (SPC) methods are used to reduce the variability and increase 
the efficiency of the process. However, in construction projects, the scenario 
is not the same. If anything goes wrong, the nonconforming work is very dif-
ficult to rectify, and remedial action is sometimes not possible.

The authors of Quality in the Constructed Project (2000) by the American 
Society of Civil Engineers (ASCE) have defined quality as

the fulfillment of project responsibilities in the delivery of products 
and services in a manner that meets or exceeds the stated requirements 
and expectations of the owner, design professional, and constructor. 
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Responsibilities refer to the tasks that a participant is expected to perform 
to accomplish the project activities as specified by contractual agreement 
and applicable laws and licensing requirements, codes, prevailing indus-
try standards, and regulatory guidelines. Requirements are what a team 
member expects or needs to receive during and after his or her participa-
tion in a project. (p. xv)

Chung (1999) states: “Quality may mean different things to different peo-
ple. Some take it to represent customer satisfaction, others interpret it as 
compliance with contractual requirements, yet others equate it to attainment 
of prescribed standards” (p. 3). As regards quality of construction, he further 
states: “Quality of construction is even more difficult to define. First of all, 
the product is usually not a repetitive unit but a unique piece of work with 
specific characteristics. Secondly, the needs to be satisfied include not only 
those of the client but also the expectations of the community into which the 
completed building will integrate. The construction cost and time of delivery 
are also important characteristics of quality” (p. 3).

Based on the foregoing, the quality of construction projects can be defined 
as follows: Construction project quality is the fulfillment of the owner’s 
needs as per defined scope of works within a budget and specified schedule 
to satisfy the owner’s/user’s requirements. The phenomenon of these three 
components can be called the “construction project trilogy,” and is illustrated 
in Figure 1.2.

Quality

Defined
scope

Schedule Budget

FIGURE 1.2
Construction project trilogy.
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1.3  Quality Inspection

Prior to the Industrial Revolution, items were produced by an individual crafts-
man, who was responsible for material procurement, production, inspection, 
and sales. In case any quality problems arose, the customer would take up issues 
directly with the producer. The Industrial Revolution provided the climate for 
continuous quality improvement. In the late nineteenth century, Frederick 
Taylor’s system of scientific management was born. It provided the backup 
for the early development of quality management through inspection. At the 
time when goods were produced individually by craftsmen, they inspected 
their own work at every stage of production and discarded faulty items. When 
production increased with the development of technology, scientific manage-
ment was born out of a need for standardization rather than craftsmanship. 
This approach required each job to be broken down into its component tasks. 
Individual workers were trained to carry out these limited tasks, making 
craftsmen redundant in many areas of production. The craftsmen’s tasks were 
divided among many workers. This also resulted in mass production at lower 
cost, and the concept of standardization started resulting in interchangeability 
of similar types of bits and pieces of product assemblies. One result of this was 
a power shift away from workers and toward management.

With this change in the method of production, inspection of the fin-
ished product became the norm rather than inspection at every stage. This 
resulted in wastage because defective goods were not detected early enough 
in the production process. Wastage added costs that were reflected either in 
the price paid by the consumer or in reduced profits. Due to the  competitive 
nature of the market, there was pressure on manufacturers to reduce the price 
for consumers, which in turn required cheaper input prices and lower produc-
tion costs. In many industries, emphasis was placed on automation to try to 
reduce the costly mistakes generated by workers. Automation led to greater 
standardization, with many designs incorporating interchanges of parts. The 
production of arms for the 1914–1918 war accelerated this process.

An inspection is a specific examination, testing, and formal evaluation 
exercise and overall appraisal of a process, product, or service to ascertain if 
it conforms to established requirements. It involves measurements, tests, and 
gauges applied to certain characteristics in regard to an object or an activ-
ity. The results are usually compared to specified requirements and stan-
dards for determining whether the item or activity is in line with the target. 
Inspections are usually nondestructive. Some of the nondestructive methods 
of inspection are

• Visual
• Liquid dye penetrant
• Magnetic particle
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• Radiography
• Ultrasonic
• Eddy current
• Acoustic emission
• Thermography

The degree to which inspection can be successful is limited by the established 
requirements. Inspection accuracy depends on

 1. Level of human error
 2. Accuracy of the instruments
 3. Completeness of the inspection planning

Human errors in inspection are mainly due to

• Technique errors
• Inadvertent errors
• Conscious errors
• Communication errors

Most construction projects specify that all the contracted works are subject to 
inspection by the owner/consultant/owner’s representative.

1.4  Quality Control

The quality control era started at the beginning of the twentieth century. The 
Industrial Revolution had brought about the mechanism and marked the 
inclusion of process in quality practices. The ASQ termed the quality control 
era as process orientation that consists of product inspection and statistical 
quality control.

Thomas Pyzdek (1999) has described the start of the quality control era as 
follows:

The Inspection-based approach to quality was challenged by Walter A. 
Shewhart. In 1931, Shewhart’s landmark book Economic Control of Quality 
of Manufacturing introduced the modern era of quality management. 
In 1924, Shewhart was part of a group working at Western Electric’s 
Inspection Engineering Department of Bell Laboratories. Other mem-
bers of the group included Harold Dodge, Harry Romig, G.D. Edwards, 
and Joseph Juran, a veritable “who’s who” of the modern quality move-
ment. (p. 13)
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Pyzdek further states:

Quality continued to evolve after World War II. Initially, few commer-
cial forms applied the new, statistical approach. However, those compa-
nies that did, achieved spectacular results, and the results were widely 
reported in the popular and business press. Interest groups, such as the 
Society of Quality Engineers (1945), began to form around the country. 
In 1946, the Society of Quality Engineers joined with other groups to 
form the American Society for Quality (ASQ). In July 1944, the Buffalo 
Society of Quality Engineers published Industrial Quality Control, the 
first journal devoted to the subject of management discipline. (p. 15)

According to Feigenbaum (1991), the definition of control in industrial ter-
minology is “a process for delegating responsibility and authority for a man-
agement activity while retaining the means of assuring satisfactory results.” 
He further states:

The procedure for meeting the industrial goal is therefore termed quality 
“Control,” just as the procedure for measuring production and cost goals 
are termed, respectively, production “Control” and cost “Control.” There 
are normally four steps in such control:

 1. Setting Standards. Determining the required cost–quality, perfor-
mance–quality, safety–quality, and reliability–quality standards 
for the products.

 2. Appraising Conformance. Comparing the conformance of the 
manufactured product, or the offered service to the standards.

 3. Acting When Necessary. Correcting problems and their causes 
throughout the full range of those marketing, design, engineer-
ing, production, and maintenance factors that influence user 
satisfaction.

 4. Planning of Improvements. Developing a continuing effort to 
improve the cost, performance, safety, and reliability standards. 
(p. 10)

Kerzner (2001) describes that “quality Control is a collective term for 
activities and techniques, within the process, that are intended to create 
specific quality characteristics. Such activities include continually moni-
toring process, identifying and eliminating problem causes, use of SPC to 
reduce the variability and to increase the efficiency of the process. Quality 
control certifies that the organization’s quality objectives are being met” 
(p. 1099).

Gryna (2001) refers to quality control as the process employed to consis-
tently meet standards. The control process involves observing actual per-
formances, comparing it with some standards, and then taking action if 
observed performance is significantly different from the standard. The con-
trol process is in the nature of a feedback loop, as shown in Figure 1.3.
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Control involves a universal sequence of steps as follows:

 1. Choose the control subject, that is, choose what we intend to regulate.
 2. Establish measurement.
 3. Establish standard of performance, product goal, and process goals.
 4. Measure actual performance.
 5. Compare actual measured performance against standards.
 6. Take action on the difference.

Juran (1999, p. 4.2) defines quality control as a universal managerial pro-
cess for conducting operation so as to provide stability to prevent adverse 
change and to “maintain the status quo.” To maintain stability, the quality 
control process evaluates actual performance, compares actual performance 
to goals, and takes action on the difference.

Chung (1999, p. 4) defines quality control as referring to the activities that 
are carried out on the production line to prevent or eliminate causes of unsat-
isfactory performance. In the manufacturing industry, including production 
of ready-mixed concrete and fabrication of precast units, the major functions 
of quality control are control of incoming materials, monitoring of the pro-
duction process, and testing of the finished product.

From the foregoing, quality control can be defined as a process of ana-
lyzing data collected through statistical techniques to compare with actual 
requirements and goals to ensure its compliance with some standards.

Process Sensor Goal

Actuator Comparison

Quality control

1

2 3

4

5

FIGURE 1.3
The feedback loop. (Source: Gryna, F.M. (2001), Quality Planning & Analysis, Reprinted with  
permission of The McGraw-Hill Education.)
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Quality control in construction projects is performed at every stage through 
the use of various control charts, diagrams, checklists, etc., and can be defined as

• Checking of executed/installed works to confirm that works have 
been performed/executed as specified, using specified/approved 
materials, installation methods, and specified references, codes, and 
standards to meet intended use

• Controlling budget
• Planning, monitoring and controlling project schedule

A control chart is a graphical representation of the mathematical model 
used to detect changes in a parameter of the process. Charting statistical data 
is a test of the null hypothesis that the process from which the sample came 
has not changed. A control chart is employed to distinguish between the exis-
tence of a stable pattern of variation and the occurrence of an unstable pat-
tern. If an unstable pattern of variation is detected, action may be initiated to 
discover the cause of the instability. Removal of the assignable cause should 
permit the process to return to stable state.

There are a variety of methods, tools, and techniques that can be applied 
for quality control and the improvement process. These are used to create 
an idea, engender planning, analyze the cause, analyze the process, foster 
evaluation, and create a wide variety of situations for continuous quality 
improvement. These tools can also be used during various stages of a con-
struction project. The following are the most commonly used quality control 
tools for a variety of applications to improve the quality process:

 1. Cause-and-effect diagram
 2. Check sheet
 3. Control chart
 4. Data collection
 5. Flowchart
 6. Histogram
 7. Pareto analysis
 8. Pie chart
 9. Run chart
 10. Scatter diagram

These tools can be applied at various stages of construction projects to ana-
lyze causes of rejection and take necessary preventive or remedial action; 
develop a system for the preparation and processing of design drawings 
and documents, execution/installation of work, processing of shop draw-
ings; tabulation of data in the form of a checklist; preparation of construction 
schedule requirements; and many other applications.
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A brief definition of these quality tools is as follows (values shown in the 
figures are indicative only):

 1. The cause-and-effect diagram is also called an Ishikawa diagram 
or fishbone diagram. It is used to organize and graphically display 
multiple causes with a particular effect. Figure 1.4 illustrates an 
example of a cause-and-effect diagram for bad concrete (failure to 
comply with design concrete strength).

 2. A check sheet is a structured list, prepared from the collected data, 
to indicate how often each item occurs. Table 1.2 illustrates a check 
sheet for approval record.

 3. The control chart is the fundamental tool of SPC. It is a graph used 
to analyze variation in a process. By comparing current data to his-
torically determined lines, one can arrive at a conclusion regarding 
whether the process is stable or is being affected by special cause of 
variation. There are many types of control charts. Each is designed 
for a specific kind of process or data. A control chart is employed to 
distinguish between the existence of a stable pattern of variation and 

Improper supervision

Improper pouring

Insufficient curing

Noncontinuity in casting

Vibrator

Pump

Mixer 

Cement
Aggregate

Water
Admixtures

Design mix

Manpower Method

Machine

Incompetent labor

Material

Bad
concrete

FIGURE 1.4
Cause and effect diagram for bad concrete.

TABLE 1.2

Check Sheet

Approval Record for a Particular Month

Approved Not Approved Total % Not Approved

Shop drawing 15 20

Material 10 30

Checklists 25 12
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the occurrence of an unstable pattern. Figure 1.5 illustrates sound 
level results of an audiovisual system.

 4. Data collection objectives are to:
• Identify the problem
• Report the problem
• Verify the problem
• Analyze the problem
• Correct the problem

 5. A flowchart is a pictorial tool that is used for representing a process in 
sequential order. Flowcharts can be applied at all stages of the project 
life cycle. Figure 1.6 illustrates a flowchart for concrete casting.

 6. The histogram is a pictorial representation of a set of data. It is cre-
ated by grouping measurements into cells, and it displays how often 
the different values occur. Figure 1.7 illustrates a histogram for man-
power for a period of 1 month.

 7. Pareto analysis is a graphical representation of frequency of occurrence. 
Pareto charts are used to identify those factors that have the greatest 
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FIGURE 1.5
Control chart for A/V system.
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Flow chart for concrete casting.
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cumulative effect on the system, and, thus, less significant factors can 
be screened out from the process. Pareto analysis can be used at vari-
ous stages in a quality improvement program to determine which step 
to take next. Figure 1.8 illustrates a Pareto chart for variation cost.

 8. The pie chart is a circle divided into wedges to depict proportion of 
data or information in order to understand how they make up the 
whole. The portions of entire circle or pie sum up to 100%. Figure 1.9 
illustrates the contents of construction project cost.
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 9. The run chart is a graph plotted by showing measurement (data) against 
time. Run charts are used to know the trend or changes in the average 
and also to determine if the pattern can be attributed to common causes 
of variation, or if special causes of variation were present. Figure 1.10 
illustrates a run chart for manpower at a site for a particular week. It is 
similar to the control chart but does not show control limits.

 10. The scatter diagram is a plot of one variable versus another. It is 
used to identify potential root cause of problems and to evaluate 
cause-and-effect relationship. Figure 1.11 illustrates a scatter dia-
gram for length versus height of rods.
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1.5  Quality Assurance

Quality assurance is the third era in the quality management system.
The ASQ defines quality assurance as “all the planned and systematic 

activities implemented within the quality system that can be demonstrated to 
provide confidence a product or service will fulfill requirements for quality.”

ASQ details this era:

After entering World War II in December 1941, the United States enacted 
legislation to help gear the civilian economy to military production. At 
that time, military contracts were typically awarded to manufacturers 
who submitted the lowest competitive bid. Upon delivery, products were 
inspected to ensure conformance to requirements.

During this period, quality became a means to safety. Unsafe military 
equipment was clearly unacceptable, and the armed forces inspected virtu-
ally every unit of product to ensure that it was safe for operation. This prac-
tice required huge inspection forces and caused problems in recruiting and 
retaining competent inspection personnel. To ease the problems without 
compromising product safety, the armed forces began to utilize sampling 
inspection to replace unit-by-unit inspection. With the aid of industry con-
sultants, particularly the Bell Laboratories, they adapted sampling tables 
and published them in a military standard: Mil-Std-105. The tables were 
incorporated into the military contracts themselves. In addition to creating 
military standards, the armed forces helped their suppliers improve their 
quality by sponsoring training courses in Shewhart’s statistical quality con-
trol (SQC) techniques. While the training led to quality improvements in 
some organizations, most companies had little motivation to truly integrate 
the techniques. As long as government contracts paid the bills, organiza-
tions’ top priority remained meeting production deadlines. Most SQC pro-
grams were terminated once the government’s contracts came to an end.

According to ISO 9000 (or BS 5750), quality assurance is “those planned and 
systematic actions necessary to provide adequate confidence that product or 
service will satisfy given requirements for quality.” ISO 8402-1994 defines 
quality assurance as “all the planned and systematic activities implemented 
within the quality system, and demonstrated as needed, to provide adequate 
confidence that an entity will fulfill requirements for quality.”

The third era of quality management saw the development of quality sys-
tems and their application principally to the manufacturing sector. This was 
due to the impact of the following external environment upon the develop-
ment take-up of quality systems at this time:

• Growing, and more significantly, maturing populations
• Intensifying competition

These converging trends contributed greatly to the demand for more, cheaper, 
and better quality products and services. The result was the identification of 
quality assurance schemes as the only solution to meet this challenge.
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Harold Kerzner (2001) has defined quality assurance as the collective 
term for the formal activities and managerial processes that are planned and 
undertaken in an attempt to ensure that products and services are delivered 
at the required quality level. Quality assurance also includes efforts external 
to these processes that provide information for improving the internal pro-
cesses. It is the quality assurance function that attempts to ensure that the 
project scope, cost, and time function are fully integrated (p. 1098).

According to Frank M. Gryna (2001):

Quality Assurance is the activity of providing evidence to establish con-
fidence that quality requirements will be met. … Quality Assurance is 
similar to the concept of the financial audit, which provides assurance 
of financial integrity by establishing, through “independent” audit, that 
the plan of accounting is (1) such that, if followed, it will correctly reflect 
the financial condition of the company, and (2) that it is actually being 
followed. Today, independent financial auditors (certified public accoun-
tants) have become an influential force in the field of finance. (p. 659)

Thorpe et al. (1996) have described quality assurance as the evolution of 
QA from techniques of final inspection in the 1930s, followed by quality con-
trol, mainly in the manufacturing industries, during the 1940s and 1950s, 
then a further extension of controls into the engineering/design phases of 
these industries during the 1960s.

They further state:

The term “quality assurance” unfortunately tends to make people think 
of the finished product and services, whereas it is something far greater; 
in fact, today’s quality system is not something imposed on top of other 
business systems; it is the system of the business. Our definition of qual-
ity assurance is a structural approach to business management and con-
trol, which enhances the ability to consistently provide products and 
services to specification, program and cost. (p. 9)

Quality assurance is the activity of providing evidence to establish con-
fidence among all concerned that quality-related activities are being per-
formed effectively. All these planned or systematic actions are necessary 
to provide adequate confidence that a product or service will satisfy given 
requirements for quality.

Quality assurance covers all activities from design, development, produc-
tion/construction, installation, and servicing to documentation, and also 
includes regulations of the quality of raw materials, assemblies, products, 
and components; services related to production; and management, produc-
tion, and inspection processes.

Quality assurance in construction projects covers all activities performed 
by the design team, contractor, and quality controller/auditor (supervision 
staff) to meet owners’ objectives as specified and to ensure that the project/
facility is fully functional to the satisfaction of the owners/end users.
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1.6  Quality Engineering

Feigenbaum (1991) defines quality engineering technology as “the body of 
technical knowledge for formulating policy and for analyzing and planning 
product quality in order to implement and support that quality system which 
will yield full customer satisfaction at minimum cost” (p. 234).

Figure 1.12 illustrates the counterpart triangle for quality engineering.
Quality engineering becomes the field, or apex, of the triangle. The techni-

cal work area of the discipline—quality systems implementation—is shown 
in the first tier. The second tier then shows the principal techniques of quality 
engineering technology. Quality engineering relates the particular require-
ments of the plant and companies to the available quality technology—
including both hardware equipment and planning and control actions—to 
put in place much of the ongoing operating detail of the quality systems 
framework for the firm.

Quality engineering technology thus provides the technical areas to deal 
with such questions as the following: What are the specific details of the con-
trol activities to take place during the development and production and ser-
vice cycles? Will these quality activities best be accomplished through the 
use of quality information equipment or by the use of people guided by pro-
cedures? What information and material inputs will be needed? What type 
of information data is required? How should it be analyzed, and what sort of 
feedback should be used?

Depending upon the differences in the product-quality levels encountered, 
what criteria are there for alternative courses of corrective action?

Feigenbaum (1991) has further elaborated the entire range of techniques 
used in quality engineering technology by grouping them under three major 
headings:

 1. Formulating of quality policy. Included here are techniques for identify-
ing the quality objectives and quality policy of a particular company 
as a foundation for quality analysis and systems implementation.

 2. Product-quality analysis. Techniques for analyzing include those for 
isolating and identifying the principal actors that relate to the quality 
of the product in its served market. These factors are then studied for 
their effects toward producing the desired quality result.

 3. Quality operations planning. Techniques for implementing the quality 
system emphasize the development in advance of a proposed course 
of action and methods for accomplishing the desired quality result. 
These are the quality planning techniques underlying—and required 
by—the documentation of key activities of the quality system. (p. 237)

Table 1.3 lists the major work elements normally performed by quality 
specialists.



23Overview of Quality

Technology 
discipline

Technique work area

Quality 
engineering

Quality 
systems 

implementation

Policy
formulation

Product
quality
analysis

Quality
operations
planning

FIGURE 1.12
Quality engineering triangle. (Source: Feigenbaum, A.V. (1991), Total Quality Control, Reprinted 
with permission of The McGraw-Hill Education.)
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TABLE 1.3

Work Elements

Reliability engineering Establishing reliability goals
Reliability apportionment
Stress analysis
Identification of critical parts
Failure mode, effects, and criticality analysis
(FMECA)
Reliability prediction
Design review
Supplier selection
Control of reliability during manufacturing
Reliability testing
Failure reporting and corrective action system

Quality engineering Process capability analysis
Quality planning
Establishing quality standards
Test equipment and gage design
Quality troubleshooting
Analysis of rejected or returned material
Special studies (measurement error, etc.)

Quality assurance Write quality procedures
Maintain quality manual
Perform quality audits
Quality information systems
Quality certification
Training
Quality cost systems

Inspection and test In-process inspection and test
Final product inspection and test
Receiving inspection
Maintenance of inspection records
Gage calibration

Vendor quality Pre-award vendor surveys
Vendor quality information systems
Vendor surveillance
Source inspection

Source: Pyzdek, T. (1999), Quality Engineering Handbook, Reprinted with permis-
sion from Quality America Inc.
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1.7  Quality Management

The ASQ glossary defines quality management as “the application of quality 
management system in managing a process to achieve maximum customer 
satisfaction at the lowest overall cost to the organization while continuing to 
improve the process.”

Thomas Pyzdek (1999) has described the evolution of the quality manage-
ment concept:

The quality assurance perspective suffers from a number of serious short-
comings. Its focus is internal. Specifications are developed by the design-
ers, often with only a vague idea of what customers really want. The 
scope of quality assurance is generally limited to those activities under 
the direct control of the organization; important activities such as trans-
portation, storage, installation, and service are typically either ignored or 
given little attention. Quality assurance pays little or no attention to the 
competition’s offerings. The result is that quality assurance may present 
a rosy picture, even while quality problems are putting the firm out of 
business. Such a situation existed in the United States in the latter 1970s.

The approaches taken to achieve the quality edge vary widely among 
different firms. Some quality leaders pioneer and protect their positions 
with patents or copyrights. Others focus on relative image or service. 
Some do a better job of identifying and meeting the needs of special 
customer segments. And others focus on value-added operations and 
technologies.

Once a firm obtains a quality advantage, it must continuously work 
to maintain it. As markets mature, competition erodes any advantage. 
Quality must be viewed from the customer’s perspective, not as con-
formance to self-imposed requirements. Yet a quality advantage often 
cannot be obtained only by soliciting customer input, since customers 
usually are not aware of potential innovations. (p. 19)

Figure 1.13 depicts the Total Quality System (TQS) process. The TQS makes 
it clear that the quality specialist shares responsibility for quality with many 
others in the company.

According to Juran and Godfrey (1999, p. 41.7):

At the end of World War II, the former Japanese military and political 
leaders were no longer in power, having been replaced in large part by 
relatively young industrialists who wanted Japan to advance as an indus-
trialized country and not to fall back into the old agricultural economy 
of the type prevalent in some parts of developing countries. After this 
decision was made, however, they faced a difficult road: poor product 
quality was a principal obstacle; no one wanted to repeatedly buy such 
low quality goods. For a country so lacking in raw materials, the inability 
to sell finished goods for export also meant an inability to earn foreign 
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currency and hence an inability to buy the materials needed to create an 
upward spiral of industrial development. Thus, a revolution in product 
quality became essential. This quality revolution has been taking place in 
Japan since the early 1950s as the result of efforts to apply the concepts 
and techniques of statistical quality control on a company-wide scale.

Juran (Juran and Godfrey 1999, p. 41.11) further states:

Introduction and promotion of company-wide quality control led to a 
revolution in management philosophy, which required lengthy, preserv-
ing efforts in education and training. Thus, since the early 1950s, educa-
tion and training in quality control have been continued for everyone 
from top management to first time workers in each and every depart-
ment, including research and development designing, manufacturing, 
inspection, purchasing, marketing, sales and administration.

Policy Top management

Requirements
Processes, 
products, 
vendors

Measurement
systems

Designs, quality costs, products, processes, 
service, customers, vendors, special studies

Audit
Management, quality control, consultants, 
vendors

Feedback
Quality information systems, management 
by wandering around, direct customer input, 
direct vendor input

Improvement Redesign, training, new processes, new 
management systems

FIGURE 1.13
Total quality system. (Source: Pyzdek, T. (1999), Quality Engineering Handbook, Reprinted with 
permission from Quality America Inc.)
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According to Feigenbaum (1991),

“Systems Engineering and Management is the foundation for Total 
Quality Control. … Total-Quality-Control work requires effective ways 
to integrate the efforts of large numbers of people with large numbers of 
machines and huge quantities of information. Hence, it involves systems, 
questions of significant proportions, and a systems approach is inherent 
in total quality control.

Historically, the meaning of the word “systems” has varied over a com-
plete spectrum—from a “paperwork” office procedure at one extreme 
through a “software” computer program to a “hardware” equipment 
system at the other extreme. In quality control, the term “systems” has 
meant anything from factory troubleshooting procedures to a shelf of 
operating “manuals” and “handbooks” covering all product inspection 
and test routines.

Experience has shown that these approaches have been too narrow. 
Effective quality control requires the strong coordination of all the rel-
evant paperwork and software and hardware and handbook activities. It 
requires the integration of the quality actions of the people, the machines, 
and the information into strong total quality systems. This book refers to 
this comprehensive systems approach when it uses the phrase “quality 
system,” or as a definition.

A quality system is the agreed-on, company-wide and plant-wide 
operating work structure, documented in effective, integrated technical 
and managerial procedures, for guiding the coordinated actions of the 
people, the machines, and the information of the company and plant in 
the best and most practical ways to assure customer quality satisfaction 
and economical costs of quality.

A clearly defined and thoroughly installed TQS is a powerful foun-
dation for total quality control, organization-wide, and for total quality 
management. Without such systematic integration in a company, “qual-
ity management by anticipation” may remain a slogan and a conver-
sation piece, but the actual condition can be quality management by 
crises and reaction to complaints. Quality can be a consequence rather 
than the result of carefully planned objectives and activities; it can be 
the end product of individual, sometimes unlinked, actions throughout 
the entire marketing–engineering–production–service–quality process. 
It can be based upon sincere intentions but not guided by firm, quantita-
tive customer quality targets implemented by clear organization-wide 
programs.

In contrast to this, strong quality systems provide a management and 
engineering basis for effective prevention-oriented control that deals eco-
nomically and soundly with the present levels of human, machine, and 
informational complexity that characterize today’s company and plant 
operations.

The new technologies of systems engineering and systems manage-
ment are important bases for the establishment and the continuing 
operation and administration of quality systems. That this is so has 
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fundamental technical and managerial impacts upon the work of the 
quality-control function as follows:

Systems engineering is likely to provide what might be thought of 
as the fundamental “design technology” of the modern quality 
engineer.

Systems management is likely to become a fundamental manage-
ment guide for the quality manager.

Systems economics, particularly with respect to formalized total 
quality cost accounting, is likely to provide a major business 
guide-control point for the general manager.”

Gryna (2001) states:

Following World War II, two major forces emerged that have had a pro-
found impact on quality. The first force was the Japanese revolution in 
quality. Prior to World War II, many Japanese products were perceived, 
throughout the world, to be poor in quality. To help sell their products 
in international markets, the Japanese took some revolutionary steps to 
improve quality:

 1. Upper-level managers personally took charge of leading the 
revolution.

 2. All levels and functions received training in the quality 
disciplines.

 3. Quality improvement projects were undertaken on a continuing 
basis at a revolutionary pace.

The Japanese success has been almost legendary. The second major 
force to affect quality was the prominence of product quality in the pub-
lic mind. Several trends converged to highlight this prominence: product 
liability cases; concern about the environment; some major disasters and 
near disasters; pressure by consumer organizations; and the awareness 
of the role of quality in trade; weapons and other areas of international 
competition. (p. 2)

According to Gryna, “During the 20th century, a significant body of knowl-
edge emerged on achieving superior quality. Many individuals contributed to 
this knowledge, and five names deserve particular attention: Juran, Deming, 
Feigenbaum, Crosby and Ishikawa.” He further states, “The approaches of 
these matters have similarities as well as differences,—particularly in the 
relative emphasis as managerial, statistical, technological and behavioral ele-
ments” (p. 3).

According to J.L. Ashford (1989):

After the second World War the economy of Japan was in ruins. To attain 
their military objectives, all available resources of capital and of techni-
cal manpower had been directed to armaments manufacture, while their 
civilian economy gained an unenviable reputation for producing poor 
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quality copies of products designed and developed elsewhere. Unless 
they were able to raise the quality of their products to a level which could 
compete, and win, in the international marketplace, they stood no chance 
of becoming a modern industrialized nation.

To learn how to regenerate their industries, they sent a team abroad 
to study the management practices of other countries and they invited 
foreign experts to provide advice. Among the latter were two Americans, 
J.M. Juran and W.E. Deming, who brought a new message, which can be 
summarized as follows.

 1. The management of quality is crucial to company survival 
and merits the personal attention and commitment of top 
management.

 2. The primary responsibility for quality must lie with those doing 
the work. Control by inspection is of limited value.

 3. To enable a production department to accept responsibility for 
quality, management must establish systems for the control and 
verification of work, and must educate and indoctrinate the 
work force in their application.

 4. The costs of education and training for quality, and other costs 
which might be incurred, will be repaid many times over by 
greater output, less waste, a better quality product and higher 
profits.

These are the basic principles of management concepts which have since 
become identified under the generic term of quality management. (p. 5)

Thus, the concept of quality management started after World War II, 
broadening into the development of initiatives that attempt to engage all 
employees in the systematic effort for quality. Quality management resulted 
from the work of the “quality gurus” and their theories. Extension of quality 
management concepts gave birth to TQM.

1.8  Quality Gurus and Their Philosophies

The TQM approach was developed immediately after World War II. There 
are prominent researchers and practitioners whose work has dominated 
this movement. Their ideas, concepts, and approaches in addressing specific 
quality issues have become part of the accepted wisdom in TQM, resulting 
in a major and lasting impact within the field. These persons have become 
known as “quality gurus.” They all emphasize involvement of organiza-
tional management in the quality efforts. These philosophers are

 1. Philip B. Crosby
 2. W. Edwards Deming
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 3. Armand V. Feigenbaum
 4. Kaoru Ishikawa
 5. Joseph M. Juran
 6. John S. Oakland
 7. Shigeo Shingo
 8. Genichi Taguchi

A brief summary of their philosophy and approaches is given next.

1.8.1  Philip B. Crosby

Crosby’s philosophy is seen by many to be encapsulated in his five “Absolute 
Truths of Quality Management.” These are

 1. Quality is defined as conformance to requirement, not as “goodness” 
or “elegance.”

 2. There is no such thing as a quality problem.
 3. It is always cheaper to do it right the first time.
 4. The only performance measurement is the cost of quality.
 5. The only performance standard is zero defects.

Crosby’s perspective on quality has three essential beliefs:

 1. A belief in qualification
 2. Management leadership
 3. Prevention rather than cure

Crosby’s principal method is his 14-step program for quality management 
and is illustrated in Table 1.4. His main emphasis is the quantitative, that is, 
the performance standard of “zero defects.”

1.8.2  W. Edwards Deming

Deming was perhaps the best-known figure associated with the quality field 
and is considered its founding father. His philosophy is based on four prin-
cipal methods:

 1. The plan–do–check–act (PDCA) cycle
 2. Statistical process control
 3. The 14 principles of transformation
 4. The seven-point action plan
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1.8.2.1  PDCA Cycle

PDCA cycle is an iterative, four-step management method used for con-
tinuous improvement of business processes and products. Once it has been 
completed, it recommences without ceasing. The approach is seen as reem-
phasizing the responsibility of management to be actively involved in the 
organization’s quality program. The PDCA cycle is also known as the plan–
do–study–act (PDSA) cycle.

Nancy R. Tague (2005, p. 391) has elaborated on the PDCA cycle as follows:

Description
The PDCA or PDSA cycle consists of a four-step model for carrying out 
change. Just as a circle has no end, the PDCA cycle should be repeated 
again and again for continuous improvement. PDCA is a basic model 
that can be compared to the continuous improvement process, which can 
be applied on a small scale.

When to Use

• As a model for continuous improvement
• When starting a new improvement project
• When developing a new or improved design of process, prod-

uct, or service
• When defining a repetitive work process

TABLE 1.4

Fourteen-Step Quality Program: Philip B. Crosby

Step Description of Quality Program

Step 1 Establish management commitment
Step 2 Form quality improvement teams
Step 3 Establish quality measurements
Step 4 Evaluate the cost of quality
Step 5 Raise quality awareness
Step 6 Take action to correct problems
Step 7 Zero-defects planning
Step 8 Train supervisors and managers
Step 9 Hold a “Zero Defects” day to establish the attitude 

and expectation within the company
Step 10 Encourage the setting of goals for improvement
Step 11 Obstacle reporting
Step 12 Recognition for contributors
Step 13 Establish quality councils
Step 14 Do it all over again

Source: Crosby, P.B. (1979), Quality is Free, Excerpts from the book, 
Reprinted with permission of The McGraw-Hill Education.
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• When planning data collection and analysis in order to verify 
and prioritize problems or root causes

• When implementing any change

Procedure

 1. Plan. Recognize an opportunity and plan the change.
 2. Do. Test the change; carry out a small-scale study.
 3. Check. Review the test, analyze the results, and identify 

learnings.
 4. Act. Take action based on what you learned in the study step. 

If the change did not work, go through the cycle again with a 
different plan. If you were successful, incorporate the learning 
from the test into wider changes. Use what you learned to plan 
new improvements, beginning the cycle again.

PDCA is mainly used for continuous-process improvement. The PDCA 
cycle, when used as a process improvement tool for design improvement/
design conformance in construction projects to meet owner’s requirements, 
shall indicate the following actions:

Plan: Establish scope.
Do: Develop design.
Check: Review and compare.
Act: Implement comments, take corrective action, and/or release con-

tract documents to construct/build the project/facility.

Figure 1.14 illustrates basic concepts to develop the PDCA cycle and Figure 1.15 
illustrates the PDCA cycle model for conformance of construction projects 
designed to owner requirements/scope of work.

1.8.2.2  Statistical Process Control

SPC is a quantitative approach based on the measurement of process control. 
Deming believed in the use of SPC charts as the key method for identifying 
special and common causes and assisting diagnosis of quality problems. His 
aim was to remove “outliers”; that is, quality problems relating to the special 
causes of failure. This was achieved through training, improved machinery 
and equipment, and so on. SPC enabled the production process to be brought 
“under control.”

The remaining quality problems were considered to be related to common 
causes; that is, they were inherent in the design of the production process. 
Eradication of special causes enabled a shift in focus to common causes to 
further improve quality.

Gryna (2001) describes SPC as the application of statistical methods to the 
measurement and analysis of variation in a process. This technique applies 
to both in process parameters and end process (product) parameters (p. 495). 
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4. Act 1. Plan

3. Check 2. Do

Identify goals and objectives.
Establish requirements.

Implement/execute plan.

Corrective or preventive action.
Implement approved changes.

Compare requirements
with planned performance.
Check for compliance.

FIGURE 1.14
Development of PDCA cycle.

4. Act 1. Plan

3. Check 2. Do

Establish owner's requirements.
Determine/define scope of work.
Establish standards and codes.
Establish project schedule.

Develop design drawings.
Develop specifications.
Prepare contract documents.

Implement review comments (if any).

Conformance to client
needs/requirements.

Establish project budget.

Check for environmental compatibility.

Check for project schedule.

Check for constructability.
Conformance to regulatory requirements, standards, and codes.
Check for project budget.

(Establish scope)

(Develop design)(Review)

(Implement comments)

Take corrective actions (if required).
or

Release documents
for construction/bid.

FIGURE 1.15
PDCA cycle for construction projects (design phases).
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He further states that “a statistical control chart compares process perfor-
mance data to computed ‘statistical control limits,’ drawn as limit lines on 
the chart” (p. 498).

There are two categories of control charts based on the type of data 
collected:

 1. Variable control charts
 2. Attributes control charts

Figure 1.16 illustrates types of control charts.
Table 1.5 compares three basic control charts.

1.8.2.3  14 Principles for Transformation

Deming’s 14 principles for transformation are listed in Table 1.6.

1.8.2.4  The Seven-Point Action Plan

In order to implement the 14 principles, Deming proposed a seven-point 
action plan. These are listed in Table 1.7.

1.8.3  Armand V. Feigenbaum

Feigenbaum defines quality as “best for the customer use and selling price,” 
and quality control as an effective method for co-coordinating the quality 
maintenance and quality improvement efforts at the various groups in an 
organization, so as to enable production at the most economical levels that 
allow for full customer satisfaction. Feigenbaum’s philosophy of quality has 
a four-step approach:

Step 1. Set quality standards.
Step 2. Appraise conformance to standards.
Step 3. Act when standards are not met.
Step 4. Plan to make improvements.

Figure 1.17 illustrates Feigenbaum’s technology triangle, relating the engi-
neering technologies to the overall field of total quality control.

1.8.4  Kaoru Ishikawa

The founding philosophy of Ishikawa’s approach is “company-wide qual-
ity control.” He has identified 15 effects of company-wide quality control. 
Ishikawa’s approach deals with organizational aspects and is supported 
by the “quality circles” technique and the “seven tools of quality control.” 



35Overview of Quality

V
ar

ia
bl

e 
co

nt
ro

l c
ha

rt
s

p 
Ch

ar
t

np
 C

ha
rt

A
tt

ri
bu

te
 co

nt
ro

l c
ha

rt
s

1.
 U

se
d 

w
ith

 d
isc

re
te

 d
at

a
2.

 R
aw

 d
at

a c
an

 o
nl

y b
e 

   
 w

ho
le

 n
um

be
rs

, a
s w

he
n 

   
 co

un
tin

g.

c C
ha

rt
u 

Ch
ar

t

C
on

tr
ol

 
ch

ar
ts

p 
Ch

ar
t—

U
se

d 
fo

r t
ra

ck
in

g 
th

e f
ra

ct
io

n 
of

 u
ni

ts
 d

ef
ec

tiv
e, 

w
he

re
sa

m
pl

e s
iz

e i
s n

ot
 co

ns
ta

nt
. I

t i
s u

se
d 

to
 st

ud
y t

he
 p

ro
po

rt
io

n 
(fr

ac
tio

n 
or

 p
er

ce
nt

ag
e)

 o
f n

on
co

nf
or

m
an

ce
 o

r d
ef

ec
t.

np
 C

ha
rt

—
U

se
d 

to
 ch

ar
t t

he
 n

um
be

r o
f d

ef
ec

tiv
e u

ni
ts

 w
he

n
sa

m
pl

e s
iz

e i
s c

on
st

an
t. 

It 
is 

us
ed

 to
 st

ud
y t

he
 n

um
be

r o
f 

no
nc

on
fo

rm
in

g 
or

 d
ef

ec
tiv

e i
te

m
s.

c C
ha

rt
—

U
se

d 
to

 ch
ar

t t
he

 n
um

be
r o

f d
ef

ec
ts

 in
 a 

co
ns

ta
nt

 sa
m

pl
e

siz
e. 

It 
is 

us
ed

 to
 st

ud
y t

he
 n

um
be

r o
f n

on
co

nf
or

m
iti

es
 o

r 
de

fe
ct

s.

u 
Ch

ar
t—

U
se

d 
fo

r t
he

 n
um

be
r o

f d
ef

ec
ts

 w
he

n 
sa

m
pl

e s
iz

e i
s

ch
an

gi
ng

. I
t i

s u
se

d 
to

 st
ud

y t
he

 p
ro

po
rt

io
n 

of
 n

on
co

nf
or

m
iti

es
or

 d
ef

ec
ts

.

In
di

vi
du

al
 an

d 
m

ov
in

g
ra

ng
e c

ha
rt

 (I
-M

R)

A
ve

ra
ge

 an
d 

ra
ng

e c
ha

rt
(X

-B
ar

 an
d 

R)

1.
 U

se
d 

w
ith

 co
nt

in
uo

us
 o

r 
   

 m
ea

su
re

d 
da

ta

2.
 R

aw
 d

at
a c

an
 b

e l
og

ic
al

ly
 

   
 fr

ac
tio

na
l w

he
n 

m
ea

su
rin

g.

FI
G

U
R

E 
1.

16
C

at
eg

or
ie

s 
of

 c
on

tr
ol

 c
ha

rt
s.



36 Quality Management in Construction Projects

Quality circles are Ishikawa’s principal method for achieving participation, 
composed of 5–15 workers from the same area of achieving, and led by a 
foreman or supervisor who acts as a group leader to liaison between the 
workers and the management. The function of quality circles is to identify 
local problems and recommend the solutions. The aim of quality circles is to

• Contribute to the improvement and development of the enterprise
• Respect human relations and build a happy workshop offering job 

satisfaction
• Deploy human capabilities fully and draw out infinite potential

TABLE 1.5

Comparison of Some Control Charts

Statistical 
Measure Plotted

Average X and 
Range R

Percentage 
Nonconforming (p)

Number of 
Nonconformities (c)

Type of data 
required

Variable data 
(measured values of a 
characteristics)

Attribute data 
(number of 
defective units of 
product)

Attribute data 
(number of defects 
per units of product)

General field of 
application

Control of individual 
characteristics

Control of overall 
fraction defective of 
a process

Control of overall 
number of defects 
per unit

Significant 
advantages

Provides maximum 
utilization of 
information available 
from data

Data required are 
often already 
available from 
inspection records.

Same advantages as 
p chart but also 
provides a measure 
of defectiveness

Provides detailed 
information on 
process average and 
variation for control 
of individual 
dimensions

Easily understood by 
all personnel

Provides an overall 
picture of quality

Significant 
disadvantages

Not understood unless 
training is provided; 
can cause confusion 
between control limits 
and tolerance limits

Does not provide 
detailed information 
for control of 
individual 
characteristics

Does not provide 
detailed information 
for control of 
individual 
characteristics

Cannot be used with 
go/no go type of data

Does not recognize 
different degrees of 
defectiveness in 
units of product

Sample size Usually four or five Use given inspection 
results or samples 
of 25, 50, or 100

Any convenient unit 
of product such as 
100 ft of wire or one 
television set

Source: Gryna, F. (2001), Quality Planning & Analysis, Reprinted with permission of The 
McGraw-Hill Education.
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Kerzner (2001) states:

Quality circles are small groups of employees who meet frequently 
to help resolve company quality problems and provide recommenda-
tions to management. Quality circles were initially developed in Japan 
and only recently have achieved some degree of success in United 
States. The employees involved in quality circles meet frequently 
either at someone’s home or at the plant before the shift begins. The 
group identifies problems, analyzes data, recommends solutions, and 
carries out management-approved changes. The success of quality 
circles is heavily based upon management’s willingness to employ 
recommendations.

TABLE 1.6

Fourteen Principles of Transformation: W. Edwards Deming

The Quality Gurus

W. Edwards Deming
 Principle 1 Create constancy of purpose to improve product and service.
 Principle 2 Adopt a new philosophy for the new economic age with management 

learning what their responsibilities are and by assuming leadership 
for change.

 Principle 3 Cease dependence on mass inspection to achieve quality by building 
quality into the product.

 Principle 4 End awarding business on price. Award business on total cost and 
move toward single suppliers.

 Principle 5 Aim for continuous improvement of the system of production and 
service to improve productivity and quality and to decrease costs.

 Principle 6 Institute training on the job.
 Principle 7 Institute leadership with the aim of supervising people to help them to 

do a better job.
 Principle 8 Drive out fear so that everyone can work effectively together for the 

organization.
 Principle 9 Breakdown barriers between departments. Encourage research, design, 

sales, and production to work together to foresee difficulties in 
production and use.

 Principle 10 Eliminate slogans, exhortations, and numerical targets for the 
workforce since they are divisive and, anyway, difficulties belong to 
the whole system.

 Principle 11 Eliminate quotas or work standards and management by objectives or 
numerical goals; leadership should be substituted instead.

 Principle 12 Remove barriers that rob people of their right to pride in their work.
 Principle 13 Institute a vigorous education and self-improvement program.
 Principle 14 Put everyone in the company to work to accomplish the 

transformation.

Source: Out of Crisis © 2000 W. Edwards Deming Institute. Reprinted with permission of MIT 
press.
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He further states:
The key elements of quality circles include

• They are a team effort.
• They are completely voluntary.
• Employees are trained in group dynamics, motivation, communica-

tions, and problem solving.
• Members rely upon each other for help.
• Management support is achieved but as needed.
• Creativity is encouraged.
• Management listens to recommendations.

And the benefits of quality circles include

• Improved quality of products and services
• Better organizational communications
• Improved worker performance
• Improved morale (p. 1131)

TABLE 1.7

Seven Points Action Plan: Deming

The Quality Gurus

W. Edwards Deming
 Point 1 Management must agree on the meaning of the quality program, its 

implications, and the direction to take.
 Point 2 Top management must accept and adopt the new philosophy.
 Point 3 Top management must communicate the plan and the necessity for it to 

the people in the organization.
 Point 4 Every activity must be recognized as a step in a process and the 

customers of that process identified. The customers are responsible for 
the next stage of the process.

 Point 5 Each stage must adopt the “Deming” or “Shewhart” cycle—Plan, Do, 
Check, Action—as the basis of quality improvement.

 Point 6 Teamworking must be engendered and encouraged to improve 
inputs and outputs. Everyone must be enabled to contribute to 
this process.

 Point 7 Construct an organization for quality with the support of 
knowledgeable statisticians.

Source: Out of Crisis © 2000 W. Edwards Deming Institute. Reprinted with permission of 
MIT press.
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FIGURE 1.17
The technology triangle. (Source: Feigenbaum, A.V. (1991), Total Quality Control, Reprinted with 
permission of The McGraw-Hill Education.)
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Table 1.8 lists the points to be considered for the formation of the quality circle.
The quantitative techniques of the Ishikawa approach are referred to as 

“Ishikawa’s Seven Tools of Quality Control,” listed in Table 1.9. The approach 
includes both quantitative and qualitative aspects, which, taken together, 
focus on achieving company-wide quality.

These form a set of pictures of quality, representing in diagrammatic or 
chart form the quality status of the operation of process being reviewed. 
Ishikawa considered that all staff should be trained in these techniques as 
they have a useful role to play in managing quality.

TABLE 1.8

Four Points for Formation of Quality Circles: Kaoru Ishikawa (Developed with 
Excerpts from Chapter II)

The Quality Gurus

Kaoru Ishikawa
1. Voluntarism: Circles are to be created on voluntary basis, and not by a command 

from above. Begin circle activities with people who wish to participate.
2. Self-development: Circle members must be willing to study.
3. Mutual development: Circle members must aspire to expand their horizons and 

cooperate with other circles.
4. Eventual total participation: Circles must establish their ultimate goal as full 

participation of all workers in the same workplace.

Source: Kaoru Ishikawa (Translated by David J. Lu), (1985), What Is Total Quality Control? The 
Japanese Way. Reprinted with permission from Pearson Education.

TABLE 1.9

Seven Tools of Quality Control by Kaoru Ishikawa

Serial Number Name of Quality Tools Usage

Tool 1 Pareto charts Used to identify the most significant cause 
or problem.

Tool 2 Ishikawa/fishbone diagrams Charts of cause and effect in processes.
Tool 3 Stratification Layer charts that place each set of data 

successively on top of the previous one. 
How is the data made up?

Tool 4 Check sheets To provide a record of quality. How often 
it occurs?

Tool 5 Histogram Graphs used to display frequency of 
various ranges of values of a quantity.

Tool 6 Scatter diagram To determine whether there is a 
correlation between two factors.

Tool 7 Control charts A device in SPC to determine whether or 
not the process is stable.
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Ishikawa developed a technique of graphically displaying the causes of 
any quality problem. His method has many names, such as the Ishikawa 
diagram, fishbone diagram, and cause-and-effect diagram. The Ishikawa 
diagram is essentially an end- or goal-oriented picture of a problem situa-
tion. It is based around a set of “M” causes such as Manpower (personnel), 
Machine (plant and equipment), Material (raw material and parts), Method 
(techniques and technology), Measurement (sampling, instrumentation), and 
Mother Nature (environment). Figure 1.18 illustrates the Ishikawa diagram.

There are six steps that are used to perform a cause-and-effect analysis:

  Step 1. Identify the problem to analyze its technical cause.
  Step 2. Select an interdisciplinary brainstorm team.
  Step 3. Draw a problem box and prime arrows.
  Step 4. Specify major categories contributing to the problem.
  Step 5. Identify a defect cause.
  Step 6. Identify corrective action and perform the analysis in the 

same manner as for the cause and effect analysis.

Nancy R. Tague (2005, p. 248) has elaborated on the fishbone diagram as 
follows:

Description
The Fishbone Diagram identifies many possible causes for an effect or 
problem. It can be used to structure a brainstorming session. It immedi-
ately sorts ideas into useful categories.

When to use

• When identifying possible causes of a problem
• When the team’s thinking tends to fall into ruts

Manpower Methods Measurement

Problem

Machines Materials Environment

The quality gurus

FIGURE 1.18
The Ishikawa “fishbone” diagram.
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Procedure
 1. Agree on a problem statement (effect). Write it at the center right 

of the flipchart or whiteboard. Draw a box around it and draw a 
horizontal arrow running to it.

 2. Brainstorm the major categories of causes of the problem. If 
there is difficulty here, use generic headings: method, machines 
(equipment), people (manpower), materials, measurement, and 
environment. Write the categories of causes as branches from 
the main arrow.

 3. Brainstorm all the possible causes of the problem. Ask “Why 
does this happen?” As each idea is given, the facilitator writes it 
as a branch from the appropriate category. Causes can be writ-
ten in several places if they relate to several categories or mul-
tiple relationships.

 4. Ask again, “Why does this happen?” about each cause. Write 
subcauses branching off the causes. Continue to ask “Why” and 
generate deeper levels of causes. Layers of branches indicate 
causal relationships.

 5. When the team runs out of ideas, focus attention on places on 
the fishbone where ideas are few.

Summarizing Ishikawa’s approach, it can be seen to contain both quan-
titative and qualitative aspects, which, taken together, focus on achieving 
company-wide quality.

1.8.5  Joseph M. Juran

Juran’s philosophy is perhaps best summed as “Quality does not happen by 
accident; it has to be planned.”

The emphasis of Juran’s work is on planning organizational issues, 
management’s responsibility for quality, and the need to set goals and 
targets for improvement. Juran’s definition of quality is “fitness for use or 
purpose.” His thinking on quality is an operational framework of three 
quality processes:

 1. Quality planning
 2. Quality control
 3. Quality improvement

These are best known as Juran’s quality trilogy.
Shtub et al. (1994, p. 284) describe the Juran Trilogy as follows:

Quality planning. In preparing to meet organizational goals, the end 
result should be a process that is capable of meeting those goals 
under operating conditions. Quality planning might include 
identifying internal and external customers, determining cus-
tomer needs, developing a product or service that responds to 
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those needs, establishing goals that meet the needs of customers 
and suppliers at a minimum cost, and proving that the process 
is capable of meeting quality goals under operating conditions. 
A necessary step is for managers to engage cross-functional 
teams and openly supply data to team members so that they 
may work together with unity of purpose.

Quality control. At the heart of this process is the collection and 
analysis of data for the purpose of determining how best to 
meet project goals under normal operating conditions. One 
may have to decide on control subjects, units of measurement, 
standards of performance, and degrees of conformance. To mea-
sure the difference between the actual performance before and 
after the process or system has been modified, the data should 
be statistically significant and the process or system should 
be in statistical control. Task forces working on various prob-
lems need to establish baseline data so that they can determine 
if the implemented recommendations are responsible for the 
observed improvements.

Quality improvement. This process is concerned with breaking 
through to a new level of performance. The end result is that 
the particular process or system is obviously at a higher level of 
quality in delivering either a product or a service.

Juran’s approach, like those of his colleagues, stresses the involvement of 
employees in all phases of a project. The philosophy and procedures require 
that managers listen to employees and help them rank the processes and 
systems that need improving.

Juran’s quality trilogy of planning control and improvement offers the 
guidelines for his approach. Table 1.10 summarizes his steps on quality plan-
ning. Table 1.11 illustrates the quality control procedure, whereas Table 1.12 
summarizes Juran’s steps for continuous quality improvement.

TABLE 1.10

The Quality Control Steps

Step Description

Step 1 Choose control subject.
Step 2 Establish standards/objectives.
Step 3 Monitor actual performance.
Step 4 Compare objectives with achievements.
Step 5 Take corrective action to reduce the differences.

Source: Juran, J.M. and Godfrey, A.B. (1999), Juran’s Quality 
Handbook, Reprinted with permission of The McGraw-
Hill Education.
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TABLE 1.11

Steps to Continuous Quality Improvements

Step Description

Step 1 Prove the need for quality improvement.
Step 2 Identify project.
Step 3 Set goals for continuous improvement.
Step 4 Build an organization team to achieve goals by establishing a 

quality council, identifying problems, selecting a project, 
appointing teams, and selecting facilitators.

Step 5 Train team members.
Step 6 Diagnose the causes.
Step 7 Prepare report.
Step 8 Formulate theories.
Step 9 Provide remedial action.
Step 10 Prove that the remedies are effective.
Step 11 Deal with resistance to change.
Step 12 Incorporate improvements into the company’s regular systems and 

processes and control to hold the gain.

Source: Juran, J.M. and Godfrey, A.B. (1999), Juran’s Quality Handbook (Excerpts from Section 5),  
Reprinted with permission of The McGraw-Hill Education.

TABLE 1.12

The Quality Planning Steps

Step Description

Step 1 Establish the project.
Step 2 Identify the customers.
Step 3 Identify the needs of those customers.
Step 4 Analyze and prioritize customer needs.
Step 5 Develop a product that can respond to customer needs.
Step 6 Optimize the product features so as to meet the organization’s 

product range as well as customer needs.
Step 7 Identify process and goals.
Step 8 Develop a process that is able to produce the product.
Step 9 Optimize the process features and goals.
Step 10 Prove that the process can produce the product under operating 

conditions.
Step 11 Identify control needs.
Step 12 Transfer the process to operations.

Source: Juran, J.M. and Godfrey, A.B. (1999), Juran’s Quality Handbook (Excerpts from 
Section 3), Reprinted with permission of The McGraw-Hill Education.
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1.8.6  John S. Oakland

Oakland’s philosophy of quality is “We cannot avoid seeing how quality has 
developed into the most important competitive weapon, and many organi-
zations have realized that TQM is the [sic] way of managing for the future 
(Oakland 1993, Preface).” He gives absolute importance to the pursuit of 
quality as the cornerstone of organizational success.

Oakland’s view is that “quality starts at the top,” with quality parameters 
inherent in every organizational decision. He offers his own overarching 
approach for TQM on the many well-established methods, tools, and tech-
niques for achieving quality, and some new insight. The overarching method 
is his “Ten Points for Senior Management.” Table 1.13 illustrates this.

Figure 1.19 illustrates Oakland’s major features in his “Total Quality 
Management model.”

1.8.7  Shigeo Shingo

Shingo’s early philosophy embraced the “scientific management ideas” orig-
inated by Frederick Taylor in the early part of the twentieth century. Shingo 
believed that statistical methods detect error too late in the manufactur-
ing process. He suggested that, instead of detecting errors, it was better to 
engage in preventative measures aimed at eliminating error sources. Shingo 
continues to believe in mechanizing the monitoring of error, considering that 
human assessment was “inconsistent” and prone to error and introduction 

TABLE 1.13

Ten Points for Senior Management: John S. Oakland

The Quality Gurus

John S. Oakland
 Point 1 Long-term commitment.
 Point 2 Change the culture to “right first time.”
 Point 3 Train the people to understand the “customer–supplier relationship.”
 Point 4 Buy products and services on total cost (sic).
 Point 5 Recognize that system improvement must be managed.
 Point 6 Adopt modern methods of supervision and training and eliminate fear.
 Point 7 Eliminate barriers, manage processes, improve communications and 

teamwork.
 Point 8 Eliminate, arbitrary goals, standards based only on numbers, barriers to 

pride of workmanship, fiction (use the correct tools to establish facts).
 Point 9 Constantly educate and retrain the in-house experts.
 Point 10 Utilize a systematic approach to TQM implementation.

Source: Oakland, J.S. (2003), TQM, Reprinted with permission from Oakland Consulting plc.
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of controls within a process. He used people to identify underlying causes 
and produce preventative solutions. Shingo has a clear belief, like Crosby, in 
a “zero-defects” approach. His approach emphasizes zero defects through 
good engineering and process investigation and rectification.

Shingo is strongly associated with the “Just-in-Time” manufacturing phi-
losophy. He was the inventor of the Single-Minute Exchange of Die (SMDE) 
system that drastically reduced the equipment setup time from hours to 
minutes. Just-in-Time is an integrated set of activities designed to achieve 
high-level volume production, with minimal inventories of parts that arrive 
at the workstation when they are needed.

Shingo is also associated with the Poka-Yoke system to achieve zero defects (fail-
safe procedures). The Poka-Yoke system includes checklists that (1) prevent work-
ers from making an error that leads to defects before starting, or (2) gives rapid 
feedback of abnormalities in the process to the worker in time to correct them.

1.8.8  Genichi Taguchi

Taguchi’s two founding ideas of quality work are essentially quantitative. 
The first is a statistical method to identify and eradicate quality problems. 

Culture

Commitment

The quality gurus

Communication

Teams

ToolsSystems

Process

Customer
supplier

FIGURE 1.19
TQM model: John S. Oakland. (Source: Oakland, J.S. (2003), TQM, Reprinted with permission 
from Oakland Consulting plc.)
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The second rests on designing products and processes to build in quality 
right from the outset.

Taguchi’s prime concern is with customer satisfaction and with the potential 
for “loss of reputation and goodwill” associated with failure to meet customer 
expectation. Such a failure, he considered, would lead the customer to buy else-
where in the future, damaging the prospects of the company, its employees, and 
society. He saw that loss not only occurred when a product was outside its spec-
ification but also when it varied from its target value. Taguchi recognized the 
organization as “open system,” interacting with its environment. The principal 
tools and techniques espoused by Taguchi center on the concept of continuous 
improvement and eradicating, as far as possible, potential causes of “nonqual-
ity” at the outset. His concept of product development has three stages:

 1. System design stage
 2. Parameter design stage
 3. Tolerance design stage

The first stage is concerned with system design reasoning involving both 
product and process. This framework is carried on to the second stage—
parameter design. The third stage, tolerance design, enables the recognition 
of factors that may significantly affect the variability of the product.

1.8.9  Summary of Philosophies

Chase et al. (2001) have compared the philosophies of three of our gurus—
Crosby, Deming, and Juran. This comparison is listed in Table 1.14.

Although there are differences in certain areas among these philosophers, 
all of them generally advocate the same steps. Their emphasis is on custom-
ers’ satisfaction, management leadership, teamwork, continuous improve-
ment, and minimizing defects.

Based on these, the common features of their philosophies can be summa-
rized as follows:

 1. Quality is conformance to the customer’s defined needs.
 2. Senior management is responsible for quality.
 3. Institute continuous improvement of process, product, and services 

through the application of various tools and procedures to achieve 
higher level of quality.

 4. Establish performance measurement standards to avoid defects.
 5. Take a team approach by involving every member of the organization.
 6. Provide training and education to everyone in the organization.
 7. Establish leadership to help employees perform a better job.

Thus, their concept of quality forms the basic tenets of TQM.
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TABLE 1.14

The Quality Gurus Compared

Crosby Deming Juran

Definition of 
quality

Conformance to 
requirements

A predictable degree of 
uniformity and 
dependability at low 
cost and suited to the 
market

Fitness for use 
(satisfies customer’s 
need)

Degree of senior 
management 
responsibility

Responsible for 
quality

Responsible for 94% of 
quality problems

Less than 20% of 
quality problems are 
due to workers.

Performance 
standard/
motivation

Zero defects Quality has many 
“scales”; use statistics 
to measure 
performance in all 
areas; critical of zero 
defects.

Avoid campaigns to 
do perfect work.

General 
approach

Prevention, not 
inspection

Reduce variability by 
continuous 
improvement cease 
mass inspection.

General management 
approach to quality, 
especially human 
elements

Structure 14 steps to quality 
improvement

14 points for 
management

10 steps to quality 
improvement

Statistical 
process control 
(SPC)

Rejects statistically 
acceptable levels of 
quality (wants 100% 
perfect quality)

Statistical methods of 
quality control must 
be used.

Recommends SPC 
but warns that it can 
lead to tool-driven 
approach

Improvement 
basis

A process, not a 
program, 
improvement goals

Continuous to reduce 
variation; eliminate 
goals without methods

Project-by-project 
team approach; set 
goals

Teamwork Quality improvement 
teams, quality 
councils

Employee 
participation in 
decision-making; 
break down barriers 
between departments

Team and quality 
circle approach

Costs of quality Cost of 
nonconformance; 
quality is free

No optimum; 
continuous 
improvement

Quality is not free; 
there is no optimum.

Purchasing and 
goals received

State requirements; 
supplier is extension 
of business; most 
faults due to 
purchasers 
themselves

Inspection too late; 
sampling allows 
defects to enter 
system; statistical 
evidence and control 
charts required

Problems are 
complex; carry out 
formal surveys.

Vendor rating Yes; quality audits 
useless

No; critical of most 
systems

Yes; but help supplier 
improve

Source: Chase, R., Aquilano, N., and Jacobs, F. (2001), Operations Management, Reprinted with 
permission of The McGraw-Hill Education.
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1.9  Total Quality Management

The TQM concept was born following World War II. It was stimulated by the 
need to compete in the global market, where higher quality, lower cost, and more 
rapid development are essential to market leadership. Today, TQM is considered 
a fundamental requirement for any organization to compete, let alone lead, in 
its market. It is a way of planning, organizing, and understanding each activity 
of the process and removing all the unnecessary steps routinely followed in the 
organization. TQM is a philosophy that makes quality values the driving force 
behind leadership, design, planning, and improvement in activities. Table 1.15 
summarizes periodical changes in the quality system.

1.9.1  Changing Views of Quality

Harold Kerzner (2001) states that, with the increased complexity of busi-
ness, the cost of maintaining a meaningful level of quality had been steadily 
increasing. In order to reverse this trend, TQM is used to achieve a major 
competitive advantage. Kerzner has described this phenomenon: “During 
the past twenty years, there has been a revolution toward improved quality. 

TABLE 1.15

Periodical Changes in Quality System

Period System

• Middle Ages (1200–1799) • Guilds-skilled craftsman were responsible to control 
their own products.

• Mid-eighteenth century 
(Industrial Revolution)

• Establishment of factories. Increase in productivity. 
Mass production. Assembly lines. Several workers 
were responsible to produce a product. Production by 
skilled workers and quality audit by inspectors.

• Early nineteenth century • Craftsmanship model of production.
• Late nineteenth century 

(1880s)
• Frederick Taylor and “scientific management.” Quality 

management through inspection.
• Beginning of twentieth 

century (1920s)
• Walter Shewhart introduced SPC. Introduction of 

full-time quality inspection and quality control 
department. Quality management.

• 1930s • Introduction of sampling method.
• 1950s • Introduction of statistical quality process in Japan.
• Late 1960s • Introduction of quality assurance.
• 1970s • Total quality control.

• Quality management.
• 1980s • TQM
• Beginning of twenty-first 

century
• Integrated quality management (IQM)
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The improvements have occurred not only in product quality, but also in 
quality leadership and quality project management.” He further states:

The push for higher levels of quality appears to be customer driven. 
Customers are now demanding

• Higher performance requirements
• Faster product developments
• Higher technology levels
• Materials and processes pushed to the limit
• Lower contractor profit managing
• Fewer defects/rejects. (p. 1083)

Gryna (2001, p. 3) has described the changing business conditions the organi-
zation should understand to survive in competitive world market. He says:

The prominence of product quality in the public mind has resulted in 
quality becoming a cardinal priority for most organizations. The iden-
tification of quality as a core concern has evolved through a number of 
changing business conditions. These include

 1. Competition
 2. The customer-focused organization
 3. Higher levels of customer expectation
 4. Performance improvement
 5. Changes in organization forms
 6. Changing workforce
 7. Information revolution
 8. Electronic commerce
 9. Role of a quality department

The failure to address the culture of an organization is frequently the 
reason for management initiatives either having limited success or failing 
altogether. To understand the culture of the organization and using that 
knowledge to implement cultural change is an important element of TQM. 
The culture of good teamwork and cooperation at all levels in an organiza-
tion is essential to the success of TQM. Table 1.16 describes cultural changes 
needed in an organization to meet TQM.

Juran (Juran and Godfrey 1999) described the introduction of TQM as follows:

In the past two decades many organizations throughout the world have 
been under tremendous pressure. Some have been battered by international 
competition, others by new entrepreneurial companies that redefined busi-
ness, and yet others were seriously challenged by new technologies which 
created formidable alternatives to their products and services. Some leading 
companies have changed rapidly. While some of the new companies have 
now become major players, other companies are still engaged in daily battles 
of survival, and many other companies have disappeared.

Many companies have found that all of their restructuring, reengineer-
ing, downsizing and numerous quality programs may have helped them 
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survive, but they still do not have a distinctive quality advantage. Their 
future will be determined by key areas: alignment, linkage and replica-
tion. Combined with the fundamental concepts of quality management 
(continuous improvement, customer focus and the value of every mem-
ber of the organization), their work in these three key areas is transform-
ing the way they are managing the entire organization.

During these years, there has been an increasing global emphasis on 
quality management. In global competitive markets, quality has become 
the most important single factor for success. Quality management has 
become the competitive issue for many organizations.

Juran has gone so far as to state that “just as the twentieth century was the 
century for productivity, the twenty-first century will be the quality  century” 
(p. 14.2).

1.9.2  Principles of Total Quality Management

Juran describes TQM in terms of the Juran Trilogy, which involves quality 
planning, quality control, and quality improvement.

In Japanese Union of Scientists and Engineers’ view, as mentioned by Juran 
(Juran and Godfrey 1999, p. 14.3),

TQM is a management approach that strives for the following in any 
business environment:

• Under strong top management leadership established clear mid 
and long-term vision and strategies.

• Properly utilize the concepts, values, and scientific methods of TQM.
• Regard human resources and information as vital organiza-

tional infrastructures.

TABLE 1.16

Cultural Changes Required to Meet Total Quality Management

From To

• Inspection orientation • Defect prevention
• Meet the specification • Continuous improvement
• Get the product out • Customer satisfaction
• Individual input • Cooperative efforts
• Sequential engineering • Team approach
• Quality control department • Organizational involvement
• Departmental responsibility • Management commitment
• Short-term objective • Long-term vision
• People as cost burden • Human resources as an asset
• Purchase of products or services on price 

alone basis
• Purchase on total cost minimization 

basis
• Minimum cost suppliers • Mutual beneficial supplier 

relationship
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• Under an appropriate management system, effectively operate 
a quality assurance system and other cross-functional manage-
ment systems such as cost, delivery, environment, and safety.

• Supported by fundamental organizational powers, such as core 
technology, speed, and vitality, ensure sound relationship with 
customers, employees, society suppliers, and stockholders.

• Continuously release corporate objectives in the form of achiev-
ing an organization’s mission, building an organization with a 
respectable presence and continuously securing profits.

As per ASQ Quality Glossary:
Total Quality Management (TQM) is a term used to describe a manage-

ment approach to quality improvement. Since then TQM has taken many 
meanings. Simply put, it is a management approach to long-term success 
through customer satisfaction. TQM is based on all members of organiza-
tion in improving processes, products, services, and the culture in which 
they work. The methods for implementing this approach are found in 
the teachings of such quality leaders as Philip B. Crosby, W. Edwards 
Deming, Armand V. Feigenbaum, Kaoru Ishikawa, and Joseph M. Juran.

ASQ described the history of TQM as follows:
The history of Total Quality Management (TQM) began initially as 

a term coined by the Naval Air Systems Command to describe its 
Japanese-style management approach to quality improvement. An 
umbrella methodology for continually improving the quality of all 
processes, it draws on a knowledge of the principles and practices of

• The behavioral sciences
• The analysis of quantitative and nonquantitative data
• Economics theories
• Process analysis

It has further described the evolution of TQM as follows:

• 1920s
• Some of the seeds of quality management were planted as the 

principles of scientific management swept through U.S. industry.
• Businesses clearly separated the processes of planning and car-

rying out the plan and union opposition arose as workers were 
deprived of a voice in the conditions and functions of their work.

• The Hawthorne experiments in the late 1920s showed how 
worker productivity could be impacted by participation.

• 1930s
• Walter Shewhart developed the methods for statistical analysis 

and control of quality.
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• 1950s
• W. Edwards Deming taught methods for statistical analysis and 

control of quality to Japanese engineers and executives. This can 
be considered the origin of TQM.

• Joseph M. Juran taught the concepts of controlling quality and 
managerial breakthrough.

• Armand V. Feigenbaum’s book Total Quality Control, a forerun-
ner for the present understanding of TQM, was published.

• Philip B. Crosby’s promotion of zero defects paved the way for 
quality improvement in many companies.

• 1968
• The Japanese named their approach to total quality company-

wide quality control. It is around this time that the term quality 
management systems arose.

• Kaoru Ishikawa’s synthesis of the philosophy contributed to 
Japan’s ascendency as a quality leader.

• Today
• TQM is the name for the philosophy of a broad and systemic 

approach to managing organizational quality.
• Quality standards such as the ISO 9000 series and quality award pro-

grams such as the Deming Prize and the Malcolm Baldrige National 
Quality Award specify principles and processes that comprise TQM.

TQM focuses on participative management and strong operational 
accountability at the individual contributor level. Total quality involves 
not just managers but everyone in the organization in a complete trans-
formation of the prevailing culture. It is a change to the way people do 
things, and relies on trust between managers and staff. TQM is applicable 
to all kinds of organizations, both in the public and private sectors. It is 
also applicable to those providing services as well as those involved in 
producing goods or manufacturing activities. Figure 1.20 shows the basic 
components of TQM.

Jiju Antony and David Preece (2001) have linked TQM and performance 
as a strategic perspective toward competitive advantage. They have quoted 
Frangon et al. (1999) that “quality as a means of creating and sustaining a 
competitive advantage has been widely adopted by both public and private 
sector organization” (p. 4).

They further state that “to improve quality, businesses have applied 
‘Total Quality Management’ (TQM) to their organizations to help them 
plan their efforts. The promise of superior performance through con-
tinuous quality improvement has attracted a wide spectrum of busi-
nesses to TQM, with applications reported in domains such as finance 
(Wilkinson et al. 1996), utilities (Candlin and Day 1993), federal agencies, 
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TQM overview

Set mission

Identify customers

Identify customer needs

Identify major products
and services

Define critical processes
and measures (daily

management system)

Set organizational vision

Develop strategic plan
(3–10 years)

Develop annual plan
(breakthrough and daily
management objectives)

Review roles and
responsibilities

Form steering committee
(set change strategy)

Review plans

Decision made to 
implement TQM

FIGURE 1.20
Basic components of TQM. (Source: Shtub, A., Bard, J.F., and Globerson, S. (1994), Project 
Management, Reprinted with permission from Pearson Education.)
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healthcare, education and research, environment and manufacturing 
(Lakhe and Mohanty 1994)” (p. 4).

According to Construction Industry Institute (CII) source document 74: 
“Total Quality Management is often termed a journey, not a destination.” 
This is because of its nature as a collection of improvement-centered pro-
cesses and techniques that are performed in a transformed management 
environment. The concept of “continuous improvement” holds that this 
environment must prevail for the life of the enterprise and that the methods 
will routinely be used on a regular, recurring basis. The improvement pro-
cess never ends; therefore, no true destination is ever reached. Figure 1.21 
describes the phases of the TQM journey.

The document further states (p. 1) that from the viewpoint of the indi-
vidual company, the strategic implications of TQM include

• Survival in an increasingly competitive world
• Better service to the customer
• Enhancement of the organization’s “shareholder value”
• Improvement of the overall quality and safety of our facilities
• Reduced project duration and costs
• Better utilization of talents of the people

Perceived need for
change

Realignment of reward system
Long-range planning

– More people
– More subjects
– Mgmt. role modeling

Focus on process
and customers

Ongoing training
Team management 

system Ongoing improvement efforts
Company-wide expansion

Management for 
continuous improvement

Confirmation of 
TQM commitment

Team-process
models Vendor/supplier process

Time
Note:

Phase boundaries are not sharply defined in time.
Read top to bottom, then left to right.

Implementation of resultsTop management
basic training

Engagement 
of 

consultant

Implementation

Expansion of training

Absorption of TQM
infrastructure into regular

management system

Management oversight
structure

Formation of teams

Team-skills training

Pilot improvement projects

Exploration and
commitment

Investigation of
approaches

Sustaining

Strategic quality 
deployment process

Initial development
of quality

infrastructure

Planning and
preparation

FIGURE 1.21
Phases of the TQM journey. (Source: CII Source document 74, Reprinted with permission of CII, 
University of Texas.)
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Chase et al. (2001) have defined TQM as

Managing the entire organization so that it excels on all dimensions of 
products and services that are important to the customer. This definition 
is more applicable than another commonly used one—“Conformance to 
specifications.” Though valid for goods production, the second definition 
is problematic for many services. Precise specifications for service quality 
are hard to define and measure. It is possible, however to find out what’s 
important to the customer and then create the kind of organizational cul-
ture that motivates and enables the worker to deliver a quality service.

They further state:

The philosophical elements of TQM stress the operation of the firm using 
quality as the integrating element. The generic tools consist of (1) various 
statistical process control (SPC) methods that are used for problem solv-
ing and continuous improvement by quality terms, and (2) quality func-
tion deployment, which is typically used by managers to drive the voice 
of the customer into the organization. (p. 260)

Figure 1.22 illustrates the elements of TQM.
An ISO document has listed eight quality management principles on which 

the quality management system standards of the revised ISO 9000:2000 series 
are based. These are as follows:

Principle 1—Customer focus
Principle 2—Leadership

TQM

Philosophical element Generic tools

Customer-driven quality
Leadership
Continuous improvement
Employee participation and
development
Quick response
Design quality and prevention
Management by fact
Partnership development
Corporate responsibility and
citizenship

SPC tools
1. Process flowcharts
2. Check sheets
3. Pareto analysis and histogram
4. Cause and effect (or fishbone) 
    diagrams
5. Run charts
6. Scatter diagrams
7. Control charts

1. Sampling plans
2. Process capability
3. Taguchi methods

Quality function deployment

Managing the entire organization so that it excels in all dimensions of
products and services that are important to the customers

SQC methods

Tools of the QC 
department

FIGURE 1.22
Elements of TQM. (Source: Chase, R., Aquilano, N., and Jacobs, F. (2001), Operations Management, 
Reprinted with permission of The McGraw-Hill Education.)
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Principle 3—Involvement of people
Principle 4—Process approach
Principle 5—System approach to management
Principle 6—Continual improvement
Principle 7—Factual approach to design making
Principle 8—Mutual beneficial supplier relationship

Based on those principles, it can be summarized that TQM is a management 
philosophy that evolved in Japan after World War II. It places quality as a stra-
tegic objective and focuses on continuous improvement of products, processes, 
services, and cost to compete in the global market by minimizing rework, and 
maximizing profitability to achieve market leadership and customer satisfac-
tion. It is a way of managing people and business processes to meet customer 
satisfaction. TQM involves everyone in the organization in the effort to increase 
customer satisfaction and achieve superior performance of the products or ser-
vices through continuous quality improvement. TQM helps in

• Achieving customer satisfaction
• Continuous improvement
• Developing teamwork
• Establishing vision for the employees
• Setting standards and goals for the employees
• Building motivation within the organization
• Developing corporate culture

TQM is widely accepted as the basis for achieving sustainable competitive 
advantage. It is required to achieve customer satisfaction and ensure survival 
in the competitive world because of the global nature of competition, which 
never rests, and there is no end to product or service improvement.

1.10  Quality Information System

Quality information system (QIS) is an organized method of collecting, ana-
lyzing, storing, and reporting the quality-related information for appropriate 
decision-making.

Figure 1.23 illustrates the QIS process.
QIS is developed based on the organizational requirements to align with goals 

and objectives to achieve project quality. Table 1.17 illustrated summary of ques-
tions and major response evolved by the researchers about QIS development.

QIS can be manual or computerized. The following section discusses qual-
ity in the use of CAD software.
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TABLE 1.17

Questions and Major Response for Development of QIS

Serial 
Number Questions Majority Response

1 Who was the compelling force? Top level company officer.
2 Were purposes defined? No.
3 How was information selected? Issues selected by the user.
4 How was change built into the 

system?
Did not address change initially. Later 
incorporated change.

5 Was the system externally 
benchmarked?

Yes. Companies were compared to 
external standards.

6 What were the effective ways to 
analyze performance results?

Comparative charts and training.

7 What were the effective ways to 
transmit performance results?

Meetings and the Internet with the use of 
peer pressure.

8 What is quality of measurements? All companies used filters to improve 
usefulness and believability.

9 What measurements are made? Turnaround time; report length; usefulness.
10 How can the QIS be more effective? Meeting to share information and 

research reports from their industry.
11 Was training provided? Training was provided both during the 

development process and after.
12 What did not work in the 

development process?
Defining the scope of the QIS to be too 
expansive.

13 What are the most important 
problems?

 1. Relying on the IT department.
 2. Lack of ownership of system by 

employees.
 3. No development process flow model.

14 What are the three most important 
steps to take?

 1. Recognition of project importance.
 2. Accurate definition of inputs and 

outputs.
 3. Use of project management tools.

15 Can quality be improved in your 
current system?

Use more technology such as computers 
and networks to distribute information.

Source: Gryna, F. (2001), Quality Planning & Analysis, Reprinted with permission of The 
McGraw-Hill Education.

Reporting 
information

Data
collection

Defined scope,
schedule, budget

Benchmark/
comparison

Purpose and
scope of QIS Input Data analysis Store

Output

Functional relationship

FIGURE 1.23
QIS process.
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1.10.1  Quality in the Use of CAD Software

With the advent of the computer age, information automation has become a 
reality. Computers are now being used in design, presentation of documents, 
estimation, presentation, analysis, planning, and many other applications.

Engineering design is the partial realization of the designer’s concept. 
Engineering drawing is an abstract universal language used to represent the 
designer’s concept to others. The conventional method of representing an engi-
neering drawing is drafting on paper with pen or pencil. Manual drafting is 
tedious and requires a tremendous amount of patience and time. The invention 
of computer-aided design (CAD) has had a tremendous effect on the design pro-
cess, and the computer-aided drafting system has improved drafting efficiency. 
CAD is a process by which a computer-based program assists in the creation 
or modification of design. It allows not only passing information more quickly 
and accurately but also opens the door to integration and automation. A prod-
uct of the computer era, CAD originated from early comport graphics systems 
and their development into interactive computer graphics. The 1970s marked 
the beginning of a new era in CAD—the invention of three-dimensional (3D) 
solid modeling. Since the invention of computer-aided drafting, there has been 
tremendous progress in CAD, and it is being regularly used in design drafting. 
In construction projects, CAD is used by all trades such as architectural, struc-
tural, mechanical, electrical, infrastructure, and landscape engineers, and others. 
Design software has helped engineers to produce and modify drawings in the 
related field of applications and has made it possible to integrate and visualize 
their overall effect and put them to use to construct the facility. Its application 
has helped in producing fully coordinated design drawings and avoiding any 
conflict during construction.

A CAD system consists of three major parts:

 1. Hardware: computer and input/output (I/O) devices
 2. Operating system: software
 3. Application software: CAD package

Hardware is used to support the software function. Operating system soft-
ware is the interface between the CAD application software and the hard-
ware. It is important not only for CAD software but for non-CAD software 
as well. Application software is the heart of the CAD system. CAD consists of 
programs that do drafting, engineering analysis, 2D (two-dimensional) and 
3D drawings, 3D modeling, and many other engineering-related functions.

AutoCAD is the most commonly used software in the construction proj-
ect/industry. It is the most commonly used software by the construction 
project professional. It began as a PC-based drafting package running under 
the MS-DOS environment and gradually evolved into a full-blown CAD sys-
tem. Its editions are upgraded to meet the current demands of industries. 
AutoCAD 2010 is the latest version of AutoCAD.
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There are numerous off-the-shelf application packages available; it is 
beyond the scope of this book to list them all, but they are being used in 
designing systems in construction projects. The following are the most com-
mon application software packages used by all the trades:

• General-purpose by all trades
• AutoCAD
• Microsoft Office

• Planning, scheduling, and controlling
• Primavera
• Microsoft Project

• Structural design
• STAAD
• ETABS

• Mechanical design
• Elite
• StormCAD, WaterCAD, SewerCAD

• HVAC design
• HAP
• APEC
• Hevacomp

• Electrical design
• DiaLUX
• Ecodial

• Landscape
• DynaSCAPE

• Infrastructure/roads
• Bentley MX
• Eagle Point

Quality in use aims at defining the quality attributes that are important 
to the end user. In 1991, the International Organization for Standardization 
(ISO) introduced ISO/IEC 9126 (1991): Software evaluation quality charac-
teristics and guidelines for their use. ISO/IEC 9126 is a four-part model:

Part 1: Quality model
Part 2: External metrics
Part 3: Internal metrics
Part 4: Quality in use metrics
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There are six characteristics for both external and internal metrics: function-
ality, reliability, usability, efficiency, maintainability, and portability. They can 
be further subdivided into subcharacteristics. The quality in use metrics has 
four characteristics: effectiveness, satisfaction, productivity, and safety.

ISO/IEC 9126 was superseded in 2005 by ISO/IEC 25000: Software 
Engineering. All the requirements of ISO/IEC 9126 have been taken care of 
in this standard.

Table 1.18 lists software quality factors to be considered while selecting a 
software package.

TABLE 1.18

Software Quality Factors

Serial 
Number Factor Description

1 Suitability Whether the application software is suitable and satisfies 
the intended use and has all the required parameters

2 Compatibility 
with the 
operating system

Application software is usually operating system 
dependent, therefore attention must be given to the 
compatibility with the operating system

3 Hardware 
capability

Whether the RAM and storage memory is sufficient to store 
the created/modified design data

4 Reliability Whether the application software shall perform its intended 
use with required precision

5 Acceptability Whether the designs produced with application software 
are accepted by the client

6 Credibility How credible the product is
7 Usability How easy is it to learn, operate, and transfer input 

information by translation or interpreting the same to the 
specific data format

8 Integrability Whether the program can be integrated with other 
application software and how much effort is required for 
interoperating with other systems

9 Flexibility Efforts required to modify an operational system
10 Efficiency Whether the program can perform the amount of 

computing resources and code required by a program
11 Maintainability How much effort is required for troubleshooting and fixing 

an error
12 Testability How much effort is required to test and ensure that the 

program is performing its intended function
13 Portability Efforts required to transfer the program from one hardware 

to another and to configure the same with new 
environment

14 Reusability Whether the program can be used in other applications 
related to the packaging and scope of the functions that the 
program performs

15 Safety How safe is the program to use



62 Quality Management in Construction Projects

1.10.2  Building Information Modeling

Building information modeling (BIM) is an innovative process of generating a 
digital database for collaboration and managing building data during its life 
cycle and for preserving the information for reuse and additional industry-
specific applications. It is Autodesk’s strategy for the application of informa-
tion technology to the building industry. It helps in better visualization and 
clash detection and is an excellent tool to develop project staging plans and 
study phasing and coordination issues during the construction of project life 
cycle, in preparation of as-built, and also during maintenance of the project.

BIM uses software and processes to digitally develop building data in a man-
ner that is collaborative and integrative. Using BIM as a robust process and not 
just a tool has transformed the design and construction industry. Different from 
computer-aided drafting (CAD), BIM leverages digital information about the 
building (including materials, furnishings, and equipment requirements) in a 
searchable database that is additive and scalable, enabling design and construc-
tion team members to participate in the virtual cocreation and codevelopment 
of a project design and operational requirements. Accurately described as vir-
tual design and construction, BIM facilitates 3D digital development including 
coordination, estimating, scheduling, and material selection. BIM also creates 
a rich data source onto which rules-based project studies such as occupancy 
simulations, fire and life-safety code reviews, and energy use calculations can 
be applied. The future of BIM will be leveraged in physical facility operations, 
where model information will be utilized in continuous facility commissioning 
for operating and maintaining a building.

The advent of BIM and sharing the parametric geometry and information con-
tained in these files during all phases of design and construction has disrupted 
the traditional incumbent roles within the construction industry. Currently 
deployed on large and complicated projects, the use of BIM has become the tool 
of choice for designers and builders for coordination and scheduling.

1.11  Customer Relationship

Quality is meeting customer requirements and customer satisfaction. 
Customer expectations are the first step toward customer satisfaction. 
Customer relationship is interaction with the customer to ensure customer 
satisfaction and retention of the customer by fulfilling the stated needs/
requirements that the customer wants.

1.11.1  Customer Satisfaction

Customer satisfaction is an indicator that measures the satisfaction of the cus-
tomers/consumers about the quality of the products/services, acceptance 
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of the products/services, and retention of the loyalty toward doing future 
business that help to manage and improve the business. Customer satisfac-
tion for construction is delivering a project or facility as per defined scope 
within agreed-upon budget and specified schedule. It is delivering a project 
or facility that satisfies owner/end user needs and requirements. Customer 
satisfaction is an important factor in the development of construction process 
and customer relationship.

In construction, a customer may be defined as the owner of the proj-
ect or facility and the one that needs the construction facility (end user). 
Customer satisfaction in the construction industry is how well a contrac-
tor meets the customer’s (owner’s) expectations. In construction projects, 
the needs to be satisfied include not only those of the client/owner but 
the expectations of the community into which the completed building/
facility will integrate. Figure 1.24 illustrates customer relationship man-
agement process.

1.11.2  Customer Relationship in Construction Projects

Construction projects are temporary endeavors, unique and have finite 
duration. Customer satisfaction enables construction companies to differ-
entiate themselves from their competitors and create sustainable advan-
tage. Construction projects involve numerous stakeholders that closely 
related and interacted during a given project. The level of stakeholder’s 
satisfaction directly influences the current project and subsequent projects 
and the level of satisfaction experienced by the stakeholders. For contrac-
tors, completing a project in accordance with the defined scope within 
budget and on time satisfies owner’s needs and generates profit. The rela-
tionship between customer and contractor is periodic and depends on the 
duration of the project. In construction, the mutual cooperation, main-
taining harmonious working relationship between customer (owner) and 
contractor, is strongly emphasized. Further, in construction, the project 

Yes

No

Improve services/
relationship

Products/services
to comply with

needs/
requirements

Revise
product/services

quality

Survey
Customer 

expectations/
needs

Feedback survey

Products/services
satisfaction

Improved product/
services quality

Satisfied

Determine customer
satisfaction

requirements/level
of satisfaction

Analyze reasons
for

dissatisfaction

Customer needs/
requirements

FIGURE 1.24
Customer relationship management process.
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organizations and collaborative relationships are of “one-off” nature; the 
customer satisfaction survey model is different to those on other indus-
tries where the relationship between the client (customer) and supplier 
is normally a long-term relationship. In construction, each customer has 
unique needs and expectations; therefore, it is necessary to make a con-
certed effort to identify customer satisfactions through direct discussions 
with the owner and participation meetings with the owner and their team 
prior to the start of the project. Table 1.19 illustrates an example model of 
customer satisfaction survey in construction projects. Implementation 
of customer satisfaction survey requirements helps manage and improve 
customer relationships.

1.12  Supply Chain Management

Supply chain management is a new concept of doing business that has been 
recognized and practiced by the manufacturing industry for the last two 
decades. Supply change management has also emerged as new practice in 
the construction industry.

The emerging technological advances and to maintain competitive advan-
tage in the business environment, it has become essential to plan, organize, 
and control all supply-chain-related activities at all the levels of product/
project life cycle to ensure competitiveness of the end product. It is a process 
to ensure that the customer gets the right product or service having the right 
quality and quantity on time.

Supply chain management is a very complex process that has involvement 
of many participants both within and outside the organization. Each of these 
participants has influence over the activities to be performed to ensure avail-
ability of the product for further processing.

1.12.1  Supply Chain Management Process

Supply chain management is a process to manage and optimize the flow 
of products, materials, services, and information starting from the creation/
inception of need/demand until its installation/usage for specified purpose 
to achieve a high level of performance for organizational success. It is a pro-
cess for reducing cost, enhancing quality, and reducing operation time.

Supply chain management process begins from the inception of need and 
covers all the stages, systems till the installation/fixing/implementation of 
the product, material, and services. Figure 1.25 illustrates supply chain man-
agement process.
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TABLE 1.19

Customer Satisfaction Survey in Construction

Serial 
Number Stages Elements Description

1 Preconstruction Establish client 
expectation

Contractor to have one-on-one discussion 
with owner/client, project manager, 
consultant (construction supervisor) prior 
to the start of construction to help

 1. Establish customer expectations
 2. Determine performance criteria
 3. Define team expectations
 4. Determine required team members

2 Construction To know how 
the work is 
progressing

Conduct meetings at regular interval to find 
out whether

 1. Client’s expectations are met
 2. Work progress satisfactory
 a. Schedule
 b. Material
 c. Workforce
 3. Specified quality is achieved
 4. Cost variance
 5. Any discrepancies with documents
 6. Staff performance and cooperation
 7. Subcontractor’s performance

3 Post-
construction

Prepare survey 
questionnaire 
and get 
feedback 
from owner/
client, project 
manager, 
consultant

The survey questionnaire to include items 
related to following factors:

 1. Quality assurance at work
 1.1 Management and implementation 

of agreed-upon quality assurance 
procedures

 1.2 Quality of material
 2. Workmanship
 2.1 Quality of work
 3. Skill of personnel
 4. Cooperation of site staff
 4.1 Agreement about changes/

variations
 5. Behavior of site staff
 6. Work supervision
 7. Attendance to defects
 8. Safety at work
 8.1 Safety measures
 8.2 Handling of accidents
 8.3 Attendance to injuries/accidents
 9. Environmental consideration
 9.1 Cleanliness of site
 9.2 Handling of hazardous material
 9.3 Disposal of waste
 10. Subcontractor’s performance
 10.1 Competency of subcontractor(s)

(Continued)
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1.12.2  Supply Chain Stakeholder

Supply chain management has the involvement of many participants. The 
following are the main stakeholders, participants involved in the supply 
chain management process:

 1. Owner
 2. Designer/specification developer
 3. Purchasing/procurement department
 4. Finance department
 5. Manufacturer/supplier
 6. Quality department
 7. Dispatch section
 8. Transportation

Serial 
Number Stages Elements Description

 11. Adherence to schedule
 12. Overrun
 13. Information flow
 14. Handover procedure
 15. Attending snags
 16. Overall satisfaction
 17. Consideration for future projects

TABLE 1.19 (Continued)

Customer Satisfaction Survey in Construction

Procurement/
purchasing

Dispatch/ 
transportation Manufacturing

Feedback
Improvement

Material
inspection at site

Select supplierDevelop design/
specification

Quality
compliance

Storage/handling

Material receipt
at site

Material 
installation

Inception of
need

FIGURE 1.25
Supply chain management process.
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 9. Receiving party
 10. Incoming inspection
 11. Material handling
 12. Storage
 13. Installation/usage

Table 1.20 illustrates matrix of responsibilities of each of the participants.

1.12.3  Supply Chain Management Processes

The following are the major processes that need to be implemented and mon-
itored in the supply chain process to achieve optimal result:

 1. Product specification
 2. Supplier selection
 3. Purchasing
 4. Product quality
 5. Product handling
 6. Improvement

TABLE 1.20

Stakeholder’s Responsibilities in Supply Chain Management

Serial Number Stakeholder Responsibilities

1 Owner Inception of need
2 Designer Develop design specifications
3 Procurement manager Select competitive manufacturer/supplier
4 Finance manager Arrange finance for procurement
5 Manufacturer/supplier Produce/supply product as per 

specifications
6 Quality manager Ensure the product meets specifications/

product quality
7 Dispatch department Ensure timely dispatch of material properly 

identified
8 Transportation department Ensure economical and short duration 

process
9 Receiving department Receive material in good condition

10 Incoming inspection 
department

Ensure incoming material conforms with 
specifications

11 Material handling Proper handling of material
12 Storekeeper Proper storage of material
13 Installer/user Installed as specified/recommended.

Give feed about the quality of the product
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1.12.3.1  Product Specification

In order to achieve efficient and smooth supply management process, it is 
essential to develop product design and specifications based on the custom-
ers’ need/product requirements, goals, and objectives. The following are the 
major points that the designer has to consider while developing the design 
and product specifications:

• Suitability to the purpose and objectives
• Performance parameters and compatibility
• Sustainability (environmental, social, economical)
• Availability
• Reliability
• Safety and security

1.12.3.2  Supplier Selection

The selection of supplier mainly depends on the following:

• Experience in supply of similar type of product/services
• Quality management certification
• Technical capability
• Current work load and capacity to supply future requirements
• Resources such as manpower, material
• Financial capability and stability
• Track record in timely execution of past orders
• Product/supply rejection record
• Litigation record

1.12.3.3  Purchasing

Purchasing process starts with identification of potential suppliers who can 
deliver the needed product/material on time at competitive price, conform-
ing to the product/material quality.

Figure 1.26 illustrates the purchasing process.

1.12.3.4  Product Quality

It is essential that both suppliers and customers are involved to ensure qual-
ity compliance of the product/material. The customer must discuss with 
the supplier about the acceptable level of product/material quality/perfor-
mance. A quality metrics and method of inspection and quality control should 
be prepared for acceptance level. Quality management process to meet the 
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customer requirements of the specific product/material should be placed in 
order to ensure smooth supply. Both parties should establish inspection and 
testing procedure to be mutually agreed upon and to be followed. Supplier 
and customer should work together to achieve zero-defect policy.

1.12.3.5  Product Handling

Product handling is important to ensure the customer gets the right quantity 
at the right time. The following points are to be considered for proper han-
dling of the product:

• Proper packing
• Product traceability and verification
• Proper shipping documentation
• Safe and risk-free handling of the product
• Safe loading/unloading
• Shortest and reliable mode of transport to ensure product delivery 

in time
• Appropriate mode of shipment/transportation
• Maximum/minimum batch size to meet the ordered quantity
• Avoid breakage/damage during handling
• Safety during handling

Yes

No

Construction phase

Factory inspection/
preshipment 

inspection

Material inspection
at site Store material

Contractor to take
appropriate action

Construction phase

Material delivered
at site Transportation

Design phase
2 weeks 3 weeks 1 week

1 week
1 day–10 weeks

Manufacturing/
assembly 

2–3 days

Procurement
process

Approval of
material

Selection of 
manufacturer

Material 
approved

Install 
material

Material 
specifications

12–16 weeks

 2–3 days

FIGURE 1.26
Supply chain process in construction project.
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1.12.3.6  Improvement

For competitive advantage, continual improvement is essential. The supplier 
has to ensure performance improvement. Customer feedback is necessary 
to improve the product performance. Supplier has to maintain proper com-
munication with the customer to know the problems or potential problems 
related to the supplied product and take necessary steps to improve the qual-
ity and customer satisfaction.

1.12.4  Supply Chain in Construction Projects

Supply chain management in construction project is managing and opti-
mizing the flow of construction materials, systems, equipment, resources to 
ensure timely availability of all the construction resources without affecting 
the progress of works at the site. Figure 1.27 illustrates the supply chain man-
agement process in construction projects.

In construction projects, the supply chain management begins from the 
inception of project. The designer has to consider the following while speci-
fying the products (materials, systems, equipment) for use/installation in 
the project:

• Quality management system followed by the manufacturer/supplier
• Quality of product
• Reliability of product
• Reliability of manufacturer/supplier
• Durability of product
• Availability of product for entire project requirement
• Price economy/cost efficient

Evaluation of 
quotation/proposal

Order execution by 
supplier Select supplier

Reception of
quotation/proposal

Purchasing enquiry/ 
request for quotation

Purchase order/
contract

Material/product
inspection

Material
receipt

Approved/
selected
suppliers

FIGURE 1.27
Purchasing process.
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• Sustainability
• Conformance to applicable codes and standards
• Manufacturing time
• Location of the manufacturer/supplier from the project site
• Interchangeability
• Avoid monopolistic product

Product specifications are documented in the construction documents (par-
ticular specifications). In certain projects, the documents list the names of 
recommended manufacturers/suppliers. However, in order of continuous 
and uninterrupted supply of specified product, the contractor has to con-
sider the following:

• Quality management system followed by the manufacturer/supplier
• Historical rejection/acceptance record
• Reliability of the manufacturer/supplier
• Product certification
• Financial stability
• Proximity to the project site
• Manufacturing/lead time
• Availability of product as per the activity installation/execution 

schedule
• Manufacturing capacity
• Availability of quantity to meet the project requirements
• Timeliness of delivery
• Location of manufacturer/supplier
• Product cost
• Transportation cost
• Product certification
• Risks in delivery of product
• Responsiveness
• Cooperative and collaborative nature to resolve problem

In major construction projects, the following items are required in bulk 
quantities:

• Concrete
• Concrete block
• Conduit
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• Utility pipes
• Light fixtures
• Electrical devices
• Plumbing fixtures

The contractor can follow just-in-time method to procure these items and avoid 
large inventory at the project site. The contractor has to select a reliable manufac-
turer/supplier for these products and to ensure that the manufacturer/supplier is 
capable of maintaining continuous flow of these items at a short notice. The con-
tractor can sign an agreement with the manufacturer/supplier for an entire project 
quantity with agreed-upon delivery schedule as per the requirement at site.

In order to ensure supply chain payments are made promptly, the cash 
flow system should be projected accordingly as the supply chain may be 
affected due to interruption in payments toward the supply of products.

1.13  Risk Management

Risk management is the process of identifying, assessing, prioritizing different 
kinds of risks, planning risk mitigation, implementing mitigation plan, and 
controlling the risks. It is a process of thinking systematically about the possi-
ble risks, problems, or disasters before they happen and setting up the proce-
dure that will avoid the risk, or minimize the impact, or cope with the impact. 
The objectives of project risk management are to increase the probability and 
impacts of positive events and decrease the probability and impacts of events 
adverse to the project objectives. Risk is the probability that the occurrence of 
an event may turn into an undesirable outcome (loss, disaster). It is virtually 
anything that threatens or limits the ability of an organization to achieve its 
objectives. It can be unexpected and unpredictable events, which have the 
potential to damage the functioning of an organization in terms of money or, 
in the worst-case scenario, may cause the business to close.

1.13.1  Risk Management Process

Risk management process is designed to reduce or eliminate the risk of cer-
tain kinds of events happening (occurring) or having an impact on the proj-
ect. The risk process consists of the following steps:

 1. Identify the potential sources of risk on the project.
 2. Analyze their impact on the project.
 a. Qualitative
 b. Quantitative
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 3. Select those with a significant impact on the project.
 a. Prioritization
 4. Determine how the impact of risk can be reduced.
 a. Avoidance
 b. Transfer
 c. Reduction
 d. Retention (acceptance)
 5. Select best alternative.
 6. Develop and implement mitigation plan.
 7. Monitor and control the risks by implementing risk response plan, track-

ing identified risks, identifying new risks, and evaluating the risk impact.

Figure 1.28 illustrates the risk management cycle (process).

1.13.1.1  Identify Risk

Risk identification involves determining the source and type of risk that may 
affect the project.

The following tools and techniques are used to identify risks:

• Benchmarking
• Brainstorming
• Delphi technique
• Interviews
• Past database, historical data from similar projects

Monitoring and
improvement

Implement the
chosen technique

(Risk mitigation plan) (Plan risk response)(Risk mitigation)

Quantification of
risk

(prioritization)

Select best
alternative

Establish
alternative
technique

Identify risk

(Risk analysis)

Examine/analyze
the risk

(qualitative,
quantitative)

Prepare risk
register

(Ongoing updates)(Ongoing process)

FIGURE 1.28
Risk management cycle. (Source: Rumane, A.R. (2013), Quality Tools for Managing Construction 
Projects, CRC Press, Boca Raton, FL. Reprinted with permission from Taylor & Francis Group.)
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• Questionnaires
• Risk breakdown structure
• Workshops

The identified risks are classified into the following:

 1. Internal
 2. External

These are further divided into the following main categories:

• Management
• Project (contract)
• Technical
• Construction
• Physical
• Logistic
• Health, safety, and environmental
• Statutory/regulatory
• Financial
• Commercial
• Economical
• Political
• Legal
• Natural

Each identified risk is documented in a risk register.

1.13.1.1.1  Risk Register

Risk register is a document recording details of all the identified risks at the 
beginning of the project and during the life cycle of the project in a format 
that consists of comprehensive lists of significant risks along with the actions 
and cost estimated with the identified risks. Risk register is updated every 
time a new risk is identified or relevant actions are taken. Table 1.21 illus-
trates an example risk register.

1.13.1.2  Analyze Risk

Risk analysis is the process used to analyze the listed risks. There are two 
methods of analyzing risks:

 1. Qualitative analysis
 2. Quantitative analysis
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1.13.1.2.1  Qualitative Analysis

Qualitative analysis is a process that assesses the probability of occurrence 
(likelihood) of the risk and its impact (consequence).

The following tools and techniques are used for qualitative analysis:

• Failure modes and effects analysis
• Group discussion (workshop)
• Pareto diagram
• Probability and impact assessment
• Probability levels
• Risk categorization

1.13.1.2.2  Quantitative Analysis

Quantitative analysis is a process that quantifies the probability of risk and 
its impact based on numerical estimation.

The following tools and techniques are used for quantitative analysis:

• Event tree analysis
• Probability analysis
• Sensitivity analysis
• Simulation techniques (Monte Carlo simulation)

Table 1.22 illustrates the risk levels normally assumed for probability impact 
matrix. The % probability of occurrence shown in the table is indicative. The 
organization can determine the probability level as per the nature of business.

TABLE 1.22

Risk Probability Levels

Serial 
Number Value Definition Meaning

% Probability 
of Occurrence

1 Level 5 Very high
(frequent)

• Almost certain that the risk will 
occur.

• Frequency of occurrence is very 
high.

40–80

2 Level 4 High
(likely)

• It is likely to happen.
• Frequency of occurrence is less.

20–40

3 Level 3 Moderate
(occasional)

• Its occurrence is occasional. 10–20

4 Level 2 Low
(unlikely)

• It is unlikely to happen. 5–10

5 Level 1 Very low
(rare)

• The probability to occur is rare. 0–5

Source: Rumane, A.R. (2016), Handbook of Construction Management: Scope, Schedule, and Cost Control, 
CRC Press, Boca Raton, FL. Reprinted with permission from Taylor & Francis Group.
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Similarly, the risk impact is analyzed for each of the identified risk that 
may be classified into different levels such as the following:

• Very high
• High
• Substantial
• Possible
• Slight

Based on the impact level, the probability and impact matrix is prepared. 
Table 1.23 is a sample risk probability and impact matrix.

1.13.1.3  Prioritization

It is the process of prioritizing the list of quantified risks. The results of risk 
assessment are used to prioritize risks to establish very high to very low 
ranking. Prioritization of risks depends on the following factors:

 1. Probability (occurrence)
 2. Impact (consequences)
 3. Urgency
 4. Proximity
 5. Manageability
 6. Controllability
 7. Responsiveness
 8. Variability
 9. Ownership ambiguity

The prioritization list helps the project manager to plan actions and assign 
the resources to mitigate the realization of high value probability.

1.13.1.4  Plan Risk Response

Plan risk response is a process that determines what action (if any) will be 
taken to address the identified and assessed risks that are listed under Risk 
Register on prioritization basis. The risk response process is used for devel-
oping options and actions to enhance opportunities and reduce the threats to 
the identified risk activities in the project.

For each identified risk, a response must be identified. The risk owner and 
project team has to select the risk response for each of the identified risk.

The probability of the risk event occurring and the impacts (threats) is the 
basis for evaluating the degree to which the response action is to be evolved. 
Based on the risk probability impact matrix, the risk response strategy for 
scope, schedule, cost, and quality can be listed as per Table 1.24.



78 Quality Management in Construction Projects

TA
B

LE
 1

.2
3

R
is

k 
P

ro
ba

bi
lit

y 
an

d
 Im

pa
ct

 M
at

ri
x

Pr
ob

ab
ili

ty

Se
ve

ri
ty

P
ro

b
ab

il
it

y

L
ev

el
 5

L
ev

el
 4

L
ev

el
 3

L
ev

el
 2

L
ev

el
 1

V
er

y 
H

ig
h

(F
re

q
u

en
t)

H
ig

h
 (

L
ik

el
y)

M
od

er
at

e
(O

cc
as

io
n

al
)

L
ow

(U
n

li
k

el
y)

V
er

y 
L

ow
(R

ar
e)

Im
p

ac
t/

S
ev

er
it

y
L

ev
el

 5
V

er
y 

H
ig

h
L

ev
el

 4
H

ig
h

L
ev

el
 3

Su
bs

ta
nt

ia
l

L
ev

el
 2

Po
ss

ib
le

L
ev

el
 1

Sl
ig

ht
R

is
k 

A
ss

es
sm

en
t M

at
ri

x 
fo

r:
 S

co
pe

/
Sc

he
d

ul
e/

C
os

t/
Q

ua
lit

y



79Overview of Quality

Generally, risk response strategies for impact (consequences) on the project 
fall into one of the following categories:

 1. Avoidance
 2. Transfer
 3. Mitigation (reduction)
 4. Acceptance (retention)

1.13.1.4.1  Avoidance

Avoidance is changing the project scope, objectives, or plan to eliminate the 
risk or to protect the project objectives from the impact (threat).

1.13.1.4.2  Transfer

Transfer is transferring the risk to someone else who will be responsible to 
manage that risk. Transferring the risk does eliminate the threat, it still exists, 
however it is owned and managed by an other party.

1.13.1.4.3  Mitigation

Mitigation is reduction in the probability and/or impact to an acceptable 
threshold. It is done by taking a series of control actions.

1.13.1.4.4  Acceptance

It is the acceptance of consequences after response actions understanding the 
risk impact, should it occur.

TABLE 1.24

Risk Response Strategy

Potential Risk
Probability 

Level Impact/Severity Level
Risk Response 

Strategy

Scope 1
2

Schedule 1
2

Cost 1
2

Quality 1
2



80 Quality Management in Construction Projects

1.13.1.5  Reduce Risk

Reducing risk involves identifying various steps to reduce the probability 
and/or impact of the risk. Taking early steps to reduce the probability of risk 
is more effective and less costly than repairing the damage after the occur-
rence of the risk.

1.13.1.6  Monitor and Control Risk

It is a systematic process of tracking identified risks, monitoring residual 
risks, identifying new risks, execution of risk response plan, and evaluating 
the effectiveness of implementation of actions against established levels of 
risk in the area of scope, time, cost, and quality throughout the life cycle of 
the project. It involves timely implementation of risk response to identified 
risk to ensure the best outcome for a risk to a project.

1.13.2  Risks in Construction Projects

Construction projects have many varying risks. Risk management through-
out the life cycle of the project is important and essential to prevent unwanted 
consequences and effects on the project. Construction projects have involve-
ment of many stakeholders such as project owners, developers, design firms 
(consultants), contractors, banks, and financial institutions funding the 
project who are affected by the risk. Each of these parties have involvement 
with a certain portion of the overall construction project risk; however, the 
owner has a greater share of risks as the owner is involved from the inception 
until completion of project and beyond. The owner must take initiatives to 
develop risk consciousness and awareness among all the parties emphasiz-
ing on the importance of explicit consideration of risk at each stage of the 
project as the owner is ultimately responsible for overall project construction. 
Traditionally,

 1. Owner/client is responsible for the investment/finance risk.
 2. Designer (consultant) is responsible for design risk.
 3. Contractors and subcontractors are responsible for construction risk.

Construction projects are characterized as very complex projects, where 
uncertainty comes from various sources. Construction projects involve 
a cross section of many different participants. They have varying project 
expectations. Both influence and depend on each other in addition to the 
“other players” involved in the construction process. The relationships and 
the contractual groupings of those who are involved are also more com-
plex and contractually varied. Construction projects often require a large 
amount of materials and physical tools to move or modify these materials. 
Most items used in construction projects are normally produced by other 
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construction-related industries/manufacturers. Therefore, risk in construc-
tion projects is multifaceted. Construction projects inherently contain a high 
degree of risk in their projection of cost and time as each is unique. No con-
struction project is without any risk. Risk management in construction proj-
ects is mainly focused on delivering the project with

 1. What was originally accepted (as per defined scope)
 2. Agreed-upon time (as per schedule without any delay)
 3. Agreed-upon budget (no overruns to accepted cost)

Risk management is an ongoing process. In order to reduce the overall 
risk in construction projects, the risk assessment (identification, analysis, 
and evaluation) process must start as early as possible to maximize project 
benefits. There are a number of risks that can be identified at each stage 
of the project. Early risk identification can lead to better estimation of the 
cost in the project budget, whether through contingencies, contractual, or 
insurance. Risk identification is the most important function in construc-
tion projects.

Risk factors in construction projects can be categorized into a number of 
ways according to the level of details or selected viewpoints. These are cat-
egorized based on various risks factors and source of risk. The contractor has 
to identify related risks affecting the construction, analyze these risks, evalu-
ate the effects on the contract, and evolve the strategy to counter these risks, 
before bidding for a construction contract. Construction project risks mainly 
relate to the following:

• Scope and change management
• Schedule/time management
• Budget/cost management
• Quality management
• Resources and manpower management
• Communication management
• Procurement/contract management
• Health, safety, and environmental management

Table 1.25 illustrates typical categories of risks in construction projects.
Quality of construction projects is defined as follows: Construction project 

quality is fulfillment of owner’s needs as per defined scope of works within 
a budget and specified schedule to satisfy owner’s/user’s requirements. The 
phenomenon of these three components can be called the “construction proj-
ect trilogy.” Risk management in all these elements is required to maintain 
the quality of construction projects. Table 1.26 lists probable risks that occur 
during the construction phase and its effects on scope, schedule, and cost.
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TABLE 1.25

Typical Categories of Risks in Construction Projects

Serial Number Category Types

1 Management Selection of project delivery system
Selection of project/construction manager
Selection of designer
Selection of contractor

2 Contract 
(project)

Scope/design changes
Schedule
Cost
Conflict resolution
Delay in changer order negotiations

3 Statutory Statutory/regulatory delay
4 Technical Incomplete design

Incomplete scope of work
Design changes
Design mistakes
Errors and omissions in contract documents
Incomplete specifications
Ambiguity in contract documents
Inconsistency in contract documents
Inappropriate schedule/plan
Inappropriate construction method
Conflict with different trades
Improper coordination with regulatory authorities
Inadequate site investigation data

5 Technology New technology
6 Construction Delay in mobilization

Delay in transfer of site
Different site conditions to the information provided
Changes in scope of work
Resource (labor) low productivity
Equipment/plant productivity
Insufficient skilled workforce
Union and labor unrest
Failure/delay of machinery and equipment
Quality of material
Failure/delay of material delivery
Delay in approval of submittals
Extensive subcontracting
Subcontractor’s subcontractor
Failure of project team members to perform as expected
Information flow breaks

(Continued)
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TABLE 1.25 (Continued)

Typical Categories of Risks in Construction Projects

Serial Number Category Types

7 Physical Damage to equipment
Structure collapse
Damage to stored material
Leakage of hazardous material
Theft at site
Fire at site

8 Logistic Resources availability
Spare parts availability
Consistent fuel supply
Transportation facility
Access to work site
Unfamiliarity with local conditions

9 Health, safety, 
and 
environment

Injuries
Health and safety rules
Environmental protection rules
Pollution rules
Disposal of waste

10 Financial Inflation
Recession
Fluctuations in exchange rate
Availability of foreign exchange (certain countries)
Availability of funds
Delays in payment
Local taxes

11 Economical Variation of construction material price
Sanctions

12 Commercial Import restrictions
Custom duties

13 Legal Permits and licenses
Professional liability
Litigation

14 Political Change in laws and regulations
Constraints on employment of expatriate workforce
Use of local agent and firms
Civil unrest
War

15 Natural Flood
Earthquake
Cyclone
Sandstorm
Landslide
Heavy rains
High humidity
Fire

Source: Rumane, A.R. (2013), Quality Tools for Managing Construction Projects, CRC Press, Boca 
Raton, FL. Reprinted with permission from Taylor & Francis Group.
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TABLE 1.26

Potential Risks on Scope, Schedule, and Cost, during Construction Phase, and Its 
Effects and Mitigation Action

Serial 
Number Potential Risk Probable Effects

Control Measures/Mitigation 
Action

1.0 Scope
1.1 Scope/design changes • Project schedule

• Project cost
• Claim

• Compress schedule
• Resolve change order issues 

in order not to delay the 
project

1.2 Different site 
conditions to the 
information provided

• Change in 
Scope of work

• Delay in project

• Contractor to investigate site 
conditions prior to starting the 
relevant activity

1.3 Inadequate site 
investigation data

• Additional 
work

• Scope change

• Contractor to investigate site 
conditions prior to starting the 
relevant activity

1.4 Conflict in contract 
documents

• Project delay • Amicably resolve the issue

1.5 Incomplete design • Project scope
• Project schedule
• Project cost

• Raise request for information 
(RFI)

• Resolve issue in accordance 
with contract documents

1.6 Incomplete scope of 
work

• Project scope
• Project schedule
• Project cost

• Raise RFI
• Resolve issue in accordance 

with contract documents
1.7 Design changes • Project scope

• Project schedule
• Project cost

• Follow contract documents for 
change order

1.8 Design mistakes • Project scope
• Project schedule
• Project cost

• Raise RFI
• Resolve issue in accordance 

with contract documents
1.9 Errors and omissions 

in contract documents
• Project scope
• Project schedule
• Project cost

• Raise RFI
• Resolve issue in accordance 

with contract documents
1.10 Incomplete 

specifications
• Project scope
• Project schedule
• Project cost

• Raise RFI
• Resolve issue in accordance 

with contract documents
1.11 Conflict with different 

trades
• Project delay • Coordinate with all trades 

while preparing 
coordination and composite 
drawings

1.12 Inappropriate 
construction method

• Project delay
• Claim

• Raise RFI and correct the 
method statement

1.13 Quality of material • Project delay • Locate suppliers having 
proven record of supplying 
quality product

(Continued)
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Serial 
Number Potential Risk Probable Effects

Control Measures/Mitigation 
Action

2.0 Schedule

2.1 Incompetent sub 
contractor

• Project delay
• Project quality

• Contractor has to monitor the 
workmanship and work 
progress.

2.2 Delay in transfer of site • Project delay • Contractor to adjust the 
construction schedule

2.3 Delay in mobilization • Project delay • Adjust construction schedule 
accordingly

2.4 Project schedule • Project 
completion

• Compress duration of 
activities

2.5 Inappropriate 
schedule/plan

• Project delay • Contractor to prepare schedule 
taking into consideration site 
conditions all the required 
parameters

2.6 Delay in changer order 
negotiations

• Project schedule • Request owner/supervisor/
project manager to expedite 
the negotiations and resolve 
the issue

2.7 Resource availability 
(material)

• Project delay • Contractor to make extensive 
search

2.8 Resource (labor) low 
productivity

• Project quality
• Project delay

• Contractor to engage 
competent and skilled labors

2.9 Equipment/plant 
productivity

• Project delay • Contractor hire/purchase 
equipment to meet project 
productivity requirements

2.10 Insufficient skilled 
workforce

• Project duration • Contractor arrange workforce 
from alternate sources

1.11 Failure/delay of 
machinery and 
equipment

• Project delay • Contractor to plan 
procurement well in advance

1.12 Failure/delay of 
material delivery

• Project delay • Contractor to plan 
procurement well in advance

2.13 Delay in approval of 
submittals

• Project delay • Notify owner/project manager

2.14 Delays in payment • Project delay
• Claim

• Contractor to have 
contingency plans

• Owner to pay as per contract
2.15 Statutory/regulatory 

delay
• Project delay • Regular follow-up by the 

contractor, owner with the 
regulatory agency

(Continued)

TABLE 1.26 (Continued)

Potential Risks on Scope, Schedule, and Cost, during Construction Phase, and Its 
Effects and Mitigation Action
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Serial 
Number Potential Risk Probable Effects

Control Measures/Mitigation 
Action

3.0 Cost
3.1 Low bid project cost • Project quality • Contractor to try competitive 

material, improve method 
statement and higher 
production rate from its 
manpower

3.2 Variation in 
construction material 
price

• Project quality
• Project cost

• Contractor to negotiate with 
supplier/manufacturer for 
best price. Contractor to 
request for change order if 
applicable as per contract

3.3 Damage to equipment • Schedule • Regularly maintain the 
equipment. Take immediate 
action to repair damage 
equipment

3.4 Damage to stored 
material

• Project delay
• Material quality

• Contractor to follow proper 
storage system

3.5 Structure collapse • Injuries
• Project delays

• Contractor to ensure that 
formwork and scaffolding is 
properly installed

3.6 Leakage of hazardous 
material

• Safety hazards • Contractor to take necessary 
protect to avoid leakage. Store 
in safe area

4.0 General
4.1 Failure of team 

members to perform 
as expected

• Project quality
• Project delay

• Select competent candidate. 
Provide training.

4.2 Change in laws and 
regulations

• Scope/
specification 
changes

• Variation order

• Contractor to inform owner/
consultant and raise RFI.

4.3 Access to work site • Extra/
Additional time 
to access site

• Access road to be planned in 
coordination with adjacent 
area and local authority

4.4 Theft at site • Project delay • Contractor to monitor access to 
site. Record entry/exit to the 
site. Provide fencing around 
project site.

TABLE 1.26 (Continued)

Potential Risks on Scope, Schedule, and Cost, during Construction Phase, and Its 
Effects and Mitigation Action

(Continued)
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1.14  Six Sigma

1.14.1  Introduction

Six Sigma is, basically, a process quality goal. It is a process quality technique 
that focuses on reducing variation in the process and preventing deficiencies 
in the product. In a process that has achieved Six Sigma capability, the varia-
tion is small compared to the specification limits.

Sigma is a Greek letter, σ, standing for standard deviation. Standard devia-
tion is a statistical way to describe how much variation exists in a set of data, 
a group of items, or a process. Standard deviation is the most useful mea-
sure of dispersion. Six Sigma means that for a process to be capable at the 
Six Sigma level, the specification limits should be at least 6σ from the aver-
age point. So, the total spread between the upper specification (control) limit 
and the lower specification (control) limit should be 12σ. With Motorola’s Six 
Sigma program, no more than 3.4 defects per million fall outside the speci-
fication limits with a process shift of not more than 1.5σ from the average or 
mean. Six Sigma started as a defect reduction effort in manufacturing and 
was then applied to other business processes for the same purpose.

Six Sigma is a measurement of “goodness” using a universal measurement 
scale. Sigma provides a relative method to measure improvement. Universal 
means sigma can measure anything from coffee mug defects to missed chances 
to closing of a sales deal. It simply measures how many times a customer’s 

Serial 
Number Potential Risk Probable Effects

Control Measures/Mitigation 
Action

4.5 Fire at site • Project delay • Contractor to install temporary 
firefighting system. 
Inflammable material to be 
stored in safe and secured place 
with necessary safety measures

4.6 Injuries • Project delay • Contractor to keep first aid 
provision at site. Take 
immediate action to provide 
medical aid.

4.7 New technology • Scope change
• Schedule
• Cost

• Owner/contractor to mutually 
agree for changes in the 
contract for better performance 
of project

Source: Rumane, A.R. (2016), Handbook of Construction Management: Scope, Schedule, and Cost Control, 
CRC Press, Boca Raton, FL. Reprinted with permission from Taylor & Francis Group.

TABLE 1.26 (Continued)

Potential Risks on Scope, Schedule, and Cost, during Construction Phase and its 
Effects and Mitigation Action
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requirements were not met (a defect), given a million opportunities. Sigma is 
measured in defects per million opportunities. For example, a level of sigma 
can indicate how many defective coffee mugs were produced when one mil-
lion were manufactured. Levels of sigma are associated with improved lev-
els of goodness. To reach a level of Three Sigma, you can only have 66,811 
defects, given a million opportunities. A level of Five Sigma only allows 
233 defects. Minimizing variation is a key focus of Six Sigma. Variation leads 
to defects, and defects lead to unhappy customers. To keep customers satis-
fied, loyal, and coming back, you have to eliminate the sources of variation. 
Whenever a product is created or a service performed, it needs to be done the 
same way every time, no matter who is involved. Only then will you truly 
satisfy the customer. Figure 1.29 illustrates the Six Sigma roadmap.

1.14.2  Six Sigma Methodology

Six Sigma is an overall business improvement methodology that focuses an 
organization on

• Understanding and managing customer requirements
• Aligning key business process to achieve these requirements
• Utilizing rigorous data analysis to minimize variation in these 

processes
• Driving rapid and sustainable improvement in the business pro-

cess by reducing defects, cycle time, impact to the environment, and 
other undesirable variations

• Timely execution

As a management system, Six Sigma is a high-performance system for exe-
cuting business strategy. It uses the concept of facts and data to drive better 
solutions. Six Sigma is a top-down solution to help organizations

• Align their business strategy to critical improvement efforts
• Mobilize teams to attack high-impact projects
• Accelerate improved business results
• Govern efforts to ensure that improvements are sustained

Six Sigma methodology also focuses on

• Leadership principles
• Integrated approach to improvement
• Engaged teams
• Analytic tool
• Hard-coded improvements
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1.14.2.1  Leadership Principles

The Six Sigma methodology has four leadership principles:

 1. Align
 2. Mobilize
 3. Accelerate
 4. Govern

Brief descriptions of these leadership principles follow.
Align: Leadership should ensure that all improvement projects are in line 

with the organization’s strategic goals.
Alignment begins with the leadership team developing a scorecard. This 

vital tool, the cornerstone of the Six Sigma business improvement campaign, 
translates strategy into tactical operating terms. The scorecard also defines 
the metrics an organization can use to determine success. Just as a scoreboard 
at a sporting event tells you who is winning, the scorecard tells the leader-
ship how well the company is meeting its goals.

Mobilize: Leadership should enable teams to take action by providing clear 
direction, feasible scope, a definition of success, and rigorous reviews.

Mobilizing sets clear boundaries, lets people go to work, and trains them 
as required. The key to mobilizing is focus; lack of focused action was one of 
the downfalls of previous business improvement efforts. True focus means 
the project is correctly aligned with the organization’s scorecard. Mobilized 
teams have a valid reason for engaging in improvement efforts—they can 
see benefit for the customer. The project has strategic importance, and they 
know it. They know exactly what must be done and the criteria they can use 
to determine success.

Accelerate: Leadership should drive a project to rapid results through tight 
clock management, training as needed, and shorter deadlines.

More than 70% of all improvement initiatives fail to achieve desired results 
in time to make a difference. For projects to make an impact, they must 
achieve results quickly, and that is what acceleration is all about.

The accelerate leadership principle involves three main components:

 1. Action learning
 2. Clock management
 3. Effective planning

Accelerate employs the “action learning” methodology to quickly bridge 
from “learning” to “doing.” Action learning mixes traditional training with 
direct application. Training is received while working on a real-world project, 
allowing plenty of opportunity to apply new knowledge. The instructor is 
not simply a trainer but a coach as well, helping with work on the real-world 
project. Action learning accelerates improvement over traditional learning 
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methods. It helps in receiving training and also completing a worthwhile 
project at the same time. In addition to the 4–6 months time frame, accelerate 
requires teams to set deadlines that are reinforced through rigorous reviews.

Govern: Leadership must visibly sponsor projects and conduct regular and 
rigorous reviews to make critical midcourse corrections.

Once the leaders select an improvement opportunity, their work is not 
done. They must remain ultimately responsible for the success of that proj-
ect. Govern requires leaders to drive for results.

While governing a Six Sigma project, you need

• A regular communications plan and a clear review process
• To actively sponsor teams and their projects
• To encourage proactive dialogue and knowledge sharing in the team 

and throughout the organization

1.14.2.2  Six Sigma Team

Teamwork is absolutely vital for complex Six Sigma projects. For teams to 
be effective, they must be engaged—involved, focused, and committed to 
meeting their goals. Engaged teams must have leadership support. There are 
four types of teams:

 1. Black Belt
 2. Green Belt
 3. Breakthrough
 4. Blitz

These are briefly described next.

1.14.2.2.1  Black Belt

Black Belt teams are led by a Black Belt, and may have Green Belts and func-
tional experts assigned to complex, high-impact process improvement proj-
ects or to designing new products, services, or complex processes. Black Belts 
are internal Six Sigma practitioners, skilled in the application of rigorous sta-
tistical methodologies, and they are crucial to the success of Six Sigma. Their 
additional training and experience provide them with the skills they need to 
tackle difficult problems. The responsibilities of Black Belts are to

• Function as Team Leader on Black Belt projects
• Integrate their functional discipline with statistical, project, and 

interpersonal skills
• Serve as internal consultants
• Tackle complex, high-impact improvement opportunities
• Mentor and train Green Belts
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1.14.2.2.2  Green Belt

Led by a Green Belt and comprised of nonexperts, Green Belt teams tackle 
less complex, high-impact process improvement projects. Green Belt teams 
are often coached by Black Belts or Master Black Belts.

Green Belts are also essential to the success of Six Sigma. They perform 
many of the same functions as Black Belts, but their work requires less com-
plex analysis. Green Belts are trained in basic problem-solving skills and the 
statistical tools needed to work effectively as members of process improve-
ment teams.

Green Belt responsibilities include

• Acting as Team Leader on business improvements requiring less 
complex analysis

• Adding their unique skills and experiences to the team
• Working with the team to come up with inventive solutions
• Performing basic statistical analysis
• Conferring with a Black Belt as questions arise

1.14.2.2.3  Breakthrough

While creating simple processes, sophisticated statistical tools may not be 
needed. Breakthrough teams are typically used to define low-complexity, 
new processes.

1.14.2.2.4  Blitz

Blitz teams are put in place to quickly execute improvements produced by 
other projects. These teams can also implement digitization for efficiency 
using a new analytic tool set.

For a typical Six Sigma project, four critical roles exist:

 1. Sponsor
 2. Champion
 3. Team Leader
 4. Team member

A Sponsor typically

• Remains ultimately accountable for a project’s impact
• Provides project resources
• Reviews monthly and quarterly achievements, obstacles, and key 

actions
• Supports the project Champion by removing barriers as necessary
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A Champion typically

• Reviews weekly achievements, obstacles, and key actions
• Meets with the team weekly to discuss progress
• Reacts to changes in critical performance measures as needed
• Supports the Team Leader, removing barriers as necessary
• Helps ensure project alignment

A Team Leader typically

• Leads improvement projects through an assigned, disciplined 
methodology

• Works with the Champion to develop the Team Charter, review proj-
ect progress, obtain necessary resources, and remove obstacles

• Identifies and develops key milestones, timelines, and metrics for 
improvement projects

• Establishes weekly, monthly, and quarterly review plans to monitor 
team progress

• Supports the work of team members as necessary

Team members typically

• Assist the Team Leader
• Follow a disciplined methodology
• Ensure that the Team Charter and timelines are being met
• Accept and execute assignments
• Add their views, opinions, and ideas

1.14.3  Analytic Tool Sets

The following are the analytic tools used in Six Sigma projects:

 1. Ford Global 8D Tool
D1: Establish the team
D2: Describe the problem → What problem needs solving?
             → Who should help solve the problem?
             → How do we quantify symptoms?
D3: Implement and verify containment → How do we contain it?
D4: Identify and verify root causes → What is the root cause?
D5: Choose and verify corrective action → What is the permanent cor-

rective action?
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D6: Implement and validate permanent corrective action → How do we 
implement?

D7: Prevent recurrence → How can we prevent this in the future?
D8: Congratulate the team → Who should we reward?

The Ford Global 8D Tool is primarily used to bring performance back to a 
previous level.

 2. DMADV Tool Set Phases
Define → What is important?
Measure → What is needed?
Analyze → How will we fulfill?
Design → How do we build it?
Verify → How do we know it will work?

The DMADV tool is used primarily for the invention and innovation of modi-
fied or new products, services, or process. Using this tool set, Black Belts opti-
mize performance before production begins. DMADV is proactive, solving 
problems before they start. This tool is also called DFSS (Design for Six Sigma).

 3. DMAIC Tool
Define → What is important?
Measure → How are we doing?
Analyze → What is wrong?
Improve → What needs to be done?
Control → How do we guarantee performance?

The DMAIC tool refers to a data-driven quality strategy and is used primar-
ily for improvement of an existing product, service, or process.

 4. DMADDD Tool
Define → Where must we be leaner?
Measure → What is our baseline?
Analyze → Where can we free capacity and improve yields?
Design → How should we implement?
Digitize → How do we execute?
Drawdown → How do we eliminate parallel paths?

The DMADDD tool is primarily used to drive the cost out of a process by 
incorporating digitization improvements. These improvements can drive 
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efficiency by identifying nonvalue-added tasks and use simple web-enabled 
tools to automate certain tasks and improve efficiency. In doing so, employ-
ees can be freed to work on more value-added tasks.

Table 1.27 lists the fundamental objectives of DMADV, DMAIC, and 
DMADDD.

TABLE 1.27

Fundamental Objectives of Six Sigma Tools

Tool Phase Fundamental Objective

DMADV
1 Define—What is important? Define the project goals and customer deliverables 

(internal and external).
2 Measure—What is needed? Measure and determine customer needs and 

specifications.
3 Analyze—How do we fulfill? Analyze process options and prioritize based on 

capabilities to satisfy customer requirements.
4 Design—How do we build it? Design detailed process(es) capable of satisfying 

customer requirements.
5 Verify—How do we know it 

will work?
Verify design performance capability.

DMAIC
1 Define—What is important? Define the project goals and customer deliverables 

(internal and external).
2 Measure—How are we doing? Measure the process to determine current 

performance.
3 Analyze—What is wrong? Analyze and determine the root cause(es) of the 

defects.
4 Improve—What needs to be 

done?
Improve the process by permanently removing the 
defects.

5 Control—How do we 
guarantee performance?

Control the improved process’s performance to 
ensure sustainable results.

DMADDD
1 Define—Where must we be 

leaner?
Identify potential improvements.

2 Measure—What is our baseline? Analog touch points.
3 Analyze—Where can we free 

capacity and improve yields?
Task elimination and consolidated ops.
Value-added/nonvalue-added tasks.
Free capacity and yield.

4 Design—How should we 
implement?

Future state vision.
Define specific projects.
Define drawdown timing.
Define commercialization plans.

5 Drawdown—How do we 
eliminate parallel paths?

Commercialize new process.
Eliminate parallel path.
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1.14.3.1  The DMAIC Process

The majority of the time, Black and Green Belts approach their projects with the 
DMAIC analytic tool set, driving process performance to never-before-seen 
levels.

DMAIC has the following fundamental objectives:

 1. Define phase: Define the project and customer deliverables.
 2. Measure phase: Measure the process performance and determine 

current performance.
 3. Analyze: Collect, analyze, and determine the root causes of variation 

and process performance.
 4. Improve: Improve the process by diminishing defects with alterna-

tive remedy.
 5. Control: Control improved process performance.

The DMAIC process contains five distinct steps that provide a disciplined 
approach to improving existing processes and products through the effec-
tive integration of project management, problem solving, and statistical 
tools. Each step has fundamental objectives and a set of key deliverables, so 
the team member will always know what is expected of him or her and his 
or her team.

DMAIC stands for the following:

• Define opportunities
• Measure performance
• Analyze opportunity
• Improve performance
• Control performance

1.14.3.1.1  Define Opportunities (What Is Important?)

The objective of this phase is

• To identify and/or validate the improvement opportunities that 
will achieve the organization’s goals and provide the largest payoff, 
develop the business process, define critical customer requirements, 
and prepare to function as an effective project team

The key deliverables in this phase include

• Team charter
• Action plan
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• Process map
• Quick win opportunities
• Critical customer requirements
• Prepared team

1.14.3.1.2  Measure Performance (How Are We Doing?)

The objectives of this phase are

• To identify critical measures that are necessary to evaluate success 
or failure, meet critical customer requirements, and begin develop-
ing a methodology to effectively collect data to measure process 
performance

• To understand the elements of the Six Sigma calculation and estab-
lish baseline sigma for the processes the team is analyzing

The key deliverables in this phase include

• Input, process, and output indicators
• Operational definitions
• Data collection format and plans
• Baseline performance
• Productive team atmosphere

1.14.3.1.3  Analyze Opportunity (What Is Wrong?)

The objectives of this phase are

• To stratify and analyze the opportunity to identify a specific problem 
and define an easily understood problem statement

• To identify and validate the root causes and thus the problem the 
team is focused on

• To determine true sources of variation and potential failure modes 
that lead to customer dissatisfaction

The key deliverables in this phase include

• Data analysis
• Validated root causes
• Sources of variation
• Failure modes and effects analysis
• Problem statement
• Potential solutions
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1.14.3.1.4  Improve Performance (What Needs to Be Done?)

The objectives of this phase are

• To identify, evaluate, and select the right improvement solutions
• To develop a change management approach to assist the organi-

zation in adapting to the changes introduced through solution 
implementation

The key deliverables in this phase include

• Solutions
• Process maps and documentation
• Pilot results
• Implementation milestones
• Improvement impacts and benefits
• Storyboard
• Change plans

1.14.3.1.5  Control Performance (How Do We Guarantee Performance?)

The objectives of this phase are

• To understand the importance of planning and executing against the 
plan and determine the approach to be taken to ensure achievement 
of the targeted results

• To understand how to disseminate lessons learned, identify repli-
cation and standardization opportunities/processes, and develop 
related plans

The key deliverables in this phase include

• Process control systems
• Standards and procedures
• Training
• Team evaluation
• Change implementation plans
• Potential problem analysis
• Solution results
• Success stories
• Trained associates
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• Replication opportunities
• Standardization opportunities

The Six Sigma methodology is not so commonly used in construction proj-
ects; however, the DMAIC tool can be applied at various stages in construc-
tion projects. These are

 1. Detailed design stage—To enhance coordination method in order to 
reduce repetitive work

 2. Construction stage—Preparation of builder’s workshop drawings 
and composite drawings, as it needs much coordination among dif-
ferent trades

 3. Construction stage—Preparation of contractor’s construction schedule
 4. Execution of works

1.14.4  Six Sigma in Construction Projects

The contractor’s construction schedule (CCS) is an important document used 
during the construction phase. It is used to plan, monitor, and control project 
activities and resources. The document is voluminous and important. It has 
to be prepared with accuracy in order to follow the work progress without 
deviation from the milestones set up in the contract documents. Generally, 
the project interim payment to the contractor is linked to the approval of the 
CCS. The contractor is not paid unless the CCS is approved by the construc-
tion manager/project manager/consultant.

In most cases, contractors experience problems with getting the CCS 
approved, at the very first submission, from the construction manager/proj-
ect manager/consultant. It could be rejected if it does not meet the specifica-
tions. Therefore, the contractor has to put all effort into collecting relevant 
data to be fed to develop the CCS.

1.14.4.1  The DMADV Process

The following is an example procedure to develop the CCS using the Six Sigma 
DMADV analytic tool set. The DMADV method is used primarily for the inven-
tion of modified or new products, services, or processes. DMADV stands for

 1. Define → What is important?
 2. Measure → What is needed?
 3. Analyze → How will we fulfill?
 4. Design → How do we build?
 5. Verify → How do we know it will work?
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1.14.4.1.1  Define Phase (What Is Important?)

The objective of this phase is to define the project goals and customer 
deliverables.

The key deliverables of this phase are

• Establish the goal
• Identify the benefits
• Select project team
• Develop project plan

Goal: Develop CCS using Six Sigma tools.
Benefits: The measurable benefits in adopting this process will result in 

CCS that will meet all the requirements of the specifications and shall be 
approved by the construction manager/project manager/consultant at the 
first submission itself. This will reduce the repetitive work and help imple-
ment the schedule right from the early stage of the project.

Selection of team: The team shall consist of

 a. Sponsor—project manager
 b. Champion—construction manager
 c. Team Leader—planning and control manager
 d. Team Members—planning engineer, cost engineer, and one repre-

sentative from each subcontractor

Project plan: Time frame in the form of the Gantt chart shall be prepared to 
meet the target dates for submitting the CCS.

1.14.4.1.2  Measure Phase (What Is Needed?)

The objective of this phase is to measure and determine customer needs and 
specifications.

The key deliverable in this phase is

• Identify specification requirements

The following are the requirements listed in most contract documents.

The contractor has to submit the construction schedule in a bar chart 
time-scaled format to show the sequence and interdependence of activities 
required for complete performance of all items of work under the contract. 
The contractor shall use a computerized precedence diagram critical path 
method (CPM) technique in preparation of CCS. The schedule shall include, 
but not be limited to, the following:

 1. Project site layout.
 2. Concise description of the work.
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 3. Milestones (contractual milestones or constraints).
 4. Number of working days.
 5. Work breakdown structure (WBS) activities shall consist of all those 

activities that take time to carry out execution/installation and on 
which resources are expended.

 6. Construction network of project phases (if any), including various 
subphases.

 7. Construction network of the project arrangements (activities) and 
sequence.

 8. Time schedules for various activities in a bar chart format.
 9. The minimum work activities to be included in the program shall 

include items stated in the bill of quantity (BOQ).
 10. WBS activities shall consist of all those activities that take time to carry 

out execution/installation and on which resources are expended.
 11. Early and late finish dates.
 12. Time schedule for critical path.
 13. Schedule text report showing activity, start and finish dates, total 

float, and relationship with other activities.
 14. Summary schedule report showing number of activities, project 

start, project finish, number of relations, open ends, constraints, and 
milestone.

 15. Total float of each activity.
 16. Cost loading.
 17. Expected progress cash flow S-curve.
 18. Resource-loaded S-curve.
 19. Manpower loading.
 20. Labor and crew movement and distribution.
 21. Resource productivity schedule.
 22. The number of hours per shift.
 23. Average weekly usage of manpower for each trade.
 24. Resource histogram showing the manpower required for different 

trades per time period for each trade (weekly or monthly).
 25. Equipment and machinery loading.
 26. Schedule of mobilization and general requirements.
 27. Schedule of subcontractors and suppliers’ submittal and approval.
 28. Schedule of materials submittals and approvals.
 29. Schedule of long lead materials.
 30. Schedule of procurement.
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 31. Schedule of shop drawings submittals and approvals.
 32. Regulatory/authorities’ requirements.
 33. Schedule of testing, commissioning, and handover.
 34. Expected cash flow for executed work (during progress of work).

1.14.4.1.3  Analyze Phase (How Will We Fulfill?)

The objective of this phase is to analyze process options and prioritize based 
on capability to satisfy customer requirements.

The key deliverables in this phase are

• Data collection
• Prioritization of data under major variables

Data collection: The objectives of this process are to

 1. Identify milestone dates and constraints
 2. Identify the project calendar
 3. Identify the resource calendar
 4. Review contract conditions and technical specifications
 5. Identify mobilization requirements
 6. Identify project method statement
 7. Identify subcontractors/suppliers
 8. Identify materials requirements
 9. Identify long lead items
 10. Identify procurement schedule
 11. Identify shop drawing requirements
 12. Identify regulatory/authorities’ requirements
 13. Identify WBS activities using BOQ
 14. Relate WBS activities with BOQ and contract drawings
 15. Identify zoning/phasing
 16. Identify codes for all activities per contract document divisions/ 

sections per the CSI format
 17. Identify the volume of work for each activity
 18. Identify the duration/time schedule of each activity
 19. Identify early and late finish dates
 20. Identify critical activities and its effect on critical path
 21. Identify logical relationship
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 22. Identify sequencing of activities
 23. Identify project progress cash flow (work in place)
 24. Identify manpower resources with productivity rate
 25. Identify equipment and machinery
 26. Identify project constraints such as access, logistics, delivery, sea-

sonal, national, safety, existing work flow discontinuity, and proxim-
ity of adjacent concurrent work

 27. Identify testing, commissioning, and handover requirements
 28. Identify special inspection requirements
 29. Identify closeout requirements
 30. Identify and include items not listed in the specifications but are 

important for project scheduling
 31. Identify suitable software program
 32. Identify submittal requirements

Arrangement of data: The generated data can be prioritized in an orderly 
arrangement under the following major variables:

 1. Milestones
 2. WBS activities
 3. Time schedule
 4. General requirements
 5. Resources
 6. Engineering
 7. Cost loading

Figure 1.30 illustrates these variables along with related subvariables 
arranged in the form of the Ishikawa diagram.

1.14.4.1.4  Design Phase (How Do We Build It?)

The objective of this phase is to design detailed processes capable of satisfy-
ing customer requirements.

The key deliverable in this phase is

• Preparation of program using suitable (specified) software program

The project and control manager can prepare the CCS based on the collected 
data and sequence of activities.
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1.14.4.1.5  Verify Phase (How Do We Know It Will Work?)

The objective of this phase is to verify design performance capability.

The key deliverables in this phase are

• Review the schedule by the team members to ascertain that all the 
required elements are included for compliance with specification 
requirements.

• Submit CCS to construction manager/project manager/consultant.
• Update the schedule as and when required.

1.15  TRIZ

TRIZ is short for teirija rezhenijia izobretalenksh zadach (“theory of inventive 
problem solving”), developed by the Russian scientist Genrich Altshuller. 
TRIZ provides systematic methods and tools for analysis and innovative 
problem solving to support the decision-making process.

Continuous and effective quality improvement is critical to the organiza-
tion’s growth, sustainability, and competitiveness. The cost of quality is asso-
ciated with both chronic and sporadic problems. Engineers are required to 
identify and analyze the causes and solve these problems by applying various 
quality improvement tools. Any of these quality tools taken individually does 
not allow a quality practitioner to carry out the whole problem-solving cycle. 
These tools are useful for solving a particular phase of the problem and need 
a combination of various tools and methods to find the solution.

TRIZ is an approach that starts at a point where fresh thinking is needed 
to develop a new process or redesign an existing one. It focuses on a method 
for developing ideas to improve a process, get something done, design a new 
approach, or redesign an existing approach. TRIZ offers a more systematic 
although still universal approach to problem solving. It has advantages over 
other problem-solving approaches in terms of time efficiency and low-cost 
quality improvement solution. The pillar of TRIZ is the realization that con-
tradictions can be methodically resolved through the application of innova-
tive solutions. Altshuller defined an inventive problem as one containing a 
contradiction. He defined contradiction as a situation where an attempt to 
improve one feature of the system detracts from another feature.

1.15.1  TRIZ Methodology

Traditional processes for increasing creativity have a major flaw in that their 
usefulness decreases as the complexity of the problem increases. At times, 
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the trial-and-error method is used in every process, and the number of trials 
increases with the complexity of the inventive problem. In 1946, Altshuller 
was determined to improve the inventive process by developing the 
“science” of creativity, which led to the creation of TRIZ. TRIZ was devel-
oped by Altshuller as a result of analysis of many thousands of patents. 
He reviewed over 200,000 patents looking for problems and how they were 
solved. He selected 40,000 as representative of inventive solutions, and the 
rest were classified as direct improvements easily recognized within the 
system. Altshuller recognized a pattern where some fundamental problems 
were solved with solutions that were repeatedly used from one patent to 
another, although the patent subject, applications, and timings varied sig-
nificantly. He categorized these patterns into five levels of inventiveness. 
Table 1.28 summarizes Altshuller’s findings.

Altshuller noted that, with each succeeding level, the source of the solution 
required broader knowledge and more solutions to consider before an ideal 
solution could be found.

TRIZ is a creative thinking process that provides a highly structured 
approach to generating innovative ideas and solutions for problem solv-
ing. It provides tools and methods for use in problem formulation, sys-
tem analysis, failure analysis, and pattern of system evolution. TRIZ 
works in contrast to techniques such as brainstorming and aims to create 
an algorithmic approach to the invention of new systems and refinement 
of old systems. Using TRIZ requires some training and a good deal of 
practice.

The TRIZ body of knowledge contains 40 creative principles drawn from 
the analysis of how complex problems have been solved, such as

• The laws of systems solution
• The algorithm of inventive problem solving
• Substance-field analysis
• 76 standard solutions

TABLE 1.28

Level of Inventiveness

Level
Degree of 

Inventiveness % of Solutions Source of Solution

1 Obvious solution 32 Personal skill
2 Minor improvement 45 Knowledge within existing systems
3 Major improvement 18 Knowledge within the industry
4 New concept 4 Knowledge outside industry and are 

found in science, not in technology
5 Discovery 1 Outside the confines of scientific 

knowledge
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1.15.2  Application of TRIZ

Engineers can apply TRIZ for solving the following problems in construction 
projects:

• Nonavailability of specified material
• Regulatory changes for using certain types of material
• Failure of dewatering system
• Casting of lower grade of concrete to that of specified higher grade
• Collapse of trench during excavation
• Collapse of formwork
• Collapse of roof slab while casting is in progress
• Chiller failure during peak hours in the summer
• Modifying method statement
• Quality auditor can use to develop corrective actions to audit 

findings

1.15.3  TRIZ Process

Altshuller has recommended four steps to invent new solutions to a problem:

Step 1—Identify the problem
Step 2—Formulate the problem
Step 3—Search for precisely well-solved problem
Step 4—Generate multiple ideas and adopt a solution

The foregoing referred methods are primarily used for low-level problems. To 
solve more difficult problems, more precise tools are used. These are as follows:

• Algorithm for Inventive Problem Solving
• Separation Principles
• Substance-Field Analysis
• Anticipator Failure Determination
• Direct Product Evaluation

The quality function deployment (QFD) matrix is also used to identify new 
functions and performance levels to achieve a truly exciting level of quality 
by eliminating technical bottlenecks at the conceptual stage. QFD may be 
used to feed data into TRIZ, especially using the “rooftop” to help develop 
contradictions.

The different schools for TRIZ and individual practitioners have continued 
to improve and add to the methodology.
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1.16  Value Methodology

1.16.1  Value

Value is difficult to define because it is used in a variety of ways. There are 
seven classes of value that are recognized today:

 1. Economic
 2. Moral
 3. Aesthetic
 4. Social
 5. Political
 6. Religious
 7. Judicial

Of all these classes, only economic value can be measured in terms of 
(hopefully) objective monetary units such as dollars, euros, yen, or dinar. 
However, economic value is also established through an item’s use value 
(facilities that provide a unit of use, work, or service) and esteem value 
(properties that make something desirable). We can say that use values 
cause a product to perform, and esteem values cause it to sell. Use value 
and esteem value defy precise quantification in monetary terms, so we 
often resort to multiattribute techniques for evaluating the total value of 
complex designs and complicated systems or machinery. Accordingly, 
value can be defined as

 Value Quality/Cost, or alue is quality divided by costv= .

It means that, if you can provide better facility to the client with lower price, 
the value goes up.

1.16.2  Value Engineering

Value engineering (VE) is a technique for evaluating the design of a prod-
uct/project to assure that essential functions are provided at minimal  
overall cost to the manufacturer or client/end user. It is a systematic 
approach to identifying the project’s functional objectives with the goal 
of optimizing design, construction, and future operations. VE is a creative 
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approach to optimizing value. The authors of Quality in Constructed Projects 
by ASCE (p. 239) have described that

In its broadest sense, project value is determined by the relationship 
of the worth of the project and its elements to their cost. The following 
expression summarizes the relationship:

 Value Function Performance Quality / Cost~ + +( ) ( )

The goal of the VE process is to identify alternatives that maximize this 
value relationship. The owner’s requirements are the basis for establish-
ing values for the items in the numerator. For example, an owner who 
intends to sell a facility within 5 years of its completion may place less 
value in long-term maintenance characteristics than an owner who 
intends to keep a facility for decades. Owner requirements directly affect 
the relative value of aesthetics, reliability, sustainable development, main-
tainability, operability, construction duration, and other characteristics. 
Improving the quality of elements related to these characteristics usually 
increase cost. The goal of VE is to achieve a ratio of quality to cost that is 
acceptable to and in the best interest of the owner.

1.16.2.1  Objective of Value Engineering

The objective of VE is to provide the required product/project functions 
at a minimum cost and to achieve equivalent or better performance while 
maintaining all functional requirements defined by the customer/client. 
VE necessitates a detailed examination of a product/project function and 
the cost of each item in addition to a thorough review of product/project 
specifications. It does this by identifying and eliminating unnecessary cost.

1.16.2.2  Value Engineering Team

VE studies are conducted by a multidisciplinary team that focuses on a 
clearly defined scope. The VE team consists of specialists from a variety 
of disciplines (design, manufacturing, marketing, etc., for product evalu-
ation; and owner, design professional, contractor, consultant, and con-
struction management/project management, etc., for construction project) 
focusing on determining the most effective way to provide high value at 
an accepted cost to the customer/client end user. While each member of 
the project team is free to recommend that a VE study be undertaken, it 
is typically the owner’s responsibility to authorize and formally initiate 
the VE effort.

The success of a VE effort is linked to the experience of the team mem-
bers. The number and qualifications of VE team members depend on 
project objectives and the stage of the project life cycle at which VE 
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studies are conducted. VE studies typically involve multiple disciplines. 
VE team members must be from diverse disciplines and backgrounds 
and have a range of expertise related to the project’s key issues. Each of 
the team members must have

• Positive attitude and approach
• Technical knowledge related to the product/project
• Higher education
• Professional experience
• Certification from a recognized body as an expert in VE

The VE team is led by a certified value specialist (CVS). SAVE International 
(The Value Society) manages the certification program for CVS.

1.16.2.3  Approach

The VE approach involves brainstorming such questions as

• Does the item have any design features that are not necessary?
• Can two or more parts be combined together?
• How can we cut down the weight?
• Are these nonstandard parts that can be eliminated?

The key to successful VE is to ask critical questions and seek creative answers. 
The following are sample questions that should be included in a VE study:

• Are all the functions provided required by the customer?
• Can a less expensive material be used?
• Can the number of different materials used be reduced?
• Can the design be simplified to reduce the type of items?
• Can a product designed for another project be used?
• Are all surfaces and finishes necessary?
• Would product redesign eliminate a quality problem?
• What is the level of technology required to achieve the owner’s objectives?

It is important to question everything and not take anything for granted. 
Creative solutions can be obtained using classical brainstorming or the nomi-
nal group technique.

1.16.2.3.1  Classical Brainstorming

Classical brainstorming is the most well-known and often-used technique 
for idea generation in a short period of time. It is used when creative and 
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original ideas are desired, and is based on the fundamental principles of 
deferment of judgment and that quantity breeds quality. The following are 
the rules for successful brainstorming:

 1. Criticism is ruled out—no criticism.
 2. Freewheeling is welcomed.
 3. Quantity is wanted—more ideas are better.
 4. Contribution and improvement are sought—participants should 

speak whatever ideas pop into their minds.
 5. Avoid evaluation—no comments on the idea.

A classical brainstorming session has the following basic steps:

 1. Preparation: During this period, the participants are selected and a 
preliminary statement of the problem is circulated among them.

 2. Brainstorming: A warm-up session with simple unrelated problems is 
conducted, the relevant problem and the rules of brainstorming are 
presented, and ideas are generated and recorded using agreed-upon 
checklists/formats and other techniques if necessary.

 3. Evaluation: The ideas are evaluated relative to the problem.

Generally, a brainstorming group consists of four to seven people, although 
some suggest a larger group.

1.16.2.3.2  Nominal Group Technique

The nominal group technique (NGT) involves a structural group meeting 
designed to incorporate individual ideas and judgments into a group con-
sensus. By correctly applying the NGT, it is possible for groups of people 
(preferably 5–10) to generate alternatives or other ideas for improving the 
competitiveness of the product/project.

The NGT, when properly applied, draws on the creativity of the individual 
participants while reducing undesirable effects of most group meetings such as

• The dominance of one or more participants
• The suppression of conflict ideas

The basic format of an NGT session is as follows:

 1. Individual silent generation of ideas
 2. Individual round-robin feedback and recording the ideas
 3. Group’s clarification of each idea
 4. Individual voting and ranking to prioritize ideas
 5. Discussion of group consensus results
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The NGT session begins with an explanation of the procedure and a state-
ment of questions, preferably written by the facilitator. The group members 
are then asked to prepare individual listing of alternatives that they feel are 
crucial to the survival and health of the organization.

After this phase has been completed, the facilitator calls on each partici-
pant, in round-robin fashion, to present one idea from his or her list. Each 
idea (or opportunity) is then identified in turn and recorded on a flipchart 
or board by the NGT facilitator, leaving sufficient time between ideas for 
comments or classification. This process continues until all the opportunities 
have been recorded, clarified, and displayed for all the members to see. At 
this point, a voting procedure is used to prioritize the ideas or opportunities. 
Finally, voting results lead to the development of group consensus on the 
topic being addressed.

1.16.2.4  Timings of Value Engineering

VE studies benefit project quality at most stages of the project phases. 
Conducted in the early stages of a project, they tend to provide the greatest 
benefit, as there is more potential for cost saving. Figure 1.31 illustrates the 

Cost to
change

Traditional VE

Time
Concept Development

C
os

t

Design time Construction or production

Constructability
review

ProactiveVE

Cost savings
potential

Varies with type 
of project

FIGURE 1.31
Effectiveness of VE. (Source: Quality in the Constructed Project (2000) by ASCE. Reprinted with 
permission from ASCE.)
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effectiveness of VE. In fact, in recent years, VE has become an aid to owners 
in the formulation of goals and objectives before most design work begins.

VE studies for construction projects are conducted at one or more of the 
following project stages:

• Conclusion of concept design or facilities planning
• 30% design completion (preliminary design)
• 60% design completion
• 90% or 100% design completion (detail design)

VE enhances project quality at every stage of the project phase. In construc-
tion projects, VE starts during the conceptual phase.

Concept design: VE performed during the conceptual design phase improves 
the quality of project design. During this phase, VE involves the investiga-
tion of alternatives, design concepts with the client/end user, design profes-
sional, project or construction manager, and any other project team member 
involved in this phase. The project team works to identify the client/end 
user’s requirements and to design concepts with the potential to achieve the 
owner’s objectives.

Preliminary design: Major changes resulting from VE studies conducted 
during this phase can be implemented without significant impacts to the 
project schedule or budget. The potential for VE-related cost savings is quite 
substantial during this phase. VE studies conducted during this phase con-
form to the owner’s/end user’s goals and objectives.

Detailed engineering: VE studies conducted during this phase (60% com-
pletion or more) focus on detail design and construction methods and the 
constructability of the project. Table 1.29 illustrates areas of VE study by 
design stage.

Construction: VE recommendations made during the construction 
phase are called value engineering change proposals. These usually 
relate to alternatives/substitutes of material, equipment, and con-
struction methods normally proposed by the contractor. Savings made 
due to VE application during this phase are adjusted per agreed-upon 
terms of contract.

Figure 1.32 illustrates a schematic for review of a project on target cost 
basis. Target cost is the amount the owner would like to spend to build the 
facility. In construction projects, the target-based approach can be applied 
for the development of the facility from the investment point of view, hav-
ing a fixed budget allocation. The design is reviewed keeping in mind the 
budget price of the facility to ensure that the facility shall be functionally 
qualitative and constructed within the targeted budget. If the total esti-
mated cost is greater than the target cost, then the design must be fed back 
into the VE process.
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TABLE 1.29

Area of VE Area of Value Study by Design Stage

Area of Study Conceptual
Schematic 

(Preliminary)

Design 
Development 

(Detailed Design)

General Project
Budget
Layout
Criteria and 
standards

• Design concepts
• Program interpretation
• Site/facility massing
• Access, circulation
• Design intentions
• Net-to-gross ratios

• Schematic floor 
plans

• Schematic sections
• Approach to 

systems 
integration

• Floor-to-floor 
height

• Functional space

• Floor plans
• Sections
• Typical details
• Integrated systems
• Space circulation
• Specifications

Structural
Foundation
Substructure
Superstructure

• Performance 
requirements

• Structural bay sizing
• Framing systems 

exploration
• Subsurface conditions
• Underground concepts
• Initial framing review
• Structural load criteria

• Schematic 
basement plan

• Selection of 
foundation 
systems

• Structural system 
selection

• Framing plan 
outline

• Sizing of elements

• Basement floor 
plan

• Key foundation 
elements details

• Floor and roof 
framing plans

• Sizing of major 
elements

• Outline 
specifications

Architectural
Exterior closure
Roofing
Interior 
construction

Elevators
Equipment

• Approach to elevation 
views to/from building

• Roof types and pitch
• Interior design
• Configuration of key 

rooms
• Organization of 

circulation schemes
• Need and type of 

vertical circulation
• Impact of key 

equipment on facility 
and site

• Passive solar usage

• Concept 
elaboration

• Selection of wall 
systems

• Schematic 
elevations

• Selection of 
partitions

• Circulation sizing
• Basic elevator and 

vertical 
transportation 
concepts

• Impact of key 
equipments on 
room design

• Elevations
• Key elevation 

details
• Key roofing details
• Initial finish 

schedule
• Interior 

construction 
elements

• Integration of 
structural framing

• Key interior 
elevations

• Equipment items

Mechanical
HVAC
Plumbing
Fire protection

• Basic energy concepts
• Impact of mechanical 

concepts on facility
• Initial systems selection
• Source allocation
• Performance 

requirements for 
plumbing, HVAC, fire 
protection

• Mechanical 
systems selection

• Refinement of 
services and 
distribution 
concepts

• Input to schematic 
plans

• Energy 
conservation

• Detailed system 
selection

• Initial system 
drawings and key 
details

• Distribution and 
riser diagrams

• Outline 
specification for 
system design

(Continued)
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1.16.2.5  Stages of Value Engineering Study

Figure 1.33 illustrates the VE process summary.
VE studies typically consist of three sequential stages:

 1. Preparation
 2. Workshop (execution of the VE job plan)
 3. Post workshop

Preparation: This is considered by many to be the most important step of 
the VE study. During this phase, the owner’s need is defined, VE team mem-
bers are selected, they are informed about the project, and the scope of the 
study is established.

Workshop: The VE team convenes a workshop that normally has a six-phase 
job plan:

 1. Gathering information
 2. Functional analysis
 3. Creating alternatives

TABLE 1.29 (Continued)

Area of VE Area of Value Study by Design Stage

Area of Study Conceptual
Schematic 

(Preliminary)

Design 
Development 

(Detailed Design)

Electrical
Service and 
distribution

Lighting and 
power

• Basic power supply
• Approach to use of 

natural and artificial 
lighting

• Performance 
requirements for 
lighting

• Need for special 
electrical systems

• Windows/
skylight design 
and sizing

• Selection of 
lighting and 
electrical systems

• General service, 
power and 
distribution 
concepts

• Detailed systems 
selection

• Distribution 
diagrams

• Key space
• Lighting layouts
• Outline 

specification for 
electrical elements

Site
Preparation
Utilities
Landscaping

• Site selection
• Site development 

criteria
• Site forms and massing
• Requirements for access
• Views to/from facility
• Utility supply
• Site drawings

• Design concept 
elaboration

• Initial site plan
• Schematic 

planting, grading, 
paving plans

• Site plan
• Planting plan
• Typical site details
• Outline 

specifications for 
site materials

Source: Dell’Isola, A.J. (1997), Value Engineering: Practical Applications for Design, Construction, 
Maintenance and Operations. Reprinted with permission of RSMeans.
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 4. Evaluation
 5. Development
 6. Presentation

Post workshop: After the workshop, the VE team prepares a report to sup-
port its findings and the implementation program. Its recommendations are 
reviewed by the owner and the design team before implementation.

Figure 1.34 illustrates the activities performed during the VE study process.

1.16.2.6  Function Analysis System Technique (FAST)

FAST is a technique that specifically illustrates the relationship of all func-
tions within a specific project utilizing a “how–why” logic pattern based on 
intuitive logic. It is a helpful diagnostic tool, asking questions that generate 
basic information about project functions. The FAST diagram is especially 
helpful if the VE team is uncertain of project goals. The following are types of 
FAST diagrams: classic, customer/user, and technical. Figure 1.35 illustrates 
a typical FAST concept diagram.

1.16.2.7  The Benefits of Value Engineering

The benefits of VE usually come from improvements in the efficiency of the 
project delivery system, refinements to specific features, or the development 
of new approaches to achieving the owner’s requirements. The first item most 
owners look at when they consider VE is potential cost savings. However, VE 
focuses on improving the relationship of function, performance, and quality 
to cost—not merely cutting cost.

Preparation

Workshop

Post workshop

Coordinate
project

Information
phase

Function
analysis
phase

Prepare for
workshop

Construct
cost models

Creative
phase Evaluation

Development
of

alternatives
Presentation

VE study
report Implementation Final

acceptance

FIGURE 1.33
VE summary process. (Source: Quality in the Constructed Project (2000) by ASCE. Reprinted 
with permission from ASCE.)
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The benefits of VE in construction are

• Reduce project construction cost
• Improve project schedule
• Simplify procedures
• Increase procurement efficiency
• Use resources more effectively
• Decrease operation and maintenance cost



121

Quality Management System

2.1  Introduction

A quality system is a framework for quality management. It embraces the 
organizational structure, procedure, and processes needed to implement 
quality management. The quality system should address everything in the 
organization related to quality of product, services, processes, and opera-
tions. The adequacy of the quality system and the quality of products, ser-
vices, processes, operations, and customer satisfaction are judged by their 
compliance to specified/relevant standards. Standards have important eco-
nomic and social repercussions. They are useful to industrial and business 
organizations of all types, to government and other regulatory bodies, to 
conformity assessment professionals, suppliers and customers of products 
and services in both the public and private sectors, and to people in general 
in their role as customers and users. Standards provide governments with a 
technical base for health, safety, and environmental legislation.

2.2  Quality Standards

A standard is simply a definition of how something should be. According to 
Pyzdek (1999):

Standards are documents used to define acceptable conditions or behav-
iors and to provide a base line for assuring that conditions or behaviors 
meet the acceptable criteria. In most cases standards define minimum 
criteria; world class quality is, by definition, beyond the standard level of 
performance. Standards can be written or unwritten, voluntary or man-
datory. Unwritten quality standards are generally not acceptable. (p. 2)

2
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Pyzdek (1999) further states that quality standards serve the following 
purpose:

Standards educate—They set forth ideals or goals for the guidance 
of manufacturers and users alike. They are invaluable to the 
manufacturer who wishes to enter a new field and to the naïve 
purchaser who wants to buy a new product.

Standards simplify—They reduce the number of sizes, the variety 
of process, the amount of stock, and the paperwork that largely 
accounts for the overhead costs of making and selling.

Standards conserve—By making possible large-scale production of 
standard designs, they encourage better tooling, more careful 
design, and more precise controls, and thereby reduce the pro-
duction of defective and surplus pieces. Standards also benefit 
the user through lower costs.

Standards provide a base upon which to certify—They serve 
as hallmarks of quality which are of inestimable value to the 
advertiser who points to proven values, and to the buyer who 
sees the accredited trademark, nameplate, or label. (p. 3)

Standards are used to ensure that a product, system, or service measures 
up to its specifications and is safe for use. Standards are the key to any con-
formity assessment activity.

The International Organization for Standardization (ISO) has given the 
importance of standards as follows:

Standards make an enormous contribution to most aspects of our lives. 
Standards ensure desirable characteristics of products and services such 
as quality, environmental fitness, safety, reliability, efficiency, and inter-
changeability and at an economical cost.

When products and services meet our expectations, we tend to take 
this for granted and remain unaware of the role of standards. However, 
when standards are absent, we soon take notice. We care when products 
turn out to be of poor quality, do not fit, are incompatible with equipment 
that we already have, and are unreliable or dangerous. When products, 
systems, machinery and devices work well and safely, it is often because 
they meet standards.

Standard setting is one of the first issues in developing a quality assurance 
system, and increasingly organizations are relying on readily available stan-
dards rather than developing their own. Each standard should be

• Clearly written in simple language that is unambiguous
• Convenient in understanding
• Specific in setting out precisely what is expected
• Measurable so that the organization can know whether it is being met



123Quality Management System

• Achievable, that is, the organization must have the resources avail-
able to meet the standard

• Constructible

Chung (1999) defines standards as a reference base that is required to judge 
the adequacy of a quality system. He further states that a “quality system 
has to cover all the activities leading to the finished product. Depending on 
the scope of operation of the organization, these activities include planning, 
design, development, purchasing, production, inspection, storage, delivery, 
and after-sales service” (p. 14).

2.3  Standards Organizations

There are many organizations that produce standards; some of the best-
known organizations in the quality field are

 1. International Organization for Standardization (ISO)
 2. International Electrotechnical Commission (IEC)
 3. American Society for Quality (ASQ)
 4. American National Standards Institute (ANSI)
 5. American Society for Testing and Materials (ASTM)
 6. American Society of Mechanical Engineers (SME)
 7. American Society for Heating, Refrigerating, and Air-Conditioning 

Engineers (ASHRAE)
 8. National Fire Protection Association (NFPA)
 9. Institute of Electrical and Electronic Engineers (IEEE)
 10. European Committee for Standardization (CEN)
 11. European Committee for Electrotechnical Standardization (CENELEC)
 12. British Standards Institution (BSI)

Standards produced by these organizations/institutes are recognized 
worldwide. These standards are referred in the contract documents by the 
designers to specify products or systems or services to be used in a project. 
They are also used to specify the installation method to be followed or the 
fabrication works to be performed during the construction process. Table 2.1 
lists some of the most common standards referred to in the particular speci-
fications of building construction projects.

Apart from these, there have been many other national and international 
quality system standards. These various standards have commonalities and 
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TABLE 2.1

Most Common Standards Used in Building Construction Projects

Sr. No. Related Division Section Related Standards

1 Concrete Reinforcement BS 4449, ASTM A615/A615M
Cement ASTM C150, ASTM C295, ASTM C33
Concrete ASTM C94, ACI 301, ACI 117

2 Masonry Concrete Masonry 
Units

ASTM C140, ASTM C1314, 
ASTM C270, ASTM C1019

3 Metals Material Fabrication ASTM A6/A6M, ASTM A36, 
ASTM 490, AISC 89

4 Wood and Plastic Material, Treatment, 
Panelling

BSEN 942, BSEN 636, BS 1203, BS 
1088, BS 4079, BS 1282, BSEN 301, 
BSEN 302, ASTM E84, AWI Quality 
Standards

5 Thermal and 
Moisture 
Protection

Liquid Waterproofing, 
Bituminous 
Waterproofing, 
Membrane 
Waterproofing

ASTM C836, D412, D570, D903, 
ASTM D1187, ASTM D312, ASTM 
D1227, ASTM D4479

Building Insulation ASTM C558, ASTM C578, ASTM 
C612, ASTM 665

6 Doors and 
Windows

Steel Doors SDI 105, SDI 108, SDI 111
Aluminium Doors AAMA 101, AAMA 603
Wooden Doors NWWDA-ISI –A
Curtain Wall AAMA 101, ASTM E283
Glazing AAMATIR A7, ANSIZ 971

7 Finishes Gypsum Plaster ASTM C11, ASTM E119, ASTM E90, 
ASTM E413

Cement Plaster ASTM C150, ASTM C260, ASTM 
C897, ASTM C926, ASTM C932, 
ASTM C1063, ASTM E488, ASTM 
A641M, ASTM A653M, ASTM C847

Tiling ANSI A137.1
Acoustic Ceiling ASTM E1264, ASTM E795, ASTM 

E1264, ASTM C635, ASTM E488, 
ASTM B633, ASTM A641

Metallic Ceiling ASTM B209, ASTM 591, ASTM E1264, 
ASTM E795, ASTM C635, ASTM 
C636, ASTM A641, ASTM A653

8 Specialities Partitions
Landscape

9 Conveying 
Systems

Elevators, Escalators EN 81, 95/96/EC, 89/336/EEC, 89/ 
106/EEC, ANSI/ASME/A17.1, 
BS 5655/BSCP 407

10 Fire Suppression Fire Fighting System NFPA 10, NFPA 13, NFPA 14, B 5274
Fire Fighting Pumps NFPA 20

(Continued)
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(Continued)

TABLE 2.1 (Continued)

Most Common Standards Used in Building Construction Projects

Sr. No. Related Division Section Related Standards

11 Plumbing Plumbing Piping ISO 2531, BS 4660, BS 4514, ASTM 
B88, ASTM B 306, ASTM A6.A8, 
ASTAM 16.22, API 600, ASTM A-74, 
ASTM A-53, ASTM A-106, ANSI B 
16.3, ASTM D1785, ASTM D2729, 
ASTM D2665, ISO R161

Hydronic Piping ASTM B 16.9, ASTM 16.3
Hydronic Pumps DIN 24255, EN 733, ISO 2858, 

ISO 5199, BS 3829, BS 5257, BS 3456, 
ANSI 316

Plumbing Equipment ASTM B16.9, ASTM B16.3, BS 3829, 
BS 5257, BS 3456, ANI 316

Water Distribution 
Pumps

UL 778

12 HVAC Chillers ASHRAE 15, ARI, UL 465
Chiller Piping ANSI/ASME B-31.1
Chilled Water Pumps DIN 24255, EN 733, ISO 2858, ISO 

5199, BS 3829, BS 5257, BS 3456, 
ANSI 316

Cooling Towers CTI 201
Air Handling Unit EN 1216, ARI
Fan Coil Units ARI 410, ARI 440
Fans and Ventilators UL 705

13 Automation Building Automation 
Systems

14 Electrical Conduit, Trunking, 
Cable Tray, 
Raceways

BS 4568,BS 46O7, BS 6099, BS 4678, 
BS 1449, BS 1494, BS 729 (for galv.), 
BS 21767, BS 31, BS 731

Wiring Accessories BS 3676, BS 1363, BS 4343, BS 5420, 
BS 4662,BS 5733, BS 5419, BS 546, 
BS 7001, IEC 309

Wires and Cables BS 6387,BS 6724,BS 6207, BS 7629, 
BS 4533, BS 6007, BS 6500, IEC 502, 
IEC 331,BS 6234, BS 6346, IEC 227, 
IEC 540

Bus Duct IEC 439
Structured Cabling ANSI EIA/TIA-568, ANSI EIA/

TIA-569, ANSI EIA/TIA 606, ANSI 
EIA/TIA 607,IEC 11801, EN 50173, 
IEEE 802.3ab, IEEE 802.3z

Lighting Fixtures IEC 598.BS 4533, BS 5042, BS 1853, 
BS 4782
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historical linkage. However, in order to facilitate international trade, dele-
gates from 25 countries met in London in 1946 to create a new international 
organization. The objective of this organization was to facilitate international 
coordination and unification of industrial standards. The new organization, 
International Organization for Standardization, ISO, officially began opera-
tion on February 23, 1947.

2.4  International Organization for Standardization

ISO is an independent nongovernmental organization with membership 
of 161 (as of April 2016) national standards bodies/institutes, formed on 
the basis of one member per country, with a Central Secretariat in Geneva, 
Switzerland, that coordinates the system.

ISO is the world’s largest developer and publisher of international stan-
dards. It is a nongovernmental organization that forms a bridge between the 
public and private sectors. ISO has more than 21,000 international standards. 
Of all the standards produced by ISO, the ones that are most widely known 

TABLE 2.1 (Continued)

Most Common Standards Used in Building Construction Projects

Sr. No. Related Division Section Related Standards

Grounding, Lightning 
Protection

BS 6651, EN 62305. BS 7430

Main Low Tension 
Panels, Switch 
Boards, Distribution 
Boards, Motor 
Control Centers

IEC 185, IEC 186, IEC 269, IEC 292, 
IEC 439, IEC 529, IEC 947, BS 5486, 
IEC 5750, BS 5420, BS 159, BS 37, 
IEC 1008

Motor Starters IEC 292
Disconnect Switches BS 5419, AC 23, BS88, IEC 408
Emergency Power 
Supply

ISO 8528, NFPA 37, NFPA 99, 
NFPA 101, NFPA 110, BS 5514, 
BS 4999, BS 649, BS 5000

Automatic Transfer 
Switch

IEC 947, UL 508, UL 1008, NFPA 70, 
NFPA 99, NFPA 110, IEEE 446, 
NEMA Standard ICS 10

Fire Alarm System NFPA 70, NFPA 71, NFPA 72, 
BS 5839

15 Communication Communication 
System

ISO/IEC 11801, EN 50173, EIA/TIA 
568, EIA/TIA 569
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are the ISO 9000 and ISO 14000 series. ISO 9000 has become an international 
reference for quality requirements in business-to-business dealings, and 
ISO 14000 looks to achieve at least as much, if not more, in helping organiza-
tions to meet their environmental changes. ISO 9000 and ISO 14000 families 
are known as “generic management system standards.”

The ISO 9000 is a series, or family of standards, primarily concerned with 
“quality management.” This means what the organization does to

• Fulfill the customer’s quality requirements
• Fulfill applicable regulatory requirements, while aiming to enhance 

customer satisfaction
• Achieve continual improvement of its performance in pursuit of the 

objectives

The ISO 9000 family addresses various aspects of quality management and 
contains some of ISO’s best known standards. The standards provide guid-
ance and tools for companies and organizations who want to ensure that 
their products and services consistently meet customer’s requirements, and 
that quality is consistently improved.

The ISO 14000 family is primarily concerned with “environmental man-
agement.” This means to

• Minimize harmful effect on the environment caused by its activities
• Achieve continual improvement with its environmental performance

ISO standards are updated periodically since they were originally pub-
lished in 1987. ISO 9000 actually comprises several standards.

The 1994 version of the ISO 9000 series was made up of the following 
standards:

ISO 9000: Quality management and quality assurance standards
ISO 9001: Quality systems—Model for quality assurance in design, 

development, production, installation, and servicing
ISO 9002: Quality systems—Model for quality assurance in production 

installation and servicing
ISO 9003: Quality systems—Model for quality assurance in final inspec-

tion and test
ISO 9004: Quality management and quality systems element guidelines

ISO 9001:1994 standards had 20 key elements. These standards were sim-
plified in December 2000 and are known as ISO 9000:2000. In the revised 
version, ISO 9002 and ISO 9003 no longer exist, having been incorporated 
into ISO 9001:2000.
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ISO 9000:2000 consists of the following standards:

ISO 9000: Quality systems: Fundamentals and vocabulary
ISO 9001: Quality management systems: Requirements
ISO 9004: Quality management systems: Guidelines for performance 

improvement

ISO 9000: 2000 Standards are based on a process model that any enter-
prise can use. Instead of 20 elements in ISO 9001: 1994, the requirements were 
grouped into five sections. These are

 1. Section 4—Quality management system
 2. Section 5—Management responsibility
 3. Section 6—Resource management
 4. Section 7—Product realization
 5. Section 8—Measurement, analysis, and improvement

Table 2.2 illustrates the correlation between ISO 9001:1994 and ISO 9000:2000.
ISO 9000:2000 specifies requirements for a quality management system for 

any organization that needs to demonstrate its ability to consistently provide 
products that meet customer and applicable regulatory requirements and to 
enhance customer satisfaction.

In keeping with the process of updating the standards, certain clauses of 
ISO 9001:2000 of the quality management system were amended during 2008 
in order to improve the quality management system, and accordingly the 
amended standard is known as ISO 9001:2008. ISO 9001:2008 includes Annex 
B, which outlines the text changes that have been made to specific clauses.

ISO 9001:2008 was revised by various committees, societies, and institutes, 
and ISO 9001:2015 was published in September 2015. It has the following 
clauses:

 1. Context of Organization/Quality Management System
 2. Leadership
 3. Planning for Quality Management System
 4. Support
 5. Operation
 6. Performance Evaluation
 7. Improvement

Changes in ISO 9001:2015 are an opportunity to revisit organizational areas 
that yet need to be improved. An awareness of the upcoming changes in 
ISO 9001:2015 will enable quality professionals to better prepare for the 
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TABLE 2.2

Correlation between IS0 9000:1994 and ISO 9000:2000

ISO 9001 
Clause 
Number

ISO 9000:1994 
Quality System 

Element

ISO 
9000:2000 

Section ISO 9000:2000 Clauses

4.1 Management 
Responsibility

5 Management Responsibility
5.1 Management commitment
5.3 Quality policy
5.5 Responsibility, Authority, and Control
5.6 Management Review

4.2 Quality System 4 Quality Management System
4.1 General Requirements
4.2.1 Documentation requirements 

(General)
4.3 Contract Review 5&7 Management Responsibility

Product Realization
5.2 Customer focus
7.2 Customer-related process

4.4 Design Control 7 Product Realization
7.3 Design and development

4.5 Document and Data 
Control

4 Quality Management System
4.2.3 Control of documents

4.6 Purchasing 7 Product Realization
7.4.1 Purchasing process
7.4.2 Purchasing information
7.4.3 Verification of purchased product

4.7 Control of Customer 
Supplied Product

7 Product Realization
7.5.4 Customer property

4.8 Product Identification 
and Traceability

7 Product Realization
7.5.3 Identification and Traceability

4.9 Process Control 5,6,&7 Management Responsibility
Resource Management
Product Realization

6.3 Infrastructure
6.4 Work environment
7.5.1 Control of production and service 

provision
7.5.2 Validation of process for production 

and service provision
4.10 Inspection and Testing 4,7,&8 Quality Management System

Product Realization
(Continued)
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TABLE 2.2 (Continued)

Correlation between IS0 9000:1994 and ISO 9000:2000

ISO 9001 
Clause 
Number

ISO 9000:1994 
Quality System 

Element

ISO 
9000:2000 

Section ISO 9000:2000 Clauses

Measurement, Analysis, and 
Improvement

7.4.3 Verification of purchased product
8.2.4 Monitoring and measurement of 

product
7.5.3 Identification and Traceability

4.11 Control of Inspection, 
Measurement, and 
Test Equipment

7 Product Realization
7.6 Control of monitoring and measuring 

devices
4.12 Inspection and Test 

Status
7 Product Realization
7.5.3 Identification and Traceability

4.13 Control of Non 
Conforming 
Product

8 Measurement, Analysis, and 
Improvement

8.3 Control of non conforming product
4.14 Corrective and 

Preventive Action
8 Measurement, Analysis, and 

Improvement
8.5.2 Corrective action
8.5.3 Preventive action

4.15 Handling, Storage, 
Packing, 
Preservation and 
Delivery

7 Product Realization
7.5.5 Preservation of product

4.16 Control of Quality 
Records

4 Quality Management System
4.2.4 Control records

4.17 Internal Quality 
Audits

8 Measurement, Analysis, and 
Improvement

8.2.1 Internal audit
4.18 Training 6 Resource Management

6.2.2 Competence, awareness, and training
4.19 Servicing 7 Product Realization

7.5.1 Control of production and service 
provision

4.20 Statistical Techniques 8 Measurement, Analysis, and 
Improvement

8.1 General
8.2.3 Measurement and monitoring of 

process
8.4 Analysis of data
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future. The change is to incorporate risk-based thinking into the manage-
ment system by considering the context of the organization. In other words, 
all processes are not equal for all organizations with some being more critical 
than others, resulting in different levels of risk. Table 2.3 lists the clauses of 
ISO 9001:2015 and ISO 9001:2008 and their correlations.

The tremendous impact of ISO 9001 and ISO 14001 on organizational prac-
tices and on trade stimulated the development of other ISO standards and 
deliverables that adapt the generic management system to specific sectors or 
aspects. These are

 1. Food Safety Management Systems ISO 22000
 2. Information Security Management Systems ISO 27001
 3. Supply Chain Security Management Systems ISO 28000

ISO 22000:2005, published on September 1, 2005, is related to the safe 
food supply management system to ensure that food is safe at the time of 
human consumption. ISO 27001:2005 is related to information security sys-
tem. ISO 28000:2005 is related to supply management system to help combat 
threats to safe and smooth flow of international trade.

2.5  ISO 9000 Quality Management System

ISO 9000 quality system standards are a tested framework for taking a sys-
tematic approach to managing the business process so that organizations 
turn out products or services conforming to customer’s satisfaction. The 
typical ISO quality management system is structured on four levels, usually 
portrayed as a pyramid. Figure 2.1 illustrates this.

On top of the pyramid is the quality policy, which sets out what manage-
ment requires its staff to do in order to ensure quality management system. 
Underneath the policy is the quality manual, which details the work to be 
done. Beneath the quality manual are work instructions or procedures. The 
number of manuals containing work instructions or procedures is deter-
mined by the size and complexity of the organization. The procedures mainly 
discuss the following:

• What is to be done?
• How is it done?
• How does one know that it has been done properly (e.g., by inspect-

ing, testing, or measuring)?
• What is to be done if there are problems (e.g., failure)?
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The bottom level of hierarchy contains forms and records that are used to 
capture the history of routine events and activities.

The ISO 9000 quality management system requires documentation that 
includes a quality manual and quality procedures, as well as work instruc-
tions and quality records. All documentation (including quality records) 
must be controlled according to a document control procedure. The struc-
ture of the quality management system depends largely on the management 
structure in the organization.

ISO 9001:2000 identifies certain minimum requirements that all quality man-
agement systems must meet to ensure customer satisfaction. ISO 9001:2000 
specifies requirements for quality management systems when an organization

• Needs to demonstrate its ability to consistently provide product that 
meets customer and applicable regulatory requirements

• Aims to enhance customer satisfaction through the effective applica-
tion of the system, including processes for continual improvement of 
the system and the assurance of conformity to customer and appli-
cable regulatory requirements

2.5.1  Quality System Documentation

A quality system has to cover all the activities leading to the final prod-
uct or service. The quality system depends entirely on the scope of 

Quality 
policy

Quality manual

Work instructions/ 
procedures

Quality forms and records

FIGURE 2.1
QMS pyramid.
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operation of the organization and particular circumstances such as num-
ber of employees, type of organization, and physical size of the premises 
of the organization. The quality manual is the document that identifies 
and describes the quality management system. The quality management 
system is based on the guidelines for performance improvement per 
ISO 9004:2000 and the quality management requirements. ISO 9000:2000 
outlines the necessary steps to implement the quality management sys-
tem. These are

 1. Identify the process (activities and necessary elements) needed for 
quality management system.

 2. Determine the sequence and interaction of these processes and how 
they fit together to accomplish quality goals.

 3. Determine how these processes are effectively operated and 
controlled.

 4. Measure, monitor, and analyze these processes and implement 
action necessary to correct the process and achieve continual 
requirements.

 5. Ensure that all information is available to support the operation and 
monitoring of the process.

 6. Display the most options, thus helping make the right management 
system.

ISO 9001:2000 requirements fall into the following sections:

 1. Quality management system
 2. Management responsibility
 3. Resource management
 4. Product realization
 5. Measurement analysis and improvement

In the construction industry, a contractor may be working at any time on a 
number of projects of varied natures. These projects have their own contract 
documents to implement project quality, which require a contractor to sub-
mit a contractor’s quality control plan to ensure that specific requirements 
of the project are considered to meet client’s requirements. Therefore, while 
preparing a quality management system at a corporate level, the organiza-
tion has to take into account tailor-made requirements for the projects and 
accordingly the manual should be prepared.

Table 2.4 lists an example contents of a quality management system man-
ual for building construction organization (contractor) and Table 2.5 lists 
example contents of a quality management manual for an engineering con-
sultant (design and supervision).
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TABLE 2.4

List of Quality Manual Documents-Consultant (Design and Supervision)

Document 
No. Title Quality Document

Relevant Clause 
in 9001:2015

Correlated 
Clause in ISO 

9001:2008

Version/
Revision 

Date

QC-0 Circulation list
QC-00 Records of revision
QC-1.1 Understanding the 

organization and its context
4.1 1.1

QC-1.2 Monitoring and review of 
internal and external issues

4.1 1.1

QC-2.1 Relevant requirements of 
stakeholders

4.2 1.1

QC-2.2 Monitoring and review of 
stakeholder’s information

4.2 1.1

QC-3 Scope of quality management 
system

4.4 4.1

QC-4 Project quality management 
system

4.4 4.1

QC-5 Management responsibilities 5.1 5.5.1
QC-6 Customer focus 5.1.2 5.2
QC-7.1 Quality Policy (Organization) 5.2 5.3
QC-7.2 Quality Policy (Project) 5.2.2 5.3
QC-8 Organizational roles, 

responsibilities, and 
authorities (Organization 
chart)

5.3 5.5.1/2

QC-9 Preparation and control of 
project quality plan

6.0 5.4.2

QC-10.1 Project risk (during design) 6.1 5.4.2,8.5.3
QC-10.2 Project risk (during 

construction)
6.1 5.4.2,8.5.3

QC-11 Project quality objective 6.2 5.4.1
QC-12.1 Change Management (during 

design phase)
6.3 5.4.2

QC-12.2 Change Management (during 
construction phase)

6.3 5.4.2

QC-13 Office resources (Human 
resources, office equipment, 
design software)

7.1 6.1

QC-14 Infrastructure 7.1.3 6.3
QC-15 Work Environment 7.1.4 6.4
QC-16 Human Resources (Design 

team, supervision team)
7.2 6.2.1

QC-17.1 Training in quality system 7.2 6.2.2

(Continued)
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TABLE 2.4 (Continued)

List of Quality Manual Documents-Consultant (Design and Supervision)

Document 
No. Title Quality Document

Relevant Clause 
in 9001:2015

Correlated 
Clause in ISO 

9001:2008

Version/
Revision 

Date

QC-17.2 Training in quality auditing 7.2 6.2.2
QC-17.3 Training in operational/

technical skills
7.2 6.2.2

QC-18 Communication internal and 
external

7.4 5.5.3

QC-19.1 Control of documents for 
general application

7.5.2/3 4.2.3

QC-19.2 Control of documents for 
specific projects

7.5.2/3 4.2.3

QC-20 Records updates 7.5.2 4.2.3/4
QC-21 Control of quality records 7.5.3 4.2.4
QC-22.1 Planning of engineering 

design and quality plan
8.1/8.3/8.3.1/2/3 7.1/7.3.1/7.3.7

QC-22.2 Design development 
(Design-Bid-Build)

8.1/8.3/8.3.1/2/3 7.1/7.3.1/7.3.7

QC-22.3 Design development 
(Design-Build)

8.1/8.3/8.3.1/2/3 7.1/7.3.1/7.3.7

QC-23 Evaluation of sub consultant 
and selection

8.4 7.4.1

QC-23 Communication with sub 
consultant

8.4.3 7.4.1/2/3

QC-24 Engineering Design 
Procedure

8.5 7.5.1/2

QC-25.1 Construction supervision 
procedure

8.5 7.5.1/2

QC-25.2 Project management 
procedure

8.5 7.5.1/2

QC-25.3 Construction management 
procedure

8.5 7.5.1/2

QC-26.1 Control of nonconforming 
work (design errors)

8.7 8.3

QC-27 Project review (Management 
and Control)

9.1 8.1

QC-28 Internal quality audits 9.2 8.2.2
QC-29 Management Review 9.3 5.6
QC-30.1 Corrective action 10.2.2 8.5.2
QC-30.2 Preventive action 10.3 8.5.3
QC-32 Control of client complaints 10.2.2 8.3
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TABLE 2.5

List of Quality Manual Documents-Contractor

Document 
No. Title Quality Document

Relevant 
Clause in 
9001:2015

Correlated 
Clause in 

ISO 
9001:2008

Version/
Revision 

Date

QC-0 Circulation list
QC-00 Records of revision
QC-1.1 Understanding the organization 

and its context
4.1 1.1

QC-1.2 Monitoring and review of internal 
and external issues

4.1 1.1

QC-2.1 Relevant requirements of 
stakeholders

4.2 1.1

QC-2.2 Monitoring and review of 
stakeholder’s information

4.2 1.1

QC-3 Scope of quality management 
system

4.3/4 4.0,4.1

QC-4 Project quality management system 4.4 4.1
QC-5 Management responsibilities 5.1 5.5.1
QC-6 Customer focus 5.1.2 5.2
QC-7.1 Quality Policy (Organization) 5.2 5.3
QC-7.2 Quality Policy (Project) 5.2.2 5.3
QC-8 Organizational roles, 

responsibilities, and authorities 
(Organization chart)

5.3 5.5.1/2

QC-9 Preparation and control of project 
quality plan

6.0 5.4.2

QC-10 Project risk management 6.1 5.4.2,8.5.3
QC-11 Project quality objectives 6.2 5.4.1
QC-12.1 Change Management (Scope) 6.3 5.4.2
QC-12.2 Change Management (Variation 

orders. Site work instructions)
6.3 5.4.2

QC-13 Construction resources (Human 
resources, Equipment and 
Machinery)

7.1 6.1

QC-14 Infrastructure 7.1.3 6.3
QC-15 Work Environment 7.1.4 6.4
QC-16 Control of construction, material, 

measuring and test equipment
7.1.5 7.6

QC-17 Control of Human Resources 7.2 6.2.1
QC-18.1 Training and development in 

quality system
7.2 6.2.2

QC-18.2 Training in quality auditing 7.2 6.2.2
QC-18.3 Training in operational/technical 

skills
7.2 6.2.2

(Continued)
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TABLE 2.5 (Continued)

List of Quality Manual Documents-Contractor

Document 
No. Title Quality Document

Relevant 
Clause in 
9001:2015

Correlated 
Clause in 

ISO 
9001:2008

Version/
Revision 

Date

QC-19 Communication internal and 
external

7.4 5.5.3

QC-20.1 Control of documents for general 
application

7.5.2/3 4..2.3

QC-20.2 Control of documents for specific 
projects

7.5.2/3 4..2.3

QC-21 Records updates 7.5.2 4.2.3/4
QC-22 Control of quality records 7.5.3 4.2.4
QC-24 Documents control (logs) 7.5.3.2 4.2.3/4
QC-25 Project planning and control 8.1 7.1
QC-26 Project specific requirements 8.2 7.2
QC-27 Project specific quality control plan 8.2 7.2
QC-28-1 Tender documents 8.2 7.2
QC-28.2 Tender review 8.2 7.2.1/2/3
QC-28.3 Contract Review 8.2.1 7.2.1/2/3
QC-29 Variation review 8.2.3 7.2.2
QC-30 Construction processes 8.2.2 7.2.1
QC-31 Engineering and shop drawings 8.3 7.3.1
QC-32 Design developments for Design-

Build projects
8.3

QC-33 Evaluation of subcontractors and 
selection

8.4 7.4.1

QC-34 Communication with Sub 
contractors, material suppliers, 
vendors

8.4.3 7.4.1/2/3

QC-35.1 Inspection of subcontracted work 8.4.2 7.4.3
QC-35.2 Incoming material inspection and 

testing
8.4.3 7.4.3

QC-36 Installation procedures 8.5 7.5.1/2
QC-37 Product identification and 

traceability
8.5.2 7.5.3

QC-38 Identification of inspection and test 
status

8.5.2 7.5.3

QC-39 Control of owner supplied items 8.5.3 7.5.4
QC-40 Handling and storage 8.5.4 7.5.5
QC-41 Construction inspection, testing and 

commissioning
8.6 8.2.4

QC-42.1 Control of nonconforming work 8.7 8.3
QC-42.2 Control of nonconforming work 8.7 8.3

(Continued)
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2.6  ISO Certification

Following are the details of ISO certification, registration, and accreditations, 
as mentioned on the ISO website (2008):

In the context of ISO 9000 or ISO 14000, “certification” refers to the issu-
ing of written assurance (the certificate) by an independent, external 
body that has audited an organization’s management system and veri-
fied that it conforms to the requirements specified in the standard.

“Registration” means that the auditing body then records the certifica-
tion in its client register so the organization’s management system has 
therefore been both certified and registered. Therefore, in the ISO 9000 
and ISO 14000 contexts, the difference between the two terms is not sig-
nificant and both are acceptable for general use.

“Certification” seems to be the term most widely used worldwide, 
although “registration” is often preferred in North America, and the two 
are also used interchangeably.

On the contrary, using “accreditation” as an interchangeable alterna-
tive for “certification” or “registration” is a mistake, because it means 
something different.

In the ISO 9000 or ISO 14000 context, accreditation refers to the formal 
recognition by a specialized body—an accreditation body—that a certifi-
cation body is competent to carry out ISO 9000 or ISO 14000 certification 
in specified business sectors.

In simple terms, accreditation is like certification of the certification 
body. Certificates issued by accredited certification bodies may be per-
ceived on the market as having increased credibility.

Document 
No. Title Quality Document

Relevant 
Clause in 
9001:2015

Correlated 
Clause in 

ISO 
9001:2008

Version/
Revision 

Date

QC-42.1 Project performance review 9.1.1 8.1
QC-42.2 Project quality assessment and 

measurement
9.1.2 8.1

QC-43 Internal quality audits 9.2 8.2.2
QC-44 Management Review 9.3 5.6
QC-45 New Technology in construction 10.1 8.5.1
QC-46.1 Corrective action 10.2.2 8.5.2
QC-46.2 Preventive action 10.3 8.5.3
QC-47 Control of client complaints 10.2.2 8.3

TABLE 2.5 (Continued)

List of Quality Manual Documents-Contractor
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Thus, it should be understood that the certification body is a third-party 
company registered with an established national accreditation board and 
is authorized to issue a certificate of conformance after evaluating the con-
formance of an organization’s management system to the requirements of 
appropriate standard.

With the advent of globalization and competitive market, it has become 
essential to implement a quality management system in an organization 
and to get it certified from a third party to enhance business opportuni-
ties in the international market. The ISO 9000 quality management system 
is accepted worldwide, and international customers prefer to do busi-
ness with organizations having ISO certification. An ISO quality manage-
ment system includes all activities and overall management functions 
that determine quality policy, objectives, and responsibilities and their 
implementation.

ISO certification is not compulsory; however, it is required for competitive 
advantage. Certification can be a useful tool to add credibility by demonstrat-
ing that the product or services meet the expectations of the customers. For 
some industries, certification is a legal or contractual requirement. ISO does 
not perform certification. ISO certification is valuable to firms because it pro-
vides a framework so they can assess where they are, where they would like 
to be, and what is their standing in the international market. Implementation 
of an ISO management system in the organization brings in increased effec-
tiveness and efficiency of operations and ensures that the product satisfies 
customer requirements. ISO 9000 and ISO 14000 concern the way an orga-
nization goes about its work and processes. ISO 9000 and ISO 14000 are not 
product standards.

There are three types of audits that can be done on ISO quality manage-
ment systems:

 1. First-party audit—Audit your own organization (internal audit).
 2. Second-party audit—Audit of supplier by the customer.
 3. Third-party audit—Totally independent of the customer–supplier 

relationship. The best certification of a firm is through third party.

ISO 9000 certification audit is done by a certification body that has been 
accredited or has been officially approved as competent to carry out certifica-
tion in a specified business sector by a national accreditation body.

Figure 2.2 diagrammatically summarizes the ISO certification process, and 
Figure 2.3 illustrates an example quality management system certification 
schedule that is developed taking into consideration overall certification 
requirements. The duration of each activity and the overall period to obtain 
certification may vary from company to company depending on the size and 
nature of the business.
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No

Yes
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Yes
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Conformity
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Preparation of documents
and manuals

Review of documents and 
manuals

Selection of certification
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Adequacy

Certification body

Client/consultant

Conformity

Implementation of system

Training of employees
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preassesment audit

Client

Recommendation for 
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Assessment audit/
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Selection of internal 
team members/selection of
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FIGURE 2.2
ISO certification process flow diagram.
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With the certification of ISO Standards, organizations obtain the following 
advantages:

• Customer satisfaction and confidence in the organization’s products/
services

• Increase in revenues
• Increased market share
• Continuous improvement in organizational process
• Consistency in products/services quality
• Improvement in staff performance
• Effectiveness in the utilization of staff
• Efficient utilization of time, money, and other resources
• Environmental benefits

2.7  ISO 14000 Environmental Management System

ISO 14000 is a series of international standards that have been developed 
to incorporate environmental aspects into business operations and product 
standards. ISO 14001 is a specific standard in the series for a management 
system that incorporates a set of interrelated elements designed to minimize 
harmful effects on the environment due to the activities performed by an 
organization, and to achieve continual improvement of its environmental 
performance. ISO 14001 incorporates quality management system philoso-
phy, terminology, and requirement structure similar to that of ISO 9001 and 
provides system compatibility.

2.7.1  Benefits of ISO 14000

The following are the benefits of implementing an environmental manage-
ment system:

• Pollution prevention and waste reduction opportunities
• Cost reduction
• Customer satisfaction
• Compliance with regulatory requirements on environmental 

considerations
• Reduction in consumption of energy
• Reduction in use of natural resources
• Minimization of environmental liability and risk
• Commitment to social responsibility
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2.8  Occupational Health and Safety Assessment Series 18000

The Occupational Health and Safety Assessment Series (OHSAS) 18000 has 
been developed to help organizations control and minimize occupational 
health and safety risks. OHSAS 18001 is a specific standard for occupational 
health and safety management systems designed to eliminate or minimize 
the risk to employees and other related parties who may be exposed to occu-
pational health and safety risks associated with business activities. OHSAS 
18000 is compatible with ISO 9001 and ISO 14001 management systems. 
OHSAS 18001 represents a progression of a management philosophy from 
quality management to environmental management to occupational health 
and safety management.

2.8.1  Benefits of OHSAS Management System

The benefits of implementing an OHSAS management system are

• Reduced accidents and injuries to the employees
• Reduced insurance liability and risk
• Decreased costs due to personal injury and production downtime
• Reduced worker compensation insurance costs
• Ease of managing safety risks
• Enhanced employee safety awareness

2.9  Quality Audit

2.9.1  Introduction

A quality audit is formal or methodical examining, reviewing, and investi-
gating of an existing system to determine whether agreed upon requirements 
are being met. An audit is a systematic, independent, and documented pro-
cess to verify or evaluate and report the degree of compliance to the agreed 
upon quality criteria, or the specification or contract requirements of the 
product, services, or project. There are mainly five types of audits:

 1. Product audit
 2. Process audit
 3. System audit
 4. Compliance audit
 5. Adequacy audit
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To achieve competitive advantage, effective quality improvement is critical 
for an organization’s growth. Quality audit serves the purpose of examin-
ing the effectiveness of the management-directed control programs. The 
audit of existing quality system that is being implemented provides the 
factual information to developing long-term organizational strategies for 
quality.

2.9.2  Categories of Auditing

Audits are mainly classifieds as follows:

First party—Audit your own organization (internal audit)
Second party—Customer audits the supplier (external audit)
Third party—Audits performed by independent audit organization 

(independent audit)

Third-party audits may result in independent certification of a product, 
process, or system such as ISO 9000 quality management system certifica-
tion. Third-party certification enhances organizations’ image in the business 
circle. Quality audit provides feedback to the management on the adequacy 
implementation and effectiveness of the quality system.

2.9.3  Quality Auditing Process

Figure 2.4 illustrates the quality auditing process.

2.9.4  Quality Auditing in Construction Projects

Quality audit system in construction projects is a system or method to mea-
sure and evaluate the quality of workmanship, finishes, and performance 
of the constructed works based on approved standards and quality require-
ments to the satisfaction of client/end-user. In order to achieve competitive 
advantage and organization’s growth, it is essential that the organization has 
a well-established quality system and effective quality improvement proce-
dure. Quality assessment/measurement needs to be continuous, ongoing, 
and performed in a timely manner. In construction projects, assessment/
measurement is carried out by using checklists, project monitoring and con-
trolling system to ensure meeting the owner needs, and is mainly performed 
during the following phases:

 1. Design phase
 2. Construction phase
 3. Testing, commissioning and handover phase
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Quality assessment/measurement system in construction projects can be 
classified as

 1. Internal quality system (internal audit)
 2. External quality audit

Internal quality system is a process in which quality audit is performed by 
the own organization.

2.9.4.1  Quality Audit by Designer

Quality audit during the design phase is normally carried out by the design 
team as per the quality management system before it is sent for review by 

Perform audit.

Process audit

System audit

Compliance audit

Follow up corrective action.

Determine objective and 
scope of audit.

Identify type and category
of audit.

Product audit

Prepare audit report.

Perform corrective
action, if required.

Identify project team/ 
organization chart.

Identify item to be audited.

Adequacy audit

Types of audit

Second party

�ird party

First party

Categories of audit Select audit team/agency.

Close audit

Preparation for audit 

FIGURE 2.4
Quality auditing process.
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the owner (project manager). The designer (consultant) also submits the 
design to regulatory authorities to obtain their approval for compliance to 
regulatory requirements prior to submission of drawings (documents) to the 
owner/client.

2.9.4.2  Quality Audit by Contractor

The contractor has to check the executed works prior to submission of check-
list to the supervision engineer (consultant).

2.9.4.3  External Quality System

External assessment in construction projects can be divided into

 1. Quality inspection/checking by owner-appointed supervision engi-
neer (consultant).

 2. Independent testing agency appointed by the owner (consultant 
as per contract requirements) to inspect/test mainly the following 
items/works:

 I. Concrete strength testing
 II. Reinforcement testing
 III. Elevator works
 IV. Chiller testing
 V. Diesel generator testing
 VI. Electrical switch boards

 3. Quality compliance audit by regulatory authorities. There are certain 
countries where the design documents are to be submitted to the 
regulatory authorities for their approval.

Following are the main four steps needed to establish quality assessment/
measurement process in construction projects:

 1. Identify the component/items/products/systems to be reviewed 
and checked in each of the trades (architectural, structural, mechani-
cal, HVAC, electrical, low voltage, landscape, external, etc.)

 2. Identify the frequency of checking (timing)
 3. Identify the persons/agency authorized to check and approve
 4. Identify the indicators/criteria for performance monitoring

Table 2.6 lists items to be verified, checked internally by the designer before 
submission to regulatory authorities and, subsequently, submission to the 
owner (project manager).
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Apart from project quality check/inspection, it is also required to assess 
the following activities on a regular basis to track project progress and its 
compliance to contract documents:

 1. Schedule
 2. Budget
 3. Resources
 4. Project team performance
 5. Risk assessment
 6. Safety

Monitoring and control of schedule, budget, and resources (project progress) 
is performed on a regular basis by project monitoring and control team mem-
bers. Also team members from the supervision team as well as from the con-
tractor side are assigned to carry out risk assessment and safety assessment. 
Performance evaluation is done by the line manager in coordination with the 
corporate office requirements.

2.9.5  Auditing versus Inspection

Table 2.7 lists the major differences between audit and inspection.

TABLE 2.6

Check List for Design Drawings

Serial Number Items to Be Checked

1 Whether design meets owner requirements (TOR)
2 Whether designs were prepared using authenticated and approved software
3 Whether design calculation sheets are included in the set of documents
4 Whether design is fully coordinated for conflict between different trades
5 Whether design has taken into consideration relevant collected data 

requirements
6 Whether reviewer’s comments are responded
7 Whether regulatory approval is obtained and comments, if any, incorporated 

and all review comments responded
8 Whether design has environmental compatibility
9 Whether energy efficiency measures are considered

10 Whether design constructability is considered
11 Whether design matches with property limits
12 Whether legends matches with layout
13 Whether design drawings are properly numbered
14 Whether design drawings have owner logo, designer logo as per standard 

format
15 Whether the design format of different trades have uniformity
16 Whether project name and contract reference is shown on the drawing
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2.9.6  Risk in Auditing

The following are the risks in quality auditing:

• The scope and objective of audits are not clearly defined.
• The auditing person/agency does not have expertise or knowledge 

about the type of audit to be performed.
• Auditor does not attempt to or cannot check all the transactions that 

need to be audited.
• Auditor does not identify and assess the risk.
• Auditing procedure does not cover all the broad areas.
• Auditor’s understanding of the entity and the environment includ-

ing internal control systems in which it operates.
• Assessment of risk.

2.10  Quality Cost

2.10.1  Introduction

Quality has an impact on the costs of products and services. The cost of poor 
quality is the annual monetary loss of products and processes that are not 
achieving their quality objective.

TABLE 2.7

Audit versus Inspection

Audit Inspection

• Audit is a function of QA Process
• Audit is done during the product is being 

built or during the process
• Audits often go deeper than the inspection. 

Audits are typically concerned with a wider 
range of requirements

• Audits are external to the process so the 
process can continue whether the auditor is 
present or find discrepancies during the 
audit (exceptions include safety issues or 
regulatory audits, which can result in 
process being stopped)

• Audits are less frequent than inspections

• Inspection is a function of QC Process
• Inspection is done after completion of 

a particular activity or product or 
process

• Inspections generally focus on smaller 
number of characteristics

• Inspections are typically a mandatory 
step in the process and included as 
such in process instructions and other 
workflow documentation (routing 
lists, and so on)

• Inspections are typically more 
frequent than audits

Similarities

• Audits and inspections can both be performed on products, projects, processes, or systems
• Audits and inspections both typically assess compliance with some standard.
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According to Gryna (2001), “the concept of quality costs emerged during 
the 1950s, and different people assigned different meaning to the term. Some 
people equated quality costs with the costs of attaining quality; some people 
equated the term with the extra costs incurred because of poor quality” 
(p. 19). He further states that

The cost of poor quality is the annual monetary loss of products and pro-
cesses that are not achieving their quality objectives. The main compo-
nents of the cost of low quality are

 1. Cost of nonconformities.
 2. Cost of inefficient processes.
 3. Cost of loss opportunities of sales revenue. (p. 20)

Juran and Godfrey (1999) also state that “the term quality costs has different 
meanings to different people. Some equate quality costs with the cost of poor 
quality (mainly the costs of finding and correcting defective work); others 
equate the term with the costs to attain quality; still others use the term to 
mean the costs of running the quality department” (p. 8.2).

2.10.2  Categories of Costs

Costs of poor quality are those associated with providing poor-quality prod-
ucts or services. These are costs that would not be incurred if things were 
done right from the start and at every stage thereafter, in order to achieve the 
quality objective. There are four categories of costs:

 1. Prevention costs (the costs incurred to keep failure and appraisal 
costs to minimum).

 2. Appraisal costs (the costs incurred to determine the degree of con-
formance to quality requirements).

 3. Internal failure costs (the costs associated with defects found before the 
customer receives the product or service. It also consists of cost of failure 
to meet customer satisfaction and needs and cost of inefficient processes).

 4. External failure costs (the costs associated with defects found after 
the customer receives the product or service. It also includes lost 
opportunity for sales revenue).

Figure 2.5 illustrates the categories of cost of quality.
Thomas Pyzdek (1999) has detailed these costs as follows:

 1. Prevention costs: costs incurred to prevent the occurrence of non-
conformances in the future. Examples of prevention costs include
• Quality planning
• Process control planning
• Design review
• Quality training
• Gage design
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 2. Appraisal costs: costs incurred in measuring and controlling 
concurrent production to assure conformance to requirements. 
Examples of appraisal costs include
• Receiving inspection
• Laboratory acceptance testing
• In-process inspection
• Outside endorsements (e.g., UL approval)
• Calibration
• Inspection and test equipment
• Field testing

 3. Internal failure costs: costs generated before a product is shipped 
as a result of nonconformance to equipment. Examples of inter-
nal failure costs include
• Scrap
• Rework
• Process troubleshooting
• Vendor-caused scrap or work
• Material review board activity
• Reinspection or retest
• Downgrading

 4. External failure costs: costs generated after a product is shipped 
as a result of nonconformance to requirement. Examples of 
external failure costs include
• Processing of customer complaints
• Service
• Unplanned field repair
• Recalls
• Processing of returned materials
• Warranty (p. 148)

External failure 
cost

Internal failure
cost

Appraisal cost

Preventive cost

Cost of quality

Cost of 
nonconformance

Cost of 
conformance

FIGURE 2.5
Categories of cost of quality.
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These cost categories allow the use of quality cost data for a variety of 
 purposes. Quality costs can be used for measurement of progress, for ana-
lyzing the problem, or for budgeting. By analyzing the relative size of the 
cost categories, the company can determine if its resources are properly 
allocated.

CII (construction industry institute) product no. EM-4A (1994) states that 
“the cost of quality is the penalty paid for an imperfect world. It is the costs of 
all the extra work we do beyond merely doing a task correctly the first time 
to meet the requirements and expectations. The simple formula for defining 
the cost of quality is

 

Cost of Quality Cost of PreventionandAppraisal

Cost of Dev

=

+ iiation Correction¢¢  (p. 13).

It has further elaborated the components of costs of quality as follows:

Prevention and appraisal: all measures taken to assure that requirements 
are met, such as quality control systems, inspection, work check-
ing, design review, constructability or maintainability review, shop 
inspection, and auditing

Deviation correction: work done more than once because it did not meet 
requirements the first time

2.10.3  Reasons for Poor Quality

According to the survey carried out by the CII, the primary reasons for 
poor quality are mainly due to poor management and are illustrated in 
Figure 2.6.

Quality has an impact on the costs of products and services. The cost of 
poor quality is the annual monetary loss of products and processes that are 
not achieving their quality objective. The main components of the cost of 
quality are

 1. Cost of conformance
 2. Cost of nonconformance

Table 2.8 illustrates elements of cost of quality.
Table 2.9 illustrates different elements of categories of cost of quality dur-

ing design of the project.
Chung (1999) has quoted Robert (1991): “quality does not cost—it pays” (p. 9). 

Figure 2.7 summarizes the quality-related costs expressed as a percentage of 
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total construction costs. He further states that through the implementation 
of a proactive quality system that costs about 1% of the project value (the 
prevention cost), the expenditure as a result of repair, and so forth (failure 
cost) drops from 10% to 2%, representing a saving of 7%. These categories 
of costs may represent an increase of cost in one area and a reduction of cost 
in another.

The CII has made the following recommendations to reduce the rework:

 1. Reduce the number of design changes
 2. Implement a quality management program
 3. Adopt the standard set of quality-related terminology
 4. Develop and implement system to establish a database
 5. Implement a QPMS
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FIGURE 2.6
Primary reasons for poor quality. (Source: CII Source document 79. Reprinted with permission 
of CII, University of Texas.)
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TABLE 2.8

Cost of Quality

Cost of Compliance Cost of Noncompliance

• Quality planning
• Process control planning
• Quality training
• Quality audit
• Design review
• Product design validation
• Work procedure
• Method statement
• Process validation
• Prevention action
• Corrective action
• In-process inspection
• Field testing
• Third-party inspection
• Receiving inspection
• Laboratory acceptance testing
• Outside endorsement
• Calibration of equipment

• Scrap
• Rework
• Additional material/inventory cost
• Expedition
• Reinspection or retest
• Downgrading
• Maintenance service
• Field repairs
• Customer complaints
• Product recalls
• Warranty
• Rectification of returned material
• Loss of business
• Damaged reputation

Source: Abdul Razzak Rumane (2013), Quality Tools for Managing Construction Projects, CRC 
Press, Boca Raton, FL. Reprinted with permission from Taylor & Francis Group.

TABLE 2.9

Cost of Quality during Design Stage

Prevention Cost Appraisal Cost

• Conduct technical meetings for proper 
coordination

• Follow quality system
• Meeting submission schedule
• Training of project team members
• Update of software used for design

• Review of design drawings
• Review of specifications
• Review of contract documents to ensure 

meeting owner’s needs, quality 
standards, constructability, and 
functionality

• Review for regulatory requirements, 
codes

Internal Cost External Cost

• Redesign/redraw to meet fully 
coordinated design

• Rewrite specifications/documents to 
meet requirements of all other trades

• Incorporate design review comments by 
client/project manager

• Incorporate specifications/documents 
review comments by client/project 
manager

• Incorporate comments by regulatory 
authority(ies)

• Resolve RFI (request for information) 
during construction
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2.10.4  Quality Cost in Construction

Quality of construction is defined as including the following:

 1. Scope of work
 2. Time
 3. Budget

Cost of quality refers to the total cost incurred during the entire life cycle of con-
struction project in preventing nonconformance to owner requirements (defined 
scope). There are certain hidden costs that may not directly affect the overall 
cost of the project; however, it may cost the consultant/designer to complete the 
design within the stipulated schedule to meet owner requirements and confor-
mance to all the regulatory codes/standards, and for the contractor to construct 
the project within the stipulated schedule, meeting all the contract requirements. 
Rejection/nonapproval of executed/installed works by the supervisor due to 
noncompliance with specifications will cause the contractor loss in terms of

• Material
• Manpower
• Time

The contractor shall have to rework or rectify the work, which will need 
additional resources and will need extra time to do the work as specified. 

Cost-benefit 7%

Failure 2%

Appraisal 1%
Appraisal 1% Prevention 1%

Project without a 
quality system

Project with a 
quality system

Failure 10%

FIGURE 2.7
Implementation of quality management (Roberts, 1991). (Source: Chung, H.W. (1999), 
Understanding Quality Assurance in Construction. Reprinted with permission from Taylor & 
Francis Group.)
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This may disturb the contractor’s work schedule and affect execution of 
other activities. The contractor has to emphasize the “Zero Defect” policy, 
particularly for concrete works. To avoid rejection of works, the contractor 
has to take the following measures:

 1. Execution of works per approved shop drawings using approved 
material

 2. Following approved method of statement or manufacturer’s recom-
mended method of installation

 3. Conducting continuous inspection during construction/installation 
process

 4. Employ trained workforce properly
 5. Maintaining good workmanship
 6. Identifying and correcting deficiencies before submitting the check-

list for inspection and approval of work
 7. Coordinating requirements of other trades, for example, if any open-

ing is required in the concrete beam for crossing of services pipe

Timely completion of a project is one of the objectives to be achieved. To 
avoid delay, proper planning and scheduling of construction activities are 
necessary. Since construction projects have the involvement of many par-
ticipants, it is essential that the requirements of all the participants are fully 
coordinated. This will ensure execution of activities as planned resulting in 
timely completion of the project.

Normally, the construction budget is fixed at the inception of the project; 
therefore, it is necessary to avoid variations during the construction process 
as it may take time to get approval of an additional budget resulting in time 
extension to the project. Quality costs related to construction projects are 
summarized as follows.

2.10.4.1  Prevention Costs

• Preventive action
• Training
• Work procedures
• Method statement
• Calibration of instruments/equipment

2.10.4.2  Appraisal Costs

• Design review/preparation of shop drawings
• Preparation of composite/coordination drawings
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• On-site material inspection/test
• Off-site material inspection/test
• Prechecklist inspection

2.10.4.3  Internal Failure Costs

• Rework
• Rectification
• Rejection of checklist
• Corrective action

2.10.4.4  External Failure Costs

• Breakdown of installed system
• Repairs
• Maintenance
• Warranty

Quality costs during the design phases are different from those of the 
construction phase. Costs of quality during design phases are mainly to 
ensure development of project design and documents to ensure confor-
mance to the client’s requirements/TOR (Terms of Reference)/Matrix of 
Owner’s Requirements. Quality costs related to design development/
contract documents of construction projects can be summarized as 
follows:

Prevention Costs
• Conducting technical meetings for proper coordination
• Following quality system
• Meeting submission schedule
• Training of project team members
• Updating of software used for design
Appraisal Costs
• Review of design drawings
• Review of specifications
• Review of contract documents to ensure meeting owner’s needs, 

quality standards, constructability, and functionality
• Review for regulatory requirements, codes
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Internal Failure Costs
• Redesign/redraw to meet requirements of other trades
• Redesign/redraw to meet fully coordinated design
• Rewrite specifications/documents to meet requirements of all other 

trades
External Failure Costs
• Incorporate design review comments by client/project manager
• Incorporate specifications/documents review comments by client/

project manager
• Incorporate comments by regulatory authority(ies)
• Resolve RFI (request for information) during construction

2.10.5  Quality Performance Management System

Quality performance management system (QPMS) is a product of the CII. 
QPMS is one of the tools available for a TQM project and is a good implemen-
tation tool for a project to utilize in a TQM environment. It is a management 
tool developed by the CII to give management the information necessary to 
identify quality improvement opportunities.

QPMS focuses on reducing the cost of quality in four ways:

 1. It provides a process that facilitates awareness of individual and 
group quality performance (how well we do things right) by mea-
suring these costs in dollars.

 2. It arms managers with information on quality costs and activities 
that enable proactive decisions affecting quality outcome.

 3. It provides a database for estimating quality performance on future 
projects.

 4. If and when widely accepted, the data should provide benchmark-
ing information throughout the industry. (Benchmarking is a point 
of reference by which the performance is judged or measured.)

According to the CII, the QPMS has been developed as a management tool 
to meet the following criteria. It must

 1. Be capable of tracking quality-related costs involved in the design 
and construction of engineered projects and answer the following 
four questions:

What quality management activities and deviation costs are involved?
When were the quality management activities and deviation 

costs incurred?
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Why did the deviations occur (i.e., their root causes)?
How did the rework relate to the quality management?

 2. Provide valuable cost-of-quality information to establish baseline 
and identify opportunities for improvement, without providing 
either too much or too little detail

 3. Be adaptable to various types and aspects of design and construction 
projects

 4. Be easily implementable by owners, designers, and contractors
 5. Be cost-effective
 6. Be compatible with existing cost systems used by management

Thus, it can be summarized that with implementation of quality manage-
ment system, costs of quality is reduced and ultimately results in savings.

2.11  Integrated Quality Management

The integrated quality management system (IQMS) is the integration and 
proper coordination of functional elements of quality to achieve efficiency 
and effectiveness in implementation and maintaining an organization’s 
quality management system to meet customer requirements and satisfac-
tion. IQMS consists of any element or activity that has an effect on quality. 
Customer satisfaction is the goal of quality objectives.

During the past three decades, many programs have been implemented for 
organizational improvements. In the 1980s, programs such as statistical pro-
cess control, various quality tools, and total quality management were imple-
mented. In the 1990s, ISO 9000 came into being, which resulted in improved 
productivity, cost reduction, improved time, improved quality, and customer 
satisfaction.

With globalization and competition, it became necessary for organizations 
to continuously improve to achieve the highest performance and a competi-
tive advantage.

In the 1980s, the major challenge facing most organizations was to improve 
quality. In the 1990s, it was to improve faster by restructuring and reengi-
neering all operations.

In today’s global competitive environment, organizations are facing many 
challenges due to an increase in customer demand for higher performance 
requirements at a competitive cost. They are finding that their survival in the 
competitive market is increasingly in doubt. To achieve a competitive advan-
tage, effective quality improvement is critical.

Processes and systems are essential for the performance and expansion of 
any organization. ISO 9000 is an excellent tool to develop a strong foundation 
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for good processes and systems. The ISO 9000 quality management system is 
accepted worldwide, and ISO 9000 certification has global recognition.

An IQMS is developed by merging recommendations and specifications 
from ISO 9000 (Quality Management System), ISO 14000 (Environmental 
Management System), and OHSAS 18000 (Occupational Health and Safety 
Management), together with other contract documents. If an organization 
has a certified Quality Management System (ISO 9000), it can build an IQMS 
system by adding environmental, health, safety, and other requirements of 
management system standards.

The benefits of implementing an IQMS are

• Reduced duplication and, therefore, cost
• Improved resource allocation
• Standardized process
• Elimination of conflicting responsibilities and relationship
• Consistency
• Improved communication
• Reduced risk and increased profitability
• Facilitated training development
• Simplified document maintenance
• Reduced record keeping
• Ease of managing legal and other requirements

Construction projects are unique and nonrepetitive in nature, and have 
their own quality requirements that can be developed by integration of project 
specifications and an organization’s quality management system. Normally, 
quality management system manuals consist of procedures to develop project 
quality control plans, taking into consideration contract specifications. This 
plan is called the contractor’s quality control plan (CQCP). Certain projects 
specify which value engineering studies should be undertaken during the 
construction phase. The contractor is required to include these while devel-
oping the CQCP. This plan can be termed an Integrated Quality Management 
System (IQMS) for construction projects. The contractor has to implement a 
quality system to ensure that the construction is carried out in accordance 
with the specification details and approved CQCP. Figure 2.8 illustrates the 
logic flow diagram for development of IQMS for construction projects.
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Construction Projects

3.1  Project Definition

The authors of A Guide to the Project Management Body of Knowledge (PMBOK 
2000) define the word project in terms of its distinctive characteristics: “A 
project is a temporary endeavor undertaken to create a unique product or 
service.” “Temporary” means that every project has a definite beginning and 
a definite end. “Unique” means that the product or service is different in 
some distinguishing way from all similar products or services.

It further states that projects are often critical components of the performing 
organization business strategy. Examples of projects include

• Developing a new product or service
• Effecting a change in structure, staffing, or style of an organization
• Designing a new transportation vehicle/aircraft
• Developing or acquiring a new or modified information system
• Running a campaign for political office
• Implementing a new business procedure or process
• Constructing a building or facility

The duration of a project is finite; projects are not ongoing efforts, and the 
project ceases when its declared objectives have been attained. Among other 
shared characteristics, projects are

 1. Performed by people
 2. Constrained by limited resources
 3. Planned, executed, and controlled

Pyzdek (1999) defined “project” as

 1. A plan or proposal; a scheme
 2. An undertaking requiring concrete effort

3
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The “plan” is defined as

 1. A scheme, program, or method worked beforehand for the accom-
plishment of an objective; a plan of attack

 2. A proposed or tentative projective or course of action
 3. A systematic arrangement of important parts (p. 48)

According to Kerzner (2001), a project can be considered to be a set of activ-
ities and tasks that

• Have a specified objective to be completed within certain 
specifications

• Have defined start and end dates
• Have funding limits (if applicable)
• Consume human and nonhuman resources (i.e., money, people, and 

equipment)
• Are multifunctional (i.e., cut across several lines) (p. 2)

Based on various definitions, the project can be defined as follows: “A proj-
ect is a plan or program performed by the people with assigned resources to 
achieve an objective within a finite duration.”

3.2  Construction Projects

Construction has a history of several thousand years. The first shelters were 
built from stone or mud and the materials collected from the forests to pro-
vide protection against cold, wind, rain, and snow. These buildings were 
primarily for residential purposes, although some may have had some com-
mercial function.

During the New Stone Age, people introduced dried bricks, wall 
construction, metal working, and irrigation. Gradually, people developed 
the skills to construct villages and cities, and considerable skills in building 
were acquired. This can be seen from the great civilizations in different parts 
of the world—some 4000–5000 years ago. During the early period of Greek 
settlement, which was about 2000 BCE, the buildings were made of mud 
using timber frames. Later, temples and theaters were built from marble. 
Some 1500–2000 years ago, Rome became the leading center of world culture, 
which extended to construction.

Marcus Vitruvius Pollo, the first-century military and civil engineer, penned 
in Rome the world’s first major treatise on architecture and construction. 
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It dealt with building materials, the styles and design of building types, the 
construction process, building physics, astronomy, and building machines.

During the Middle Ages (476–1492), improvements occurred in agriculture 
and artisanal productivity and exploration, and as a consequence, the 
broadening of commerce took place and in the late Middle Ages, building 
construction became a major industry. Craftsmen were given training and 
education in order to develop skills and to raise their status. At this time, 
guilds came up to identify true craftsmen and set standards for quality.

The fifteenth century brought a “renaissance” or renewal in architecture, 
building, and science. Significant changes occurred during the seventeenth 
century and thereafter due to the increasing transformation of construction 
and urban habitat.

The scientific revolution of the seventeenth and the eighteenth centuries gave 
birth to the great Industrial Revolution of the eighteenth century. After some 
delay, construction followed these developments in the nineteenth century.

The first half of the twentieth century witnessed the construction indus-
try becoming an important sector throughout the world, employing many 
workers. During this period, skyscrapers, long-span dams, shells, and 
bridges were developed to satisfy new requirements and marked the con-
tinuing progress of construction techniques. The provision of services such 
as heating, air-conditioning, electrical lighting, water mains, and elevators 
in buildings became common. The twentieth century has seen the trans-
formation of the construction and building industry into a major economic 
sector. During the second half of the twentieth century, the construction 
industry began to industrialize, introducing mechanization, prefabrication, 
and system building. The design of building services systems changed con-
siderably in the last 20 years of the twentieth century. It became the respon-
sibility of designers to follow health, safety, and environmental regulations 
while designing any building.

Building and commercial—traditional architect and engineer (A&E) 
type—construction projects account for an estimated 25% of the annual con-
struction volume. Building construction is a labor-intensive endeavor. Every 
construction project has some elements that are unique. No two construction 
or research and development (R&D) projects are alike. Though it is clear that 
many building projects are more routine than R&D projects, some degree of 
customization is a characteristic of the projects.

Construction projects involve a cross section of many different participants. 
These both influence and depend on each other in addition to the “other 
players” involved in the construction process. Figure 3.1 illustrates the 
concept of the traditional construction project organization.

Traditional construction projects involve three main groups:

 1. Owners—A person or an organization that initiates and sanctions a 
project. He/she outlines the needs of the facility and is responsible 
for arranging the financial resources for creation of the facility.
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 2. Designers (A&E)—This group consists of one or more architects or 
engineers and consultants. They are the owner’s appointed entities 
accountable for converting the owner’s conception and need into a 
specific facility with detailed directions through drawings and speci-
fications adhering to the economic objectives. They are responsible 
for the design of the project and, in certain cases, its supervision.

 3. Contractors—A construction firm engaged by the owner to com-
plete the specific facility by providing the necessary staff, workforce, 
materials, equipment, tools, and other accessories to the satisfaction 
of the owner/end user in compliance with the contract documents. 
The contractor is responsible for implementing the project activities 
and for achieving the owner’s objectives.

Construction projects are executed based on a predetermined set of goals 
and objectives. With traditional construction projects, the owner heads the 
team, designating a project manager. The project manager is a person/mem-
ber of the owner’s staff or independently hired person/firm with overall or 
principal responsibility for the management of the project as a whole.

Oberlender (2000) states that the working environment and culture of a 
construction project is unique compared to most working conditions. A typi-
cal construction project consists of a group of people, normally from several 

Design disciplines
Design subconsultants
(associate consultants)

Construction subcontractors 
Suppliers/vendors
Fabricators
Construction trade workers

Design team leader Construction manager or
superintendent

Owner

ConstructorDesign professional

Project manager
In-house staff
Speciality consultants

Lines of authority (defined by contract)
Lines of communication

FIGURE 3.1
Traditional Construction Project Organization. (Source: Quality in the Constructed Project (2000) 
by ASCE. Reprinted with permission from ASCE.)
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organizations, that are hired and assigned to a project to build the facility. 
Due to the relatively short life of a construction project, these people may 
view the construction project as accomplishing short-term tasks. However, 
the project manager of the construction team must instill in the team the 
concept that building a long-term relationship is more important in career 
advancement than trying to accomplish short-term tasks.

In certain cases, owners engage a professional firm, called a construction 
manager, trained in the management of construction processes, to assist in 
developing bid documents, and overseeing and coordinating the project for 
the owner. The basic construction management concept is that the owner 
assigns a contract to a firm that is knowledgeable and capable of coordinating 
all the aspects of the project to meet the intended use of the project by the 
owner. In the construction management type of construction projects, the 
consultants (architect/engineer) prepare complete design drawings and 
contract documents; then the project is put for competitive bid and the 
contract is awarded to the competitive bidder (contractor). Next, the owner 
hires a third party (construction manager) to oversee and coordinate the 
construction.

The authors of “Quality in the Constructed Project” by the American 
Society of Civil Engineers (ASCE 2000) have categorized two types 
of  construction managers: agency construction managers (ACM) and 
construction managers-at-risk (CM-at-risk). An ACM functions wholly 
within the policies, procedures, and practices of the owner’s organization. 
A CM-at-risk typically contracts with the owner in two stages. During the 
first stage, CM-at-risks act as consultants or even design professionals, and 
when the design is completed they become involved in the completion of 
the construction work.

There are numerous types of construction projects:

• Process-type projects
• Liquid chemical plants
• Liquid/solid plants
• Solid process plants
• Petrochemical plants
• Petroleum refineries

• Nonprocess-type projects
• Power plants
• Manufacturing plants
• Support facilities
• Miscellaneous (R&D) projects
• Civil construction projects
• Commercial/A&E projects
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Civil construction projects and commercial/A&E projects can further be 
categorized into four somewhat arbitrary but generally accepted major types 
of construction:

 1. Residential construction
 2. Building construction (institutional and commercial)
 3. Industrial construction
 4. Heavy engineering construction

Residential construction: Residential construction includes single-family 
homes, multiunit town houses, garden, apartments, high-rise apartments, 
and villas.

Building construction: Building construction includes structures ranging 
from small retail stores to urban redevelopment complexes, from grade 
schools to new universities, hospitals, commercial office towers, theaters, 
government buildings, recreation centers, warehouses, and neighborhood 
centers.

Industrial construction: Industrial construction includes petroleum 
refineries, petroleum plants, power plants, heavy manufacturing plants, and 
other facilities essential to our utilities and basic industries.

Heavy engineering construction: Heavy engineering construction includes 
dams and tunnels, bridges, railways, airports, highways and urban rapid 
transit system, ports and harbors, water treatment and distribution, sewage 
and storm water collection, treatment and disposal system, power lines, and 
communication network.

Table 3.1 illustrates types of construction projects.

3.3  Construction and Manufacturing

Construction has unique problems compared to manufacturing. A few of 
these are listed as follows:

• Construction is a custom rather than a routine, repetitive business 
and differs from manufacturing.

• Quality in manufacturing passes through series of processes. The 
output is monitored by inspection and testing at various stages of 
production.

• Construction is different from both that of mass production and 
batch (lot) production manufacturing.
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• In construction projects, the scenario is not the same as that of 
manufacturing. If anything goes wrong, the nonconforming work 
is very difficult to rectify and remedial action is sometimes not 
possible. Quality costs play an important role in construction 
projects.

• In construction, an activity may be repeated at various stages, but it 
is done only one time for a specific work. Therefore, it has to be right 
from the onset.

• In manufacturing, the buyer does not enter the scene until the prod-
uct comes into being, whereas in construction the buyer is involved 
from beginning to end. Even during the construction phase, it is 
likely that certain modifications may take place.

• The owner is deeply involved in the construction process, while the 
purchaser of manufactured goods is not. Buyers of the usual manu-
factured products seldom have access to the plant where they are 
made, nor do they deal directly with factory managers.

• Most projects or their individual work phases are of relatively 
short duration. One consequence is that management teams and, 
possibly, the workforce must be assembled quickly and cannot 
be shaken out or restructured before the project or work phase is 
completed.

• To a great extent, each project has to be designed and built to serve 
a specific need and therefore it is necessary to make certain modifi-
cations in the system process to fit the particular conditions of each 
construction project and its specific problems.

• The location of construction projects varies widely. In a manufactur-
ing plant, a given operation is assigned to and carried out in one 
place. In contrast, specialized construction crews progress from loca-
tion to location.

• Operations are commonly conducted out of doors and are subject to 
all the interruptions and variation in conditions and the other dif-
ficulties that rain, snow, heat, and cold can introduce.

• The final product is usually of unique design and differs from 
workstation to workstation so that no fixed arrangement of equip-
ment or aids such as jigs and fixtures are possible as is in the case of 
manufacturing.

• Construction is a preliminary step leading to a completed facility; 
the layout and arrangements may make access for construction dif-
ficult and permanent provisions for safety impossible.

• Construction often needs highly skilled craftsmen rather than 
unskilled workers; individual crews, whether union or nonunion, 
usually do specialized operations.
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• Construction involves installation and integration of various materi-
als, equipment, systems, or other components to complete the facility.

• Construction focuses mainly on overall performance of the project or 
facility in which a product(s) or a system(s) is a part and assembled/
installed to achieve the objectives.

• Construction projects work against defined scope, schedules, and 
budget to achieve the specified result.

• Performance of construction projects can be evaluated only after it is 
completed and put into use/operation.

3.4  Tools for Construction Projects

3.4.1  Introduction

Quality tools are the charts, check sheets, diagrams, graphs, techniques, and 
methods that are used to create an idea, engender planning, analyze the 
cause, analyze the process, foster evaluation, and create a wide variety of sit-
uations for continuous quality improvement. Applications of tools enhance 
chances of success and help maintain consistency, accuracy, and increase effi-
ciency and process improvement.

There are several types of tools, techniques, methods, in practice, which 
are used as quality improvement tools and have variety of applications in 
manufacturing and process industry. However, all of these tools are not 
used in construction projects due to the nature of construction projects that 
are customized and nonrepetitive. Some of these quality management tools 
that are most commonly used in construction industry are listed under the 
following broader categories:

 1. The quality classic tools
 2. Management and planning tools
 3. Process analysis tools
 4. Process improvement tools
 5. Innovation and creative tools
 6. Lean tools
 7. Cost of quality
 8. Quality function deployment
 9. Six Sigma
 10. Triz
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3.4.2  Design Tools

3.4.2.1  Quality Function Deployment

Quality function deployment (QFD) is a technique for translating customer 
requirements into technical requirements. It was developed in Japan by 
Dr. Yoji Akao in the 1960s to transfer the concepts of quality control from 
the manufacturing process into the new product development process. QFD 
is referred to as the “voice of the customer,” which helps in identifying and 
developing customer requirements through each stage of product or ser-
vice development. It is a development process that utilizes a comprehensive 
matrix involving project team members.

QFD is being applied virtually in every industry and business—from 
aerospace, communication, and software to transportation, manufacturing, 
services, and construction. QFD helps in constructing one or more matrices 
containing information related to others. The assembly of several matrices 
showing correlation with one another is called “the house of quality” and 
is the most recognized form of QFD. The house of quality is made up of the 
following major components:

 1. WHAT
 2. HOW
 3. Correlation matrix (Roof)—technical requirements
 4. Interrelationship matrix
 5. Target value
 6. Competitive evaluation

Figure 3.2 illustrates the basic house of quality.
The WHAT is the first step in developing the house of quality. It is a struc-

tured set of needs/requirements ranked in terms of priority and the levels of 
importance being specified quantitatively. It is generated by using questions 
such as:

• What types of finishes are needed for the building?
• What type of air-conditioning system is required for the building?
• What type of communication system is required for the building?
• What type of flooring material is required?
• Does the building need a security system?

The HOW is the second step in which project team members translate the 
requirements (WHAT) into technical design characteristics (specifications) 
and are listed across the columns of the matrix.



179Construction Projects

The correlation matrix identifies the technical interaction or physical rela-
tionship among the technical specifications. The interrelationship matrix 
illustrates team members’ perceptions of the interrelationship between own-
er’s requirements and technical specifications.

The bottom part allows for technical comparison between possible alterna-
tives, target values for each technical design characteristic, and performance 
measurement.

The right side of the house of quality matrix is used for planning. It illus-
trates customer perceptions observed in the market survey.

The QFD technique can be used to translate the owner’s need/require-
ments into developing a set of technical requirements during conceptual 
design.

Figure 3.3 illustrates the house of quality for a smart building system.

HOWs (columns)

WHATs
(rows)

Relationships matrix
(intersection of row and column)

Im
po

rt
an

t w
ei

gh
tin

g

Competitive evaluation

Target values

Competitive evaluation

Importance weighting

Correlation
matrix

FIGURE 3.2
The house of quality. (Source: Pyzdek, Thomas (1999), Quality Handbook. Reprinted with permis-
sion from Quality America Inc.)
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3.4.2.2  Six Sigma DMADV Tool in Design of Construction Projects

3.4.2.2.1  Define Phase

What is important? (Define the project goals and customer deliverables.)
The key deliverables of this phase are

• Establish the goal
• Identify the benefits
• Select project team
• Develop project plan
• Develop project charter

3.4.2.2.1.1 Goal Develop Construction project design using Six Sigma tool 
to meet owner’s needs and satisfy the project quality requirements.

3.4.2.2.1.2  Benefits The measurable benefits of adopting this process will

• Minimize design errors
• Minimize omissions
• Reduce design rework
• Reduce risk and liabilities
• Provide construction project (building) design that will meet own-

er’s needs without rejection of documents by the owner’s review 
team (Project Manager, Construction Manager) at the first submis-
sion itself and without affecting the construction process, thus reduc-
ing external failure cost.

• Not affect the construction process, thus reducing external failure cost
• Reduce construction overruns
• Increase customer satisfaction
• Improve reputation
• Increase profits

3.4.2.2.1.3  Selection of Team The team shall consist of the following:

 1. Sponsor—project manager
 2. Champion:

• Design manager (civil/structural)
• Quality manager
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 3. Team leader—principal engineer (civil/structural)
 4. Team members—structural design engineer, CAD technician,  quality 

control engineer, quantity surveyor, cost engineer, planner, owner’s 
representative, and end user

Similar teams can be organized for other trades such as architectural, HVAC, 
mechanical (P&FF), electrical including low-voltage systems, landscape, and 
external works.

Figure 3.4 illustrates the project design organization chart.

3.4.2.2.1.4 Project Plan Time frame in the form of Gantt chart shall be pre-
pared to meet the target dates for

• Data collection and analysis
• Development of concept design
• Submission and approval of concept design for client review and 

comments
• Development of schematic design
• Submission and approval of schematic design for client review and 

comments
• Development of detail design (design development)
• Regulatory/authority approvals
• Preparation of contract documents
• Submission of detail design and documents for client review and 

comments
• Submission of the project design and documents (final)
• Review and coordination meetings (both internal and with client)
• Monitoring of design schedule
• Monitoring and controlling resources

3.4.2.2.1.5 Project Charter In this example, the project objective is to create 
construction project (building) design within stipulated schedule that

• Will meet owner’s need
• Will meet relevant standards, codes, regulatory requirements
• Will be approved by the owner/owner’s representative at the 

first submission without any major comments on the design and 
specification documents

• Will have all documents accurate and shall not affect construction 
quality
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3.4.2.2.2  Measure Phase

What is needed? (Measure and determine customer needs and specifications.)
The key deliverables in this phase are

 1. Matrix of owner’s requirements (Terms of Reference—TOR)-scope 
of work

 2. Codes and standards to be followed
 3. Regulatory requirements
 4. Sustainability (environmental, social, economical)
 5. Implementation of LEED requirements
 6. Energy conservation requirements
 7. Maintainability
 8. Constructability
 9. HSE requirements
 10. Fire protection requirements
 11. Project schedule
 12. Project budget
 13. Design review procedure by the owner/client
 14. Other disciplines’ requirements for coordination purpose
 15. Procedure to incorporate changes/revisions requested by the client/

owner
 16. Number of drawings to be produced
 17. Duration of completion of project design and submission of docu-

ments at different stages/phases of the project
 18. Quality system requirements within the organization or portion of 

organization
 19. Any special condition by the client

3.4.2.2.3  Analyze Phase

How will we fulfill? (Analyze process options and prioritize based on capa-
bility to satisfy customer requirements.)

The key deliverables in this phase are

• Data collection
• Prioritization of data under major variables
• Compliance to organization’s procedures and guidance
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3.4.2.2.3.1 Data Collection Data shall be collected at different phases of 
 construction project life cycle, for design considerations, to meet require-
ments for development of the following phases:

 1. Concept design
 2. Schematic/preliminary design
 3. Detailed design/design development

The following data shall be collected to develop construction project design 
at different phases:

• Identification of need by the owner
• Identify number of floors
• Identify building usage
• Identify technical and functional capability requirements
• Soil profile and laboratory test of soil
• Identify topography of the project site
• Identify wind load, seismic load, dead load, and live load
• Identify existing services passing through the project site
• Identify existing roads, structure surrounding the project site
• Identify environmental compatibility requirements
• Identify energy conservation requirements
• Identify sustainability requirements
• Identify regulatory/authority requirements
• Identify codes and standards to be followed
• Identify social responsibility requirements
• Identify health and safety features
• Identify fire protection requirements
• Identify aesthetics requirements
• Identify zoning requirements
• Identify project constraints
• Identify ease for constructability
• Identify critical activities during construction
• Identify method statement requirements
• Identify requirements of other disciplines for coordination purpose
• Identification of team members
• Project time schedule
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• Financial implications and resources for the project
• Identify cost-effectiveness of the project
• Identify 3D information areas
• Identify suitable software program
• Identify number of drawings to be produced
• Identify milestone for development of each phase of design

3.4.2.2.3.2 Arrangement of Data The generated data shall be prioritized in an 
orderly arrangement under the following major variables during designing 
of concept, schematic, and design development phases:

• Owner’s need
• Regulatory compliance
• Sustainability
• Safety
• Constructability

3.4.2.2.4 Design Phase

How we build it? (Design detailed process(es) capable of satisfying customer 
requirements.)

The key deliverables in this phase are

• Development of concept design
• Development of schematic design
• Development of detail design

3.4.2.2.4.1 Development of Concept Design While developing the concept 
design, the designer shall consider the following:

• Project goals/owner need
• Number of floors
• Usage of building
• Technical and functional capability
• Regulatory requirements
• Authorities requirements
• Environmental compatibility
• Constructability
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• Health and safety
• Cost-effectiveness over the entire life cycle of project

3.4.2.2.4.2 Development of Schematic Design While developing the schematic 
design, the designer shall consider the following:

• Concept design deliverables
• Site location in relation to the existing environment
• Building structure
• Floor grade and system
• Tentative size of columns, beams
• Stairs
• Roof
• Authorities’ requirements
• Energy conservation issues
• Available resources
• Environmental issues
• Sustainability
• Requirements of all stake holders
• Optimized life-cycle cost (value engineering)
• Constructability
• Functional/aesthetic aspect
• Services requirements
• Project schedule
• Project budget
• Preliminary contract documents (outline specifications)

3.4.2.2.4.3 Development of Detail Design While developing the detail design, 
the designer shall consider the following:

• Schematic design deliverables
• Authorities’ requirements
• Energy conservation issues
• Environmental issues
• Sustainability
• Requirements of all stake holders
• Environmental compatibility
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• Available resources
• Number of floors
• Property limits/surrounding areas
• Excavation
• Dewatering
• Shoring
• Backfilling
• Substructure
• Design of foundation based on field and laboratory test of soil 

investigation
• Subsurface profiles and subsurface conditions, and subsurface drainage
• Coefficient of sliding on foundation
• Degree of difficulty for excavation
• Method of protection of below-grade concrete members against 

impact of soil and groundwater
• Geotechnical design parameters
• Design load such as dead load, live load, and seismic load
• Grade and type of concrete
• Type of footings
• Type of foundation
• Energy-efficient foundation
• Size of bars for reinforcement and the characteristic strength of bars
• Clear cover for reinforcement
• Reinforcement bar schedule, stirrup spacing
• Superstructure
• Columns
• Walls
• Stairs
• Beams
• Slab
• Parapet wall
• Height of each floor
• Beam size and height of beam
• Location of columns in coordination with architectural requirements
• Openings for services
• Deflection which may cause fatigue of structural elements, crack or 

failure of fixtures, fittings or partitions, or discomfort of occupants
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• Movement and forces due to temperature
• Equipment vibration criteria
• Expansion joints
• Insulation
• Concrete tanks (water storage)
• Services requirements (shafts, pits)
• Shafts and pits for conveying system
• Building services to fit in the building
• Coordination with other trades and conflict resolution
• Calculations required as per contract requirements

3.4.2.2.4.4 Preparation of Contract Documents Contract documents shall be 
prepared as per MasterFormat® (2014 edition).

3.4.2.2.5  Verify Phase

How do we know it will work? (Verify design performance capability.)
The key deliverables in this phase are

• Review and check the design for quality assurance using thorough 
itemized review check lists to ensure that design drawings fully 
meet the owner’s objectives/goal.

• Review and check contract documents (design drawings, specifica-
tions, and contract documents).

• Check for accuracy.
• Check calculations.
• Review studies and reports.
• Review discipline requirements.
• Review interdiscipline requirements and conflict.
• Review constructability.
• Management review.

After verification, the documents can be released for submission.
In case of any comments from the client/client’s representative, the design 

shall be reviewed and modified accordingly.

3.4.2.3  Design of Experiments

Design of experiments (DOE) is a tool that can be used in a variety of experi-
mental situations. DOE allows for multiple input factors (assumptions) to be 
manipulated/evaluated determining their effect on a desired output (result). 
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It looks at interrelationship between many variables at one time. It identifies 
important interactions that may be missed when experimenting with one 
factor at a time. All possible combinations can be investigated/evaluated, 
or only a portion of the possible combination. A well-performed experiment 
may provide answers to questions such as

• What are the key factors in a process?
• At what settings would the process deliver acceptable performance?
• What are the key main and interaction effects on the process?
• What settings would bring about less variation in the output?
• What settings and process will result in acceptable product and cus-

tomer satisfaction?

In construction projects, the concept of DOE can be termed as devel-
opment and study of several alternatives. The study of alternatives and 
evaluation of their impacts can vary significantly, depending on the size 
and complexity of the project. DOE in construction projects can be used 
to evaluate

• Conceptual alternatives
• Functional alternatives
• Scheduling alternatives
• Cost alternatives
• Environmental impacts

3.4.3  Project Control

The principle of PDCA cycle model can be used to describe monitoring and 
controlling construction process activities as follows:

Plan: Determine the information needs, data collection methods, and 
frequency of data collection.

Do: Collect status information needs, record status, and report progress.
Check: Compare actual performance (status) with planned performance 

(baseline) and analyze issues.
Act: Take corrective or preventive action, update project plan, update 

project documents and implement approved changes.

Figure 3.5 illustrates project monitoring and controlling process cycle.
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3.4.4  Lean Tools

Lean is a systematic approach and commitment to customer value that iden-
tifies and eliminates waste by making work flow across the entire value 
stream, at the pull of the customer, with an unwavering commitment to the 
continuous pursuit of perfection. Lean tools

• Create stability/predictability on the projects
• Remove waste in construction design and construction practice, 

thus improving productivity and reducing time and cost to build 
the project

• Result in safer projects

3.4.4.1  Concurrent Engineering

Product life cycle begins with need and extends through concept design, 
preliminary design, detail design, production or construction, product use, 
phase out, and disposal. Concurrent engineering is defined as systematic 
approach to create a product design that simultaneously considers all the 

4. Act 1. Plan

3. Check 2. Do

Determine the information needs.
Data collection methods.
Frequency of data collection.

Collect status information needs.
Record status.
Report progress.

Corrective or preventive action.
Implement approved changes.
Project plan updates.

Compare actual performance
(status) with planned
performance (baseline).
Analyze issues.

Project documents updates.

FIGURE 3.5
Project monitoring and controlling process cycle.
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elements of product life cycle, thus reducing the product life-cycle time. It is 
used to expedite the development and launch of a new product. In construc-
tion projects, construction can simultaneously start while the design is under 
development.

Figure 3.6 illustrates concurrent engineering for construction project life 
cycle.

3.4.4.2  Value Stream Mapping

This tool is used to establish flow of material or information and eliminating 
waste and adding value. Value stream mapping is used to identify areas for 
improvement.

Figure 3.7 illustrates value stream mapping diagram for emergency power 
system.

3.4.4.3  5S for Construction Projects

5S is a systematic approach for improving quality and safety by organizing a 
workplace. It is a methodology that advocates

• What should be kept
• Where it should be kept
• How it should be kept

5S is a Japanese concept of housekeeping having reference to five Japanese 
words starting with letter S. Table 3.2 shows these words with their English 
equivalent words and what these words stand for.

Testing and
commissioning

Design**

Concept
design

Preliminary
design Detail design

Build**

Design + Build**

Construction project life cycle

Bidding Construction Testing and 
commissioning

Concept
design Bidding Preliminary

design Detail design Construction

FIGURE 3.6
Concurrent engineering for construction life cycle.
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Construction projects are temporary workplaces. Construction project 
materials are stored in both covered as well as in open areas. The contractor 
has to keep all the material in the available space in neat and clean ready-to-
use condition. The area should be safe and risk-free for free movement of the 
work personnel. The contractor has to consider site safety while arranging 
the storage area.

The contractor is responsible for providing all the resources to build the 
project/facility. These resources are mainly the following:

 1. Manpower
 2. Construction equipment, machinery, and tools
 3. Material to be used/installed in the project
 4. Consumables

The following points have to be considered while planning the layout for 
storage of construction material:

 1. Construction documents specify the minimum number of construc-
tion equipment, machinery, and tools to be made available at the 
construction site during the construction process.

 2. Materials to be used/installed in the project are documented in the 
bill of quantity (BOQ) or bill of material (BOM), and contract draw-
ings and documents.

 3. Consumables are required by the contractor to fabricate/install/
assemble the equipment/panel/material.

Table 3.3 shows an example of how a 5S program can be developed for con-
struction projects.

TABLE 3.2

5S Concept

Japanese English Equivalent Stands For

Seiri Sort • Keeping only essential items
• Sort out necessary from unnecessary and discard 

the unnecessary
Seiton Set in order/simplify • Keep items in a systematic/orderly manner to 

make easy traceability
Seiso Shine/sweep • Maintain cleanliness by arranging things in 

dirt-free and tidy status, making things always 
ready to use

Seiketsu Standardize • Keep work area organized for operating in a 
consistent and standardized fashion

Shitsuke Sustain • Maintain what has been accomplished



195Construction Projects

TA
B

LE
 3

.3

5S
 fo

r 
C

on
st

ru
ct

io
n 

P
ro

je
ct

s

S
r.

 N
o.

5S
R

el
at

ed
 A

ct
io

n

1
So

rt
•

 D
et

er
m

in
e 

w
ha

t i
s 

to
 b

e 
ke

pt
 in

 o
pe

n 
an

d
 w

ha
t u

nd
er

 s
he

d
•

 A
llo

ca
te

 a
re

a 
fo

r 
ea

ch
 ty

pe
 o

f c
on

st
ru

ct
io

n 
eq

ui
pm

en
t a

nd
 m

ac
hi

ne
ry

•
 A

llo
ca

te
 a

re
a 

fo
r 

el
ec

tr
ic

al
 to

ol
s

•
 A

llo
ca

te
 a

re
a 

fo
r 

ha
nd

 to
ol

s
•

 A
llo

ca
te

 a
re

a 
fo

r 
co

ns
tr

uc
ti

on
 m

at
er

ia
l/

eq
ui

pm
en

t t
o 

be
 u

se
d

/
in

st
al

le
d

 in
 th

e 
pr

oj
ec

t
•

 A
llo

ca
te

 a
re

a 
fo

r 
ha

za
rd

ou
s,

 in
fl

am
m

ab
le

 m
at

er
ia

l
•

 A
llo

ca
te

 a
re

a 
fo

r 
ch

em
ic

al
s,

 p
ai

nt
s

•
 A

llo
ca

te
 a

re
a 

fo
r 

sp
ar

e 
pa

rt
 fo

r 
m

ai
nt

en
an

ce
2

Se
t i

n 
or

d
er

•
 K

ee
p/

ar
ra

ng
e 

eq
ui

pm
en

t i
n 

su
ch

 a
 w

ay
 th

at
 th

ei
r 

m
an

eu
ve

ri
ng

/
m

ov
em

en
t s

ha
ll 

be
 e

as
y

•
 V

eh
ic

le
s 

to
 b

e 
pa

rk
ed

 in
 th

e 
ya

rd
 in

 s
uc

h 
a 

w
ay

 th
at

 fr
eq

ue
nt

ly
 u

se
d

 v
eh

ic
le

s 
ar

e 
pa

rk
ed

 n
ea

r 
th

e 
ga

te
•

 F
re

qu
en

tl
y 

us
ed

 e
qu

ip
m

en
t/

m
ac

hi
ne

ry
 to

 b
e 

lo
ca

te
d

 n
ea

r 
th

e 
w

or
k 

pl
ac

e
•

 S
et

 b
ou

nd
ar

ie
s 

fo
r 

d
if

fe
re

nt
 ty

pe
 o

f e
qu

ip
m

en
t a

nd
 m

ac
hi

ne
ry

•
 I

d
en

ti
fy

 a
nd

 a
rr

an
ge

 to
ol

s 
fo

r 
ea

sy
 a

cc
es

s
•

 I
d

en
ti

fy
 a

nd
 s

to
re

 m
at

er
ia

l/
eq

ui
pm

en
t a

s 
pe

r 
re

le
va

nt
 d

iv
is

io
n/

se
ct

io
n 

of
 c

on
tr

ac
t d

oc
um

en
ts

•
 I

d
en

ti
fy

 a
nd

 s
to

re
 m

at
er

ia
l i

n 
ac

co
rd

an
ce

 w
it

h 
th

ei
r 

us
ag

e 
as

 p
er

 c
on

st
ru

ct
io

n 
sc

he
d

ul
e

•
 D

et
er

m
in

e 
it

em
s 

w
hi

ch
 n

ee
d

 s
pe

ci
al

 c
on

d
it

io
ns

•
 M

ar
k/

ta
g 

th
e 

it
em

s/
m

at
er

ia
l

•
 D

is
pl

ay
 r

ou
te

 m
ap

 a
nd

 lo
ca

ti
on

•
 P

ut
 th

e 
m

at
er

ia
l i

n 
se

qu
en

ce
 a

s 
pe

r 
th

ei
r 

us
e

•
 F

re
qu

en
tl

y 
us

ed
 c

on
su

m
ab

le
s 

to
 b

e 
ke

pt
 n

ea
r 

w
or

k 
pl

ac
e

•
 L

ab
el

 o
n 

th
e 

d
ra

w
er

 w
it

h 
lis

t o
f c

on
te

nt
s

•
 K

ee
p 

sh
ut

te
ri

ng
 m

at
er

ia
l a

t o
ne

 p
la

ce
•

 D
et

er
m

in
e 

in
ve

nt
or

y 
le

ve
l o

f c
on

su
m

ab
le

 it
em

s

(C
on

ti
nu

ed
)



196 Quality Management in Construction Projects

S
r.

 N
o.

5S
R

el
at

ed
 A

ct
io

n

3
Sw

ee
pi

ng
•

 C
le

an
 s

it
e 

on
 d

ai
ly

 b
as

is
 b

y 
re

m
ov

in
g

•
 C

ut
 p

ie
ce

s 
of

 r
ei

nf
or

ce
d

 b
ar

s
•

 C
ut

 p
ie

ce
s 

of
 p

ly
w

oo
d

•
 L

ef
t o

ut
 c

on
cr

et
e

•
 C

ut
 p

ie
ce

s 
of

 p
ip

es
•

 C
ut

 p
ie

ce
s 

of
 c

ab
le

s 
an

d
 w

ir
es

•
 U

se
d

 w
el

d
in

g 
ro

d
s

•
 C

le
an

 e
qu

ip
m

en
t a

nd
 v

eh
ic

le
s

•
 C

he
ck

 e
le

ct
ri

ca
l t

oo
ls

 a
ft

er
 r

et
ur

n 
by

 th
e 

te
ch

ni
ci

an
•

 A
tt

en
d

 to
 b

re
ak

d
ow

n 
re

po
rt

4
St

an
d

ar
d

iz
e

•
 S

ta
nd

ar
d

iz
e 

th
e 

st
or

e 
by

 a
llo

ca
ti

ng
 s

ep
ar

at
e 

ar
ea

s 
fo

r 
m

at
er

ia
l u

se
d

 b
y 

d
if

fe
re

nt
 d

iv
is

io
ns

/
se

ct
io

ns
•

 S
ta

nd
ar

d
iz

e 
ar

ea
 fo

r 
lo

ng
 le

ad
 it

em
s

•
 D

et
er

m
in

e 
re

gu
la

r 
sc

he
d

ul
e 

fo
r 

cl
ea

ni
ng

 th
e 

w
or

k 
pl

ac
e

•
 M

ak
e 

av
ai

la
bl

e 
st

an
d

ar
d

 to
ol

 k
it

/
bo

x 
fo

r 
a 

gr
ou

p 
of

 te
ch

ni
ci

an
s

•
 K

ee
p 

ev
er

yo
ne

 in
fo

rm
ed

 o
f t

he
ir

 r
es

po
ns

ib
ili

ti
es

 a
nd

 r
el

at
ed

 a
re

a 
w

he
re

 th
e 

th
in

gs
 a

re
 to

 b
e 

pl
ac

ed
 a

nd
 a

re
 

av
ai

la
bl

e
•

 S
ta

nd
ar

d
iz

e 
th

e 
st

or
e 

fo
r 

co
ns

um
ab

le
 it

em
s

•
 I

nf
or

m
 s

up
pl

ie
rs

/
ve

nd
or

s 
in

 a
d

va
nc

e 
th

e 
pl

ac
e 

fo
r 

d
el

iv
er

y 
of

 m
at

er
ia

l
5

Su
st

ai
n

•
 F

ol
lo

w
 th

e 
sy

st
em

 ti
ll 

th
e 

en
d

 o
f p

ro
je

ct

TA
B

LE
 3

.3
 (

C
on

ti
nu

ed
)

5S
 fo

r 
C

on
st

ru
ct

io
n 

P
ro

je
ct

s



197Construction Projects

The 5S program helps

• Reduce time to search equipment, tools, material, and consumables
• Improve activity timing
• Increase space for storage
• Improve safety
• Organize the workplace

3.4.5  Improvement Tools

3.4.5.1  PDCA

P-D-C-A is mainly used for continuous improvement. It consists of a four-
step model for carrying changes. PDCA cycle model can be developed as a 
process improvement tool to reduce cost of quality.

Figure 3.8 illustrates PDCA cycle for preparation of shop drawings.

4. Act 1. Plan

3. Check 2. Do

Review contract drawings.
Determine legends and notes.
Establish coordination needs. 
Identify size and scale.

Develop shop drawings.
Print the required number of sets.
Save the drawing in the related folder.

Implement review comments (if any).

Conformance to contract
drawings/requirements.

Identify the sections to be drawn.

Check for size and scale.

Check for drawing title.

Check drawing numbers.
Check contract submittal requirements.

Review for correctness.

(Establish requirements)

(Develop drawing)(Check)

(Implement comments)

Take corrective actions (if required).

or
Release shop
drawing
for submission.

Check for conflict with other disciplines. Give the correct drawing reference number.

Review material dimensions.

FIGURE 3.8
PDCA cycle for preparation of shop drawing.
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3.4.5.2  Kaizan

It is used for continually improving through small changes to eliminate 
waste from manufacturing process by combining the collective talent of 
every employee of the company.

The concept of Kaizan began in the 1950s, which according to Massaki 
Imai, the father of Kaizan Strategy, is the most important concept of Japanese 
management—the key for Japanese success. The spirit of Kaizan is all 
about achieving improvement by taking small steps instead of drastic, rig-
orous changes. In Japanese, Kaizan means “small incremental continuous 
improvement.” Kaizan is a philosophy that focuses both on the process and 
the results. In Kaizan management, the results are continuous and there is 
no dramatic visibility. It has involvement of everyone and is group activity. 
Kaizan management is dedicated to the improvement of

• Design
• Productivity
• Efficiency
• Quality
• Business excellence

The Kaizan method and techniques are valuable instruments that are used to 
achieve competitive advantage.

The Kaizan systems focus on

 1. Total quality management (TQM)
 2. Totally productive maintenance
 3. Suggestion system
 4. Just-in-time production system
 5. Organization politics management
 6. Activities in small groups

The concept of Kaizan is based on the principles of TQM and various phi-
losophies of Quality Gurus.

3.4.5.2.1  Total Quality Management

TQM is a companywide approach through involvement of top management by 
formulating management policies/philosophies to improve the product/pro-
cess quality for customer satisfaction and achieving sustainable competitive 
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advantage. In construction projects, TQM is a collaborative and collective 
effort by all the participants (owner, designer/consultant, and contractor).

3.4.5.2.2  Total Productive Maintenance

In construction projects, activity relates to achieving qualitative, competitive, 
and economical project, fulfilling the defined scope to the satisfaction of 
owner/client/end user.

3.4.5.2.3  Suggestion System

Construction projects have involvement of mainly three parties:

 1. Owner
 2. Designer/consultant
 3. Contractor

Coordination among all the parties is required to achieve owner need.

3.4.5.2.4  Just in Time

It is used to reduce inventory levels, improve cash flow, and reduce storage 
space requirements for material. For example:

 1. Concrete block can be received at site just before start of block work 
and can be stacked near the work area where masonry work is in 
progress.

 2. Chiller can be received at site and directly placed on the chiller foun-
dation without storing in the storage yard.

3.4.5.2.5  Organization Politics Management

TQM is a management approach. The management has to establish clear 
mid- and long-term vision and strategies. The company has to set standards 
and continually improving these standards as there is always room for 
improvement.

3.4.5.2.6  Activities in Small Groups

In construction projects, the activities (scope of work) should be broken 
down into a group of smaller subgroups/subsystems and then into small, 
well-defined activities. This breakdown is referred to as work breakdown 
structure (WBS).

As regards the contracting system, the works should be outsourced to a 
specialist in a particular discipline or area.
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3.4.5.3  Mistake Proofing

Mistake proofing is used to eliminate the opportunity for error by detecting 
the potential source of error. Mistakes are generally categorized as follows:

 1. Information
 2. Mismanagement
 3. Omission
 4. Selection

Table 3.4 illustrates mistake proofing chart for eliminating design error.

3.4.5.4  Corrective Action

A corrective action deals with nonconformity or a problem that has occurred 
by reworking or restoring or correcting any affected product/outputs to the 
acceptable situation where it should have been in the first place. Immediate 
action should be taken to first correct and damage done by the problem and 
to prevent any additional impact from the problem. Figure 3.9 illustrates the 
corrective action process.

TABLE 3.4

Mistake Proofing for Eliminating Design Errors

Serial 
Number Items Points to Be Considered to Avoid Mistakes

1 Information  1. Terms of reference (TOR)
 2. Client’s preferred requirements matrix
 3. Data collection
 4. Regulatory requirements
 5. Codes and standards
 6. Historical data
 7. Organizational requirements

2 Mismanagement  1. Compare production with actual requirements
 2. Interdisciplinary coordination
 3. Application of different codes and standards
 4. Drawing size of different trades/specialist consultants

3 Omission  1. Review and check design with TOR
 2. Review and check design with client requirements
 3. Review and check design with regulatory requirements
 4. Review and check design with codes and standards
 5. Check for all required documents

4 Selection  1. Qualified team members
 2. Available material
 3. Installation methods

Source: Abdul Razzak Rumane (2013), Quality Tools for Managing Construction Projects, 
CRC Press, Boca Raton, FL. Reprinted with permission from Taylor & Francis Group.
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Yes

No

Implement corrective action

Control improved process

Occurance of problem/
nonconformity

Take immediate action to
resolve the problem

Analyze the root cause of the 
problem/nonconformity

Improve the process to ensure
the problem does not occur 

again

Identify the cause of problem/
nonconformity

Determine corrective
actions or measures

Take action (temporary
control) for any further

damage 

Approve

Specification
requirements

Standardize the process

Comply

FIGURE 3.9
Corrective action process.
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3.4.5.5  Preventive Action

It is an action taken to prevent the occurrence of a problem in an area/prod-
uct that has not already experienced the problem. In order to identify the 
risk/nonconformity that need preventive action, adequate monitoring and 
controls must be in place in the quality system to assure that potential prob-
lems are identified and eliminated before they occur.

In order to prevent occurrence of any problem or nonconformity, the fol-
lowing actions are necessary:

• Process performance monitoring and control
• Process planning
• Process review
• Statistical analysis and observance of process trend
• Risk assessment
• Implementation of quality management system
• Customer feedback and priorities for improvement
• Monitoring changes in regulatory requirements
• Latest technology
• Employ qualified personnel having experience in similar types of 

products, projects, processes, and services

3.5  Systems Engineering

3.5.1  Introduction

Systems are pervasive throughout the universe in which we live. This world 
can be divided into the natural world and the human-made world. Systems 
appeared first in natural forms and subsequently with the appearance of 
human beings. Systems were created based on components, attributes, and 
relationships.

Systems engineering and analysis, when coupled with new emerging 
technologies, reveal unexpected opportunities for bringing new improved 
systems and products into being that will be more competitive in the world 
economy. Product competitiveness is desired by both commercial and pub-
lic-sector producers worldwide to meet consumer expectations. These tech-
nologies and processes can be applied to construction projects. The systems 
engineering approach to construction projects helps us understand the entire 
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process of project management in order to manage its activities at differ-
ent levels of various phases to achieve economical and competitive results. 
The cost-effectiveness of the resulting technical activities can be enhanced 
by giving more attention to what they are to do, before addressing what 
they are composed of. To ensure economic competitiveness regarding the 
product, engineering must become more closely associated with econom-
ics and economic facilities. This is best accomplished through the life-cycle 
approach to engineering.

Experience in recent decades indicates that properly coordinated and func-
tioning human-made systems will result in a minimum of undesirable side 
effects through the application of this integrated, life-cycle-oriented “sys-
tems” approach. The consequences of not applying systems engineering in 
the design and development and/or reengineering of systems have been dis-
ruptive and costly.

The systems approach is a technique, which represents a broad-based 
systematic approach to problems that may be interdisciplinary. It is par-
ticularly useful when problems are affected by many factors, and it entails 
the creation of a problem model that corresponds as closely as possible to 
reality. The systems approach stresses the need for the engineer to look 
for all the relevant factors, influences, and components of the environment 
that surround the problem. The systems approach corresponds to a com-
prehensive attack on a problem and to an interest in, and commitment to, 
formulating a problem in the widest and fullest manner that can be profes-
sionally handled.

3.5.2  System Definition

There are many definitions of system. One dictionary definition calls it 
“a group or combination of interrelated, independent or interacting elements 
forming a collective entity.” A system is an assembly of components or ele-
ments having a functional relationship to achieve a common objective for 
useful purpose. A system is composed of components, attributes, and rela-
tionships. These are described as follows:

 1. Components are the operating parts of the system consisting of 
input, process, and output. Each system component may assume a 
variety of values to describe a system state, as set by some control 
action and one or more restrictions.

 2. Attributes are the properties or discernible manifestations of the 
components of a system. These attributes characterize the system.

 3. Relationships are the links between components and attributes.
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The properties and behavior of each component of the set have an effect 
on the properties and behavior of the set as a whole and depend on the 
properties and behavior of at least one other component on the list. The 
components of the system cannot be divided into independent subsets. A 
system is more than the sum of its components and parts. Not every set of 
items, facts, methods, or procedures is a system. To qualify the system, it 
should have a functional relationship, interaction between many compo-
nents, and useful purpose. The purposeful action performed by a system is 
its function. A basic behavioral concept of a system is that it is a device that 
accepts one or more inputs and generates from them one or more outputs. 
This simple behavioral approach to systems is generally known as the Black 
Box and is represented schematically in Figure 3.10. The Black Box system 
phenomenon establishes the functional relationship between system inputs 
and outputs.

Every system is made up of components and components that can be bro-
ken down into similar components. If two hierarchical levels are involved 
in a given system, the lower is conveniently called a subsystem. The des-
ignation of system, subsystem, and components are relative because the 
system at one level in the hierarchy is the component at another level. 
Everything that remains outside the boundaries of the system is consid-
ered to be environmental. Material, energy, and/or information that pass 
through the boundaries are called “inputs” to the system. In reverse, mate-
rial, energy, and/or information that pass from the system to the environ-
ment are called outputs.

Accordingly, a system is an assembly of components or elements hav-
ing a functional relationship to achieve a common objective for a useful 
purpose.

3.5.3  Systems Engineering

INCOSE (International Council on Systems Engineering) defines systems 
engineering as follows:

Systems Engineering is an interdisciplinary approach and means 
to enable the realization of successful systems. It focuses on defin-
ing customer needs and required functionality early in the develop-
ment cycle, documenting cycle, documenting requirements, and then 

Input System Output

FIGURE 3.10
Black Box.
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proceeding with design synthesis and system validation while consid-
ering the complete problem:

Operations Cost & Schedule
Performance Training & Support
Test Disposal
Manufacturing

Systems Engineering integrates all the disciples and specialty groups into 
a team effort forming a structural development process that proceeds 
from concept to production to operation. Systems Engineering considers 
both the business and the technical needs of all customers with the goal 
of providing a quality product that meets the user needs.

The system life-cycle process is illustrated in Figure 3.11 and is fundamen-
tal to the application of systems engineering.

The life cycle begins with the identification of need and extends through 
conceptual and preliminary design, detail design, and development, produc-
tion and/or construction, product use, phase-out, and disposal. The program 
phases are classified as acquisition and utilization to recognize procedure 
and customer activities. This classification represents a generic approach. 
Sometimes, the acquiring process may involve both the customer and the 
producer (or contractor), whereas acquiring may include a combination of 
contractor and consumer (or ultimate user) activities.

In general, engineering has focused mainly on product performance as 
the main objective rather than on development of overall system of which 
the product is a part. Application of a systems engineering process leads to 
reduction in the cost of design development, production/construction, and 
operation, and hence results in reduction in life-cycle cost of the product; 
thus, the product becomes more competitive and economical. Systems engi-
neering provides the basis for a structural and logical approach. The need 
for systems engineering increases with the size of projects. Application areas 
of systems engineering are illustrated in Figure 3.12.

N
ee

d Conceptual-
preliminary 

design

Detail 
design and 

development

Production 
and/or 

construction
Product use, 

phase out, and disposal

Acquisition phase Utilization phase

FIGURE 3.11
The product life cycle. (Source: Blanchard, B.S. and Fabrycky, W.J. (1998), Systems Engineering and 
Analysis. Reprinted with permission from Pearson Education.)
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3.6  Construction Project Life Cycle

Most construction projects are custom-oriented, having a specific need and 
a customized design. It is always the owner’s desire that his or her project 
should be unique and better. Further, it is the owner’s goal and objective 
that the facility is completed on time. Expected completion time is important 
from both financial and acquisition of the facility by the owner/user.

The system life cycle is fundamental to the application of systems engi-
neering. Detailed presentations of the elaborate technological activities and 
interaction that must be integrated over the system life cycle are shown in 
Figure 3.13. This figure summarizes major technical functions performed 
during the acquisition and utilization process of the system life cycle.

A systems engineering approach to construction projects helps in under-
standing the entire process of project management and in managing and 
controlling its activities at different levels of various phases to ensure timely 
completion of the project with economical use of resources to make the con-
struction project most qualitative, competitive, and economical.

Systems engineering starts from the complexity of the large-scale problem 
as a whole and moves toward the structural analysis and partitioning pro-
cess until the questions of interest are answered. This process of decomposi-
tion is called a work breakdown structure (WBS). The WBS is a hierarchical 

Urban
(civil)

systems

Communication
systems

Aerospace
(aeronautical)

systems

Health care
systems

System
engineering
applications

Other
systems

Production
(manufacturing)

systems

Transportation
systems

Hydroelectric
(power)
systems

Information
(processing)

systems

Electronic
systems

FIGURE 3.12
Application areas for systems engineering. (Source: Blanchard, B.S. and Fabrycky, W.J. (1998), 
Systems Engineering and Analysis. Reprinted with permission from Pearson Education.)
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representation of system levels. Being a family tree, the WBS consists of a 
number of levels, starting with the complete system at level 1 at the top and 
progressing downward through as many levels as necessary to obtain ele-
ments that can be conveniently managed.

The benefits of systems engineering applications are

• Reduction in the cost of system design and development, produc-
tion/construction, system operation and support, system retire-
ment, and material disposal

• Reduction in system acquisition time
• More visibility and reduction in the risks associated with the design 

decision-making process

Shtub et al. (1994) have divided the project into five phases, as illustrated in 
Figure 3.14.

Representative construction project life cycle, as per Morris, has four stages 
(phases) for construction project and is illustrated in Figure 3.15.

Though it is difficult to generalize project life cycle to system life cycle, 
considering that there are innumerable processes that make up the construc-
tion process, the technologies and processes as applied to systems engineer-
ing can also be applied to construction projects. The number of phases shall 
depend on the complexity of the project.
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Project life cycle. (Source: Shtub, A., Bard, J.F., and Globerson, S. (1994), Project Management. 
Reprinted with permission from Pearson Education.)
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As per Construction-Extension-PMBOK® Guide-Third Edition: “Most 
Construction projects can be viewed in Five Phases, although they are some-
times shortened to four, each one of these phases can be treated like a project 
itself, with all of the process groups operating as they do for the overall proj-
ect. These phases are concept, planning (and development), detail design, 
construction, and start-up and turnover.” Duration of each phase may vary 
from project to project. Based on the concept of project life cycle shown in 
Figures 3.13 through 3.15, it is possible to evolve a comprehensive life cycle 
for construction projects, which may have five of the most common phases. 
These are as follows:

 1. Conceptual design
 2. Preliminary design
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FIGURE 3.15
Representative construction project life cycle; per Morris. (Source: PMBOK® Guide 2000 Edition. 
Reprinted with permission from Project Management Institute (PMI).)
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 3. Detailed design
 4. Construction
 5. Testing, commissioning, and handover

However, in major projects, preparation of construction (contract) docu-
ments, its review and approval, and the process of bidding/tendering take 
considerable time. Thus, for a major construction project, it is ideal to divide 
the construction project life cycle into seven phases. These are

 1. Conceptual design
 2. Schematic design
 3. Detail design
 4. Construction (contract) document
 5. Bidding and tendering
 6. Construction
 7. Testing, commissioning, and handover

Each phase can further be subdivided into the WBS principle to reach a 
level of complexity where each element/activity can be treated as a single 
unit that can be conveniently managed. WBS represents a systematic and 
logical breakdown of the project phase into its components (activities). It is 
constructed by dividing the project into major elements with each of these 
being divided into subelements. This is done until a breakdown is achieved 
in terms of manageable units of work for which responsibility can be defined. 
WBS involves envisioning the project as a hierarchy of goal, objectives, activ-
ities, subactivities, and work packages. The hierarchical decomposition of 
activities continues until the entire project is displayed as a network of sepa-
rately identified and nonoverlapping activities. Each activity will be single 
purposed, of a specific time duration, and manageable; its time and cost esti-
mates easily derived, deliverables clearly understood, and responsibility for 
its completion clearly assigned. The work breakdown structure helps in

• Effective planning by dividing the work into manageable elements, 
which can be planned, budgeted, and controlled

• Assignment of responsibility for work elements to project personnel 
and outside agencies

• Development of control and information system

WBS facilitates the planning, budgeting, scheduling, and control activities 
for the project manager and its team. By application of WBS phenomenon, the 
construction phases are further divided into various activities. Division of these 
phases will improve the control and planning of the construction project at 
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every stage before a new phase starts. The components/activities of construc-
tion project life-cycle phases divided on WBS principle are listed as follows:

 1. Conceptual design
• Identification of need
• Feasibility
• Identification of alternatives
• Identification of project team
• Development of concept design
• Prepare time schedule
• Estimate project cost
• Quality management
• Estimate resources
• Identify/manage risk
• Finalize concept design

 2. Schematic design
• Identification of schematic design requirements
• Identification of project team
• Development of schematic design
• Regulatory/authorities’ approval
• Contract terms and conditions
• Estimate preliminary schedule
• Estimate project cost
• Quality management
• Estimate resources
• Identification/management of risk
• Perform value engineering study
• Finalize schematic design

 3. Design development
• Identification of design development requirements
• Identification of project team
• Develop detail design of the works
• Regulatory/authorities’ approval
• Prepare contract documents and specifications
• Prepare schedule
• Estimate cost
• Quality management
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• Estimate resources
• Identification/management of risk
• Finalize detail design

 4. Construction documents
• Identification of construction documents requirements
• Identification of project team
• Develop construction documents
• Prepare project schedule
• Estimate cost/budget
• Quality management
• Estimate resources
• Identification/management of risk
• Finalize construction documents

 5. Bidding and tendering
• Organize tender documents
• Identification of project team
• Identification of bidders
• Management of tender documents
• Identification/management of risk
• Select contractor
• Award contract

 6. Construction
• Mobilization
• Identification of project team
• Planning and scheduling
• Execution of works
• Management of resources/procurement
• Monitoring and control
• Quality management
• Risk management
• Contract management
• Site safety
• Inspection

 7. Testing, commissioning, and handover
• Develop testing and commissioning plan
• Identification of project team
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• Testing and commissioning
• As-built drawings
• Technical manual and documents
• Train owner’s/end user’s personnel
• Regulatory/authority approval
• Move-in-plan
• Handover of facility to owner/end user
• Substantial completion

Table 3.5 illustrates the subdivided activities/components of the construc-
tion project life cycle.

These activities may not be strictly sequential; however, the breakdown 
allows implementation of project management functions more effectively at 
different stages.
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Quality in Construction Projects

4.1  Quality in Construction Projects

Construction projects are mainly capital investment projects. They are cus-
tomized and nonrepetitive in nature. Construction projects have become more 
complex and technical, and the relationships and the contractual grouping of 
those who are involved are also more complex and contractually varied. The 
products used in construction projects are expensive, complex, immovable, 
and long-lived. Generally, a construction project comprises building materials 
(civil), electromechanical items, finishing items, and equipment. These are nor-
mally produced by other construction-related industries/manufacturers. These 
industries produce products as per their own quality management practices 
complying with certain quality standards or against specific requirements for 
a particular project. Owners of construction projects or their representatives 
have no direct control over these companies unless they themselves, their rep-
resentatives, or appointed contractors commit to buying their product for use 
in their facility. These organizations may have their own quality management 
program. In manufacturing or service industries, quality management of all 
in-house manufactured products is performed by the manufacturer’s own 
team or is under the control of the same organization that has jurisdiction 
over its manufacturing plants at different locations. Quality management of 
vendor-supplied items/products is carried out as stipulated in the purchas-
ing contract as per the quality control specification of the buyer.

Construction projects are constantly increasing in technological com-
plexity. Electromechanical services constitute between 25% and 35% of the 
total cost of a building project, depending on what type of technologically 
advanced services are required for the project. Figure 4.1 illustrates typical 
values of various trades of a major building construction project. In this proj-
ect, the electromechanical work constitutes approximately 36% of the total 
project value, which shows the increasing technological complexity of build-
ing construction projects.

In addition, the requirements of construction clients are on the increase 
and, as a result, construction products (buildings) must meet varied perfor-
mance standards (climate, rate of deterioration, maintenance, and so on). 

4
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Therefore, to ensure the adequacy of client brief, which addresses the numer-
ous complex client/user needs, it is now necessary to evaluate the require-
ments in terms of activities and their interrelationships.

Quality management in construction projects is different from that in man-
ufacturing. Quality in construction projects encompasses not only the quality 
of products and equipment used in the construction but the total management 
approach to completing the facility as per the scope of works to customer/
owner satisfaction within the budget and in accordance with the specified 
schedule to meet the owner’s defined purpose. The nature of the contracts 
between the parties plays a dominant part in the quality system required from 
the project, and the responsibility for fulfilling them must therefore be speci-
fied in the project documents. The documents include plans, specifications, 
schedules, bill of quantities (BOQ), and so on. Quality control in construction 
typically involves ensuring compliance with minimum standards of material 
and workmanship in order to ensure the performance of the facility according 
to the design. These minimum standards are contained in the specification 
documents. For the purpose of ensuring compliance, random samples and 
statistical methods are commonly used as the basis for accepting or rejecting 
work completed and batches of materials. Rejection of a batch is based on 
nonconformance or violation of the relevant design specifications.

The survey of quality of construction by Federation Internationale des 
Ingenieurs-Conseils (FIDIC, the international association of consulting engi-
neers) confirmed that failure to achieve appropriate quality of construction is 
a problem worldwide. Lack of quality in construction is manifested in poor 
or nonsustainable workmanship, unsafe structure, delays, cost overruns, and 
disputes in construction contracts.

Defects or failure in construction facilities can result in very large costs. 
Even with minor defects, reconstruction may be required and facility opera-
tion impaired.

Chung (1999) has described the quality of construction as follows:

The quality of building work is difficult, and often impossible, to quan-
tify since a lot of construction practices cannot be assessed in numerical 
terms. The framework of reference is commonly the appearance of final 
product. “How good is good enough?” is often a matter of personal judg-
ment and consequently a subject of contention. In fact, a building is of 
good quality if it will function as intended for its design life. As the true 
quality of the building will not be revealed until many years after comple-
tion, the notion of quality can only be interpreted in terms of the design 
attributes. So far as the builder is concerned, it is fair to judge the qual-
ity of his work by the degree of compliance with the stipulations in the 
contract, not only the technical specifications but also the contract sum 
and the contract period. His  client cannot but be satisfied if the contract 
is executed as specified, within budget and on time. Therefore, a quality 
product of building construction is one that meets all contractual require-
ments (including statutory regulations) at optimum cost and time. (p. 4)



220 Quality Management in Construction Projects

About quality in construction, CII Source Document 79 (1992) describes 
that

Quality has many meanings; however, for projects, conformance to estab-
lished requirements has relevance and clarity. While simple, this defini-
tion cannot stand alone. Another term is needed for the term requirements. 
Requirements are contractually established characteristics of a product, 
process, or service. A characteristic is a physical or chemical property, a 
dimension, a temperature, a pressure, or any other specification used to 
define the nature of product, process or service.

The requirements are initially set by client/customer (ordinarily the 
user/operator of the facility) and are then translated during the preplan-
ning phase into a conceptual design and estimate developed into a project 
scope and more fully defined. During the Design phase, the requirements 
are translated into specific design documents (drawings, plans, specifi-
cation, purchase orders, and the like). Procurement of fabricated items 
often proceeds concurrently with design. The products of design and 
procurement reach the construction site for erection and installation dur-
ing the construction phase. (p. 5)

An implicit assumption in the traditional quality control practices is the 
notion of an acceptable quality level, which is an allowable fraction of defec-
tive items. Materials obtained from suppliers or work performed percentage 
should be within the acceptable quality level. Problems with materials or 
goods are corrected after delivery of the product. In contrast to this tradi-
tional approach of quality control is the goal of total quality control. In this 
system, no defective items are allowed anywhere in the construction process. 
While the zero defects goal can never be permanently obtained, it provides a 
goal so that an organization is never satisfied with its quality control program 
even if defects are reduced by substantial amounts year after year. This con-
cept and approach to quality control was first developed in manufacturing 
firms in Japan and Europe but has since spread to many construction com-
panies. Total quality control is a commitment to quality expressed in all parts 
of an organization and typically involves many elements. Design reviews to 
ensure safe and effective construction procedures are a major element. Other 
elements include extensive training for personnel, shifting the responsibility 
for detecting defects from quality control inspectors to workers, and con-
tinually maintaining equipment. Worker involvement in improved quality 
control is often formalized in quality circles in which groups of workers meet 
regularly to make suggestions for quality improvement. Material suppliers 
are also required to ensure zero defects in delivered goods. Initially, all mate-
rials from a supplier are inspected and batches of goods with any defective 
items are returned. Suppliers with good records can be certified, and such 
suppliers will not be subject to complete inspection subsequently.

Total quality management (TQM) is an organization-wide effort centered 
on quality to improve performance that involves everyone and permeates 
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every aspect of an organization to make quality a primary strategic objec-
tive. It is a way of managing an organization to ensure the satisfaction at 
every stage of the needs and expectations of both internal and external 
customers.

In case of construction projects, an organizational framework is established 
and implemented mainly by three parties: owner, designer/consultant, and 
contractor. Project quality is the result of aggressive and systematic appli-
cation of quality control and quality assurance (QA). Figure 4.2 illustrates 
Juran’s triple concept applied to construction.

Construction projects being unique and nonrepetitive in nature need speci-
fied attention to maintain the quality. Each project has to be designed and 
built to serve a specific need. TQM in construction projects typically involves 
ensuring compliance with minimum standards of material and workman-
ship in order to ensure the performance of the facility according to the design. 
TQM in a construction project is a cooperative form of doing the business 
that relies on the talents and capabilities of both labor and management to 
continually improve quality. The important factor in construction projects 
is to complete the facility as per the scope of works to customer/owner sat-
isfaction within the budget and to complete the work within the specified 
schedule to meet the owner’s defined purpose. Figure 4.3 shows the various 
elements that influence the quality of construction.

Designer

Owner
Customer Processor of the 

design
Supplier

Supplier

Processor
of the 

operation

Requirements

Plans and
specs

Customer

Facility

Supplier Processor of the 
operation Customer

Constructor

FIGURE 4.2
Juran’s triple role concept applied to construction. (Source: CII Publication 10-4. Reprinted with 
permission of CII, University of Texas.)
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Oberlender (2000) has observed:

Quality in construction is achieved by the people who take pride in 
their work and have the necessary skills and experience to do the work. 
The actual quality of construction depends largely upon the control of 
construction itself, which is the principle responsibility of the contrac-
tor. … What is referred to today as “quality control,” which is a part 
of a quality assurance program, is a function that has for years been 
recognized as the inspection and testing of materials and workman-
ship to see that the work meets the requirements of the drawings and 
specifications. (p. 278)

Crosby’s quality definition is “conformance to requirements” and that of 
Oakland is “meeting the requirements.” Juran’s philosophy of quality is “fitness 
for use or purpose.”

Based on the philosophies of quality gurus, quality of construction projects 
can be evolved as follows:

 1. Properly defined scope of work.
 2. Owner, project manager, design team leader, consultant, and con-

structor’s manager are responsible to implement quality.
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Primary reasons for quality. (Source: CII Document 79. Reprinted with permission of CII, 
University of Texas.)
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 3. Continuous improvement can be achieved at different levels as follows:
 a. Owner—Specify the latest needs.
 b. Designer—Specification should include the latest quality materi-

als, products, and equipment.
 c. Constructor—Use the latest construction equipment to build the 

facility.
 4. Establishment of performance measures
 a. Owner
 i. To review and ensure that the designer has prepared the 

 contract documents that satisfy his or her needs.
 ii. To check the progress of work to ensure compliance with the 

contract documents.
 b. Consultant
 i. As a consultant designer, to include the owner’s requirements 

explicitly and clearly define them in the contract documents.
 ii. As a supervision consultant, supervise contractor’s work as 

per contract documents and the specified standards.
 c. Contractor—To construct the facility as specified and use the 

materials, products, and equipment that satisfy the specified 
requirements.

 5. Team approach—Every member of the project team should know 
that TQM is a collaborative effort, and everybody should participate 
in all the functional areas to improve the quality of the project work. 
They should know that it is a collective effort by all the participants.

 6. Training and education—Both the consultant and contractor should 
have customized training plans for their management, engineers, 
supervisors, office staff, technicians, and laborers.

 7. Establish leadership—Organizational leadership should be estab-
lished to achieve the specified quality. Encourage and help the staff 
and laborers to understand the quality to be achieved for the project.

These definitions when applied to construction projects relate to the contract 
specifications or owner/end user requirements to be formulated in such a 
way that construction of the facility is suitable for the owner’s use or meets the 
owner’s requirements. Quality in construction is achieved through the com-
plex interaction of many participants in the facilities development process.

The quality plan for construction projects is part of the overall project doc-
umentation consisting of the following:

 1. Well-defined specification for all the materials, products, compo-
nents, and equipment to be used to construct the facility

 2. Detailed construction drawings
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 3. Detailed work procedure
 4. Details of the quality standards and codes to be compiled
 5. Cost of the project
 6. Manpower and other resources to be used for the project
 7. Project completion schedule

Figure 4.4 illustrates functional relationships between various participants.
Table 4.1 identifies the key quality assurance activities that would take 

place during the life cycle of a typical construction project. These activities 
are performed by all the participants of the construction projects at various 
phases/stages of the project.

Participation involvement of all three parties at different levels of construc-
tion phases is required to develop quality system and application of qual-
ity tools and techniques. With the application of various quality principles, 
tools, and methods by all the participants at different stages of construction 
project, rework can be reduced, resulting in savings in the project cost and 
making the project qualitative and economical. This will ensure completion 
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Plans and
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Input

Process Design

Output

Construction

Facility

Constructor

Input

Process

Output

FIGURE 4.4
Juran’s triple role-functional relationship. (Source: CII source Document No. 51. Reprinted with 
permission of CII, University of Texas.)
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TABLE 4.1

Key Quality Assurance Activities on a Typical Construction Project

Client Design Consultant Contractor

Establish project 
brief/
objectives/
specification 
(include QA 
conditions)

Carry out tender 
review, prepare 
outline PQP, and 
submit

Accept outline 
PQP

Place contract

Set up project team, 
carry out contract 
review, prepare 
PQP

Approve PQP Submit for approval

Approve DQP
Prepare DQP, if 
appropriate

Approve key 
drawings

Prepare drawings

Approve 
calculations

Prepare calculations, 
carry out design 
reviews, prepare 
detailed 
specifications

Monitor design 
consultant’s 
activities by 
audit

Issue enquires for 
construction work 
including QA 
conditions

Carry out tender 
review, prepare QA 
submission

Carry out bid 
appraisal, assess 
QA submission

Place contract with 
QA conditions

Carry out contract 
review, set up site 
team

Approve PQP
Prepare PQP and 
submit for approval

Approve shop 
drawings and other 
documents

Place subcontracts 
including QA 
condition where 
appropriate to work 
package; include 
requirement for 
documentation 
submissions, 
approvals, and 
records

(Continued)
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Client Design Consultant Contractor

Receive DQPs from 
subcontractors for 
approval prior to 
work commencing

Approve DQPs Prepare DQPs for 
own work, if 
required

Project manage 
contract; carry out 
progress meeting; 
monitor work by 
inspection test and 
review of 
documentation

Place “hold points,” 
etc., on DQPs to 
monitor work 
packages; approve 
DQPs

Monitor off-site work 
against DQPs

Carry out audits to 
agreed schedules

Carry out goods 
inward inspection 
to agreed procedure

Control work on site 
against PQP. DQPs 
inspection checklist, 
etc.

Carry out audits 
on- and off-site to 
agreed audit 
schedule

Generate records as 
construction 
proceeds

Mark up drawing to 
as-built state

Prepare handover 
packages and 
submit

Accept 
documentation 
package

Check handover 
package and 
submit with design 
records

Source: Thorpe, B., Sumner, P., and Duncan, J. (1996), Quality Assurance in Construction. 
Reprinted with permission from Taylor & Francis Group.

Note: This flowchart identifies the key quality assurance activities that would take place during 
the life cycle of a typical construction project, from project initiation to handover.

TABLE 4.1 (Continued)

Key Quality Assurance Activities on a Typical Construction Project
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of construction and making the project most qualitative, competitive, and 
economical. Table 4.2 illustrates quality principles of construction projects.

In order to process the construction project in an effective and efficient 
manner and to improve control and planning, construction projects are 
divided into various phases. In traditional thinking, there are five phases of 
a construction project life cycle; however, for major projects there are seven 
phases, which are further broken into various activities. These are conceptual 
design, preliminary design, design development, construction document, 
bidding and tendering, construction, and commissioning and handing over.

Participation of all three parties at different levels during construction is 
required to develop a quality system and apply quality tools and techniques. 

TABLE 4.2

Principles of Quality in Construction Projects

Principle Construction Projects’ Quality Principle

Principle 1 Owner, consultant, contractor are fully responsible for application of quality 
management system to meet defined scope of work in the contract 
documents

Principle 2 Consultant is responsible to provide owner’s requirements explicitly and 
clearly defined in the contract documents

Principle 3 Contractor should study all the documents during tendering/bidding stage 
and submit his proposal taking into consideration all the requirements 
specified in the contract documents

Principle 4 Method of payments (work progress, material, equipment, etc.) to be clearly 
defined in the contract documents. Rate analysis of BOQ or Bill of Materials 
item to be agreed before signing of contract

Principle 5 Contract documents should include a clause to settle the dispute arising 
during construction stage

Principle 6 Contractor shall follow an agreed-upon quality assurance and quality control 
plan. Consultant shall be responsible to oversee the compliance with 
contract documents and specified standards

Principle 7 Contractor shall follow the submittal procedure specified in the contract 
documents

Principle 8 Contractor is responsible to construct the facility as specified and use the 
material, products, equipment, and methods that satisfy the specified 
requirements

Principle 9 Each member of project team should participate in all the functional areas to 
continuously improve quality of project

Principle 10 Contractor is responsible to provide all the resources, manpower, material, 
equipment, etc. to build the facility as per specifications

Principle 11 Contractor to build the facility as stipulated in the contract documents, plan, 
specifications within budget and on schedule to meet the owner’s objectives

Principle 12 Contractor should perform the works as per agreed-upon construction 
program and hand over the project as per contracted schedule

Source: Rumane, A.R. (2013), Quality Tools for Managing Construction Projects, CRC Press, 
Boca Raton, FL. Reprinted with permission from Taylor & Francis Group.
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With the application of various quality principles, tools, and methods by all 
the participants at different stages of construction, rework can be reduced, 
resulting in savings in the project cost and making the project qualitative and 
economical. This will ensure completion of a construction project and make 
the project qualitative, competitive, and economical in a way that will meet 
the owner’s needs and specification requirements.

There are several types of project delivery system that these parties are 
involved in at different levels contracts. Table 4.3 illustrates different catego-
ries of project delivery systems.

TABLE 4.3

Categories of Project Delivery Systems

Serial 
Number Category Classification Subclassification

1 Traditional 
system 
(separated and 
cooperative)

Design–bid–build Design–bid–build
Variant of traditional 
system

Sequential method
Accelerated method

2 Integrated system Design–build Design–build
Design–build Joint venture (architect and 

contractor)
Variant of design–
build system

Package deal

Variant of design–
build system

Turnkey method 
(engineering, procurement, 
construction)

Variant of design–
build system 
(turnkey)

Build–operate–transfer (BOT)
Build–own–operate–transfer 
(BOOT)

Build–transfer–operate
Design–build–operate–maintain

Variant of design–
build system 
(funding option)

Lease–develop–operate
Wraparound (public–private 
partnership)

Variant of design–
build system

Build–own–operate (BOT)
Buy–build–operate

3 Management-
oriented system

Management 
contracting

Project manager (program 
management)

Construction 
management

Agency construction manager
Construction manager-at-risk

4 Integrated project 
delivery system

Integrated form of 
contract

Source: Rumane, A.R. (2013), Quality Tools for Managing Construction Projects, CRC Press, 
Boca Raton, FL. Reprinted with permission from Taylor & Francis Group.
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4.1.1  Design–Bid–Build

In this method, the owner contracts design professionals to prepare detailed 
design and contract documents. These are used to receive competitive bids 
from the contractors. A design–bid–build contract has a well-defined scope 
of work. This method involves three steps:

 1. Preparation of complete detailed design and contract documents for 
tendering

 2. Receiving bids from prequalified contractors
 3. Award of contract to successful bidder

In this method, two separate contracts are awarded, one to the designer/
consultant and one to the contractor. In this type of contract structure, design 
responsibility is primarily that of the architect or engineer employed by the 
client and the contractor is primarily responsible for construction only. In most 
cases, the owner contracts the designer/consultant to supervise the construc-
tion process. These types of contracts are lump-sum, fixed-priced contracts. 
Any variation, or change, during the construction needs prior approval from 
the owner. Since a complete design is prepared before construction, the owner 
knows the cost of the project, time of completion of the project, and the con-
figuration of the project. The client, through the architect or engineer, retains 
control of design during construction. This type of contracting system requires 
considerable time; each step must be completed before starting the next step. 
Figure 4.5 illustrates the design–bid–build type of contract relationship.

Project owner

Architect/
engineer

(consultant)

Main
contractor

Subconsultants Subcontractor Mechanical 
subcontractor

Electrical 
subcontractor

FIGURE 4.5
Design-bid-build (traditional contracting system).
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4.1.2  Design–Build

In a design–build contract, the owner contracts a single firm to design and 
build the project. In this type of contracting system, the contractor is appointed 
based on an outline design or design brief to understand the project owner’s 
intent. The owner has to clearly define his or her needs and scope of work 
before the signing of the contract. It is imperative that the project definition be 
understood by the contractor to avoid any conflict, as the contractor is respon-
sible for detailed design and construction of the project. A design/build type 
of contract is often used to shorten the time required to complete a project. 
Since the contract with the design/build firm is awarded before starting any 
design or construction, a cost plus contract or reimbursable arrangement is 
normally used instead of lump-sum, fixed-cost arrangement. This type of 
contract requires extensive involvement on the part of the owner during the 
entire life cycle of the project. He or she has to be involved in making deci-
sions during the selection of design alternatives and the monitoring of costs, 
schedules, and quality during construction and, therefore, the owner has to 
maintain/hire a team of qualified professionals to perform these activities. 
Design/build contracts are used for relatively straightforward work, where 
no significant risk or change is anticipated and when the owner is able to 
specify precisely what is required. Figure 4.6 illustrates the design/build type 
of contract relationship.

4.1.3  Build–Own–Operate–Transfer

This type of method is generally used by governments to develop pub-
lic infrastructure by involving the private sector in financing, design-
ing, operating, and managing the facility for a specified period and then 

Project owner

Design–build
contractor

Specialist
subcontractor(s)

Civil
subcontractor

Mechanical
subcontractor

Electrical
subcontractor

Specialist
contractor(s)

FIGURE 4.6
Design–build contracting system.
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transferring the facility to the same government free of charge. The terms 
BOOT and BOT are used synonymously.

Examples of BOT projects include

Airports
Bridges
Motorways/toll roads
Parking facilities
Tunnels

Certain countries allow the private sector to develop commercial and recre-
ational facilities on government land through the BOT scheme.

4.1.4  The Turnkey Contract

As the name suggests, these are the types of contracts where, upon completion, 
one turns a key in the door and finds everything working to full operating 
standards. In this type of method, the owner employs a single firm to under-
take design, procurement, construction, and commissioning of the entire work. 
The firm is also involved in management of the project during the entire pro-
cess of the contract. The client is responsible for preparation of their  statement 
of requirements, which becomes the strict responsibility of the contractor to 
deliver. This type of contract is used mainly for the process type of project and 
is sometimes called engineering, procurement, and construction (EPC).

There are two general types of owners: single-builder owners and multiple-
builder owners. Single-builder owners are organizations that do not have a 
need for projects on a repetitive basis, normally have a limited project staff, 
and contract all design and construction activities to outside organizations. 
They usually handle projects with a design/bid/build or construction man-
agement contract. Multiple-builder owners are generally large organizations 
that have a continual need for projects and generally have a staff assigned 
to project work. They typically handle small-sized, short-duration projects 
by design/bid/build. For a project in which they desire extensive involve-
ment, a design/build, construction management, or an owner/agent con-
tract arrangement is often used.

4.1.5  Project Manager

A project manager contract is used when the owner decides to turn over the 
entire project management to a professional project manager. In the project 
manager type of contract, the project manager is the owner’s representative 
and is directly responsible to the owner. The project manager is responsible 
for planning, monitoring, and managing the project. In its broadest sense, 
the project manager has responsibility for all the phases of the project from 
inception of the project until the completion and handing over of the project to 



232 Quality Management in Construction Projects

the owner/end user. The project manager is involved in giving advice to the 
owner and is responsible for the appointment of design professionals, consul-
tants, supervision firm, and selection of the contractor who will implement the 
project. Figure 4.7 illustrates the project manager type of contract relationship.

4.1.6  Construction Manager

In this method, owner contracts a construction management firm to coordi-
nate the project for the owner and provide construction management ser-
vices. There are two general forms of construction management:

 1. Agency construction management (Agency CM)
 2. Construction management-at-risk (CM-at-Risk)

The Agency CM type is a management process type of contract system 
having four-party arrangement involving owner, designer, construction 
management firm, and the contractor. The construction manager provides 
advice to the owner regarding cost, time, safety, and about the quality of 
materials/products/systems to be used on the project. The Agency CM firm 
performs no design or construction but assists the owner in selecting design 
firm(s), and contractor(s) to build the project.

Owner

Project
manager

Architect/
engineer

(consultant)
Main contractor

Subconsultants Subcontractor(s) Mechanical
subcontractor

Electrical
subcontractor

FIGURE 4.7
Project manager contracting system.
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Agency CM could be implemented in conjunction with any type of project 
delivery system.

The basic concept of construction management type of contract is that the 
firm is knowledgeable and capable of coordinating all aspects of the project 
to meet the intended use of the project by the owner. Agency construction 
manager acts as a principal agent to advise the owner/client, whereas con-
struction manager-at-risk is responsible for on-site performance and actu-
ally performs some of the project works. CM-at-Risk type of contract has 
two stages. The first stage encompasses preconstruction services and dur-
ing second stage the CM-at-Risk is responsible for performing the construc-
tion work. CM-at-Risk project delivery system is also known as construction 
manager/general contractor (CM/GC).

Figure 4.8 illustrates contractual relationship for Agency CM, and Figure 4.9 
illustrates contractual relationship for CM-at-Risk.

4.1.7  Integrated Project Delivery

In this delivery method, the owner, designer, and contractor are contractually 
required to collaborate among themselves so that the risk responsibility and 
liability for the project delivery are collectively managed and appropriately 
shared. Figure 4.10 illustrates contractual relationship between various parties.

All the foregoing project delivery systems follow generic life cycle phases 
of a construction project; however, the involvement/participation of vari-
ous parties differs depending on the type of delivery and contracting system 
adapted for a particular project.

In case of the design/build type of deliverable system, the contractor is con-
tracted right from the early stage of the construction project and is responsible 
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(consultant)
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Sub-
consultants

Concrete
subcontractor

Mechanical
subcontractor

Electrical
subcontractor

Other sub-
contractors

FIGURE 4.8
Agency construction management contractual relationship.
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for design development of the project. Figure 4.11 shows the typical logic flow 
diagram for the design/bid/build type of construction project, and Figure 4.12 
shows the diagram for the design/build type of contracting system. Details of 
activities performed during the various phases of the design/bid/build type 
of contract delivery system are discussed in related sections.

Project
owner

CM-at-risk

Architect/
engineer

(designer)

Functional
relationship

during design

Construction
manager/general

contractor

Preconstruction
services

Subcontractors Mechanical
subcontractor

Electrical
subcontractor

FIGURE 4.9
Construction manager at risk contractual relationship (CM-at-Risk).
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FIGURE 4.10
Integrated project delivery system.
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FIGURE 4.11
Logic flow diagram for construction projects-design-bid-build system.
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FIGURE 4.12
Logic flow diagram for construction projects-design-build system.
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4.2  Conceptual Design

Conceptual design is the first phase of the construction project life cycle. 
The conceptual design is initiated once the need is recognized. In this phase, 
the idea is conceived and given an initial assessment. Conceptual design, or 
the design development phase, is often viewed as most critical to achiev-
ing outstanding project performance. During the conceptual phase, the envi-
ronment is examined, forecasts are prepared, objectives and alternatives are 
evaluated, and the first examination of the technical performance, cost, and 
time objectives of the project is made. The conceptual phase includes

Identification of need by the owner, and establishment of main goals
Feasibility study, which is based on owner’s objectives
Identification of project team by selecting other members and alloca-

tion of responsibilities
Identification of alternatives
Financial implications, resources, based on estimation of life cycle cost 

of the favorable alternative
Time schedule
Development of concept design

The most significant impacts on the quality in a project occur during the 
conceptual phase. This is the time when specifications, statement of work, 
contractual agreements, and initial design are developed. Initial planning 
has the greatest impact on a project because it requires the commitment of 
processes, resources schedules, and budgets. A small error that is allowed to 
stay in the plan is magnified several times through subsequent documents 
that are second or third in the hierarchy.

Figure 4.13 shows the major activities in the conceptual design phase.

4.2.1  Identification of Need

Most construction projects begin with recognition of the new facility. The 
owner of the facility could be an individual, a public/private sector com-
pany, or a governmental agency. The need for the project is created by the 
owner and is linked to the financial resources available to develop the facil-
ity. The owner’s needs are quite simple and are based on the following:

To have best use of the money, that is, to have maximum profit or ser-
vices at a reasonable cost

On time completion, that is, to meet the owner’s/user’s schedule
Completion within budget, that is, to meet the investment plan for the 

facility



238 Quality Management in Construction Projects

Feasibility
study

No

Yes

Not
approved

Approved

Owner/end user

Select project team
(designer)

Develop alternatives Designer
(consultant)

Owner/project 
manager

Owner

Owner

Owner/consultant

Owner

Identification of need

Designer 
(consultant)

Establish project objectives
and goals

Selection of project delivery
system

Client brief
(terms of reference—TOR)

Functional/technical 
alternatives

Data collection

Schedule/timeline

Designer/owner

Designer
(consultant)

Evaluation of
alternatives

Designer
(consultant)

Designer
(consultant)

Designer
(consultant)

Financial/resources

Stop

Inception of project 

Develop concept 
design

FIGURE 4.13
Logic flow in the conceptual design phase.
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The conceptual design is initiated once the owner’s need is recognized. 
Therefore, it is important that the owner define the requirements and objec-
tives of the potential project clearly at the start of the formulation of design. 
The need statement is an expression of an unfulfilled requirement. It pro-
vides a specifically focused requirement that can be addressed as a way of 
providing a solution.

The owner’s need must be well defined, indicating the minimum require-
ments of quality and performance, an approved main budget, and required 
completion date. Sometimes, the project budget is fixed and, therefore, the 
quality of the building system, materials, and completion of the project needs 
to be balanced with the budget.

Figure 4.14 illustrates a preliminary appraisal and the steps in the project 
identification.

Develop project options
(in outline)

Risk analysis

Preliminary appraisal

Prepare outline forecasts

Review existing situation

Define objectives

Recommend whether or not to
proceed to feasibility stage

Confirm
evaluation criteria

Market demand
and supply

Financial management

Establish constraints Establish
evaluation criteria

FIGURE 4.14
Steps in project identification. (Source: Corrie, R.K. (1991), Engineering Management Project 
Evaluation, Reprinted with permission from Thomas Telford Publishing, UK.)
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4.2.2  Feasibility

Once the owner’s need is identified, the traditional approach is pursued 
through a feasibility study or an economical appraisal of owner needs or 
benefits, also taking into account the many relevant moral, social, environ-
mental, and technical constraints. The feasibility study takes its starting point 
from the output of the project identification need.

The authors of Civil Engineering Procedure (Institution of Civil Engineers 
1996) have listed some of the investigations to be carried out for a major 
project. These are as follows:

• Outline design
• Studies of novel requirements and risks
• Public consultation
• Geotechnical study of site, sources of materials, storage areas, 

and access routes
• Environmental impact analysis
• Health and safety studies
• Testing for contaminated land and requirements for the dis-

posal of waste
• Estimates of capital and operating costs
• A master program of work, expenditure, and financing
• Assessment of funding (p. 22)

Depending on the circumstances, the feasibility study may be short or 
lengthy, simple or complex. In any case, it is the principle requirement in 
project development as it gives the owner an early assessment of the viability 
of the project and the degree of risk involved. The outcome of the feasibility 
study helps select a defined project that meets the stated project objectives, 
together with a broad plan of implementation. Figure 4.15 illustrates various 
stages for a feasibility study.

Technical studies are performed to analyze that the proposed facility 
is suitable for intended use by the owner/user. The proposed project is 
economically feasible if the total value of the benefits that result from the 
project exceeds the cost that results from the project. Economic feasibility 
depends on technical feasibility because the facility must be suitable for 
intended use. Financial feasibility may or may not be related to economic 
feasibility.

The project study is usually performed by the owner through his or her 
own team or by engaging individuals/organizations involved in prepa-
ration of economic and financial studies. Once the project definition has 
been ascertained, the owner selects other team members of the project and 
finalizes the contract delivery system for the project. If the feasibility study 
shows that the objectives of the owner are best met through the ideas gen-
erated, then the owner will select and engage a project team based on the 
project delivery system to develop his or her notional ideas into a more 
workable form.
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4.2.3  Identification of Alternatives

Table 4.4 shows a quantitative comparison of functional alternatives to cost 
alternatives that may be analyzed to select the preferred alternative.

Each alternative is based on a predetermined set of performance mea-
sures to meet the owner’s requirements. In case of construction projects, it 
is mainly the extensive review of development options that are discussed 
between the owner and the designer/consultant. The consultant engineer 
provides engineering advice to the owner to enable him or her to assess its 
feasibility and the relative merits of various alternative schemes to meet 
his or her requirements. Social, economical, and environmental impacts, 
functional capability, safety, and reliability should be taken into account 
while considering the development of alternatives. Each alternative is eval-
uated based on the predetermined set of performance measures to meet 
the owner’s requirements. Figure 4.16 summarizes the general steps in the 
systematic process of studying project alternatives and evaluating associ-
ated impacts.

Quantitative comparison and evaluation of conceptual alternatives are 
carried out by considering the advantages and disadvantages of each item 
systematically. The designer makes a brief presentation to the owner, and 
the project is selected based on preferred conceptual alternatives. Various 
possibilities are considered during this stage, and the technological and 
economical feasibility is assessed and compared to select the best possible 
alternative.

TABLE 4.4

Conceptual Alternatives

Functional Alternatives Cost Alternatives

• Materials handling methods
• Traffic flow arrangements (patterns in air, 

water, land, people, or products)
• Types of travel modes (vehicle type, 

size, style)
• Method to provide fish passage at barriers 

in waterways
• Space allocations
• Clear-span requirements in buildings
• Public/private (joint development) 

options
• Methods to avoid or minimize impacts to 

the natural environment

• Design cost
• Capital cost of construction
• Operation and maintenance 

costs
• Life-expectancy or design-life 

periods
• Return on investment
• Project phasing (initial 

opening or operating 
segments)

• Extra cost for aesthetics
• Cost/benefit ratios

Source: Quality in the Constructed Project (2000) by ASCE. Reprinted with permis-
sion from ASCE.
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4.2.4  Identification of Project Team

Most construction projects involve three major groups or parties:

 1. Owner: A person or an organization that articulated the need for the 
facility and responsible for arranging the financial resources for the 
creation of the facility.

 2. Designer/consultant: This consists of architects, engineers, or con-
sultants. They are the owner’s appointed entity accountable for 
converting the owner’s conception and need into a specific facility 
with detailed directions through drawings and specifications, within 
the economic objectives and schedule. They are responsible for the 
design process and assist the owner in preparation of tender and 
contract documents. The owner may engage the designer to super-
vise construction.

 3. Contractor: A construction firm engaged by the owner to complete 
the specified facility by providing the necessary staff, workforce, 
materials, equipment, tools, and other accessories to complete the 
project to the satisfaction of the owner/end user in compliance with 
the contract documents.

The owner is the first member of the project team. The owner’s relationship 
with other team members and his or her responsibilities depend on the type 
of deliverable system the owner would prefer to go with. There are many 
types of contract delivery systems; however, design/bid/build is the most 
predominantly used contracting system preferred by the owners.

For the design/bid/build type of contract system, the first thing the owner has 
to do is select design professionals/consultants. Generally, the owner selects a 
designer/consultant with whom he or she has worked before with satisfactory 
results. The owner can use his or her preferred designer/consultant or select 
one by obtaining proposals from several design professionals/consultants. 

Step 4

Investigating and selecting 
conceptual alternatives

Fatal flaw screening 
Qualitative assessment
and comparison of
conceptual alternatives
Quantitative comparison
of conceptual alternatives
Selection of preferred
conceptual alternatives

Step 3

Framework for developing 
conceptual alternatives

Address deficiencies.
Respond to goals and 
objectives.
Acknowledge constraints.
Address preestablished
arrangements.

Step 2

Existing conditions and 
future needs analysis

Identify indicators.
Define existing conditions.
Identify future needs.
Consider “no-build.”
Analyze future needs.

Step 1

Project
conceptualization

Define project. 
Define owner’s goals and 
objectives.
Define expectations of
other stakeholders.
Define constraints.

FIGURE 4.16
Alternative study and impact analysis process. (Source: Quality in the Constructed Project (2000) 
by ASCE. Reprinted with permission from ASCE.)
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The owner may contract a designer or architect and engineer (A&E) to provide 
site supervision during the construction process. Thus, the designer or A&E 
firm acts as the prime professional to design the project and also supervises the 
construction.

Once the project delivery system is finalized and the designer/consultant 
is selected and contracted by the owner to proceed with the project design, a 
terms of reference (TOR) is issued to the designer/consultant to prepare a 
design proposal and contract documents. A TOR is a document that describes 
the purpose and structure of a project. It gives the project team a clear under-
standing of the development of the project.

Table 4.5 illustrates the typical requirements of project team members. 
Table 4.6 illustrates the typical responsibilities of project team members. 
Figure 4.17 illustrates the responsibilities of different parties.

The TOR generally requires the designer (consultant) to perform the 
following:

Predevelopment studies, which includes data collection and analysis 
related to the project

Development of conceptual alternatives
Evaluation of conceptual alternatives and selection of preferred alter-

natives in consultation with the owner

TABLE 4.5

Typical Requirements of Project Team Members

Owner/Project Manager Design Professional/A/E Constructor

• Adequate function and 
appearance of the new 
facility

• An adequate project 
scope definition

• An adequate budget

• A well-defined set of 
contract documents

• A reasonable schedule
• Project completion on time 

and within budget
• A reasonable schedule
• Timely decisions from the 

owner

• Timely decisions from the 
owner and design 
professional

• Desirable balance of life 
cycle and initial capital costs

• Realistic and fair sharing 
of project risks

• Realistic and fair sharing 
of project risks

• Addressing of 
environmental, health, 
permitting, safety, user 
impacts, and sustainable 
development considerations

• Adequate communication 
with the owner regarding 
performance

• A fair and reasonable 
process for resolving 
disputes

• Adequate communication 
with the owner regarding 
performance

• A fair and reasonable 
process for resolving 
disputes

• A fair and reasonable process 
for resolving disputes

• Timely payment and a 
reasonable profit

• Timely payment and a 
reasonable profit

Source: Quality in the Constructed Project (2000) by ASCE. Reprinted with permission from 
ASCE.
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Preparation of preliminary design, budget, and schedule and obtaining 
authorities’ approvals

Preparation of detailed design and contract documents for tendering 
purpose

Table 4.7 illustrates the contribution of various participants during all the 
phases of the construction project life cycle for the design/bid/build type of 
contracting system.

4.2.5  Development of Concept Design

The selected preferred alternative is the base for development of the concept 
design. The designer can use techniques such as quality function  deployment 
to translate the owner’s need into technical specifications. Figure 4.18 illus-
trates the house of quality concept for an office building project based on 
certain specific requirements by the customer.

TABLE 4.6

Typical Responsibilities of Project Team Members

Owner/Project Manager Design Professional/A/E Constructor

• Fulfillment of contractual 
obligations to other team 
members, including 
furnishing site and related 
information, and timely 
payment

• Compliance with applicable 
laws, regulations, codes, 
standards, and practices

• Fulfillment of 
contractual obligations 
to other team members

• Compliance with 
applicable laws, 
regulations, codes, 
standards, and practices

• Fulfillment of contractual 
obligations to other team 
members

• Compliance with 
applicable laws, 
regulations, codes, 
standards, and practices

• Provision of adequate 
funding

• Provision of necessary real 
estate or right(s) of way

• Provision of project goals 
and objectives

• Fulfillment of insurance and 
legal requirements

• Assignment of site safety 
responsibility

• Fulfillment of 
professional standards

• Development and 
drafting of well-defined 
contract documents

• Responsiveness to 
project schedule, 
budget, and program

• Provision of 
construction-phase 
design services

• Interpretation of plans and 
specifications

• Construction of facility as 
described in contract 
documents

• Management of 
construction site activities 
and safety program

• Management, quality 
control, and payment of 
subcontractors and 
vendors

• Acceptance of completed 
facility

Source: Quality in the Constructed Project (2000) by ASCE. Reprinted with permission from 
ASCE.
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Certify payments.Pay contractor.

Takeover

Make as-built drawings.

Test, commission, and handover

Assess tenders and
select contractor.

Obtain legal powers and
statutory consents.

D
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n

Co
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uc

tio
n

Apoint principal contractor

Sign contract

Promoter

Decide whether to proceed
and how to fund project.

Acquire land and access.

Appoint planning supervisor.

In
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io

n

Initiate project.

Mobilize labor, plant sub-
contractors, and materials.

Complete and submit
program and method.

Construct the work.

Design and construct
temporary works.

Plan site health and safety.

Apoint agent and staff.

Sign contract.

Vet contractor’s program
and method statement.

Keep records.

Oversee contractor’s quality,
safety, and progress.

Appoint engineer’s
representative and assistants.

Complete design as necessary.

Invite tenders. Tender

ContractorEngineer

Prepare design and
contract documents.

Feasibility studies

FIGURE 4.17
Division of responsibility between promoter, engineer, and contractor. (Source: Corrie, R.K. 
(1991), Engineering Management Project Evaluation, Reprinted with permission from ICE, UK.)
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While developing the concept design, the designer must consider the 
following:

 1. Project goals
 2. Usage
 3. Technical and functional capability
 4. Aesthetics
 5. Constructability
 6. Sustainability (environmental, social, and economical)
 7. Availability of resources
 8. Health and safety
 9. Reliability
 10. Environmental compatibility
 11. Fire protection measures
 12. Supportability during maintenance/maintainability
 13. Cost-effectiveness over the entire life cycle (economy)

It is the designer’s responsibility to pay greater attention to improving the 
environment and to achieve sustainable development. Numerous UN meet-
ings (such as the first United Nations Conference on Human Development 
held in Stockholm in 1972; the 1992 Earth Summit in Rio de Janeiro; the 2002 
Earth Summit in Johannesburg; the 2005 World Summit; and the Brundtland 
Commission on Environment and Development in 1987) have emphasized 
“sustainability,” whether it be sustainable environment, sustainable economic 
development, sustainable agricultural and rural development, and so on. 
Accordingly, the designer has to address environmental and social issues and 
comply with local environmental protection codes. A number of tools and 
rating systems have been created by LEED (the United States), BREEAM (the 
United Kingdom), and HQE (France) in order to assess and compare the envi-
ronmental performance of the buildings. These initiatives have a great impact 
on how buildings are designed, constructed, and maintained. Therefore, dur-
ing implementation of building projects, the following need to be considered:

 1. Accretion with the environment by using natural resources such as 
sunlight, solar energy, and appropriate ventilation configuration

 2. Energy conservation by energy-efficient measures to diminish 
energy consumption

 3. Environmental protection to reduce environmental impact
 4. Use of materials harmonizing with the environment
 5. Aesthetic match between a structure and its surrounding natural 

and built environment
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 6. Good air quality
 7. Comfortable temperature
 8. Comfortable lighting
 9. Comfortable sound
 10. Clean water
 11. Less water consumption
 12. Integration with social and cultural environment

During the design stage, the designer must work jointly with the owner to 
develop details regarding the owner’s needs and give due consideration to 
each part of the requirements. The owner on his or her part should ensure 
that the project objectives are

Specific
Realistic
Measurable
Agreed upon by all the team members
Possible to complete within the stipulated time
Within the budget

The following are the requirements for a building construction project, 
normally mentioned in the TOR, to be prepared by the designer during the 
conceptual phase for submission to the owner:

 1. Site plan
 a. Civil
 b. Services
 c. Landscaping
 d. Irrigation
 2. Architectural design
 3. Building and engineering systems
 a. Structural
 b. Mechanical (heating, ventilation, and air-conditioning [HVAC])
 c. Public health
 d. Fire suppression systems
 e. Electrical
 f. Low-voltage systems
 g. Others
 4. Cost estimates
 5. Schedules
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The designer is required to submit all the above mentioned submissions in 
the form of

• Report
• Drawings
• Models
• Presentation

4.2.6  Estimate Time Schedule

The duration of a construction project is finite and has a definite beginning 
and a definite end; therefore, during the conceptual phase the expected 
time schedule for the completion of the project/facility is worked out. The 
expected time schedule is important from both financial and acquisition of 
the facility by the owner/end user. It is the owner’s goal and objective that 
the facility is completed in time. Figure 4.19 illustrates a time schedule for a 
typical construction project.

4.2.7  Estimate Project Cost

The next step is to refine cost estimates for the conceptual alternatives as this 
is required by the owner to determine the capital cost of construction, so that 
he or she can arrange the finances. It is the owner’s responsibility to provide 
an approved maximum finance to complete the facility. It is required that the 
owner formulate his or her thoughts on project financing, as the financial 

First year Second year Third year Fourth year

Commissioning and handover

Conceptual design

Preliminary design

Detailed engineering

Construction

FIGURE 4.19
Typical time schedule of construction project.
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conditions will affect the possible options from the beginning. Normally, the 
following points should be considered:

 1. What are sources of funding?
 2. What criteria or rules apply?
 3. How could the project best respond to those rules?

In case any funding agency is involved in financing the project, it may 
impose certain conditions that affect the project feasibility and implementa-
tion. It is likely that such funding agencies may also insist on the adoption of 
a particular contract strategy.

4.2.8  Manage Quality

During this phase, the designer has to plan and establish quality criteria for 
the project. This includes mainly the following:

• Owner’s requirements
• Quality standards and codes to be complied
• Regulatory requirements
• Conformance to owner’s requirements
• Conformance to requirements listed under TOR
• Design review procedure
• Drawings review procedure
• Document review procedure
• Quality management during all the phases of project life cycle

4.2.9  Estimate Resources

Designer has to estimate the resources required to complete the project. This 
includes the estimation of manpower required during construction phase, 
testing, commissioning, and handover phase. The designer has to also esti-
mate the manpower required during design, and tendering stages of the con-
struction project.

4.2.10  Identify/Manage Risk

The designer has to identify the risks that will affect the successful comple-
tion of the project. The following are typical risks that normally occur during 
the conceptual design phase:

• Lack of input from owner about the project goals and objectives.
• Project objectives not defined clearly.
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• Feasibility study not done properly.
• Alternative selection is not suitable for further development.
• The related project data and information collected are incomplete.
• The related project data and information collected are likely to be 

incorrect and wrongly estimated.
• Environmental consideration.
• Regulatory requirements.
• Errors in estimating the project schedule.
• Errors in cost estimation.

The designer has to take into account the mentioned risk factors while devel-
oping the concept design.

Further, the designer has to consider the following risks while planning the 
duration for completion of the conceptual phase:

• Impractical conceptual design preparation schedule
• Delay to obtain authorities’ approval
• Delay in environmental approval
• Delay in data collection
• Delay in deciding project delivery system

4.2.11  Finalize Concept Design

Final designs for submission to the owner/client are prepared incorporating 
the comments, if any, found during analysis and review of the drawings and 
documents taking into consideration risks.

4.3  Preliminary Design

Preliminary design is mainly a refinement of the elements in the conceptual 
design phase. Preliminary design is also known as schematic design. During this 
phase, the project is planned to a level where sufficient details are available for 
the initial cost and schedule. This phase also includes the initial preparation of 
all documents necessary to implement the facility/construction project. The 
central activity of preliminary design is the architect’s design concept of the 
owner’s objective, which can help make the detailed engineering and design 
for the required facility. Preliminary design is a subjective process transform-
ing ideas and information into plans, drawings, and specifications of the 
facility to be built. Component/equipment configurations, material specifica-
tions, and functional performance are decided during this stage. At this stage, 
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the owner can alter the scope and consider alternatives. The owner seeks to 
optimize certain facility features within the constraints of other factors such 
as cost, schedule, vendor capabilities, and so on.

Design is a complex process. Before design is begun, the scope must ade-
quately define deliverables, that is, what will be furnished. These deliverables 
are design drawings, contract specifications, types of contracts, construction 
inspection record drawings, and reimbursable expenses.

Preliminary design is the basic responsibility of the architect (designer/
consultant or A&E). In the case of building construction projects, a prelimi-
nary design determines

 1. General layout of the facility/building/project
 2. Required number of buildings/number of floors in each building/

area of each floor
 3. Different types of functional facilities required such as offices, stores, 

workshops, recreation, training centers, parking, etc.
 4. Type of construction such as reinforcement concrete or steel struc-

ture, precast, or cast in situ
 5. Type of electromechanical services required
 6. Type of infrastructure facilities inside the facilities area
 7. Type of landscape

The designer has to consider the following points while preparing the pre-
liminary design:

 1. Concept design deliverables
 2. Calculations to support the design
 3. System schematics for electromechanical system
 4. Coordination with other members of the project team
 5. Authorities’ requirements
 6. Availability of resources
 7. Constructability
 8. Health and safety
 9. Reliability
 10. Energy conservation issues
 11. Environmental issues
 12. Selection of systems and products that support the functional goals 

of the entire facility
 13. Sustainability
 14. Requirements of all stakeholders
 15. Optimized life cycle cost (value engineering [VE])
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4.3.1  Identification of Preliminary Design Requirements

In order to identify requirements to develop schematic design, the designer 
has to gather comments made by the owner/project manager on the submit-
ted concept design and collect TOR requirements, regulatory requirements, 
and other related data to ensure that the developed design is error-free and 
with minimum omissions.

4.3.2  Identification of Project Team

During this phase, most project team members such as owner’s representa-
tive, project manager (design), and other design personnel are selected and 
identified.

Design team members are selected based on the organizational structure 
and suitable skills required to perform the job. Normally, the design team 
consists of

 1. Project manager
 2. Design managers (one for each trade)
 3. Quality manager
 4. Team leader (principal engineer) for each trade
 5. Team members (engineers, CAD technicians for each discipline)
 6. Quantity surveyor (cost engineer)

4.3.3  Develop Preliminary Design

The purpose of a general scope of works is to provide sufficient information 
to identify the works to be performed and to allow detail design to proceed 
without significant changes that may adversely affect the project budget and 
schedule.

At the preliminary design stage, the scope must define deliverables, that 
is, what will be furnished. It should include a schedule of dates for deliver-
ing drawings, specifications, calculations and other information, forecasts, 
estimates, contracts, materials, and construction. The designer develops a 
design concept with the plan, elevation, and other related information that 
meet the owner’s requirements. The designer also develops a concept of how 
various systems, such as heating and cooling systems, communication sys-
tems, etc., will fit into the system.

Bennet (2003) has given a list of preliminary design drawings required for 
preliminary approval quoting one building agency of a U.S. state. These are

• The basic design approach drawn at an agreed-upon scale
• Site location in relationship to the existing environment
• Relation to master plans
• Circulation
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• Organization of building functions
• Functional/aesthetic aspects of the design concepts under study
• Graphic description of critical details
• Visual and functional relationship
• Compatibility with the surrounding environment (p. 55)

Bennet (2003) further states that the same agency requires the design pro-
fessional to prepare a narrative description of the following building systems 
upon completion of schematic design:

• Structure
• Floor grade and systems
• Roof
• Exterior/interior walls and partitions
• Interior finishes
• Sight lines
• Stairs and elevators
• Specialty items
• Electrical systems
• Mechanical systems
• Built-in equipment
• Site construction (p. 55)

4.3.4  Regulatory Approval

Once the preliminary design is approved, it should be submitted to  regulatory 
bodies for their review and approval for compliance with the regulations, 
codes, and licensing procedure.

4.3.5  Contract Terms and Conditions

Normally, it is the consultant/designer team that is responsible for devel-
oping a set of contract documents that meet the owner’s needs and specify 
the required level of quality, budget, and schedule. At this stage, a con-
tract exists between the consultant and the client for the development of 
the project, and any good management test will demand that the contract 
be clearly understood by all parties associated with it. There are numer-
ous combinations of contract arrangements for handling the construction 
projects; however, design/bid/build is predominantly used in most con-
struction project contracts. This delivery system has been chosen by owners 
for many centuries and is called the traditional contracting system. In the 
traditional contracting system, the detailed design for the project is com-
pleted before tenders for construction are invited. The detailed engineering 
is carried out by the consultant/design professional to make the project 
qualitative and economical.

Based on the type of contracting arrangements with which the owner 
would like to handle the project, necessary documents are prepared by 
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establishing a framework for execution of the project. Generally, FIDIC’s 
model conditions for international civil engineering contracts are used as a 
guide to prepare these contract documents. Preliminary specifications and 
documents are prepared in line with model contract documents.

4.3.6  Schedule

After the preliminary scope of works, the preliminary design and budget for 
the facility/project are finalized; the logic of the construction program is set. 
On the basis of logic, a critical path method (CPM) schedule (bar chart) is 
prepared to determine the critical path and set the contract milestones.

4.3.7  Budget

Based on the preliminary design, the budget is prepared by estimating the 
cost of activities and resources. The preparation of the budget is an impor-
tant activity that results in a timed phased plan summarizing the expected 
expenses toward the contract and also the income or the generation of funds 
necessary to achieve the milestone. The budget for a construction project is 
the maximum amount the owner is willing to spend for design and construc-
tion of the facility that meets the owner’s need. The budget is determined by 
estimating the cost of activities and resources and is related to the schedule of 
the project. If the cash flow or resulting budget is not acceptable, the project 
schedule should be modified. It is required that while preparing the budget, 
the risk assessment of the project is also performed.

4.3.8  Manage Quality

In order to minimize design errors, minimize design omissions, and reduce 
rework during schematic design, the designer has to plan quality (planning 
of design work), perform quality assurance, and control quality for prepar-
ing schematic design. This will mainly consist of the following:

 1. Plan quality
• Establish owner’s requirements
• Determine number of drawings to be produced
• Establish scope of work
• Identify quality standards and codes to be complied
• Establish design criteria
• Identify regulatory requirements
• Identify requirements listed under TOR
• Establish quality organization with responsibility matrix
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• Develop design (drawings and documents) review procedure
• Establish submittal plan
• Establish design review procedure

 2. Quality assurance
• Collect data
• Investigate site conditions
• Prepare preliminary drawings
• Prepare outline specifications
• Ensure functional and technical compatibility
• Coordinate with all disciplines
• Select material to meet the owner’s objectives

 3. Control quality
• Check design drawings
• Check specifications/contract documents
• Check for regulatory compliance
• Check preliminary schedule
• Check cost of project (preliminary cost)

Building Information Modeling (BIM) tool can be used to control quality of 
the project.

4.3.9  Estimate Resources

The designer has to estimate the resources required to complete the project. 
At this stage of the project, more details about the activities and works to 
be performed during the construction and testing, commissioning phase are 
available, the designer has to update the earlier estimated resources and pre-
pare manpower histogram. Also, the designer can estimate the total number 
of design team members to develop design and construction documents.

4.3.10  Identify/Manage Risk

The following are typical risks that normally occur during the schematic 
design phase:

• Concept design deliverables and review comments are not taken 
into consideration while preparing the schematic design.

• Regulatory authorities’ requirements are not taken into consideration.
• Schematic design scope of work is incomplete.
• The related project data and information collected are incomplete.
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• The related project data and information collected are likely to be 
incorrect and wrongly estimated.

• Site investigations for existing conditions are not carried out.
• Fire and safety considerations.
• Environmental consideration.
• Incomplete design.
• Prediction of possible changes in design during construction phase.
• Inadequate and ambiguous specifications.
• Wrong selection of materials and systems.
• Undersize HVAC equipment selection.
• Incorrect water supply requirements.
• Estimated total electrical load is much lower than expected actual 

consumption.
• Errors in calculating traffic study for conveying system.
• Errors in estimating the project schedule.
• Errors in cost estimation.
• Number of drawings not as per TOR requirements.

The designer has to take into account the mentioned risk factors while devel-
oping the schematic design.

Further, the designer has to consider the following risks while planning the 
duration for completion of the schematic phase:

• Impractical schematic design preparation schedule
• Delay to obtain authorities’ approval
• Delay in site investigations
• Delay in data collection

4.3.11  Perform Value Engineering Study

VE studies can be conducted at various phases of a construction project; 
however, the studies conducted in the early stage of a project tend to provide 
the greatest benefit. In most projects, VE studies are performed during the 
schematic phase of the project. At this stage, the design professionals have 
considerable flexibility to implement the recommendations made by the VE 
team, without significant impacts on the project’s schedule or design bud-
get. In certain countries for a project over US $5 million, a VE study must 
be conducted as part of the schematic design process. The team members 
who perform the VE study depend on the client’s/owner’s requirement. It 
is advisable that a SAVE international registered certified value specialist be 
assigned to lead this study.
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4.3.12  Finalize Preliminary Design

Final schematic design for submission to the owner/client is prepared incor-
porating the comments, if any, found during analysis and review of the 
drawings and documents.

4.4  Design Development

Detailed design is the third phase of the construction project life cycle. 
It  follows the preliminary design phase and takes into consideration the con-
figuration and the allocated baseline derived during the preliminary phase. 
Design development is also known as detailed design/detailed engineer-
ing. During this phase, all suggested changes are reevaluated to ensure that 
the changes will not detract from meeting the project design goals/objec-
tives. Detailed design involves the process of successively breaking down, 
analyzing, and designing the structure and its components so that it com-
plies with the recognized codes and standards of safety, and performance 
while rendering the design in the form of drawings and specifications that 
will tell the contractors exactly how to build the facility to meet the owner’s 
need. During this phase, detail design of the work, contract documents, 
detail plan, budget, estimated cash flow, regulatory approval, and tender/
bidding documents are prepared. Depending on the type of contract the 
owner would like to have for completing the facility, the designer (con-
sultant) can start preparing the detailed design. The success of a project is 
highly correlated with the quality and depth of the engineering plans pre-
pared during this phase.

Figure 4.20 illustrates major activities in the detailed design phase.

4.4.1  Identification of Design Development Requirements

In order to identify requirements to develop detail design, the designer has 
to gather comments made by the owner/project manager on the submitted 
schematic design and collect TOR requirements, regulatory requirements, 
and other related data to ensure that the developed design is accurate to the 
possible extent, free of errors, and with minimum omissions. Detail design 
activities are similar, although more in-depth than the design activities in the 
preliminary design stage. The size, shape, levels, performance characteris-
tics, and technical details and requirements of all the individual components 
are established and integrated into the design. Design engineers of different 
trades have to take into consideration all these as a minimum while prepar-
ing the scope of works. The range of design work is determined by the nature 
of the construction project.
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FIGURE 4.20
Major activities in the detailed design phase.
– – – – Functional relationship.
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For development of detail design, the designer has to consider the  following 
points:

 1. Review of comments on the preliminary design by the client (project 
manager)

 2. Review of comments on the preliminary design by the regulatory 
authorities

 3. Preparation of detail design for all the works
 4. Interdisciplinary coordination to resolve conflict
 5. Obtain regulatory approval
 6. Prepare project schedule
 7. Prepare project budget
 8. Prepare BOQ
 9. Preparing specifications

4.4.2  Identification of Project Team

Generally, the project team members selected to develop schematic design 
continue during the detail design phase. Additional design personnel, if 
required, are added to meet the work load to develop the design.

4.4.2.1  Identify Design Team Members

Figure 4.21 illustrates the design management team and their major 
responsibilities.

Each of the managers has many other team members. These members are 
selected based on the organizational structure and suitable skills required to 
perform the job. These include

 1. Team leader (principal engineer) for each trade
 2. Team members (engineers and CAD technicians for each discipline)
 3. Quantity surveyor (cost engineer)
 4. Owner’s representative
 5. End user

4.4.3  Develop Detail Design of the Works

The detail design process starts once the preliminary design is approved 
by the owner. Detail design is enhancement of work carried out during the 
preliminary stage. During this phase, a comprehensive design of the works 
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with a detailed work breakdown structure (WBS) and work packages is 
prepared. In general, specific and detailed scopes of works lead to better-
quality projects. The detail design phase is the traditional realm of design 
professionals, including architects, interior designers, landscape architects, 
and several other disciplines such as civil, electrical, mechanical, and other 
engineers as needed.

Accuracy in the project design is a key consideration of the life cycle of 
the project; therefore, it is required that the designer/consultant be not 
only an expert in the technical field but also should have a broad under-
standing of engineering principles, construction methods, and VE. The 
designer must know the availability of the latest products in the market 
and to use proven technology, methods, and materials to meet the own-
er’s objectives. He or she must refrain from using a monopolistic product, 
unless its use is important or critical for proper functioning of the system. 
He or she must ensure that at least two or three sources are available in 
the market producing the same type of product that complies with all its 

1. Design criteria
2. Design standard
3. Design development
4. Quality control

1. Client management
2. Contract requirements
3. Budget requirements
4. Schedules
5. Resources

Design
management

team

1. Quality management plan 
2. Quality control procedures
3. Quality assurance procedures

Design manager
Project manager

Quality manager

FIGURE 4.21
Design management team. (Source: Rumane, A.R. (2013), Quality Tools for Managing 
Construction Projects, CRC Press, Boca Raton, FL. Reprinted with permission from Taylor & 
Francis Group.)
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required features and intent of use. This will help the owner get competi-
tive bidding during the tender stage.

The authors of Quality in the Constructed Project (ASCE 2000) have listed the 
general functions and responsibilities of the design professional as follows:

• Being fully qualified and licensed to offer and provide the ser-
vices contractually undertaken and provided

• Applying appropriate skills to the design
• Being proactive and clear in communication
• Being responsive to the established budget schedule and program
• Making timely interpretation, evaluation, and decisions
• Disclosing fully related external interests
• Avoiding conflicts of interest
• Complying with applicable codes, regulations, and laws
• Interpreting contract documents impartially
• Representing the owner’s interests as required by contract
• Performing project-specific duties outlined in the contract 

between the design professional and owner (p. 30)

The authors of Quality in the Constructed Project (ASCE 2000) further 
describe that the design professional (or in-house design team) can help 
ensure project quality through several activities, including

• Developing a scope of services that meet the owner’s require-
ments and the project goals and objectives

• Developing a design activity plan for the project
• Defining project design guidelines
• Estimating accurately the hours of effort and costs involved in 

achieving a quality design
• Building flexibility into the design activity plan to allow for 

changes and future project development, as well as associated 
budget and schedule revisions

• Developing a realistic schedule with appropriate milestones to 
confirm progress

• Monitoring design progress constantly (p. 80)

Detail design activities are similar, although more in-depth than the design 
activities in the preliminary design stage. The size, shape, levels, performance 
characteristics, technical details, and requirements of all the individual com-
ponents are established and integrated into the design. Design engineers of 
different trades have to take into consideration all these at a minimum while 
preparing the scope of works. The range of design work is determined by the 
nature of the construction project.

The following are the aspects of works to be considered by design pro-
fessionals while preparing the detail design. These can be considered as a 
base for development of design to meet customer requirements and will help 
achieve the qualitative project.
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4.4.3.1  Architectural Design

• Intent/use of building/facility
• Property limits
• Aesthetic look of the building
• Environmental conditions
• Elevations
• Plans
• Axis, grids, levels
• Room size to suit the occupancy and purpose
• Zoning as per usage/authorities’ requirements
• Identification of zones, areas, and rooms
• Modules to match with structural layout/plan
• Number of floors
• Ventilation
• Thermal insulation details
• Stairs, elevators (horizontal and vertical transportation)
• Fire exits
• Ceiling height and details
• Reflected ceiling plan
• Internal finishes
• Internal cladding
• Partition details
• Masonry details
• Joinery details
• Schedule of doors and windows
• Utility services
• Toilet details
• Required electromechanical services
• External finishes
• External cladding
• Glazing details
• Finishes schedule
• Door schedule
• Windows schedule
• Hardware schedule
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• Special equipment
• Fabrication of items, such as space frame, steel construction, retain-

ing wall, having special importance for appearance/finishes
• Special material/product to be considered, if any
• Any new material/product to be introduced
• Conveying system core details
• Maintenance access for equipment/services requirements
• Ramp details
• Hard and soft landscape
• Parking areas
• Provision for future expansion (if required)

4.4.3.2  Concrete Structure

• Property limits/surrounding areas
• Type of foundation
• Energy-efficient foundation
• Design of foundation based on field and laboratory test of soil inves-

tigation that gives the following information:
 a. Subsurface profiles, subsurface conditions, and subsurface 

drainage
 b. Allowable bearing pressure and immediate and long-term  settlement 

of footing
 c. Coefficient of sliding on foundation soil
 d. Degree of difficulty for excavation
 e. Required depth of stripping and wasting
 f. Methods of protecting below grade concrete members against 

impact of soil and groundwater (water and moisture problems, 
termite control, and radon where appropriate)

 g. Geotechnical design parameters, such as angle of shear resis-
tance, cohesion, soil density, modulus of deformation, modulus 
of subgrade reaction, and predominant soil type

 h. Design loads, such as dead load, live load, wind load, and  seismic 
load

• Footings
• Grade and type of concrete
• Size of bars for reinforcement and the characteristic strength of bars
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• Clear cover for reinforcement for
 a. Raft foundation
 b. Underground structure
 c. Exposed to weather structures such as columns, beams, slabs, 

walls, and joists
 d. Not exposed to weather columns, beams, slabs, walls, and joists

• Reinforcement bar schedule, stirrup spacing
• Expansion joints
• Concrete tanks (water)
• Insulation
• Services requirements (shafts, pits)
• Shafts and pits for conveying system
• Location of columns in coordination with architectural requirements
• Number of floors
• Height of each floor
• Beam size and height of beam
• Openings for services
• Substructure

 a. Columns
 b. Retaining walls
 c. Walls
 d. Stairs
 e. Beams
 f. Slab

• Superstructure
 g. Columns
 h. Stairs
 i. Walls
 j. Beams
 k. Slabs

• Consideration of water proofing requirements for roof slab against 
water leakage

• Deflection that may cause fatigue of structural elements; crack or 
failure of fixtures, fittings, or partitions; or discomfort of occupants

• Movement and forces due to temperature
• Equipment vibration criteria
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• Load sensors to measure deflection
• Reinforcement bar schedule, stirrup spacing
• Building services to fit in the building
• Environmental compatibility
• Parapet wall
• Excavation
• Dewatering
• Shoring
• Backfilling

4.4.3.3  Elevator Works

• Type of elevator
• Loading capacity
• Speed
• Number of stops
• Travel height
• Cabin, cabin accessories, cabin finishes, and car operating system
• Door, door finishes, and door system
• Safety features
• Drive, size, and type of motor
• Floor indicators, call button
• Control system
• Cab overhead dimensions
• Pit depth
• Hoist way
• Machine room
• Operating system

4.4.3.4  Fire Protection System

The fire protection system provides protection against fire to life and prop-
erty. The system is designed taking into consideration the local fire code and 
NFPA standards. The system includes the following:

• Sprinkler system for fire suppression in all the areas of the building
• Hydrants (landing valve) for professional fighting
• Hose reel for public use throughout the building
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• Gaseous fire protection system for communication rooms
• Fire protection system for diesel generator room
• Size of fire pumps and controls
• Water storage facility
• Interface with other related systems

4.4.3.5  Plumbing Works

• Maximum working pressure to have adequate pressure and flow of 
water supply

• Maximum design velocity
• Maximum probable demand
• Demand weight of fixture in fixture units for public uses
• Friction loss calculation
• Maximum hot water temperature at fixture outlet
• Water heater outlet hot temperature
• Providing isolating valves to ensure that the system is easily 

maintainable
• Hot water system
• Central water storage capacities
• Size of pumps and controls
• Location of storage tank
• Schematic diagram for water distribution system

4.4.3.6  Drainage System

While designing the drainage system, the schedule of foul drainage demand 
units and frequency factors for the following items should be considered for 
sizing the piping system, number of manholes, and capacity of sump pump 
and sump pit:

• Washbasins
• Showers
• Urinals
• Restrooms
• Kitchen sinks
• Other equipment such as dishwashers and washing machines
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4.4.3.7  HVAC Works

• Environmental conditions
• Outdoor design conditions
• Indoor design conditions

• Air-conditioning calculations
• Cooling load calculations
• Heating load calculations
• Space temperature and humidity at required set point
• Occupancy load
• Lighting load

• Room pressurizing and leakage calculations
• Energy consumption calculations
• Air-conditioning calculations for IT equipment room(s) based on 

heat emission of equipment
• Air distribution system calculations
• Smokes extract ventilation calculations
• Exhaust ventilation calculations
• Ductwork sizing calculations
• Selection of the ductwork components such as balancing damp-

ers, constant volume boxes, variable air volume boxes, attenuators, 
grilles and diffusers, fire dampers, pressure relief dampers, etc.

• Pipework sizing calculations
• Selection of the inline pipework components, for example, valves, strain-

ers, air vents, commissioning sets, flexible connections, and sensors
• Selection of boilers, pressurization units, and air-conditioning 

calculations
• Pipework and ductwork insulation selection
• Details of grilles and diffusers, control valves, etc.
• Selection of the ductwork systems plant and equipment, for exam-

ple, air handling units, fan coil units, filters, coils, fans, humidifiers, 
and duct heaters

• Selection of chillers, cooling towers
• Selection of pumps
• Selection of fans
• Equipment system calculations
• Space requirements for chillers, cooling towers, pumps, and other 

equipment (plant room)
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• Mechanical room location and access
• Preparation of the plan and section layouts and plant room drawings
• Electrical load calculations
• Comparison of electrical consumption with electrical conservation 

code
• Preparation of equipment schedules
• HVAC-related electrical works
• Control details
• Starter panels, Motor Control Center (MCC) panels, and schematic 

diagram of MCC
• Selection of program equipment
• Preparation of point schedule for building management system (BMS)
• Schematic diagram for BMS

4.4.3.8  Electrical System

• Lighting calculations for different areas based on illumination level 
recommended by CIE/CEN/CIBSE and Isolux diagrams

• Selection of light fittings, type of lamps
• Selection of control gear for light fixture
• Environmental consideration for selection of light fixture and con-

trol gear
• Exit/emergency lighting system
• Circuiting references, normal as well emergency
• Sizing of conduits
• Power for wiring devices
• Power supply for equipment (HVAC, PH&FF, conveying system, 

and others)
• Sizing of cable tray
• Sizing of cable trunking
• Selection (type and size) of wires and cable
• Voltage drop calculations for wires and cables
• Selection of upstream and downstream breakers
• Derating factor
• Sensitiveness of breakers (degree of protection)
• Selection of isolators
• IP ratings (degree of ingress protection) of panels, boards, and isolators
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• Schedule of distribution boards, switch boards, and main low- tension 
boards

• Cable entry details
• Location of distribution boards, switch boards, and low-tension 

panels
• Short-circuit calculations
• Sizing of diesel generator set for emergency power supply
• Sizing of automatic transfer switch
• Generator room layout
• Sizing of capacitor bank
• Provision for solar system integration
• Schematic diagrams
• Sizing of transformers
• Substation layout
• Calculations for grounding (earthing) system
• Grounding system layout
• Calculations for lightning protection system
• Lightning protection system layout

4.4.3.9  Fire Alarm System

A fire alarm system is designed taking into consideration the local fire code 
and NFPA standards. The system includes the following:

• Conduiting and raceways
• Type of system: analog/digital/addressable
• Types of detectors based on the area and spacing between the detec-

tors and the walls
• Break glass/pull station
• Types of horns/bells
• Voice evacuation system, if required
• Types of wires and cables
• Mimic panel, if required
• Repeater panel, if required
• Main control panel
• Interface with other systems such as HVAC, elevator
• Riser diagram
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4.4.3.10  Telephone/Communication System

• Structured cabling considering type and size of cable: copper, fiber 
optic

• Type and size of the cables
• Racks
• Wiring accessories/devices
• Access/distribution switches
• Internet switches
• Core switch
• Access gateway
• Router
• Network management system
• Servers
• Telephone handsets

4.4.3.11  Public Address System

• Conduiting and raceways
• Type of system: analog/digital/IP based
• Types of wires and cables
• Types of speakers
• Distribution of speakers
• Required noise level in different areas
• Calculations for sound pressure level
• Zoning of system, if required
• Size and type of premixer
• Size and type of amplifier
• Microphones
• Paging system
• Message recorder/player
• Interface with other systems

4.4.3.12  Audiovisual System

• Conduiting and raceways
• Type of system: analog/digital/IP based
• Types of wires and cables
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• Racks
• Type, size, and brightness of projectors
• Type and size of speakers and sound pressure level
• Type and size of screens
• Microphones
• Cameras (visualizers)
• CD/DVD players and recorders
• Control processors
• Video switch matrix
• Mounting details of equipment

4.4.3.13  Security System/CCTV

• Type of system: digital/IP based
• Conduiting and raceways
• Wires and cabling network
• Level of security required
• Type and size of cameras
• Types of monitors/screens
• Video/event recording
• Video servers
• Database server
• System software
• Schematic diagram
• System console

4.4.3.14  Security System Access Control

• Conduiting and raceways
• Wires and cabling network
• Proximity RFID reader
• Fingerprint and proximity combine reader
• Magnetic lock
• Release button
• Door contact
• RFID card
• Reader control panel
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• Server
• Multiplexer
• Monitors
• Workstation
• Metal detector

4.4.3.15  Landscape

As a landscape architect, the following points are to be considered while 
designing the landscape system:

• Property boundaries
• Size and shape of the plot
• Shape and type of dwelling
• Integration with surrounding areas
• Orientation to the sun and wind
• Climatic/environmental conditions
• Ecological constraints (soil, vegetation, etc.)
• Location of pedestrian paths and walkways
• Pavement
• Garage and driveway
• Vehicular circulation
• Location of sidewalk
• Play areas and other social/community requirements
• Outdoor seating
• Location of services, positions of both under- and aboveground utili-

ties and their levels
• Location of existing plants, rocks, or other features
• Site clearance requirements
• Foundation for paving, including front drive
• Top soiling, or top soil replacement
• Soil for planting
• Planting of trees, shrubs, and ground covers
• Grass area
• Sowing grass or turfing
• Lighting poles/bollards
• Special features, if required
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• Signage, if required
• Surveillance, if required
• Installation of irrigation system
• Marking out the borders
• Storage for landscape maintenance material

4.4.3.16  External Works (Infrastructure and Road)

External works are part of the contract requirements of a project that involves 
construction of a service road and other infrastructure facilities to be con-
nected to the building and also includes care of existing services passing 
through the project boundary line. The designer has to consider the follow-
ing while designing external works:

• Grading material
• Asphalt paving for road or street
• Pavement
• Pavement marking
• Precast concrete curbs
• Curbstones
• External lighting
• Cable routes
• Piping routes for water, drainage, storm water system
• Sump pump(s) for drainage, storm water
• Trenches or tunnels
• Bollards
• Manholes and hand holes
• Traffic marking
• Traffic signals
• Boundary wall/retaining wall, if required

4.4.3.17  Bridges

The designer should use relevant authorities’ design manual and standards 
and consider the following points while designing bridges:

• Soil stability
• Alignment with road width, property lines
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• Speed

• Intersections/interchanges

• Number of lanes, width

• Right-of-way lines

• Exits, approaches, and access

• Elevation datum

• Superelevation

• Clearance with respect to railroad, roadway, navigation (if applicable)

• High and low levels of water (if applicable)

• Utilities passing through the bridge length

• Slopes

• Number and length of span

• Live loads, bearing capacity

• Water load, wind load, earthquake effect (seismic effect)

• Bridge rails, protecting screening, guard rails, barriers

• Shoulder width

• Footings, columns, and piles

• Abutment

• Beams

• Substructure

• Superstructure, deck slab

• Girders

• Slab thickness

• Reinforcement

• Supporting components, deck hanger, tied arch

• Expansion and fixed joints

• Retaining walls, crash wall

• Drainage

• Lighting

• Aesthetic

• Sidewalk, pedestrian, and bike facilities

• Signage, signals

• Durability

• Sustainability
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4.4.3.18  Highways

The designer should use relevant authorities’ design manual and standards 
and consider the following points while designing highways:

• Type of highway
• Soil stability
• Speed
• Number of lanes, width
• Shoulder width
• Gradation
• Type of pavement and thickness
• Right-of-way lines
• Exits, approaches, access, and ramp
• Superelevation
• Slopes, curvature, turning
• Median, barriers, curb
• Sidewalks, driveways
• Pedestrian accommodation
• Bridge roadway width
• Drainage
• Gutter
• Special conditions, such as snow and rain
• Pump(s) for drainage, rain water
• Lighting
• Signage, signals
• Durability
• Sustainability

4.4.3.19  Furnishings/Furniture (Loose)

In building construction projects, loose furnishings/furniture is tendered as 
a special package and is normally not a part of the main contract. In order to 
give sufficient information about the product, the descriptive features and 
specifications of the furnishing/furniture products are accompanied by a 
pictorial view/cutout sheet/photo of the product and the furniture layout. 
Figures 4.22 through 4.27 illustrate the detailed specifications for the furnish-
ing of the director’s or manager’s room of an office building.
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It is unlikely that the design of a construction project will be right in 
every detail the first time. Effective management and design professionals 
who are experienced and knowledgeable in the assigned task will greatly 
reduce the chances of error and oversight. However, so many aspects must 
be considered, especially for designs involving multiple disciplines and 
enfaces, and changes will be inevitable. The design should be reviewed tak-
ing into consideration requirements of all the disciplines before release of 
design drawings for a construction contract. Engineering design has sig-
nificant importance for the construction projects and must meet the cus-
tomer’s requirement at the start of project implementation. Engineering 
weakness can adversely impact the quality of design to such an extent that 
marginal changes can easily increase costs beyond the budget, which may 
affect schedule. Some areas are deemed critical to the proper design of a 
product; therefore, explicit design, material specification, and grades of the 
material specified in documentation have great importance. Most of the 
products used in construction projects are produced by other construction-
related industries/manufacturers; therefore, the designer, while specifying 
the products, must specify related codes, standards, and technical compli-
ance of these products.

CII Publication 10-1 (1989) has summarized that deviation costs averaged 
12.4% of the total installed project cost; design deviation averaged 79% of the 
total deviation costs and 9.5% of the total project cost. Furthermore, design 

Director and office manager and advisor room layouts

P2

B3
SD3

CH3

CH3CH3
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FIGURE 4.22
Room layout.
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changes accounted for two-thirds of the design deviations. It has also given 
construction deviation averages, which are

17% of the total deviation costs
2.5% of the total installed project cost

It further states that design deviation related to construction projects are 
results of design errors and design omissions. Design errors are the result of 
mistakes or errors made in the project design. Design omissions result when 
a necessary item or component is omitted from the design. Design changes 
occur when changes are made in the project design or requirements.

Table 4.8 shows the major causes of rework.
In order to reduce the rework resulting from quality deviation in design, 

CII Publication 10-1 (1989) has made the following recommendations:

 1. Reduce the number of design changes by
• Establishing definitive project scope
• Performing periodic reviews with participation of all parties
• Establishing procedures to limit scope modifications

 2. Implement a quality management program that has total com-
mitment at all levels of the firm

 3. Adopt the standard set of quality-related terminology
 4. Develop and implement a system that incorporates a database 

to identify deviation costs and quality problem areas
 5. Implement a quality performance management system to iden-

tify costs associated with both quality management and correct-
ing deviation costs (p. 11)

It is, therefore, necessary to have quality control personnel from the proj-
ect team review and check the design for quality assurance using thorough 
itemized review checklists to ensure that design drawings fully meet the 

TABLE 4.8

Major Causes of Rework, by Phase

Primary Cause When Detected (Phase)

Party and Type Design Procurement Construction Startup

Owner change × × × ×
Designer error/omission × × × ×
Designer change × × × ×
Vendor error/omission × × × ×
Vendor change × × × ×
Constructor error/omission ×
Constructor change ×
Transporter error × × ×

Source: CII Publication 10-3. Reprinted with permission of CII, University of Texas.
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owner’s objectives/goals. Appendix A contains illustrative design review 
checklists for architectural work, structural work, HVAC work, plumbing 
and fire protection systems, electrical systems, and landscape and infra-
structure works. It is also necessary to review the design with the owner 
prior to initiation of work to ensure a mutual understanding of the build 
process. The design drawings should be fully coordinated with all the 
trades. The installation specification details are comprehensively and cor-
rectly described, and the installation quality requirements for systems are 
specified in detail.

Figure 4.28 illustrates the design data review cycle, which can be applied 
to review construction project design drawings. This process can be termed 
as continuous improvement of design.

4.4.4  Regulatory/Authorities’ Approval

Government agency regulatory requirements have a considerable impact 
on precontract planning. Some agencies require that the design drawings 
be submitted for their preliminary review and approval to ensure that the 
designs are compatible with local codes and regulations. These include sub-
mission of drawings to electrical authorities showing the anticipated elec-
trical load required for the facility, approval of fire alarm and firefighting 
system drawings, and approval of drawings for water supply and drainage 
system. Technical details of the conveying system are also required to be sub-
mitted for approval from the concerned authorities.

4.4.5  Prepare Contract Documents and Specifications

Preparation of detailed documents and specifications as per master format is 
one of the activities performed during this phase of the construction project. 
The contract documents must specify the scope of works, location, quality, 
and duration for completion of the facility. As regards the technical specifi-
cations of the construction project, master format specifications are included 
in the contract documents. The master format is a master list of section titles 
and numbers for organizing information about construction requirements, 
products, and activities into a standard sequence. It is a uniform system for 
organizing information in project manuals, for organizing cost data, for fill-
ing product information and other technical data, for identifying drawing 
objects, and for presenting construction market data. MasterFormat® (1995 
edition) consisted of 16 divisions; however, MasterFormat® (2004 edition) 
consists of 48 divisions (49 is reserved). MasterFormat® contract documents 
produced jointly by the Construction Specifications Institute (CSI) and 
Construction Specifications Canada (CSC) are widely accepted as standard 
practice for preparation of contract documents.

Table 4.9 lists division numbers and titles of MasterFormat 2016 published 
by the CSI and CSC.
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FIGURE 4.28
Design data review cycle. (Source: Balanchard, B.S. and Fabrycky, W.J. (1998). Systems Engineering 
and Analysis, Reprinted with permission from Pearson Education.)



289Quality in Construction Projects

TABLE 4.9

MasterFormat® 2016 Division Numbers and Titles

Procurement and Contracting Requirements Group
 Division 00 Procurement and Contracting Requirements
Specifications Group
 General Requirements Subgroup  Site and Infrastructure Subgroup
  Division 01 General Requirements   Division 30 Reserved
 Facility Construction Subgroup   Division 31 Earthwork
  Division 02 Existing Conditions   Division 32 Exterior Improvements
  Division 03 Concrete   Division 33 Utilities
  Division 04 Masonry   Division 34 Transportation
  Division 05 Metals   Division 35 Waterway and Marine 

Construction
  Division 06 Wood, Plastics, and 
Composites

  Division 36 Reserved

  Division 07 Thermal and Moisture 
Protection

  Division 37 Reserved

  Division 08 Openings   Division 38 Reserved
  Division 09 Finishes   Division 39 Reserved
  Division 10 Specialties  Process Equipment Subgroup
  Division 11 Equipment   Division 40 Process Interconnections
  Division 12 Furnishings   Division 41 Material Processing and 

Handling Equipment
  Division 13 Special Construction   Division 42 Process Heating Cooling, and 

Drying Equipment
  Division 14 Conveying Equipment   Division 43 Process Gas and Liquid 

Handling, Purification, and Storage 
Equipment

  Division 15 Reserved   Division 44 Pollution and Waste Control 
Equipment

  Division 16 Reserved   Division 45 Industry-Specific 
Manufacturing Equipment

  Division 17 Reserved   Division 46 Water and Wastewater 
Equipment

  Division 18 Reserved   Division 47 Reserved
  Division 19 Reserved   Division 48 Electric Power Generation
 Facility Services Subgroup   Division 49 Reserved
  Division 20 Reserved
  Division 21 Fire Suppression
  Division 22 Plumbing
  Division 23 HVAC
  Division 24 Reserved
  Division 25 Integrated Automation

(Continued)
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Particular specifications consist of many sections related to a specific topic. 
Detailed requirements are written in these sections to enable the contractor 
understand the product or system to be installed in the construction project. 
The designer has to interact with the project team members and owner while 
preparing the contract documents.

Typical sections are as follows:

Section No.

Title

Part 1—General

1.01—General reference/related sections
1.02—Description of work
1.03—Related work specified elsewhere in other sections
1.04—Submittals
1.05—Delivery, handling, and storage
1.06—Spare parts
1.07—Warranties

In addition to the foregoing, a reference is made for items such as prep-
aration of mock-up, quality control plan (QCP), and any other spe-
cific requirements related to the product or system specified herein.

Part 2—Product

2.01—Materials
2.02—List of recommended manufacturers

Part 3—Execution

3.01—Installation
3.02—Site quality control

Shop Drawing and Materials Submittals

The detailed procedure for submitting shop drawings, materials, 
and samples is specified under the section titled “Submittal” of con-
tract specifications. The contractor has to submit the specifications to 

  Division 26 Electrical
  Division 27 Communications
  Division 28 Electronic Safety and 
Security

  Division 29 Reserved

Source: The Construction Specifications Institute and Construction Specifications Canada. 
Reprinted with Permission from CSI.

TABLE 4.9 (Continued)

MasterFormat® 2016 Division Numbers and Titles
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the owner/consultant for review and approval. The following are the 
details of preparation of shop drawings and materials.
A—Shop Drawings

The contractor is required to prepare shop drawings taking into 
account the following partial list of considerations:

 1. Reference to contract drawings. This helps the A&E (consultant) to 
compare and review the shop drawing with the contract drawing.

 2. Detail plans and information based on the contract drawings.
 3. Notes of changes or alterations from the contract documents.
 4. Detailed information about fabrication or installation of works.
 5. Verification of all dimensions at the job site.
 6. Identification of product.
 7. Installation information about the materials to be used.
 8. Types of finishes, color, and textures.
 9. Installation details relating to the axis or grid of the project.
 10. Roughing in and setting diagram.
 11. Coordination certification from all other related trades 

(subcontractors).

Shop drawings are to be drawn accurately to scale and shall have proj-
ect-specific information in it. They should not be reproductions of 
contract drawings.

Immediately after approval of individual trade shop drawings, the con-
tractor has to submit builder’s workshop drawings and composite/
coordinated shop drawings taking into consideration the following at 
a minimum.

A1—Builder’s Workshop Drawings
Builder’s workshop drawings indicate the openings required in the 

civil or architectural work for services and other trades. These draw-
ings indicate the size of openings, sleeves, and level references with the 
help of detailed elevation and plans.
A2—Composite/Coordination Shop Drawings

The composite drawings indicate the relationship of components 
shown on the related shop drawings and indicate the required instal-
lation sequence. Composite drawings should show the interrelation-
ship of all services with one another and with the surrounding civil and 
architectural work. Composite drawings should also show the detailed 
coordinated cross sections, elevations, reflected plans, etc., resolving all 
conflicts in levels, alignment, access, space, etc. These drawings are to 
be prepared taking into consideration the actual physical dimensions 
required for installation within the available space.
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B—Materials
Similarly, the contractor has to submit the following, at a minimum, 

to the owners/consultants to get their review and approval of materi-
als, products, equipment, and systems. The contractor cannot use these 
items unless they are approved for use in the project.
B1—Product Data

The contractor has to submit the following details:
Manufacturer’s technical specifications related to the proposed 

product
Installation methods recommended by the manufacturer
Relevant sheets of manufacturer’s catalogs
Confirmation of compliance with recognized international quality 

standards
Mill reports (if applicable)
Performance characteristic and curves (if applicable)
Manufacturer’s standard schematic drawings and diagrams to sup-

plement standard information related to project requirements 
and configuration of the same to indicate product application for 
the specified works (if applicable)

Compatibility certificate (if applicable)
Single-source liability (this is normally required for systems approval 

when different manufacturers’ items are used)
B2—Compliance Statement

The contractor has to submit a specification comparison statement 
along with the material transmittal.

The consultant reviews the transmittals and action as follows:
 a. Approved
 b. Approved as noted
 c. Approved as noted, resubmit
 d. Not approved

In certain projects, the owner is involved in approval of materials.
In case of any deviation from specifications, the contractor has to sub-

mit a schedule of such deviations listing all the points not conform-
ing to the specification.

B3—Samples
The contractor has to submit (if required) the samples from the 

approved material to be used for the work. The samples are mainly 
required to

Verify color, texture, and pattern
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Verify that the product is physically identical to the proposed and 
approved material

Compare with products and materials used in the works
At times, it may be specified to install the samples in such a manner as 

to facilitate review of qualities indicated in the specifications.

4.4.6  Detail Plan

According to PMBOK, a project plan is used to

• Guide project execution
• Document project planning assumptions
• Document project planning decisions regarding alternatives chosen
• Define key management views regarding content, scope, and timing
• Provide a baseline for progress measurement and project control

A project plan is a formal, approved document used to manage project exe-
cution. It is the evaluation of time and effort to complete the project. Based on 
the detailed engineering and design drawings and contract documents, the 
design team (consultant) prepares a detail plan for construction. The plan is 
based on the following:

Assessment of owner’s capabilities and final estimated cost (budget)
Scheduling information
Resource management, which includes availability of financial resources, 

expected cash flow statement, supplies, and human resources

A typical preliminary work program prepared based on the contracted 
construction documents is illustrated in Figure 4.29.

4.4.7  Budget

The budget for a project is the maximum amount of money the owner is 
willing to spend for its design and construction. The preparation of a bud-
get is an important activity that results in a time-phased plan summarizing 
expected expenditure, income, and milestones. Normally, project budgeting 
starts with the identification of need; however, the detailed cost estimate 
is done during the engineering phase. On the basis of work packages, the 
consultant/designer starts computing the project budget. A bill of material 
or BOQ is prepared based on the approved design drawings. The BOQ is 
considered as a base for computing the budget. If the budget exceeds the 
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owner’s capability of financing the project, then the designs are reviewed to 
ensure that it meets the owner’s estimated cost to build the facility.

Figure 4.30 illustrates a project S-curve for a building construction project.

4.4.7.1  Cash Flow

The estimate of cash flow requirement for the project is prepared from the 
preliminary estimate and preliminary work program. An accurate cash flow 
projection helps owners plan the payments on time as per the schedule for 
the project. A simple cash flow projection based on prior planning helps 
owners make available all the resources required from their side. Cash flow 
is used as part of the control package during construction.

4.4.8  Manage Quality

In order to reduce errors and omission, it is necessary to review and check 
the design for quality assurance by the quality control personnel from the 
project team through itemized review checklists to ensure that design draw-
ings fully meet owner’s objectives/goals. It is also required to review the 
design with the owner to ensure a mutual understanding of the build pro-
cess. The designer has to ensure that the installation/execution specification 
details are comprehensively and correctly described and also the installation 
quality requirements for systems are specified in detail.

The designer has to plan quality (planning of design work), perform 
quality assurance, and control quality for preparing detail design. This will 
mainly consist of the following.

4.4.8.1  Plan Quality

• Review comments on schematic design
• Determine number of drawings to be produced
• Establish scope of work for preparation of detail design
• Identify requirements listed under TOR
• Identify quality standards and codes to be complied
• Establish design criteria
• Identify regulatory requirements
• Identify environmental requirements
• Establish quality organization with responsibility matrix
• Develop design (drawings and documents) review procedure
• Establish submittal plan
• Establish design review procedure
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4.4.8.2  Quality Assurance

• Collect data
• Investigate site conditions
• Prepare design drawings
• Prepare detailed specifications
• Prepare contract documents
• Prepare BOQ
• Ensure functional and technical compatibility
• Ensure the design is constructible
• Ensure operational objectives are met
• Ensure drawings are fully coordinated with all disciplines
• Ensure the design is cost-effective
• Ensure selected/recommended material meets the owner’s objectives
• Ensure that design fully meets the owner’s objectives/goals

4.4.8.3  Control Quality

• Check quality of design drawings
• Check accuracy and correctness of design
• Verify BOQ
• Check specifications
• Check contract documents
• Check for regulatory compliance
• Check project schedule
• Check project cost
• Check interdisciplinary requirements
• Check required number of drawings prepared drawing

Table 4.10 lists items to be verified and checked internally by the designer 
before submission to the owner/project manager. Table 4.11 illustrates a 
 mistake-proofing chart to eliminate design errors.

4.4.9  Estimate Resources

The designer has to estimate the resources required to complete the project. 
During the design development phase, detailed information is available to 
estimate manpower resources during the construction phase.
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4.4.10  Identify/Manage Risk

The following are typical risks that normally occur during the design devel-
opment phase:

• Schematic design deliverables and review comments are not taken 
into consideration while preparing the detail design.

• Regulatory authorities’ requirements are not taken into consideration.
• Detail design scope of work is not properly established and is 

incomplete.
• The related project data and information collected are incomplete.
• The related project data and information collected are likely to be 

incorrect and wrongly estimated.
• Site investigations for existing conditions are not verified.
• Fire and safety considerations recommended by the authorities are 

not incorporated in the design.
• Environmental consideration.

TABLE 4.10

Checklist for Design Drawings

Serial 
Number Items to Be Checked

1 Whether design meets owner requirements and complete scope of work (TOR)
2 Whether designs were prepared using authenticated and approved software
3 Whether design calculation sheets are included in the set of documents
4 Whether design is fully coordinated for conflict between different trades
5 Whether design has taken into consideration relevant collected data 

requirements
6 Whether reviewer’s comments responded
7 Whether regulatory approval is obtained and comments, if any, incorporated 

and all review comments responded
8 Whether design has environmental compatibility
9 Whether energy efficiency measures are considered

10 Whether design constructability is considered
11 Whether design matches with property limits
12 Whether legends match with layout
13 Whether design drawings are properly numbered
14 Whether design drawings have owner logo, designer logo as per standard 

format
15 Whether the design format of different trades has uniformity
16 Whether project name and contract reference are shown on the drawing

Source: Rumane, A.R. (2013), Quality Tools for Managing Construction Projects, CRC Press, 
Boca Raton, FL. Reprinted with permission from Taylor & Francis Group.
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• Incomplete design drawings and related information.
• Inappropriate construction method.
• Conflict with different trades.
• Interdisciplinary coordination not done.
• Wrong selection of materials and systems.
• Undersize HVAC equipment selection.
• Incorrect water supply requirements.
• Estimated total electrical load is much lower than expected actual 

consumption.
• Traffic study for conveying system is not verified taking into consid-

eration final load.
• Prediction of possible changes in design during construction phase.
• Inadequate and ambiguous specifications.
• Project schedule not updated as per detailed data and project 

assumptions.
• Errors in detail cost estimation.
• Number of drawings not as per TOR requirements.

TABLE 4.11

Mistake Proofing for Eliminating Design Errors

Serial 
Number Items Points to Be Considered to Avoid Mistakes

1 Information  1. Terms of reference (TOR)
 2. Client’s preferred requirements matrix
 3. Data collection
 4. Regulatory requirements
 5. Codes and standards
 6. Historical data
 7. Organizational requirements

2 Mismanagement  1. Compare production with actual requirements
 2. Interdisciplinary coordination
 3. Application of different codes and standards
 4. Drawing size of different trades/specialist consultants

3 Omission  1. Review and check design with TOR
 2. Review and check design with client requirements
 3. Review and check design with regulatory requirements
 4. Review and check design with codes and standards
 5. Check for all required documents

4 Selection  1. Qualified team members
 2. Available material
 3. Installation methods

Source: Rumane, A.R. (2013), Quality Tools for Managing Construction Projects, CRC Press, 
Boca Raton, FL. Reprinted with permission from Taylor & Francis Group.
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The designer has to take into account the mentioned risk factors while devel-
oping the detail design.

Further, the designer has to consider the following risks while planning the 
duration for completion of the design development phase:

• Impractical design development preparation schedule
• Duration to obtain authorities’ approval

4.4.11  Finalize Detail Design

Final detail design is prepared incorporating the comments, if any, found 
during analysis, review, and interdisciplinary coordination of the drawings 
and documents for submission to the owner/client.

4.5  Construction Documents

The construction development phase is the fourth phase of construction proj-
ect life cycle. During this phase, the drawings and specifications prepared 
during the design development phase are further developed into the work-
ing drawings. All the drawings, specifications, documents, and other related 
elements necessary for construction of the project are assembled and subse-
quently released for bidding and tendering.

4.5.1  Identification of Construction Documents Requirements

In order to identify requirements to assemble contract documents, the 
designer has to gather the comments on the submitted detail design by the 
owner/project manager, collect TOR requirements, and regulatory require-
ments, identify owner requirements, and all other related information to 
ensure that nothing is missed.

4.5.2  Identification of Project Team

The following project team members have direct involvement in the con-
struction document phase:

• Owner
• Consultant
• Designer
• Project/construction manager (if the owner decided to engage them 

during this phase, depending on the type of project delivery system)
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During this phase, the quantity surveyor/contract administrator has great 
responsibilities. His/her team under the leadership of project manager 
(design) is responsible to coordinate and assemble all the required documents.

4.5.3  Development of Construction Documents

The following items are mainly developed during the construction docu-
ment phase:

 1. Working drawings
 2. Technical specifications
 3. Documents

4.5.4  Prepare Project Schedule

The project schedule is developed using bottom-up planning details using 
key activities/events.

4.5.5  Estimate Cost/Budget

The cost estimate during this phase is based on detail costing methodol-
ogy. During this phase, all the project activities are known and detail BOQ is 
available for costing purpose.

4.5.6  Quality Management

In order to reduce errors and omission, it is necessary to review and check the 
design for quality assurance by the quality control personnel from the project 
team through itemized review checklists to ensure that working drawings 
are suitable for construction. The designer has to ensure that the installation/
execution specification details are comprehensively and correctly described 
and coordinated with working drawings and also the installation quality 
requirements for systems are specified in detail.

The designer has to plan quality, perform quality assurance, and control 
quality for preparing contract documents. This will mainly consist of the 
following.

4.5.6.1  Plan Quality

• Review comments on design development package
• Determine the number of drawings to be produced
• Establish scope of work for preparation of construction documents
• Identify requirements listed under TOR
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• Identify quality standards and codes to be complied
• Identify regulatory requirements
• Identify environmental requirements
• Establish quality organization with responsibility matrix
• Develop review procedure for the produced working drawings
• Develop review procedure for the specifications and contract 

documents
• Establish submittal plan for construction documents

4.5.6.2  Quality Assurance

• Prepare working drawings
• Prepare detailed specifications
• Prepare contract documents
• Prepare BOQ and schedule of rates
• Ensure functional and technical compatibility
• Ensure the design is constructible
• Ensure operational objectives are met
• Ensure drawings are fully coordinated with all disciplines
• Ensure the design is cost-effective
• Ensure selected/recommended material meets the owner’s objectives
• Ensure that design fully meets the owner’s objectives/goals
• Ensure that construction documents match with approved project 

delivery system
• Ensure type of contracting/pricing as per adopted methodology

4.5.6.3  Control Quality

• Check quality of design drawings
• Check accuracy and correctness of design
• Verify BOQ for correctness as per working drawings
• Check complete specifications are prepared and coordinated to 

match working drawings and BOQ
• Check contract documents as per project delivery system
• Check for regulatory compliance
• Check project schedule
• Check project cost
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• Check calculations
• Review studies and reports
• Check accuracy of design
• Check interdisciplinary requirements
• Check required number of prepared drawings comply with requirements

4.5.7  Estimate Resources

At this stage, the designer can estimate resources having accuracy as more 
details are available to estimate exact resources.

4.5.8  Risk Management

The following are typical risks that normally occur during the construction 
document phase:

• Design development deliverables and review comments are not taken 
into consideration while preparing the construction documents.

• Scope of work to produce construction documents is not properly 
established and is incomplete.

• Documents not matching as per project delivery system.
• Documents not as per type of contract/pricing methodology.
• Regulatory authorities’ requirements are not taken into consideration.
• Latest environmental consideration not considered.
• Conflict with different trades.
• Conflict between working drawings and specifications.
• Prediction of possible changes in design during the construction phase.
• Inadequate and ambiguous specifications.
• Project schedule not updated as per detailed data and project 

assumptions.
• Errors in definitive cost estimation.
• Number of drawings not as per TOR requirements.
• It is likely that owner-supplied items, if any, are not included in the 

documents.

The designer has to take into account the mentioned risk factors while pre-
paring the construction documents.

Further, the designer has to consider the following risk while planning the 
duration for completion of the construction document phase:

• Impractical construction document preparation schedule
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4.5.9  Finalize Construction Documents

Final construction documents package is prepared taking into consideration 
review comments and identified risk by the designer and comments from the 
owner/project manager.

4.6  Bidding and Tendering

Most of the cost of the construction project is expended during the construc-
tion phase. In most cases, the contractor is responsible for procurement of all 
the material, providing construction equipment and tools, and supplying the 
manpower to complete the project in compliance with the contract documents.

Table 4.12 lists contract documents consisting of tendering procedures, 
contract conditions, and technical conditions of major construction projects 
in Kuwait.

In many countries, it is a legal requirement that government-funded proj-
ects employ the competitive bidding method. This requirement gives an 

TABLE 4.12

Contract Documents

Document No. (I) Tendering Procedures Consisting of the following
I.1 Tendering Invitation
I.2 Instructions for Tenderers
I.3 Form of Tender and Appendix
I.4 Initial Bond (Form of Bank Guarantee)
I.5 Performance Bond (Form of Bank Guarantee)
I.6 Form of Agreement
I.7 List of Tender Documents
I.8 Declaration No.(1)
Document No. (II) Contract Conditions Consisting of the following
II.1 General Conditions (Legal Clauses and Conditions 1971 (May 1985 edition) and 

Amendments until Closing Date of Tender)
II.2 Particular Conditions
II.3 Kuwait Tender Law (Currently Valid)
Document No. (III) Technical Conditions and Amendments Consisting of the following
III.1 General Specifications for Building & Engineering works, Specific to Ministry of 

Public Works. 1990 Edition and All Amendments
III.2 Particular Specifications
III.3 Drawings
III.4 Bills of Quantities
III.5 Price Analysis Schedule
III.6 Addenda (if any)
III.7 Technical Requirements (if any), and Any Other Instructions Issued by the Employer
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opportunity to all qualified contractors to participate in the tender, and nor-
mally the contract is awarded to the lowest bidder. Private-funded projects 
have more flexibility in evaluating the tender proposal. Private owners may 
adopt the competitive bidding system, or the owner may select a specific 
contractor and negotiate the contract terms. Negotiated contract systems 
have flexibility of pricing arrangement as well as the selection of the contrac-
tor based on his expertise or the owner’s past experience with the contractor 
successfully completing one of his or her projects. The negotiated contract 
systems are based on the following forms of payment:

 1. Cost plus contracts: It is a type of contract in which the contractor 
agrees to do the work for the cost of time and material, plus an 
agreed-upon amount of profit. The following are the different types 
of cost plus contracts:

 a. Cost plus percentage fee contract
 b. Cost plus fixed fee contract
 c. Cost plus incentive fee contract
 2. Reimbursement contracts: It is a type of contract in which the contrac-

tor agrees to do the work for the cost per schedule of rates, or BOQ, 
or bill of material.

 3. Fixed price contracts: With this type of contract, the contractor agrees 
to work with a fixed price (it is also called lump sum) for the specified 
and contracted work. Any extra work is executed only upon receipt 
of instruction from the owner. Fixed price contracts are generally 
inappropriate for work involving major uncertainties, such as work 
involving new technologies.

 4. Target cost contracts: A target cost contract is based on the concept of 
a top-down approach, which provides a fixed price for an agreed 
range of out-turn costs around the target. In this type of contract, 
overrun or underspend are shared by the owner and the contractor 
at predetermined agreed-upon percentages.

 5. Guaranteed maximum price contracts (cost plus guaranteed maximum 
price): With this type of contract, the owner and contractor agree to 
a project cost guaranteed by the contractor as maximum.

It is the owner’s desire that his or her facility be of good quality and the price 
reasonable. In order to achieve this, the owner has to share risks and/or pro-
vide incentives and safeguards to enhance the quality of construction. The risks 
involved in various types of contracts based on forms of payment are as follows:

 1. Cost plus—high risk
 2. Reimbursement—intermediate
 3. Fixed price—low risk
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In order to maintain a climate of mutual cooperation during construction, 
the owner has to develop an understanding with the contractor. The contract 
needs to be adapted through mutual agreement with the contractor. The con-
tract strategy needs to provide incentives and safeguards to deal with the risks.

Turner (2003) has suggested a twofold methodology in contract selection. 
The aim is

 1. To develop a cooperative project organization
 2. To appropriately allocate resources

Turner (2003) has further described that, as per Oliver Williamson (1995, 
1996), there are two schemas or vectors to describe the ability of contracts to 
provide ex ante incentivization and flexible, farsighted ex post governance. 
The first schema has three parameters:

 1. The reward it provides the contractor to share the owner’s objectives 
and perform

 2. The associated risk
 3. The safeguard provided by the owner through contract to shield the 

contractor from the risk

Figure 4.31 illustrates a sample contractual schema for ex ante incentivization.

Present

Absent

Absent Present

Safeguard

Risk

 No safeguard or 
incentive necessary

High incentive Medium incentive

Low incentive

FIGURE 4.31
A simple contract schema for ex ante incentivization. (Source: Turner, J.R. (2003), Contracting for 
Project Management, Reprinted with permission from Taylor & Francis Group.)
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Although the schema in Figure 4.31 assumes a safeguard risk, it can deal 
with only a risk that is foreseen. Williamson has further proposed four 
parameters to describe the ability of a contract form to provide flexible, far-
sighted ex post governance:

 1. The incentive intensity
 2. The ease of making uncontested, bilateral adaptations to contract
 3. The reliance on monitoring and related administrative controls 

(transaction costs)
 4. The reliance on court ordering

The incentive profiles of the contract types are summarized in Table 4.13, and 
the governance profiles in Table 4.14.

In the case of a competitive bidding system, it is necessary that the detailed 
design and specifications for the project be prepared by the designer for 

TABLE 4.13

Contract Forms and Ex Ante Incentivization

Contract Form Reward Risk Safeguard

Cost plus
 Cost + %fee High but misaligned High High
 Cost + fixed fee Medium but misaligned High High
 Cost + incentive fee Medium High High
 Alliance Medium High Medium
Remeasurement
 r-sor Low and misaligned Low High
 r-boq Low Medium Medium
 r-bom Low Medium Low
Fixed price
 Build only Low Low Low
 Specification a Low Low Low
 Specification b Medium Medium Low
 Cardinal points High High Low (insurance)
Other
 Target price Medium Medium Medium
 Time and materials High High Low
 Budget or gmp
Routine contracts
 Market High Low Low
 Hierarchy Low High High

Source: Turner, J.R. (2003), Contracting for Project Management, Reprinted with permission from 
Taylor & Francis Group.

r, Remeasurement based; sor, schedule of rates; boq, bill of quantities; bom, bill of material.
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bidding purposes. Under the competitive bidding system, normally there 
are four stages in tendering of a construction project:

 1. Selection of tenderer (prequalification)
 2. Invitation to bid
 3. Tender preparation and submission
 4. Appraisal of tenders, negotiation, and decision

For most construction projects, selection of a tenderer is based on the 
lowest tender price. Tenders received are opened and evaluated by the 
owner/owner’s representative. Normally, tender results are declared 
in the official gazette or by some sort of notifications. The successful 

TABLE 4.14

Contract Forms and Flexible, Farsighted, Ex Post Governance

Contract Form
Incentive 
Intensity Adaptiveness

Transaction 
Cost Safeguard

Cost plus
 Cost + %fee Misaligned High High Low
 Cost + fixed fee Low High High Low
 Cost + incentive fee Medium High High Low
 Alliance High High High Low
Remeasurement
 r-sor Misaligned Medium High Low
 r-boq Low Medium Medium Low
 r-bom Low Medium Low Low
Fixed price
 Build only Low Low High High
 Specification a Low Low High High
 Specification b Medium Medium Medium Medium
 Cardinal points High High Low Low
Other
 Target price Medium Low High Medium
 Time and materials Low Low High High
 Budget or gmp
Routine contracts
 Market High Low Low High
 Hierarchy Low High High Low

Source: Turner, J.R. (2003), Contracting for Project Management, Reprinted with permission from 
Taylor & Francis Group.

r, Remeasurement based; sor, schedule of rates; boq, bill of quantities; bom, bill of material.
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tenderer is informed of the acceptance of the proposal and is invited to 
sign the contract. The tenderer has to submit the performance bond before 
the formal contract agreement is signed. If a successful tenderer fails to 
submit the performance bond within the specified period or withdraws 
his tender, then the contractor loses the initial bond and may be subjected 
to other regulatory applicable conditions.

The signing of contract agreement between the owner/owner’s repre-
sentative and the contractor binds both parties to fulfill their contractual 
obligations.

4.6.1  Organize Tender Documents

The owner hands over the approved construction documents/tender docu-
ments to the tender committee for further action. The bid documents are pre-
pared as per the procurement method and contract strategy adopted during 
early stage of the project. Tendering procedure documents submitted by the 
designer are updated, and necessary owner-related information is inserted in 
the tender documents. The bid advertisement material is prepared and upon 
approval from the owner the bid notification is announced through different 
media as per the organization’s/agency’s policy.

4.6.2  Identification of Project Team

The following project team members have direct involvement in the bidding 
and tendering phase:

• Owner
• Tender committee
• Designer (consultant)
• Project/construction manager (if the owner decided to engage them 

during this phase, depending on the type of project delivery system)
• Bidders

4.6.3  Identification of Bidder

Short listing of bidders is done with prequalification questionnaires and their 
responses.

4.6.4  Manage Tender Documents

Normally, tender documents are distributed to eligible bidders against pay-
ment of fee announced in the bid notification, which is nonrefundable.
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The owner conducts prebid meeting to provide an opportunity for the 
contractors bidding the project to review and discuss the construction docu-
ments and to discuss

• General scope of the project
• Any particular requirements of bidders that may have been difficult 

to specify
• Explain details of complex matters
• Engagement of subcontractor, specialist subcontractors
• Particular risks
• Any other matters that will contribute to the efficient delivery of project

The meeting is attended by the designer (consultant), bidders (contractors), 
project/construction manager, and tender committee member. Queries from 
the contractors pertaining to construction documents are noted, and the 
designer (consultant) provides written response to these queries by clarify-
ing all the points. The bidders have to consider the clarification points and 
incorporate the requirements while calculating the bid price. The responses 
recorded in the meeting become a part of contract documents (part of adden-
dum), which is signed by the owner and successful bidder. Figure 4.32 illus-
trates bid clarification form that becomes part of contract documents.

Bids are received in accordance with the Instructions to Bidders section of 
the tender documents. The bid should be accompanied with initial bond in 

FIGURE 4.32
Bid clarification. (Source: Rumane, A.R., (2016), Handbook of Construction Management: Scope, 
Schedule, and Cost Control, CRC Press, Boca Raton, FL. Reprinted with permission from Taylor 
& Francis Group.)
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favor of owner/tender committee to be valid for a period mentioned in ten-
dering procedures. All the bids received are documented and notified. The 
tender, which is submitted as sealed document, is opened as mentioned in 
tendering procedures.

4.6.5  Identify/Manage Risk

The following are the typical risks likely to occur during this phase:

• Not all the qualified bidders take part in bidding for the project
• Bidders noticing errors and omissions in construction documents 

resulting in delay in submission of bids
• BOQ not matching with design drawings
• Amendment to construction documents
• Addendum
• Delay in submission of bids than the notified one
• Bid value exceeding the estimated definitive cost
• Successful bidder fails to submit performance bond

The owner/designer has to consider these risks and plan the phase duration 
accordingly.

Table 4.15 lists the risks the contractor has to manage during the bidding 
and tendering phase.

TABLE 4.15

Major Risk Factors Affecting Contractor

Serial Number Risk Factor

1 Bidding/Tendering

1.1 Low bid
1.2 Poor definition of scope of work
1.3 Overall understanding of project
1.4 Review of contract specs with bill of quantities
1.5 Errors in resource estimation
1.6 Errors in resource productivity
1.7 Errors in resource availability
1.8 Errors in material price
1.9 Improper schedule
1.10 Quality standards
1.11 Exchange rate
1.12 Review of contract document requirements with regulatory 

requirements
1.13 Unenforceable conditions or contract clauses
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4.6.6  Select Contractor

The contractor is selected based on the procurement strategy adopted by the owner.

4.6.7  Award Contract

Figure 4.33 illustrates the contract award process.

Owner

Tendering procedures

Schedule of rates and BOQ

Contractor

Conditions of contract
Specifications

Working drawings

Notification to contractor

Acceptance by contractor

Prepare contract documents

Letter of intent/award

Enclosures and forms
Contruction contract
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Owner/designer 
(consultant)

Addendum
Minutes of meetings

Contractor

Owner/contractorSigning of contract

Contractor to submit (final) 
performance bond

Analysis of rates

Select contractor

Construction phase

FIGURE 4.33
Contract award process.  (Source: Rumane, A.R., (2016), Handbook of  Construction Management: 
Scope, Schedule, and Cost Control, CRC Press, Boca Raton, FL. Reprinted with permission from 
Taylor & Francis Group.)
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4.7  Construction

Construction is the translation of the owner’s goals and objectives into a 
facility built by the contractor as stipulated in the contract documents, plans, 
and specifications within budget and on schedule. The construction phase is 
an important phase in construction projects. A majority of total project bud-
get and schedule is expended during construction. Similar to costs, the time 
required for the construction phase of the project is much higher than the 
time required for the preceding phases. Construction usually requires a large 
workforce and a variety of activities. Construction activities involve erection, 
installation, or construction of any part of the project. Construction activities 
are actually carried out by the contractor’s own workforce or by subcontrac-
tors. Construction therefore requires more detailed attention of its planning, 
organizations, monitoring and control of project schedule, budget, quality, 
safety, and environment concerns.

Oberlender (2000) has described the importance of construction in the fol-
lowing words:

The construction phase is important because the quality of the completed 
project is highly dependent on the workmanship and management of 
construction. The quality of construction depends on the completeness 
and quality of the contract documents that are prepared by the designer 
and three other factors: laborers who have the skills necessary to produce 
the work, field supervisors who have the ability to coordinate the numer-
ous activities that are required to construct the project in the field, and the 
quality of materials that are used for construction of project. Skilled labor-
ers and effective management of the skilled laborers are both required to 
achieve a quality project. (p. 258)

It is usual to invite contractors to compete for a contract for construction 
work, in the expectation that they will plan to do the work efficiently and 
therefore at a minimum cost. Once the contract is awarded to the successful 
bidder (contractor), it is the responsibility of the contractor to respond to 
the needs of the client (owner) by building the facility as specified in the 
contract documents, drawings, and specifications within the budget and 
on time.

The owner also appoints an engineer to supervise the construction pro-
cess. It is a normal practice for the designer/consultant of the project to be 
contracted by the owner to supervise the construction process. The engi-
neer is responsible for achieving project quality goals and is also respon-
sible for implementing the procedures specified in the contract documents. 
Table 4.16 lists the responsibilities the owner delegates to the engineer 
(consultant).

Sometimes, the owner engages a construction manager or project man-
ager during the construction process to act as the owner’s representative 
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and delegates the following activities, thus leaving the engineer to perform 
project quality–related work only:

 1. Review of contract documents
 2. Approval of contractor’s construction schedule
 3. Cost control
 4. Time control
 5. Project methodology

The engineer appoints an engineer’s representative to supervise the proj-
ect construction process. The engineer’s representative is supported by a 
supervision team consisting of professionals having experience and exper-
tise in supervision and administration of similar construction projects. The 
engineer’s representative is also called the resident engineer. Depending on 

TABLE 4.16

Responsibilities of Supervision Consultant

Serial Number Description

1 Achieving the quality goal as specified
2 Review contract drawings and resolve technical discrepancies/errors in 

the contract documents
3 Review construction methodology
4 Approval of contractor’s construction schedule
5 Regular inspection and checking of executed works
6 Review and approval of construction materials
7 Review and approval of shop drawings
8 Inspection of construction material
9 Monitoring and controlling construction expenditure

10 Monitoring and controlling construction time
11 Maintaining project record
12 Conduct progress and technical coordination meetings
13 Coordination of owner’s requirements and comments related to site 

activities
14 Project-related communication with contractor
15 Coordination with regulatory authorities
16 Processing of site work instruction for owner’s action
17 Evaluation and processing of variation order/change order
18 Recommendation of contractor’s payment to owner
19 Evaluating and making decisions related to unforeseen conditions
20 Monitor safety at site
21 Supervise testing, commissioning, and handover of the project
22 Issue substantial completion certificate
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the type and size of the project, the supervision team usually consists of the 
following personnel:

 1. Resident engineer
 2. Contract administrator/quantity surveyor
 3. Planning/scheduling engineer
 4. Engineers from different trades such as architectural, structural, 

mechanical, HVAC, electrical, low-voltage system, landscape, and 
infrastructure

 5. Inspectors from different trades
 6. Interior designer
 7. Document controller
 8. Office secretary

The construction phase consists of various activities such as mobiliza-
tion, execution of work, planning and scheduling, control and monitoring, 
management of resources/procurement, quality, and inspection. Figure 4.34 
illustrates major activities to be performed during the construction phase.

These activities are performed by various parties having contractual 
responsibilities to complete the specified work. Coordination among these 
parties is essential to ensure that the constructed facility meets the owner’s 
objectives.

4.7.1  Mobilization

The contractor is given a few weeks to start the construction work after the 
signing of the contract. The activities to be performed during the mobilization 
period are defined in the contract documents. During this period, the con-
tractor is required to perform many of the activities before the beginning of 
actual construction work at the site. Necessary permits are obtained from the 
relevant authorities to start the construction work. After being granted access 
to the construction site by the owner, the contractor starts mobilization work, 
which consists of preparation of site offices/field offices for the owner, super-
vision team (consultant), and for the contractor himself. This includes all the 
necessary on-site facilities and services necessary to carry out specific tasks. 
Mobilization activities usually occur at the beginning of a project but can 
occur anytime during a project when specific on-site facilities are required.

Examples of mobilization activities include

• Set up site offices and storage
• Construct temporary access roads, lay down areas and perimeter 

fences
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• Install the necessary utilities for construction
• Set up a temporary firefighting system
• Perform site survey and testing
• Satisfy health and site safety requirements
• Submit preliminary construction program
• Selection of core staff as mentioned in the contract documents
• Insurance policies
• Selection of subcontractor (this may be an ongoing activity as per the 

approved schedule)

In anticipation of the award of contract, the contractor begins the following 
activities much in advance, but these are part of contract documents, and the 
contractor’s action is required immediately after signing of the contract in 
order to start construction:

• Mobilization of construction equipment and tools
• Workforce to execute the project

For a smooth flow of construction process activities, proper communica-
tion and submittal procedure need to be established among all concerned 
parties at the beginning of the construction activities. Table 4.17 illus-
trates an example matrix for site administration of a building construction 
project.

Proper adherence to these duties helps smooth implementation of the proj-
ect. Correspondence between consultant and contractor is normally through 
letters or job site instructions. Figure 4.35 is a job site instruction form used 
by the consultant to communicate with the contractor.

4.7.2  Identification of Project Team

The following project team members have involvement in the project during 
the construction phase:

 1. Owner
• Owner’s representative/project manager

 2. Construction supervisor
• Construction manager (agency)
• Consultant (designer)
• Specialist contractor



318 Quality Management in Construction Projects

TABLE 4.17

Matrix for Site Administration and Communication

Serial 
Number Description of Activities Contractor Consultant Owner

1 Communication
1.1 General correspondence P P P
1.2 Job site instruction D P C
1.3 Site work instruction D P/B A
1.4 Request for information P A C
1.5 Request for modification P B A

2 Submittals
2.1 Subcontractor P B/R A
2.2 Materials P A C
2.3 Shop drawings P A C
2.4 Staff approval P B A
2.5 Premeeting submittals P D C

3 Plans and Programs
3.1 Construction schedule P R C
3.2 Submittal logs P R C
3.3 Procurement logs P R C
3.4 Schedule update P R C

4 Monitor and Control
4.1 Progress D P C
4.2 Time D P C
4.3 Payments P R/B A
4.4 Variations P R/B A
4.5 Claims P R/B A

5 Quality
5.1 Quality control plan P R C
5.2 Checklists P D C
5.3 Method statements P A C
5.4 Mock-up P A B
5.5 Samples P A B
5.6 Remedial notes D P C
5.7 Nonconformance report D P C
5.8 Inspections P D C
5.9 Testing P A B

6 Site Safety
6.1 Safety program P A C
6.2 Accident report P R C

7 Meetings
7.1 Progress E P E
7.2 Coordination E P C

(Continued)
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 3. Contractor
• Main contractor
• Subcontractor
• Supplier

 4. Regulatory authorities
 5. End user

4.7.3  Planning and Scheduling

Project planning is a logical process to ensure that the work of the project is 
carried out

• In an organized and structured manner
• Reducing uncertainties to a minimum
• Reducing risk to a minimum
• Establishing quality standards
• Achieving results within budget and scheduled time

Serial 
Number Description of Activities Contractor Consultant Owner

7.3 Technical E P C
7.4 Quality P C C
7.5 Safety P C C
7.6 Closeout P

8 Reports
8.1 Daily report P R C
8.2 Monthly report P R C
8.3 Progress report P A
8.4 Progress photographs P A

9 Closeout
9.1 Snag list P P C
9.2 Authorities’ approvals P C C
9.3 As-built drawings P D/A C
9.4 Spare parts P A C
9.5 Manuals and documents P R/B A
9.6 Warranties P R/B A
9.7 Training P C A
9.8 Handover P B A
9.9 Substantial completion certificate P B/P A

Note: P, Prepare/initiate; B, advise/assist; R, review/comment; A, approve; D, action; 
E, attend; C, information.

TABLE 4.17 (Continued)

Matrix for Site Administration and Communication
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Prior to the start of execution of a project or immediately after the actual 
project starts, the contractor prepares the project construction plans based 
on the contracted time schedule of the project. Detailed planning is needed 
at the start of construction to decide how to use resources such as labor-
ers, plant, materials, finance, and subcontractors economically and safely to 
achieve the specified objectives. The plan shows the periods for all sections of 

FIGURE 4.35
Job site instruction.
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the works and activities, indicating that everything can be completed by the 
date specified in the contract and ready for use or for installation of equip-
ment by other contractors.

According to Oberlender (2000)

Project Planning is the heart of good project management because it pro-
vides the central communication that coordinates the work of all parties. 
Planning also establishes the benchmark for the project control system to 
track the quantity, cost, and timing of work required to successfully com-
plete the project. Although the most common desired result of planning 
is to finish the project on time, there are other benefits that can be derived 
from good project planning. (p. 140)

Effective project management requires planning, measuring, evaluat-
ing, forecasting, and controlling all aspects of project quality and quality 
of work, cost, and schedules. The purpose of the project plan is to success-
fully control the project to ensure completion within the budget and sched-
ule constraints. Project planning is the evolution of the time and efforts to 
complete the project. Table 4.18 lists the benefits of project planning and 
scheduling.

Planning is a mechanism that conveys or communicates to project 
participants what activity is to be done, how, and in what order to meet 
the project objectives by scheduling the activities. Project planning is 
required to bring the project to completion on schedule, within budget, 
and in accordance with the owner’s needs as specified in the contract. 
The planning process considers all the individual tasks, activities, or jobs 

TABLE 4.18

Benefits of Project Planning and Scheduling

1. Finish the project on time.
2. Continuous (uninterrupted) flow of work (no delays).
3. Reduced amount of rework (least amount of changes).
4. Minimize confusion and misunderstandings.
5. Increased knowledge of status of project by everyone.
6. Meaningful and timely reports to management.
7. You run the project instead of the project running you.
8. Knowledge of scheduled times of key parts of the project.
9. Knowledge of distribution of costs of the project.

10. Accountability of people, defined responsibility/authority.
11. Clear understanding of who does what, and how much.
12. Integration of all work to ensure a quality project for the owner.

Source: Oberlender, G.D. (2000), Project Management for Engineering. 
Reprinted with permission of The McGraw-Hill Companies.
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that make up the project and must be performed. It takes into account 
all the resources available, such as human resources, finances, materials, 
plant, and equipment. It also considers the works to be executed by the 
subcontractors.

The following is the list of activities of construction projects normally 
included in the construction program/plan:

 A. General activities
 1. Mobilization
 B. Engineering
 1. Subcontractor submittal and approval
 2. Materials submittal and approval
 3. Shop drawing submittal and approval
 4. Procurement
 C. Site activities
 1. Site earthworks
 2. Dewatering and shoring
 3. Excavation and backfilling
 4. Raft works
 5. Retaining wall works
 6. Concrete foundation and grade beams
 7. Waterproofing
 8. Concrete columns and beams
 9. Casting of slabs
 10. Wall partitioning
 11. Interior finishes
 12. Furnishings
 13. External finishes
 14. Equipment
 15. Conveying system works
 16. Plumbing and public health works
 17. Firefighting works
 18. HVAC works
 19. Electrical works
 20. Fire alarm system works
 21. Communication system works
 22. Low-voltage system works
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 23. Landscape works
 24. External works
 D. Closeout
 1. Testing and commissioning
 2. Completion and handover

The contractor also submits the following:

 1. Resources (equipment and manpower) schedule
 2. Cost loading (schedule of item’s pricing based on bill of quantities)

Planning and scheduling are often used synonymously for preparing a 
construction program because both are performed interactively. Planning is 
the process of identifying the activities necessary to complete the project, 
while scheduling is the process of determining the sequential order of the 
planned activities and the time required to complete the activity. Scheduling 
is the mechanical process of formalizing the planned functions, assigning the 
starting and completion dates to each part or activity of the work in such a 
manner that the whole work proceeds in a logical sequence and in an orderly 
and systematic manner.

The first step in preparation of a construction program is to establish the 
activities, and the next step is to establish the estimated time duration of 
each activity. The deadline for each activity is fixed, but it is often possible 
to reschedule by changing the sequence in which the tasks are performed, 
while retaining the original estimated time. Figure 4.36 illustrates the steps 
in project planning.

Construction projects are unique and nonrepetitive in nature. Construction 
projects consist of many activities aimed at the accomplishment of a desired 
objective. In order to achieve the quality objectives of the project, each activ-
ity has to be completed within the specified limit, using the specified prod-
uct and approved method of installation. A construction project consists of a 
number of related activities that are dependent on other activities and cannot 
be started until others are completed, and some that can run in parallel. The 
most important point while starting the planning is to establish all the activi-
ties that constitute the project. Table 4.19 lists key principles for planning and 
scheduling.

Planning involves defining the objectives of the project; listing of tasks 
or jobs that must be performed; determining gross requirements for mate-
rial, equipment, and manpower; and preparing costs and durations for 
the various jobs or activities needed for the satisfactory completion of the 
project. The techniques for planning vary depending on the project’s size, 
complexity, duration, personnel, and owner’s requirements. Techniques 
used during the construction phase of the project should make possible 
the evaluation of the project’s progress against the plan. There are many 
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FIGURE 4.36
Project planning steps.



325Quality in Construction Projects

different analytical and graphical techniques that are commonly used for 
planning of the project. These are

 1. The bar chart
 2. Critical path method
 3. Progress curves
 4. Matrix schedule

The most widely used forms of program are bar charts and network dia-
grams. The bar chart is the oldest planning method used in project man-
agement. It is a graphical representation of the estimated duration of each 
activity and the planned sequence of activities. The horizontal axis repre-
sents the time schedule, whereas the project activities are shown along the 
vertical axis.

Network diagrams such as program evaluation and review technique 
(PERT) and CPM are used for scheduling of complex projects. PERT/CPM 
diagrams consist of nodes and links and represent the entire project as a net-
work of arrows (activities) and nodes (events). In order to draw a network 
diagram, work activities have to be identified, the relationships among the 
activities need to be specified, and a precedence relationship between the 
activities in a particular sequence needs to be established.

The most widely used scheduling technique is CPM. CPM analysis repre-
sents the set of sequence of predecessor/successor activities that will take the 
longest time to complete. The duration of the critical path is the sum of all the 
activity durations along the path. Thus, the critical path is the longest pos-
sible path of the project activities network. The duration of the critical path 
represents the minimum time required to complete the project.

There are many computer-based programs available for preparing the net-
work and critical path of activities for construction projects. These programs 

TABLE 4.19

Key Principles for Planning and Scheduling

1. Begin planning before starting work, rather than after starting work.
2. Involve people who will actually do the work in the planning and scheduling process.
3. Include all aspects of the project: scope, budget, schedule, and quality.
4. Build flexibility into the plan, include allowance for changes and time for reviews and 

approvals.
5. Remember the schedule is the plan for doing the work, and it will never be precisely 

correct.
6. Keep the plan simple; eliminate irrelevant details that prevent the plan from being 

readable.
7. Communicate the plan to parties; any plan is worthless unless it is known.

Source: Oberlender, G.D. (2000), Project Management for Engineering. Reprinted with permission 
of The McGraw-Hill Companies.
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can be used to analyze the use of resources, review project progress, and 
forecast the effects of changes in the schedule of works or other resources. 
Most computer programs automate preparation and presentation of various 
planning tools such as the bar chart, PERT, and CPM analysis. These pro-
grams are capable of storing enormous quantities of data and help process 
and update the program quickly. They manipulate data for multiple usages 
from the planning and scheduling perspectives.

In order to manage and control the project at different levels in the most 
effective manner, it is broken down into a group of smaller subprojects/
subsystems and then into small, well-defined activities. This breakdown is 
necessary because of the size and complexity of construction projects and is 
referred to as work breakdown structure (WBS). To begin the preparation of 
the detailed construction program, the contractor prepares a WBS. Its pur-
pose is to define various activities that must be executed to complete the 
project. WBS helps the construction project planner to

 1. Plan and schedule the work
 2. Estimate costs and budget
 3. Control schedule, cost, and quality

Activities are those operations of the plan that take time to carry out and on 
which resources are expended. Depending on the size of the project, the project 
is divided into multiple zones, and relevant activities are considered for each 
zone to prepare the construction program. Appendix B illustrates an example 
guideline listing major activities performed during building construction 
projects and are commonly used by the contractor’s scheduler/planner to 
prepare the contractor’s construction schedule/program. Electromechanical 
activities are further divided into first fix, second fix, and final fix, depend-
ing on their relationship with civil and architectural works. The construction 
program is prepared by selecting appropriate activities relevant to a partic-
ular floor/zone. These activities are also considered for preparation of cost 
and resource loading schedule for the project. While preparing the program, 
the relationships between project activities and their dependency and prece-
dence are considered by the planner. These activities are connected to their 
predecessor and successor activity based on the way the task is planned to 
be executed. There are four possible relationships that exist between various 
activities. These are the finish-to-start relationship, the start-to-start relation-
ship, the finish-to-finish relationship, and the start-to-finish relationship.

In order to prepare a project plan, the logic is reviewed for correctness and 
ascertained that all activities are shown, the scope of the project has been 
interpreted correctly, and the resources that are required for performing each 
job are applied. Figure 4.37 illustrates a logic flowchart for firefighting works. 
Similarly, Figures 4.38 through 4.40 illustrate logic flowcharts for plumbing, 
HVAC, and electrical works, respectively.
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Once all the activities are established by the planner and the estimated 
duration of each activity has been assigned, the planner prepares a detailed 
program fully coordinating all the construction activities.

CPM calculates the minimum completion time for a project along with 
the possible start and finish times for the project activities. The critical 
path is the longest in the network, whereas the other paths may be equal 
or shorter than that path. Therefore, there is a possibility that some of the 
events and activities can be completed before they are actually needed 
and, accordingly, it is possible to develop a number of activity schedules 
from the CPM analysis to delay the start of each activity as long as possible 
but still finish the project with minimum possible time without extend-
ing the completion date of the project. To develop such a schedule, it is 
required to find out when each activity needs to start and when it needs to 
be finished. There may be some activities in the project with some leeway 
for when they can start and finish. This is called slack time, or float, in an 
activity. For each activity in a project, there are four points in time: early 
start, early finish, late start, and late finish. Early start and early finish are 
the earliest times an activity can start and finish, respectively. Similarly, 
late start and late finish are the latest times an activity can start and finish, 
respectively. The difference between late start time and early start time is 
the slack time, or float.

With the advent of powerful computer programs such as Primavera® 
and Microsoft Project™, it is possible for the details of the work break-
down to be fed to these software programs. The software is capable of 
producing network diagrams and schedules and a limitless number of dif-
ferent reports, which also help in the efficient monitoring of the project 
schedule by comparing actual with planned progress. The software can be 
used to analyze the project for use of resources, forecasting the effects of 
changes in the schedule, and cost control. Figure 4.41 illustrates an exam-
ple construction program summary of a smart building system project for 
an office building.

4.7.4  Execution of Works

According to the authors of Civil Engineering Procedure (Institution of Civil 
Engineers 1996):

The contractor is responsible for construction and maintaining the works 
in accordance with the contract drawings, specifications and other docu-
ments and also further information and instruction issued in accordance 
with the contract. The contractor should be as free as possible to plan and 
execute the works in the way he wishes within the terms of his contract, 
so should the sub-contractors. Any requirements for part of a project to 
be finished before the rest and all limits of contractor’s freedom should 
therefore have been stated in the tender document. (p. 77)
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Construction activities mainly consist of the following:

• Site work such as cleaning and excavation of project site
• Construction of foundations, including footings and grade beams
• Construction of columns and beams
• Forming, reinforcing, and placing of the floor slab
• Laying up masonry walls and partitions
• Installation of roofing system
• Finishes
• Furnishings
• Conveying system
• Installation of firefighting system
• Installation of water supply, plumbing, and public health system
• Installation of HVAC system
• Integrated automation system
• Installation of electrical lighting and power system
• Emergency power supply system
• Fire alarm system
• Communication system
• Electronic security and access control system
• Landscape works
• External works

4.7.5  Management of Resources/Procurement

In most construction projects, the contractor is responsible for engaging subcon-
tractors, specialist installers, and suppliers, and arranging for materials, equip-
ment, construction tools, and all types of human resources needed to complete 
the project as per contract documents and to the satisfaction of the owner or 
the owner’s appointed supervision team. Workmanship is one of the most 
important factors to achieve quality in construction; therefore, it is required 
that the construction workforce be fully trained and have full knowledge of 
all the related activities to be performed during the construction process.

Once the contract is awarded, the contractor prepares a detailed plan for 
all the resources he or she needs to complete the project. The contractor also 
prepares a procurement log based on the project completion schedule.

Contract documents normally specify a list of the minimum number of 
core staff to be available on-site during the construction period. The absence 
of any of these staff may result in a penalty being imposed on the contractor 
by the owner.
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The following is a typical list of a contractor’s minimum core staff needed 
during the construction period for execution of the work of a major building 
construction project:

 1. Project manager
 2. Site senior engineer for civil works
 3. Site senior engineer for architectural works
 4. Site senior engineer for electrical works
 5. Site senior engineer for mechanical works
 6. Site senior engineer for HVAC works
 7. Site senior engineer for infrastructure works
 8. Planning engineer
 9. Senior quantity surveyor/contract administrator
 10. Civil works foreman
 11. Architectural works foreman
 12. Electrical works foreman
 13. Mechanical works foreman
 14. HVAC works foreman
 15. Laboratory technician
 16. Quality control engineer
 17. Safety officer

The contractor has to submit the names of the staff for these positions for 
approval from the owner/consultant to work on the project. Figure 4.42 illus-
trates a staff approval request form used by the contractor to propose the 
staff to work for these positions and is submitted along with the qualification 
and experience certificates of the proposed staff.

The contractor’s human resources mainly fall into two categories:

 1. The contractor’s own staff and workers
 2. The subcontractor’s staff and workers

The main contractor has to manage all these personnel by

 1. Assigning daily activities
 2. Observing their performance and work output
 3. Daily attendance
 4. Safety during the construction process
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FIGURE 4.42
Request for staff approval.
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Figure 4.43 illustrates the contractor’s manpower chart of a construction 
project.

Likewise, the contract documents specify that a minimum equipment set 
is to be available on-site during the construction process to ensure smooth 
operation of all the construction activities. These are

• Tower crane
• Mobile crane
• Normal mixture
• Concrete mixing plant
• Dump trucks
• Compressor
• Vibrators
• Water pumps
• Compactors
• Concrete pumps
• Trucks
• Concrete trucks
• Diesel generator sets

Figure 4.44 illustrates the equipment schedule, which lists the equipment the 
contractor has to make available for major building construction projects.
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In most construction projects, the contractor is responsible for procure-
ment of material, equipment, and systems to be installed on the project. 
Contractors have their own procurement strategies. While submitting the 
bid, the contractor obtains quotations from various suppliers/subcontrac-
tors. The contractor has to consider the following, at a minimum, while final-
izing the procurement:

• Contractual commitment
• Specification compliance
• Statutory obligations
• Time
• Cost
• Performance

Figure 4.45 illustrates the material approval and procurement procedure to 
be followed by the contractor.

4.7.6  Monitoring and Control

Once planning and scheduling are complete and the project is under way, 
progress on the project must be monitored on an ongoing basis to ensure that 
the goals and objectives on the project are being met. Monitoring and control 
of a construction project are necessary during the execution of the project, 
and its aim is to recognize any obstacles encountered during execution and 
to apply measures to mitigate these difficulties.

Monitoring is collecting, recording, and reporting information concerning 
any and all aspects of project performance that the project manager or others in 
the organization need to know. Monitoring of construction projects is normally 
done by collecting and recording the status of various activities and compiling 
them in the form of a progress report. These are prepared by the consultant or 
contractor and distributed to the concerned members of the project team. Table 
4.20 shows the content of a progress report prepared by the consultant’s team 
and Table 4.21 illustrates contents of contractor’s progress report.

Monitoring involves not only tracking time but also resources and budget. 
Monitoring in construction projects is normally done by compiling the status 
of various activities in the form of progress reports. These are prepared by 
the contractor, supervision team (consultant), and construction/project man-
agement team. The objectives of project monitoring and control are to

 1. Report the necessary information in detail and in an appropriate 
form that can be interpreted by management and other concerned 
personnel to provide them with information about how the resources 
are being used to achieve project objectives
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transmittal

Not approved

Approved

Material
inspection at source

if specified/
required
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FIGURE 4.45
Material approval and procurement procedure.
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TABLE 4.20

Contents of Progress Report

1.0 Contract Particulars

1.1 Project description
1.2 Project data

2.0 Construction Schedule
3.0 Progress of Works

3.1 Temporary facilities and mobilization
3.2 Summary of construction progress

3.2.1 Status
3.2.2 On-shore progress
3.2.3 Off-shore progress

4.0 Time Control
4.1 CPM schedule—level one (target vs. current)—

summary by building/marine
4.2 CPM Schedule—level two (target vs. current)—

summary by building/division
4.3 30 days look-ahead schedule
4.4 Time control conclusion

5.0 Cost Control
5.1 Financial progress
5.2 Cash flow curve and histogram
5.3 Work-in-place S-curve and histogram
5.4 Cost control conclusion

6.0 Status of Contractor’s Submittals
6.1 Material status
6.2 Shop drawing status

7.0 Subcontractors
8.0 Consultant’s Staff
9.0 Quality Control
10.0 Meetings
11.0 Site Work Instructions
12.0 Variation Orders
13.0 Construction Photographs
14.0 Contractors Resources
15.0 Other Matters

15.1 Safety
15.2 Weather conditions
15.3 Important developments/proposals/submissions
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TABLE 4.21

Monthly Progress Report

Contents of Monthly Report

Serial 
Number Contents Description

1 Executive Summary—Tabular
1.1 Summary status 

report
Brief description of the project status up to date, 
i.e., manpower, cash, activities

1.2 NOC’s report No objection certificate report
1.3 Project manager 

narratives
Narratives description of project status up to 
date

2 Progress Layouts
2.1 Updated milestone 

table
Comparison of planned vs. actual for 
contractual milestones per construction unit/
design. You track the delays for major trades 
through the color theme

2.2 Updated major of 
events table

Comparison of planned vs. actual for major 
trades per construction unit/design. Track the 
delays for major trades through the color 
theme

2.3 Updated layouts Same as (2.1) above but presentation per 
milestone phase (drawing)

3 Updated Execution Program
3.1 Updated milestone 

schedule—roll up 
“update versus latest 
target”

To indicate the status of the control and key 
milestones comparing the current status with 
the baseline

3.2 Updated detailed 
schedule

All activities in detail

3.3 One month look 
ahead program

Same as (3.2) but includes only the detailed 
activities for the coming month BUT ON 
EXCEL FORMAT

4 Submittal Status Report 
(E1 Log)

Updated status of submittals

4.1 Submittal status 
report

Brief description of the project submittal status 
up to date

4.2 Detailed E1 Log Detailed description of the project submittal 
status up to date

5 Procurement Status Report 
(E2 Log)

Updated procurement status

(Continued)
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TABLE 4.21 (Continued)

Monthly Progress Report

Contents of Monthly Report

Serial 
Number Contents Description

6 Status of Information 
Requested

6.1 RFI status report Request for information (RFI)
6.2 NCR report Nonconformance request (NCR)
6.3 PCO and NOV Log Potential change order and notice of variation 

summary
7 Updated Cost Loaded Program

7.1 T-7 updated status 
report

Money progress = Physical * Budgeted cost for 
each running or completed activity

7.2 Updated cost loaded 
schedule

Same as T-7 but money values not percentages

7.3 Updated work in 
place (%) report

Histogram and cumulative curve

7.4 Updated cash flow 
report

Histogram and cumulative curve

8 Updated Manpower 
Histogram

Histogram and cumulative curve

9 Updated Schedule of 
Construction Equipment 
and Vehicles

Tabular report

10 Updated Critical Indicators
10.1 Shop drawings status 

report
Histogram and cumulative curve

10.2 Material status report Histogram and cumulative curve
10.3 Construction. Leading 

indicators
Each trade alone

10.4 Line of balance 
diagram

It indicates all progress of the major trades as 
line cumulative chart

11 Updated Progress 
Photographs

—

12 Updated Safety Inspection 
Checklist

Tabular report

13 Contractor Information Organization chart, tabular report

Source: Rumane, A.R. (2013), Quality Tools for Managing Construction Projects, CRC Press, 
Boca Raton, FL. Reprinted with permission from Taylor & Francis Group.
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 2. Provide an organized and efficient means of measuring, collect-
ing, verifying, and quantifying data reflecting the progress and sta-
tus of execution of project activities, with respect to schedule, cost, 
resources, procurement, and quality

 3. Provide an organized, efficient, and accurate means of converting 
the data from the execution process into information

 4. Identify and isolate the most important and critical information 
about the project activities to enable decision-making personnel to 
take corrective action for the benefit of the project

 5. Forecast and predict the future progress of activities to be performed

Once the scheduled plan has been prepared and execution has commenced, 
control over progress of work has to be exercised to ensure completion of 
the work by the stipulated time. A project control mechanism can be used to 
determine deviations from the basic plan, the precise effect of these deviations 
on the plan, and to replan and reschedule to compensate for the deviations.

Based on the progress of work and the revised durations of unfinished activ-
ities due to delays, the network diagram is replanned and rescheduled; this 
process is known as updating. If the completion date is beyond the milestone 
dates, then the contractor is required to submit a recovery plan to compensate 
for the delay in execution of the project. Project control involves a regular com-
parison of performance against targets, a search for the cause of deviation, and 
a commitment to check adverse variance. It serves two major functions:

 1. It ensures regular monitoring of performance.
 2. It motivates project personnel to strive for achieving project objectives.

Construction projects have certain specific checkpoints or events where an 
evaluation is made to see that the project is on time and to ensure that proj-
ect objectives are met. These significant events are termed milestones. A mile-
stone is a point in time that marks the start or finish of a significant activity or 
group of activities, usually the completion of a major deliverable, for example, 
completion of concrete works, receipt of major equipment, completion of test-
ing, etc. The milestone points are determined at the beginning of the project. 
Milestone evaluation is used to certify that all the work scheduled to be accom-
plished has been completed according to the specification requirements.

According to CII Source Document 61 (1990):

Project control is frequently referenced in the literature as a highly prob-
lematic area of project management. It is concerned with scope control, 
timely decision making, control system integration, control techniques, 
and key estimating practices. One attribute of successful project control 
is a sound baseline (or plan) from which to compare actual performance. 
This baseline for the cost control component is the budget estimate. (p. 78)
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A construction project control is exercised through knowing where to put 
in the main effort at a given time and maintaining good communication. 
There are mainly three areas where project control is required: (1) quality, (2) 
schedule, and (3) budget.

In most contracts, the cost and time required to complete the specified 
scope of works are defined in project documents. Control is thus a matter 
of reporting and regular progressing of project activities against fixed tar-
gets. Control of quality of materials and workmanship is achieved through a 
proper QCP and its implementation through a preset level of quality control, 
and inspection of various activities and materials.

Budget control is done through monitoring progress payments and varia-
tion costs.

The schedule is monitored by ensuring timely approval of materials, shop 
drawings, timely procurement of materials, and execution of works as planned.

Quality control is achieved through inspection of works during the con-
struction process, ensuring the use of approved materials and workmanship.

There are different types of logs used in a construction project for monitor-
ing purposes. The main logs used in a construction project are as follows.

4.7.6.1  Subcontractors Submittal and Approval Log

In most construction projects, the contractor engages special subcontrac-
tors to execute certain portions of the contracted project work. Areas of sub-
contracting are generally listed in the particular conditions of the contract 
document. Generally, the contractor has to submit subcontractors/specialist 
contractors to execute the following types of works:

 1. Precast concrete works
 2. Metal works
 3. Space frame, roofing works
 4. Wood works
 5. Aluminum works
 6. Internal finishes such as painting, false ceiling, tiling, cladding
 7. Furnishings
 8. Waterproofing and insulation works
 9. Mechanical works
 10. HVAC works
 11. Electrical works
 12. Low-voltage systems/smart building system
 13. Landscape
 14. External works
 15. Any other specialized works
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The contractor has to submit their names for approval to the owner prior to 
their engagement to perform any work at the site. The names of subcontrac-
tors for various subprojects have to be submitted for approval in a timely 
and orderly manner, as planned in the approved work program, so that 
work progresses in a smooth and efficient manner. This log helps remind 
the project manager to ask the main contractor to submit the subcontractors 
on time.

Figure 4.46 is a request for subcontractor approval to be submitted by the 
contractor for getting approval of any subcontractor proposed to work on the 
construction project.

The request includes all the related information to prove the subcontrac-
tor’s capability of providing services that meet the required project quality, 
the resources available to meet the specified schedule, and past performance; 
also, if any quality system was implemented by the subcontractor, that fact 
is noted.

Sometimes, the owner/consultant nominates subcontractors to execute 
a portion of a contract; such a subcontractor is known as a nominated 
subcontractor.

4.7.6.2  Shop Drawings and Materials Logs—E1

The timely submission and approval of shop drawings and materials is a 
must for the smooth and efficient progress of any project. The project man-
ager and the consultant team constantly monitor these logs on a biweekly 
basis. The bottlenecks are identified, and technical meetings are held to solve 
the problems.

Figure 4.47 illustrates a submittal status log form normally called Log 
E-1 that is submitted by the contractor to the construction manager/project 
manager/consultant.

Figure 4.48 illustrates a shop drawing status log.
These logs are based on the approved construction program.

4.7.6.3  Procurement Log—E2

Delivery of long-lead items has to be initiated at an early stage of the proj-
ect and monitored closely. Late order placement for materials resulting in 
delayed delivery of material, which in turn affects the timely completion 
of the project, is a common scenario in construction projects. Hence, these 
logs have to be updated regularly, and prompt actions have to be taken to 
avoid delays. The contractor is required to provide twice a month, or at 
any time requested by the owner/consultant, full and complete details of 
the procurement data relating to all the approved products and systems 
that have been ordered and/or procured by the contractor for use in the 
construction project.

Figure 4.49 illustrates a procurement log.
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FIGURE 4.46
Request for subcontractor approval.
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FIGURE 4.47
Contractor’s submittal status log.

FIGURE 4.48
Contractor’s shop drawing submittal log.
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4.7.6.4  Equipment and Manpower Logs

The challenge for construction management is to bring together all the 
required resources (material, manpower, and equipment) in the correct quan-
tity at the correct time. In the construction network programs, in addition to 
detailing how the project will be assembled, the resources required for each 
activity are also prepared. This process is called resource loading. It is neces-
sary that all the construction resources be coordinated and brought together 
at the right time in order to complete the project on time and within the 
budget. All construction projects track equipment and manpower employed 
on-site by updating the respective logs.

Figure 4.50 illustrates a list of equipment available on-site during a particu-
lar month for a major construction project.

Figure 4.51 illustrates a histogram comparing manpower.
These logs provide necessary information about the status of materials, 

shop drawings, procurement, and availability of contractor’s resources and 
help determine their effects on project schedule and project completion.

4.7.6.5  Project Payment/Progress Curve (S-Curve)

Monitoring and control of project payment is essential within the budgeted 
amount. This is done through monitoring cash flow with the help of S-curves 
and progress curves that give the exact status of payment and also identify 
if the budget is being exceeded. Uninterrupted cash flow is one of the most 
important elements in the overall success of the project. Conceptually, cash 

FIGURE 4.49
Contractor’s procurement log.
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flow is a simple comparison of when revenue will be received and when the 
financial obligations must be paid. It is also an indication of the progress of 
work to be completed in a project. This is obtained by loading each activity 
in the approved schedule with the budgeted cost in the BOQ. The process 
of inputting the schedule of values is known as cost loading. The graphical 
representation of the foregoing is obtained as a curve and is known as an “S” 
curve. This also represents the planned progress of a project.

Figure 4.52 illustrates the planned work S-curve.

4.7.6.6  Time Control

Completion of a construction project within the defined schedule is most 
important. The time control status is prepared in different formats to monitor 
the project completion time. Figure 4.53 illustrates the project progress status 
of a building construction project. This chart presents the overall picture of 
the elapsed period of the project and the remaining period of the scheduled 
project duration, and actual progress versus planned progress.

4.7.6.7  Cash and Time Control

Figure 4.54 illustrates a budget control or work value control chart. This helps 
to monitor work progress and compare actual work done against planned 
work.

4.7.6.8  Progress Reports and Meetings

Apart from different types of logs and submittals, progress curves, and 
time control charts, the contractor’s progress is monitored through various 
types of reports and meetings. The contractor’s daily progress is monitored 
through a daily progress report submitted by the contractor on the morning 
of the working day following the day to which the report relates. It gives the 
status of all the resources available on-site for that particular day. It shows 
the details of the contractor’s staff and manpower, the contractor’s plant and 
equipment, and material received at site. Details of the subcontractor’s work 
and resources are also included in the report. Figure 4.55 illustrates the daily 
progress report of a building construction project.

Along with the daily report, the contractor submits the work-in-progress 
report. Figure 4.56 shows this report.

Figure 4.57 shows the checklist status report, which is also to be submit-
ted along with the daily report. This will help the contractor as well as the 
supervision consultant to monitor quality of work on a daily basis by know-
ing how many checklists are approved and how much of the work is not 
conforming to the specified requirements.

Progress meetings are conducted at an agreed-upon interval to review the 
progress of work and discuss the problems, if any, for smooth progress of 
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Planned monthly Actual monthly Actual cumulative Planned cumulative

Completed
Remaining

Date:

Start Date Substantial Completion Date Contract Duration (Days) Elapsed (Days) Remaining (Days)
October 7, 2016 January 6, 2018 456 3875 –3419

Project progress up to
 end of June 2017

Concrete cast in situ
progress up to 

June 30, 2017 (m3)   
Actual 40.7% 85,643.0

Planned 59.0% 73.6%
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FIGURE 4.53
Project progress status.
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FIGURE 4.55
(a–c) Daily progress report. (Continued)

(a)
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(b)

FIGURE 4.55 (Continued)
(a–c) Daily progress report. (Continued)
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(c)

FIGURE 4.55 (Continued)
(a–c) Daily progress report. 
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construction activities. The contractor submits a premeeting submittal to the 
project manager/consultant, normally 2 days in advance of the scheduled 
meeting date. The submittal consists of

 1. List of completed activities
 2. List of current activities
 3. Two weeks look ahead
 4. Critical activities
 5. Materials submittal log
 6. Shop drawings submittal log
 7. Procurement log

FIGURE 4.56
Work in progress.
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Apart from the issues related to progress of work and programs, site-safety- 
and quality-related matters are also discussed in these meetings. These 
meetings are normally attended by the owner’s representative, designer/
consultant staff, contractor’s representative, and subcontractor’s responsible 
personnel.

Coordination meetings are also held from time to time to resolve coordina-
tion matters among various trades. Safety meetings and quality meetings are 
also held to discuss related matters.

A monthly report giving details of all the site activities along with photo-
graphs is submitted by the contractor to the consultant/owner.

4.7.6.9  Variation Orders

It is common that during the construction process, changes to the original 
contract will be made. Even under the most ideal circumstances, contract 
documents cannot provide complete information about every possible con-
dition or circumstance that the construction team may encounter. These 
changes may occur due to the following:

 1. Differences/errors in contract documents
 2. Construction methodology
 3. Nonavailability of specified material

FIGURE 4.57
Daily checklist status.
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 4. Regulatory changes regarding use of certain types of material
 5. Technological changes/introduction of new technology
 6. Value engineering process
 7. Additional work instructed
 8. Omission of some work

These changes help build the facility in such a way as to achieve the project 
objective and are identified as the construction proceeds. Prompt identifica-
tion of such requirements helps both the owner and contractor avoid unneces-
sary disruption of work and its impact on cost and time. Figure 4.58 illustrates 
a request for information (RFI) form that the contractor submits to the consul-
tant to clarify differences/errors observed in the contract documents, changes 
in construction methodology, changes in the specified material, etc.

These queries are normally resolved by the concerned supervision engi-
neer. However, it is likely that the matter has to be referred to the designer, 
as RFI has many other considerations to take care of that may be beyond the 
capacity of a supervision team member to resolve. Such queries may result 
in variation in the contract documents. Figure 4.59 shows a flow diagram for 
processing RFI. It is in the interest of both the owner and contractor to resolve 
RFI expeditiously to avoid its effect on construction schedule.

Figure 4.60 illustrates a site work instruction (SWI) form. It gives instruc-
tions to the contractor to proceed with the changes. All the necessary docu-
ments are sent along with the SWI to the contractor. The SWI is also used to 
instruct the contractor regarding owner-initiated changes.

Figure 4.61 shows a variation order proposal form that the contractor sub-
mits to the owner/consultant for approval of changes in the contract.

Similarly, if the contractor requires any modification to the specified 
method, then he or she submits a request for modification to the owner/
consultant. Figure 4.62 shows the request for modification. Usually, these 
modifications are carried out by the contractor without any extra cost and 
time obligation toward the contract.

It is normal practice that, for the benefit of project, the engineer’s repre-
sentative assesses the cost and time related to SWI or request for change-
over and obtains preliminary approval from the owner, and the contractor 
is asked to proceed with such changes. The cost and time implementation 
is negotiated and formalized simultaneously/later to issue the formal 
variation order. In all the circumstances where a change in contract is 
necessary, owner approval has to be obtained. Figure 4.63 shows the form 
used by the engineer’s representative to obtain change order approval 
from the owner.

There are instances in the project where the variation is initiated by the 
owner. Figure 4.64 illustrates a flow diagram for processing of owner-
initiated variation order.
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FIGURE 4.58
Request for information.
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FIGURE 4.60
Site work instruction.
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FIGURE 4.61
Request for variation.
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FIGURE 4.62
Request for modification.
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FIGURE 4.63
Variation order proposal.
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Once cost and time implications are negotiated and finalized, and both 
the owner and contractor approve them, a variation order is issued to the 
contractor, and changes are adjusted with the contract sum and schedule. 
Figure 4.65a shows the variation order form issued to formalize the change 
order, and Figure 4.65b shows the attachment to the change order.

4.7.7  Quality Management

The construction project quality control process is the part of the contract 
documents that provides details about specific quality practices, resources, 
and activities relevant to the project. The purpose of quality control during 
construction is to ensure that the work is accomplished in accordance with 
the requirements specified in the contract. Inspection of construction works 
is carried out throughout the construction period either by the construction 
supervision team (consultant) or the appointed inspector agency. Quality 
is an important aspect of a construction project. The quality of a construc-
tion project must meet the requirements specified in the contract documents. 
Normally, the contractor provides on-site inspection and testing facilities 
at the construction site. On the construction site, inspection and testing are 
carried out in three stages during the construction period to ensure quality 
compliance:

 1. During the construction process. This is carried out with the check-
list request submitted by the contractor for testing ongoing work 
before proceeding to the next step.

 2. Receipt of subcontractor or purchased material or services. The con-
tractor submits a material inspection request to the consultant upon 
receipt of material.

 3. Before final delivery or commissioning and handover.

Quality management in construction is a management function. In gen-
eral, quality assurance and control programs are used to monitor design and 
construction conformance to established requirements as determined by the 
contract specifications. Instituting quality management programs reduces 
costs while producing the specified facility.

Regarding the importance of quality in construction, Chung (1999) states that

In the construction industry, which is project-oriented, a contractor may 
be working at any one time for a number of clients on a variety of projects. 
Each project has its own characteristics and requirements. The contrac-
tor’s quality system must be capable of being tailored to meet the specific 
needs of the project. The mechanism for doing so is the project quality 
plan, simply called the quality plan. Preparation of a quality plan ensures 
that specific requirements of the project are considered and planned for. It 
also demonstrates to the client how the requirements will be met. (p. 42)
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FIGURE 4.65
(a) Variation order. (Continued)

(a)
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(b)

FIGURE 4.65 (Continued)
(b) VO attachment.
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Table 4.22 shows quality assurance and quality control typical responsibilities.
Construction project documents usually specify in detail the materials 

and workmanship required and also specify the type of inspection and 
tests to be performed to prove compliance. The contractor submits a QCP 
to achieve the required quality standards and objectives of the project.

With the commencement of the project, the activities related to mobiliza-
tion such as setting up of site offices, stores, etc., start, followed by excavation 
and installation of dewatering and shoring systems.

Quality in construction is achieved through proper control at every stage 
of execution and installation of works. The contractor should have complete 
knowledge of the project he or she has been contracted to construct. Safe and 
reliable construction should be the objective of all the participants of the proj-
ect. The contractor has to submit shop drawings, materials, products, equip-
ment, and systems to the owner/consultant for their review and approval 

TABLE 4.22

Quality Assurance and Quality Control Typical Responsibilities

Responsibility

Owner
Design 

Professional Constructor
Design 
Builder

Set overall approach to attitude 
and quality

Develop and implement design 
phase QA/quality control (QC) 
program

Conduct design audits or review * *

Incorporate QA/QC measures in 
construction contract bid 
documents

Evaluate construction bids

Develop and implement 
construction phase QA/QC 
program

*

Set measurable goals or standards 
for construction quality

*

Provide documentation of 
progress toward construction 
QA/QC goals

Communicate regularly with 
team members regarding quality 
concerns

Source: Quality in the Constructed Project (2000) by ASCE. Reprinted with permission from 
ASCE.

, Primary responsibility; , Assist or advise; , Review; *, May engage qualified consultant 
or other design staff not assigned to project for design reviews or audits.
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before they can be installed on the project. The procedure and requirements 
for submitting shop drawings, materials, and samples are specified in detail 
under the “Submittal” section of the contract specifications.

4.7.7.1  Shop Drawings Approval

The contract drawings and specifications prepared by the design profession-
als are indicative and are generally meant for determining the tender pricing 
and for planning the construction project. In many cases, they are not suffi-
cient for installation or execution of works at various stages. More details are 
required during the construction phase to ensure the specified quality. These 
details are provided by the contractor on the shop drawings. Shop draw-
ings are used by the contractor as reference documents to execute/install the 
works. A detailed shop drawing helps the contractor achieve zero defects 
in installation at the first stage, thus avoiding any rejection/rework. Based 
on the contract drawings, the contractor prepares shop drawings and sub-
mits them to the consultant for approval. All the work is executed as per the 
approved shop drawings. The contractor’s shop drawings are prepared tak-
ing into consideration the following, at a minimum, to meet the design intent.

4.7.7.1.1  Architectural Works

The architectural works shop drawings mainly cover masonry, doors and 
windows, cladding, partitioning, reflected ceiling, stone flooring, toilet 
details, stairs details, and roofing. The elements of these shop drawings for 
these sections are as follows:

 A. Masonry: The shop drawings for masonry works shall include at a 
minimum
• Area layout
• Guidelines
• Height of masonry
• Type and thickness of blocks used for masonry
• Reinforcement details
• Fixation details
• Openings in the block works for other services
• Sills
• Lintels
• Plastering details, if applicable

 B. Doors and windows: The shop drawings for doors and windows shall 
include
• Size of doors and windows
• Type of material
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• Thickness of frames
• Details of door leaves
• Details of glazing
• Fixing details
• Schedule of doors and windows

 C. Cladding: The shop drawings for cladding shall include
• Type of cladding material
• Size of panels/tiles and thickness
• Elevations
• Fixation method, anchorage, and supports
• Openings for other services

 D. Partitioning: The shop drawings for partitions shall include
• Type of partitioning material
• Size of panels
• Frame size and its installation details
• Partition support system
• Fixation details of panels

 E. Reflected ceiling: The shop drawings for reflected ceiling shall include
• Type of ceiling material
• Size of ceiling panels, thickness of material
• Ceiling level
• Suspension system and framing
• Layout showing jointing layout, faceting, and boundaries 

between materials
• Location of light fittings, detectors, sprinklers, grills, etc.
• Location of access panel

 F. Stone flooring: The shop drawings for flooring shall include
• Type of flooring material
• Size of flooring tiles
• Layout
• Screeding details
• Jointing details
• Flooring pattern
• Cut out for other services
• Control joints and jointing method
• Antislip inserts
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• Separators
• Thresholds

 G. Toilet details: The shop drawings for toilet details shall include
• Layout
• Plan
• Sections
• Installation details of sanitary ware and fixtures
• Installation details of toilet accessories
• Jointing method
• Material finishes and surface textures
• Installation details of toilet mirror

 H. Stairs details: The shop drawings for stairs details shall include
• Steps details, riser, treads, width, and height
• Finishing details
• Handrail details
• Sections
• Plan

 I. Roofing waterproofing: The shop drawings for roofing details shall 
include
• Insulation details
• Installation details of insulation
• Installation of waterproofing material
• Control joints/expansion joints details
• Tiling details
• Flashings

4.7.7.1.2  Structural Works

The structural works shop drawings to be prepared according to ACI 315 
will mainly cover reinforced concrete, formwork, precast concrete, and struc-
tural steel fabrication. The elements in these shop drawings are as follows:

 A. Reinforced concrete: The reinforced concrete works shop drawings to 
be prepared according to ACI 315 should have the following details:
• The size of reinforcement material
• Bar schedule
• Stirrup spacing
• Bar bent diagram
• Arrangement and support of concrete reinforcement
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• Dimensional details
• Special reinforcement required for openings through concrete 

structure
• Type of cement and its strength

 B. Formwork: Formwork has great importance from the safety point of 
view. The shop drawing of formwork shall include
• Details of individual panels
• Position, size, and spacing of adjustable props
• Position, size, and spacing of joints, solders, ties, and the like
• Details of formwork for columns, beams, parapet, slabs, and kickers
• Details of construction joints and expansion joints
• Details of retaining walls, core walls, and deep beams showing 

the position and size of ties, joints, solders, and sheeting, together 
with detailed information on erection and casting sequences and 
construction joints

• General assembly details, including propping, prop bearings, 
and through propping

• All penetrations through concrete
• Full design calculations

 C. Precast concrete: The shop drawings for precast concrete works have 
great importance as the casting is carried out at a precast concrete fac-
tory. All the required details need to be shown on these drawings to 
ensure that precast elements are produced without any defects. The 
shop drawing should provide details of fabrication and installation of 
precast structural concrete units. It should indicate member location, 
plans, elevations, dimensions, shapes, cross sections, openings, and 
type of reinforcement, including special reinforcement, if any. The 
following information also has to be indicated in the shop drawings:
• Welded connections by American Welding Society’s standards 

symbol
• Details of loose and cast-in hardware, insets, connections, joints, 

and all types of accessories
• Location and details of anchorage device to be embedded in 

other construction
• Comprehensive engineering analysis including fire-resistance 

analysis
 D. Structural steel fabrication: The shop drawings for fabrication of struc-

tural steel shall include
• Details of cuts, connections, splices, camber, holes, and other per-

tinent data
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• Welding standards symbols
• Size and length of bolts, indicating details of material and 

strength of bolts
• Details of steel bars, plates, angles, beams, channels
• Method of erection
• Details of anchorage details, templates, and installation details 

of bolts

4.7.7.1.3  Elevator Works

Overall elevation (vertical) for elevator area

• Floor levels
• Hoist way plan, sections, and anchoring details for installation of 

rails
• Machine room plan and installation details for drive and controller
• Equipment layout in machine room/hoist way
• Cuttings/openings, sleeves required in the concrete slab/walls
• Details and level of cab overhead
• Details and levels about the pit
• Location and level of hall button and hall position indicator
• Openings for landing door, entrance view, and finishes level
• Finishes of cab, door, indicators
• Power supply devices and equipment earthing
• Interface with elevator management system, if any

4.7.7.1.4  Mechanical Works (Firefighting and Plumbing)

The shop drawings for mechanical works should include, but not be limited 
to, the following:

• Sprinkler layout
• Hose reel details
• Hose reel cabinet size, location, and installation details
• Fire pump location and installation details
• Location of flow switches
• Interface with fire alarm and BMS
• Riser diagram for water supply system
• Size of piping
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• Piping route and levels
• Size of isolating valves and their location
• Equipment plan layout
• Storage tank details
• Electrical power connection details
• Details of toilet accessories and connection details
• Riser diagram for rain water system
• Drainage system piping
• Riser diagram for storm water system
• Storm water system

4.7.7.1.5  HVAC Works

The shop drawing for HVAC works should include, but not be limited to, 
the following:

• Location of equipment and their configuration
• Piping size
• Piping route and levels
• Ducting size
• Ducting route and levels
• Insulation details
• Suspension/hanger details
• Equipment layout and plan
• Riser diagram for chilled water system
• Installation details of equipment
• Size of diffusers and grills
• Installation details of grills
• Exhaust and ventilation fans layout and details
• Riser diagram for exhaust air system
• Return air opening details
• Equipment schedule
• Electrical connection and power supply details
• Control details
• Sequence of operation
• Schematic diagram for HVAC system
• Schematic diagram for BMS by configuring all the equipment and 

components
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4.7.7.1.6  Electrical Works

The shop drawings for electrical works should indicate, but not be limited 
to, the following:

• Size and type of conduits, raceways, and exact routing of the same
• Size of cable trays, cable trunking, installation methods, and exact 

route indicating the level
• Size of wires and cables
• Wiring accessories with circuit references
• Lighting layout with circuit references
• Installation details of light fixtures
• Small power layout
• Large power layout
• Installation details of distribution boards, switch boards, and 

panels
• Field installation wiring details for light, power, controls, and 

signals
• Panels, switch board layout in L.T. room
• Diesel generator installation details
• Schematic diagram showing the configuration of all the equipment
• Load schedules per actual connected loads
• Voltage drop calculations
• Earthing system
• Lightning protection system

4.7.7.1.7  HVAC Electrical Works

The shop drawings for HVAC electrical works should include

• Wiring diagram of individual components and accessories
• MCC panels, starter panels, and their installation details
• Schematic diagram including power and control wiring
• Type and size of conduit, and number and size of wires in the 

conduit
• Type and size of cable
• Details of protection and interlocks
• Details of instrumentation
• Description of sequence of operation of equipment
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4.7.7.1.8  Low-Voltage Systems

The shop drawings for low-voltage systems such as BMS, fire alarm 
 system, communication system, public address system, audiovisual system, 
CCTV/security system, and access control system should include

• Size of conduits and raceways, their routing and levels
• Location of components, wiring accessories
• Installation details of components, wiring accessories
• Wiring and cabling details
• Installation details of racks
• Installation details of equipment
• Schematic/riser diagram configuring all the components and equip-

ment used in the system
• Interface with other systems

4.7.7.1.9  Landscape Works

The shop drawings for landscape works should include

• Boundary limit
• Excavation area
• Excavation level
• Type of soil in different areas
• Location of plants, trees, shrubs, etc.
• Foundation details for plants, trees, shrubs, etc.
• Location of sidewalk
• Location of driveways
• Foundation for paving
• Grass areas
• Location of services, ducts for utilities
• Location of light poles/bollards
• Foundation for light poles/bollards
• Details of special features
• Details of irrigation system

4.7.7.1.10  External Works (Infrastructure)

The shop drawing for external works (infrastructure) should include

• Width of the road
• Grading details
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• Thicknesses of asphalt layers
• Pavement details
• Location of manholes and levels
• Services/utilities pipe routes
• Location of light poles
• Cable routes
• Trench details
• Road marking
• Traffic sign and signals

Figure 4.66 illustrates a site transmittal for shop drawings approval.

4.7.7.1.11  Builder’s Workshop Drawings

The contractor submits builder’s workshop drawings, which are prepared to 
show all the openings required in the civil or architectural work for services 
and other trades. These drawings are based on the approved shop drawings 
of all related trades. These drawings indicate the size of openings, sleeves, 
and level references with the help of detailed elevations and plans of the 
building, fully coordinating the requirements of all the trades. Detailed sec-
tions are also shown for complicated areas.

4.7.7.1.12  Composite/Coordination Shop Drawings

The contractor’s composite drawings are prepared taking into consider-
ation approved shop drawings, builder’s workshop drawings, and material 
approval to show the relationship of components shown on the related shop 
drawings and to indicate required installation sequence and exact location. 
Composite drawings show the interrelationship of all services with each other 
and with the surrounding civil and architectural work. Composite drawings 
show detailed coordinated cross sections, elevations, reflected plans, etc., 
resolving all conflicts in levels, alignment, access, space, etc., and the actual 
physical dimensions required for installation of panels, equipment, plant, 
etc., within the available space.

Figure 4.67 illustrates a logic flow diagram for preparation of shop draw-
ings/composite drawings.

4.7.7.2  Materials Approval

All the materials, equipment, and systems specified in the contract docu-
ments need prior approval from the owner/consultant. Figure 4.68 shows a 
site transmittal form for material approval.

Figure 4.69 shows specification comparison statement to be submitted 
along with the material transmittal.
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FIGURE 4.66
Site transmittal for work shop drawings.
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FIGURE 4.67
Logic flow diagram for shop drawings/composite drawings.
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FIGURE 4.68
Site transmittal for material.
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If the contractor is unable to obtain the specified product or is unable 
to find an approved equivalent product, then he or she may propose a 
substitute product for the approval of the consultant/owner for their 
review and approval. Figure 4.70a and b shows a request for substitution 
of material.

Upon receipt of material at site, the contractor submits the material inspec-
tion report.

Figure 4.71 shows a material inspection report.
The work at site is executed as per approved shop drawings with approved 

materials only.
Quality of construction has mainly three elements:

 a. Defined scope
 b. Schedule
 c. Budget

The contractor has to comply with all the requirements specified under con-
tract documents. The contractor executes the work as per the approved QCP. 
The contractor’s QCP is the contractor’s everyday tool to ensure quality.

During the construction process, the contractor has to submit the checklists 
to the consultant to inspect the work. Submission of checklists or requests 

FIGURE 4.69
Specification comparison statement.
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FIGURE 4.70
(a, b) Request for substitution. (Continued)

(a)
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FIGURE 4.70 (Continued)
(a, b) Request for substitution.

(b)



389Quality in Construction Projects

FIGURE 4.71
Material inspection report.
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for inspection is an ongoing activity during the construction process to 
ensure proper quality control of construction. Concrete work is one of the 
most important components of building construction. The concrete work has 
to be inspected and checked at all the stages to avoid rejection or rework. 
Necessary care has to be taken right from the control of the design mix of 
the concrete until the casting is complete and cured. The contractor has to 
submit checklists at different stages of concrete work and has to ensure that 
tests specified in the contract are performed during casting of concrete. The 
following are the checklists that the contractor submits at different stages of 
the concreting process:

Figure 4.72 shows the checklist for quality control of formwork.
Figure 4.73 shows the notice for daily concrete casting.
Figure 4.74 shows the checklist for concrete casting.
Figure 4.75 shows the checklist for quality control of concreting.
Figure 4.76 shows the report on concrete casting.
Figure 4.77 shows the notice for testing at the laboratory.
Figure 4.78 shows the concrete quality control form.

In certain projects, the owner asks the contractor to involve an indepen-
dent testing agency for quality control of the concrete. The agency is respon-
sible for quality control of materials, performing tests, and submitting test 
reports to the owner.

The contractor has to submit checklists for all the installations and work 
executed as per the contract documents and the approved shop drawings and 
materials. Figure 4.79 shows the checklist for general works to be inspected 
by the consultant.

If the consultant finds that an item has been executed at site that is not in 
accordance with contract documents, specifications, or general code of prac-
tice, then a remedial note is issued by the consultant. Figure 4.80 shows a 
remedial note.

The contractor is required to reply on the same form after taking necessary 
action. Upon finalization of the issue, the withdrawal notice is issued by the 
consultant/supervision staff.

The consultant’s supervisory staff always makes a routine inspection dur-
ing the construction process. A nonconformance report is prepared and sent 
to the contractor to take corrective/preventive action toward this activity. 
Figure 4.81 shows a nonconformance report used in a building construction 
project.

In order to achieve quality in construction projects, all the work has to be 
executed as per approved shop drawings using approved material and fully 
coordinating with different trades. Figure 4.82 shows the sequence of execu-
tion of work.
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FIGURE 4.72
Checklist for form work.
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Following this sequence will help the contractor avoid rejection of works. 
Rejection of the checklist will result in rework, which will require time to redo 
the works and has cost implications to the contractor. Frequent rejection of works 
may delay the project, ultimately affecting the overall completion schedule. 
Table 4.23 summarizes the probable reasons for rejection of executed/installed 
works. Table 4.24 shows the responsibilities matrix for QC-related personnel.

PDCA is a well-known tool for continual process improvement. The con-
tractor may use the PDCA cycle (Deming wheel) principle to improve the 

FIGURE 4.73
Notice for daily concrete casting.
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FIGURE 4.74
Checklist for concrete casting.
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FIGURE 4.75
Quality control of concreting.
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FIGURE 4.76
Report on concrete casting.
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FIGURE 4.77
Notice for testing at lab.
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FIGURE 4.78
Concrete quality control form.
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FIGURE 4.79
Checklist.
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construction/installation process and avoid rejection of works by the super-
vision team (consultant). Figure 4.83 illustrates the PDCA cycle for execu-
tion/installation of works.

4.7.7.3  Contractor’s Quality Control Plan

The contractor’s quality control plan (CQCP) is the contractor’s everyday 
tool to ensure meeting the performance standards specified in the contract 
documents. The efficient management of CQCP by the contractor’s personnel 

FIGURE 4.80
Remedial note.
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FIGURE 4.81
Nonconformance report.
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has a great impact on both the performance of the contract and the owner’s 
quality assurance surveillance of the contractor’s performance.

According to Chung (1999), “A quality plan is a document setting out the 
specific quality activities and resources pertaining to a particular contract or 
project. Its contents are drawn from the company’s quality system, the con-
tract and related documents” (p. 45).

Chung further states that the quality plan is virtually a quality manual 
tailor-made for the project. The client, or the architect/engineer acting as his 
or her representative, may indicate in the contract what the quality plan must 
include and which items are subject to mutual agreement. For example, it is 
often specified that the inspection and test plans, which invariably form part 
of the quality plan, are to be approved by the architect/engineer before use.

The CQCP is the documentation of the contractor’s process for delivering 
the level of construction quality required by the contract. It is a framework for 
the contractor’s process for achieving quality construction. The CQCP does 
not endeavor to repeat or summarize contract requirements. It describes the 
process that the contractor will use to ensure compliance with the contract 
requirements. The quality plan is virtually a manual tailor-made for the proj-
ect and is based on the contract requirements.

In the quality plan, the generic documented procedures are integrated with 
any necessary additional procedures peculiar to the project to attain speci-
fied quality objectives. Application of various quality tools, methods, and 
principles at different stages of construction projects is necessary to make the 
project qualitative, economical, and capable of meeting the owner’s needs/
specification requirements.

Based on contract requirements, the contractor prepares his or her QCP 
and submits it to the consultant for approval. This plan is followed by the 
contractor to maintain project quality.

Approved

Shop drawings 
approved/composite 

drawing approved
Preparation of 
related works Site coordination

Quality check by 
contractor

Not approvedMaterial approved

Submit checklist.Inspection by
consultant

Proceed to next
activity.

Functional relationship

FIGURE 4.82
Sequence of execution of works.
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TABLE 4.23

Reasons for Rejection of Executed Works

Serial 
Number Description of Works Probable Reasons for Rejection

Shoring
1 Shoring No adequate support for shoring. Vertical plumb 

level not proper. No proper facing. Not enough 
depth. Anchor test not approved.

2 Dewatering Water level not under control.
Earth Works
1 Excavation Not as per specified level. Surface is not even. 

Excavated material not removed from the site.
2 Backfilling Compaction is not proper. Backfilling thickness is not 

as specified. Soil is rubbish and loose. Soil test 
(strength) failed.

Concrete Sub Structure
1 Blinding concrete Thickness not as specified. Concrete strength not as 

specified.
2 Termite control Uneven spray.
3 Reinforcement of steel Reinforcement arrangement not as specified. Support 

not proper. Water stops are not provided. 
Construction joints are not provided.

4 Concrete casting Concrete strength not as specified.
5 Shuttering for beams 

and columns
Shuttering dimensions not as specified. Shuttering is 
not strong enough. Shutters are not vertical. 
Shuttering height not proper.

Concrete Super Structure
1 Reinforcement of steel 

for beams and 
columns

Reinforcement arrangement not as specified. Support 
not proper.

2 Shuttering for columns 
and beams

Shuttering dimensions not as specified. Shuttering is 
not strong enough. Shutters are not vertical. 
Shuttering height not proper.

3 Concrete casting of 
beams and columns.

Concrete strength not as specified.

4 Formwork for slab Props spacing not correct. Props are not sturdy. 
Formwork surface is not clean.

5 Reinforcement for slab Reinforcement arrangement not as specified. 
Reinforcement is not properly placed and secured. 
Spacers are not provided. Minimum concrete cover 
not provided. Construction joints not provided.

6 Concrete casting of slab Concrete strength not as specified. Casting level in 
not proper.

7 Precast panels Panels are not fixed properly. Load test on panel not 
performed before erection.

(Continued)
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TABLE 4.23 (Continued)

Reasons for Rejection of Executed Works

Serial 
Number Description of Works Probable Reasons for Rejection

Masonry
1 Block work Block alignment is not proper. Joints are not aligned. 

Guidelines are missing. Anchor beads are not 
provided. Reinforcement mesh is not provided. 
Mortar is not as specified.

2 Concrete unit masonry Block alignment is not proper. Joints are not aligned. 
Reinforcement mesh is not provided. Mortar is not 
as specified.

Partitioning
1 Installation of frames Stud spacing not correct. Fixation method is not as 

specified. Insulation is not provided.
2 Installation of panels Alignment not proper. Joints are not proper. Panels 

are not painted.
Metal Work
1 Structural steel work Anchorage and fixing not proper. Method of erection 

not as specified. Fire protection is not applied. 
Finishing is different than specified.

2 Installation of cat 
ladders

Fixation is not proper. Alignment is not done. 
Finishing is not as specified.

3 Installation of 
balustrade

Fixation is not proper. Alignment is not done. 
Finishing is not as specified.

4 Installation of space 
frame

Fixation is not proper. Alignment is not done. 
Finishing is not as specified.

5 Installation of handrails 
and railings

Fixation is not proper. Alignment is not done. 
Finishing is not as specified.

Thermal and Moisture Protection
1 Applying 

waterproofing 
membrane

Number of layers not as specified. There is no overlap 
between the rolls. Application not done properly. 
No. of coats as per specs not applied. There is no 
skirting. Leakage test failed.

2 Installation of 
insulation

Fixation is not proper. Insulation thickness is not as 
specified.

Doors and Windows
1 Aluminum doors and 

windows
Dimensions are not as specified. Accessories and 
hardware are different than specified. Windows are 
not air/water tight and not sealed properly. Doors 
are not opening properly.

3 Glazing Color and type is different than specified. Fixing 
method is not proper. Cracks are observed in some 
of the units.

4 Steel doors and 
windows

Alignment not proper. Hardware and accessories not 
as specified. Finishing is not proper.

(Continued)
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Serial 
Number Description of Works Probable Reasons for Rejection

6 Wooden frames Dimensions are different. Finishing is not as 
specified.

7 Wooden doors Alignment not proper. Finishing is not as specified. 
Fixation hardware is not as specified.

8 Curtain wall Pattern is not as specified. Glazing is different than 
specified. Drainage system is not provided. 
Expansion joints not provided. Wind pressure and 
water test failed.

9 Hatch doors Door is not aligned. Finishing is not matching as per 
architectural requirements. Fixing is not proper.

11 Louvers Alignment and levels not proper. Accessories not as 
specified.

Internal Finishes
1 Plastering Cracks in the plaster. Voids are observed. Specified 

accessories not used. Hollow sound observed. 
Curing is not enough.

2 Painting No. of layers not as specified. Color and texture is not 
proper.

3 Cladding-ceramic Alignment, angles and joints are not proper. Grouting 
is not done properly. Color and texture pattern is not 
matching.

4 Cladding-marble Fixation is not proper. Alignment, angles and joints 
are not proper. Lines are not matching.

5 Ceramic tiling Alignment, angles and joints are not proper. Grouting 
is not done properly. Color and texture pattern is not 
matching

6 Stone flooring Fixation is not proper. Alignment, angles and joints 
are not proper.

7 Acoustic ceiling Suspension system is not as specified. Alignment, 
levels and joints are not proper. Services openings 
are not provided. Ceiling height not matching with 
approved level.

8 Demountable partitions Fixation is not proper. Alignment is not done 
properly.

Furnishing
1 Carpeting Joints are not smooth. Carpet fixed without adhesive. 

Edges are not trim properly. Color and texture not 
matching.

2 Blinds Stacking/rolling not proper. Fixing is not secured.
3 Furniture Location is not as per approved layout. Dimensions 

are not correct. Finishing is not proper. Fixation is 
not secured properly. Accessories are not matching 
with the furniture.

TABLE 4.23 (Continued)

Reasons for Rejection of Executed Works

(Continued)
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Serial 
Number Description of Works Probable Reasons for Rejection

External Finishes
1 Painting No. of layers not as specified. Color and texture is not 

proper.
2 Brickwork Brick alignment is not proper. Joints are not aligned. 

Grouting is not proper.
3 Stone Fixation is not proper. Alignment, angles and joints 

are not proper. Color and texture not matching.
4 Cladding-aluminum Alignment is not proper. Cladding is not levelled and 

aligned. Fixation is not secured. Joints are without 
sealant.

5 Cladding-granite Fixation is not proper. Alignment, angles and joints 
are not proper. Color and texture not matching.

6 Curtain wall Accessories are not properly fixed. Levelling and 
alignment not done. Drainage system is not 
provided. Wind pressure and water tests failed.

7 Glazing Glass type is different than specified and approved. 
Fixation is not secured. Levelling and alignment not 
done properly. Joints have gap. Frame finishing is 
not as per approved sample.

Equipment
1 Installation of 

maintenance 
equipment

Brackets are not fixed at specified location.

2 Installation of kitchen 
equipment

Equipment are not fixed as per approved layout.

3 Installation of parking 
control

Barrier is not fixed at specified location. Control panel 
is not terminated.

Roof
1 Parapet wall Parapet level is not correct. Finishing is not as 

specified.
2 Thermal insulation Type of insulation and thickness is different than 

specified.
3 Waterproofing No. of layers are less than specified. Application is 

not smooth. There is no overlap between the sheets. 
Skirting is not provided. Water test failed.

4 Roof tiles Thickness of tiles is less than specified. Tiles are not 
aligned and levelled. Joints are not proper.

5 Installation of drains Drains are not located as per approved shop 
drawings. Fixation is not proper.

6 Installation of gutters Type of gutters is different than specified. Gutters are 
not aligned and levelled.

(Continued)

TABLE 4.23 (Continued)

Reasons for Rejection of Executed Works



406 Quality Management in Construction Projects

Serial 
Number Description of Works Probable Reasons for Rejection

Elevator System
1 Installation of rails Fixation is not proper.
2 Installation of door 

frames
Frame is not aligned properly.

3 Installation of cabin Cabin is not levelled.
4 Cabin finishes Cabin finishes are incomplete.
5 Installation of wire rope Rope joints are weak.
6 Installation of drive 

machine
Drive is levelled properly. Equipment earthing is not 
done.

7 Installation of controller Location of controller is not proper. Controller is not 
terminated. Equipment earthing is not provided. 
Identification label is not provided.

Mechanical Works
A. Fire fighting System
1 Installation of piping 

system
Pipes are dirty need cleaning and painting.

2 Installation of 
sprinklers

Sprinkler spacing not as per authorities approved 
shop drawing.

3 Installation of foam 
system

Foam agent concentration level not proper.

4 Installation of pumps Eccentric reducer need to fixed at the suction side of 
the pump. Pumps are not levelled. Cable 
termination not complete. Equipment earthing not 
done.

5 Installation of hose 
reels/cabinet

Cabinet door not closing properly. Color of cabinet to 
be as per authorities requirement.

6 Installation of fire 
hydrant

Fire hydrant to be fixed properly at specified location.

7 External fire hose 
cabinet

External fire hose cabinet need hose rack.

B. Water Supply
1 Installing of piping 

system
Pipe supports required to keep the pipe in straight 
position.

2 Installation of pumps Pumps are not levelled. Cable termination not 
complete. Equipment earthing not done.

3 Filter units Filter installed without bypass line and tab point for 
pressure gauge.

4 Toilet accessories Towel rod not fixed.
5 Installation of 

insulation
Insulation has cuts. Insulation is not covered with 
canvas.

6 Water heaters Water heater drain not installed.

TABLE 4.23 (Continued)

Reasons for Rejection of Executed Works

(Continued)
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Serial 
Number Description of Works Probable Reasons for Rejection

7 Hand dryers Installation height is more than specified. 
Termination is not proper.

8 Water tank Float switch for pump not installed.
C. Drainage System
1 Installation of pipes 

below grade
Drainage pipe to be tightened properly. Slope not 
proper.

2 Installation of pipes 
above grade

Slope not proper. More support are required.

3 Installation of manholes Manhole level is not correct.
4 Installation of clean out, 

floor drains
Floor drains and clean out are not flush with the floor 
finish.

5 Installation of sump 
pumps

Height of float switch need adjustment.

6 Installation of gratings Grating frame not flush with floor finish level.
D. Irrigation System
1 Installation of piping 

system Pipe crossing under road need sleeves.
2 Installation of pumps Pumps installed without suction strainer.
3 Installation of controls Controllers are not weatherproof. Installation height 

is not proper. Fixing method is not proper.
HVAC Works
1 Installation of piping Hanger supports are not properly fixed. Invert level 

is not correct. Piping is rusty, not clean and not 
painted.

2 Installation of ducting Duct level not correct. Duct metal not clean. 
Suspension system not properly fixed. No proper 
sealant around duct joints.

3 Installation of 
insulation

Insulation has cuts. Straps not fixed at specified 
interval.

4 Installation of dampers, 
grills and diffusers

Material is squeezed. Color is faded. Material not 
matching with architectural requirements.

5 Installation of cladding Cladding surface is not even. Cladding is not 
overlapped and sealed properly.

6 Installation of fans Fans fixing is not secured.
7 Installation of Fan Coil 

Units (FCU)
FCU level not correct. FCU fixed without spring 
isolators. No slope for drain pipe.

8 Installation of Air 
Handling Units (AHU)

No flexible connector between chilled water piping 
and AHU. AHU body is damaged. Body paint is 
peeled off.

9 Installation of pumps Pumps are not levelled. Cable termination not 
complete. Equipment earthing not done.

TABLE 4.23 (Continued)

Reasons for Rejection of Executed Works

(Continued)
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Serial 
Number Description of Works Probable Reasons for Rejection

10 Installation of chillers Rubber isolators not installed. Anchorage not fixed 
properly.

11 Installation of cooling 
towers

Vibration springs not installed. Damage in cooling 
tower surface. Spray nozzle damaged

12 Installation of thermostat 
and controls

Location not as specified. Thermostat body damaged.

13 Installation of starters Location to be near the equipment. Installation height 
not as specified.

14 BMS All the components not installed. Termination not 
complete. Wiring not dressed and bunched properly.

Electrical Works
1 Conducting—raceways Method of installation not proper. Conduit run is not 

parallel. Minimum clearance from other services less 
than specified. Supports are not secured, straps or 
clamp not provided. Spacing, spacing between 
embedded conduit and concrete aggregate is not as 
specified. Fastening of conduit with reinforcement 
steel is not secured. Location of sleeves not as per 
app roved shop drawings. Location of boxes is not 
as specified and is not coordinated.

2 Cable tray—trunking Cable trays are not aligned properly. Cable tray run is 
not parallel and no proper bends. Supports are not 
as per approved shop drawings. Minimum spacing 
between any cable tray and other services not 
maintained. Supports are not secured.

3 Floor boxes Location is not coordinated. Level of floor boxes is 
not proper

4 Wiring No. of wires in the conduit are not as per approved 
shop drawing. Circuit wiring for switches not 
properly done. Termination method is not proper.

5 Cabling Distance between two cables on cable tray is less than 
twice the diameter of larges cable diameter. Cable tie 
is not provided. Circuit identification is missing.

6 Installation of bus duct Supports are not fixed properly. Connection between 
the ducts is not proper. Level of installation is not as 
specified. Spacing between parallel is less than 
specified. Supports are not secured.

7 Installation of wiring 
devices/accessories

Installation height is not as specified, coordination 
with architectural requirements not done to match 
with the finishes.

8 Installation of light 
fittings

Installation method is not correct. Proper size of 
hangers and support not provided. Location and 
levels are not matching with architectural 
requirements.

TABLE 4.23 (Continued)

Reasons for Rejection of Executed Works

(Continued)
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Serial 
Number Description of Works Probable Reasons for Rejection

9 Grounding Welding method for joining tapes is not thermoweld 
type. Connection methods between tape and clamp 
to be as specified. Provide clamp at specified 
distance.

10 Distribution switch 
boards

Installation height of boards not as specified. 
Termination of wires/cables not done properly. 
Shrouding for cable not provided. Wires and cables 
do not have continuity. Wires in distribution board 
are not properly dressed and bunched.

Fire Alarm System
4 Installation of detectors, 

bells, pull stations, 
interface modules

Location is not as specified. Height of installation not 
matching with shop drawing and architectural 
requirements.

5 Installation of repeater 
panel

Installation height not as specified, method of 
installation not proper. Termination of cables is not 
done.

6 Installation of mimic 
panel

Installation height not as specified. Method of 
installation not proper. Termination of cables is not 
done.

7 Installation of fire alarm 
panel

Installation height not as specified. Method of 
installation not proper. Termination of cables is not 
done.

Telephone/Communication System
1 Installation of racks Method of installation not as per approved shop 

drawing. Termination of cables not done properly. 
Racks are not levelled. Cables are not labelled.

2 Installation of switches Switches are not properly installed. Switched are not 
installed in sequence. Cabling is not complete. 
Identification label not provided for cables.

Public Address System
5 Installation of speakers Fixing of speakers is not secured. Height of 

installation is not as specified. Speakers installed in 
false ceiling do not have proper support.

6 Installation of racks Method of installation not as per approved shop 
drawing. Termination of cables not done properly. 
Racks are not levelled. Cables are not labelled.

7 Installation of 
equipment

Equipment are not properly installed. Cabling is not 
proper.

Audio visual System
5 Installation of speakers Fixing of speakers is not secured. Height of 

installation is not as specified. Speakers installed in 
false ceiling do not have proper support.

TABLE 4.23 (Continued)

Reasons for Rejection of Executed Works

(Continued)
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Serial 
Number Description of Works Probable Reasons for Rejection

6 Installation of 
monitors/screens

Method of fixing nor proper. Installation height is not 
as per approved shop drawings.

7 Installation of racks Method of installation not as per approved shop 
drawing. Termination of cables not done properly. 
Racks are not levelled. Cables are not labelled.

8 Installation of 
equipment

Equipment are not properly installed. Cabling is not 
proper.

CCTV/Security System
3 Installation of cameras Fixing of cameras not proper. Installation height is 

not as specified. Termination of cameras not proper.
5 Installation of panels Panels not properly fixed. Cabling not complete.
7 Installation monitors/

screens
Method of fixing nor proper. Installation height is not 
as per approved shop drawings.

Access Control
3 Installation of RFID 

proximity readers, 
finger print readers

Readers not installed properly.

4 Installation of magnetic 
locks, release buttons, 
door contacts

Magnetic locks not fixed properly. Release buttons 
not installed at specified height and location.

5 Installation of panel Panels not properly fixed. Cabling not complete.
6 Installation of server Cable termination not proper. Cables to be properly 

dressed. Identification labels not provided.
Systems Integration
1 Installation of switches Switches not stacked as per sequence. Identification 

labels not provided.
2 Installation of servers Cable termination not proper. Cables to be properly 

dressed. Identification labels not provided.
External Works
1 Site works Compaction failure. Grading level not proper. Slope 

is not provided.
2 Asphalt work Asphalt levels not proper. Asphalt material not as 

specified.
3 Pavement works Pavement limits not as per approved layout. Curb 

stones not laid properly.
4 Piping works Pipe not laid at specified depth. No protection on 

pipes. Pipe joints not done well. Leakage observed.
5 Electrical works Cable not buries properly. Location of light poles not 

correct. Light poles are not vertically installed.
6 Manholes Location of manholes not correct. Manhole level not 

correct.
7 Road marking Marking color not as specified.

TABLE 4.23 (Continued)

Reasons for Rejection of Executed Works
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The CQCP is prepared based on the project-specific requirements as 
specified in the contract documents. The plan outlines the procedures to be 
followed during the construction period to attain the specified quality objec-
tives of the project while fully complying with the contractual and regulatory 
requirements.

Appendix C illustrates an outline of a CQCP for a major building con-
struction project. However, the contractor has to take into consideration the 
requirements listed under the contract documents, depending on the nature 
and complexity of the project.

The contract documents specify the details of the contents of the QCP to 
be prepared by the contractor for the construction project; the plan has to be 
submitted to the consultant for approval. The following is the outline for 
preparation of a QCP:

 1. Purpose of the QCP
 2. Project description
 3. Site staff organization chart for quality control
 4. Quality control staff and their responsibilities
 5. Construction program and subprograms

4. Act 1. Plan

3. Check
2. Do

Prepare shop drawings.
Submit materials
Get shop drawings approved.
Get materials approved.

Follow approved shop drawings.
Use approved materials
Follow method of statement.
Follow manufacturer's recommendations.

Corrective action.
Prevent defect from reoccurring.

Check all nonconformities
against specification.

FIGURE 4.83
PDCA cycle (Deming wheel) for execution of works.
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 6. Schedule for submission of subcontractors, manufacturer of materi-
als, and shop drawings

 7. QC procedure for all the main activities such as
 a. Procurement (direct bought out items)
 b. Off-site manufacturing, inspection, and testing
 c. Inspection of site activities (checklists)
 d. Inspection and testing procedure for systems
 e. Procedure for laboratory testing of material
 f. Inspection of material received at site
 g. Protection of works
 8. Method statement for various installation activities
 9. Project-specific procedures for SWIs and remedial notes
 10. Quality control records
 11. List of quality procedures applicable to project in reference to the 

company’s quality manual and procedure
 12. Periodical testing procedure for construction equipment and tools
 13. Quality updating program
 14. Quality auditing program
 15. Testing
 16. Commissioning
 17. Handover
 18. Health, safety, and environment

Specifications of work quality are an important feature of construction proj-
ect design. Specifications of required quality and components represent part 
of the contract documents and are detailed under various sections of particu-
lar specifications. Generally, the contract documents include all the details 
as well as references to generally accepted quality standards published by 
international standards organizations. Proper specifications and contract 
documentations are extremely important as these are used by the contractor 
as a measure of quality compliance during the construction process.

A contract for construction commits the contractor to construct the facil-
ity and the owner to pay. Once the contract is signed, it commits all the 
parties to obligations and liabilities and is enforceable by law. A breach of 
contract by either party may make that party liable for payment of dam-
ages to the other.

There are standard sets of conditions of contract published by engineer-
ing institutes/societies and other bodies. Depending on the need for the 
construction project and the type of contract arrangements, an appropriate 
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set of condition of contracts is selected. The contract document must include 
health and safety programs to be followed by the contractor during the con-
struction process.

4.7.7.4  Inspection of Works

The inspection of construction work is performed throughout the execution 
of project. Inspection is an ongoing activity to physically check the installed 
works. Checklists are submitted by the contractor to the consultant to inspect 
the executed work/installations. If the work is not carried out as specified, 
then it is rejected and the contractor has to rework, or take remedial mea-
sures, to ensure compliance with the specifications. During construction, all 
the physical and mechanical activities are accomplished on the site. The con-
tractor carries out the final inspection of the work to ensure full compliance 
with the contract documents.

4.7.8  Risk Management

Probability of occurrence of risk during the construction phase is very high 
compared to the design phases. During the construction phase, uncertainty 
comes from various sources as this phase has involvement of various par-
ticipants. Risk in construction projects has already been discussed under 
Section 1.13.2. Since the duration of the construction phase is longer than 
that of earlier phases, the contractor has to also consider occurrence of finan-
cial, economical, commercial, political, and natural risks. The contractor has 
to develop risk management plan. Risk management plan identifies how 
risk associated with the project will be identified, analyzed, managed, and 
controlled. Risk management is an integral part of project management as 
the risk is likely to occur at any stage of the project. Therefore, the risk has 
to be continually monitored and response actions must be taken immedi-
ately. The risk management plan outlines how risk activities will be per-
formed, recorded, and monitored throughout the life cycle of the project. It 
is intended to maximize the positive impact for the benefit of the project and 
decrease/minimize or eliminate the impact of events adverse to the proj-
ect. The risk management must commence early in the project development 
stage (study stage) and proceed as the project evolves and more information 
about the project is available. The project plan should

• Define risk management strategy/approach
• Define project objectives, goals related to risk management
• Identify risk owner and team members
• Define risk decisions
• Detail about risk resources
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• Include risk management process
• Methods of risk identification
• Methods of risk assessment
• Level of risk
• Response to risk
• Management of risk
• Control of risk

• Process of integrating risk management activities into project scope, 
schedule, cost, and quality

• Documenting and recording of risks
• Communication procedure for risk reporting
• Update of risk management plan

Figure 1.34, discussed earlier under Section 1.13, illustrates risk management 
cycle (process) and Figure 1.35, discussed earlier under Section 1.13, lists 
probability of occurrence of various categories of risks during construction 
project.

Table 4.25 lists the major risks during the construction phase and mitiga-
tion actions. The contractor has to monitor the occurrence of these risks and 
take necessary measures to mitigate the effects on the project.

4.7.9  Contract Management

Contract management during the construction phase is an organizational 
method, process, and procedure to manage all contract agreements involved 
between the owner, contractor, subcontractor, manufacturers, and suppliers. 
During the construction phase, contracts are managed mainly by the follow-
ing parties who are directly involved for the execution of project:

• Consultant/construction (project) manager
• Contractor

Apart from these two parties, subcontractors and vendors also have their 
contract management system.

Contract management process starts once the contract is signed. The con-
sultant is responsible to manage contract on behalf of the owner. The con-
sultant monitors the scope, schedule, cost, and quality of the construction to 
ensure contract conditions are met. The contractor is responsible to ensure 
that all project works are executed within the agreed-upon time and cost in 
accordance with the contract conditions and specifications.
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TABLE 4.25

Major Risks during Construction Phase and Mitigation Action

Serial 
Number Description of Risk Mitigation Action

1 Incompetent subcontractor Contractor has to monitor the 
workmanship and work progress

2 Failure of team members not 
performing as expected

Select competent candidate. Provide 
training

3 Low-bid project cost Contractor to try competitive material, 
improve method statement and higher 
production rate from its manpower

4 Delay in transfer of site Contractor to adjust the construction 
schedule

5 Delay in mobilization Adjust construction schedule accordingly
6 Scope/design changes Resolve change order issues in order not to 

delay the project
7 Different site conditions to the 

information provided
Contractor to investigate site conditions 
prior to starting the relevant activity

8 Inadequate site investigation 
data

Contractor to investigate site conditions 
prior to starting the relevant activity

9 Conflict in contract documents Amicably resolve the issue
10 Incomplete design Raise request for information (RFI)
11 Incomplete scope of work Raise RFI
12 Design changes Follow contract documents for change 

order
13 Design mistakes Raise RFI
14 Errors and omissions in 

contract documents
Raise RFI

15 Incomplete specifications Raise RFI
16 Inappropriate construction 

method
Raise RFI and correct the method 
statement

17 Conflict with different trades Coordinate with all trades while preparing 
coordination and composite drawings

18 Change in laws and 
regulations

Contractor to inform owner/consultant 
and raise RFI

19 Statutory/regulatory delay Regular follow-up by the contractor, owner 
with the regulatory agency

20 Project schedule Compress duration of activities
21 Inappropriate schedule/plan Contractor to prepare schedule taking into 

consideration site conditions and all the 
required parameters

22 Delay in changer order 
negotiations

Request owner/supervisor/project 
manager to expedite the negotiations and 
resolve the issue

23 Resource availability (material) Contractor to make extensive search

(Continued)
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Serial 
Number Description of Risk Mitigation Action

24 Resource (labor) low 
productivity

Contractor to engage competent and 
skilled labors

25 Equipment/plant productivity Contractor hire/purchase equipment to 
meet project productivity requirements

26 Insufficient skilled workforce Contractor arrange workforce from 
alternate sources

27 Failure/delay of machinery 
and equipment

Contractor to plan procurement well in 
advance

28 Failure/delay of material 
delivery

Contractor to plan procurement well in 
advance

29 Delay in approval of 
submittals

Notify owner/project manager

30 Delays in payment Contractor to have contingency plans
31 Quality of material Locate suppliers having proven record of 

supplying quality product
32 Variation in construction 

material price
Contractor to negotiate with supplier/ 
manufacturer for best price. Contractor to 
request for change order if applicable as 
per contract

33 Damage to equipment Regularly maintain the equipment. Take 
immediate action to repair damaged 
equipment

34 Damage to stored material Contractor to follow proper storage system
35 Structure collapse Contractor to ensure that formwork and 

scaffolding is properly installed
36 Access to worksite Access road to be planned in coordination 

with adjacent area and local authority
37 Leakage of hazardous material Contractor to take necessary protection 

to avoid leakage. Store in safe area
38 Theft at site Contractor to monitor access to site. Record 

entry/exit to the site. Provide fencing 
around project site

39 Fire at site Contractor to install temporary firefighting 
system. Inflammable material to be stored 
in safe and secured place with necessary 
safety measures

40 Injuries Contractor to keep First Aid provision at 
site. Take immediate action to provide 
medical aid

41 New technology Owner/contractor to mutually agree for 
changes in the contract for better 
performance of project

TABLE 4.25 (Continued)

Major Risks during Construction Phase and Mitigation Action
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For successful contract management, the contractor as well as consultant/
CM/PM has to consider the following points while executing the project:

 1. Use of RFI to get clarification on some aspects of the project. There are 
two parts in the RFI:

 i. “Question” by the contractor
 ii. “Answer” by the owner (consultant)
 2. Execution of project works using specified and approved materials, 

equipment, and systems
 3. Developing project execution plan considering realistic duration for 

each activity
 4. Execution of contracted works in a timely manner in accordance 

with agreed-upon schedule
 5. Dealing variations to the specified product, method, work in accor-

dance with related specification, contract clauses, and by providing 
substantiation and justifications that have resulted in proposing 
alternative or substitute material

 6. Managing errors, omissions, and additions strictly in accordance 
with contract terms and avoiding any delays to the project

 7. Conducting meetings to monitor progress and clarify prevailing 
project issues

 8. Cooperating with all team members to fulfill their contractual obligations
 9. Resolving disputes in an amicable way by adopting cooperative 

approach
 10. Providing resources to ensure timely availability of competent work-

force as per resource schedule
 11. Taking action on all the transmittals within agreed-upon period
 12. Timely reply to all correspondences, queries
 13. Communicating issues and problems well in advance
 14. Not to ignore problems/issues with the hope that they might go away
 15. Arranging payment of progress payment as per contractual entitle-

ment within stipulated time
 16. Maintaining list of claims on monthly basis
 17. Settling claims in an accordance with contract terms
 18. Maintaining proper logs and records

4.7.10  Site Safety

The construction industry has been considered to be dangerous for a long 
time. The nature of work at site always presents some dangers and hazards. 
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There are a relatively high number of injuries and accidents at construction 
sites. Safety represents an important aspect of construction projects. Every 
project manager tries to ensure that a project is completed without major 
accidents on the site.

The construction site should be a safe place for those working there. 
Necessary measures are always required to ensure safety of all those work-
ing at construction sites. Effective risk control strategies are necessary to 
reduce and prevent accidents.

Contract documents normally stipulate that the contractor, upon sign-
ing the contract, has to submit a safety and accident prevention program. It 
emphasizes that all personnel have to put in efforts to prevent injuries and 
accidents. In the program, the contractor has to incorporate safety and health 
requirements of local authorities, manuals of accident prevention in con-
struction, and all other local codes and regulations. A safety violation notice 
is issued if the contractor or any of his subcontractors are not complying with 
safety requirements. Figure 4.84 illustrates a safety violation report, on the 
basis of which action has to be taken by the contractor.

Penalties are also imposed on the contractor for noncompliance with the 
site safety program. The safety program shall embody the prevention of 
accidents, injury, occupational illness, and property damage. The contract 
specifies that a safety officer is engaged by the contractor to monitor safety 
measures. The safety officer is normally responsible for

 1. Conducting safety meetings
 2. Monitoring on-the-job safety
 3. Inspecting the work and identifying hazardous areas
 4. Initiating a safety awareness program
 5. Ensuring availability of first aid and emergency medical services as 

per local codes and regulations
 6. Ensuring that personnel are using protective equipment such as 

hard hat, safety shoes, protective clothing, life belt, and protective 
eye coverings

 7. Ensuring that the temporary firefighting system is working
 8. Ensuring that work areas are free from trash and hazardous material
 9. Housekeeping

Construction sites have many hazards that can cause serious injuries 
and accidents. The contractor has to identify these areas and ensure that 
all site personnel and subcontractor employees working at the site are 
aware of unsafe acts, potential and actual hazards, the safety plan and 
procedures, and the immediate corrective action to be taken if something 
untoward occurs.
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The following are some of the common causes of injuries/accidents at site:

 1. Unsafe access
 2. Ladders
 3. No barricades around excavated areas, trenches, openings, holes, 

and platforms
 4. No barricades/railings on the stairs

FIGURE 4.84
Safety violation notice.
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 5. Scaffolding
 6. Lifting gear
 7. Crane
 8. Hoist
 9. Welding
 10. Hand and power tools
 11. Poor lighting
 12. Fire

The following are general safety guidelines the contractor may follow to 
avoid accidents/injuries:

 1. Ensure safe access.
 2. Ensure that ladders are in good condition and properly secured.
 3. Provide barricades around openings, holes, and platforms.
 4. Choose the right system of scaffolding for the job to be performed.
 5. Check lifting gears for capacity, condition of wire rope, slings, hooks, 

eyebolts, shackles, proprietary lighting equipment, and spreader 
beam.

 6. Ensure that the crane is
 a. On firm, level ground and outriggers are fully extended
 b. Operating with a safe working load
 c. Working with minimum load swing
 d. Operating with the right type of chain
 e. Working with the load kept clear of personnel
 7. The hoist is certified by a third party, and the certificate is valid.
 8. Wear all protective equipment and garments necessary to be safe on 

the job.
 9. Wear and use eye protection coverings.
 10. Use safety shoes.
 11. Use hard hats.
 12. Use safety belts.
 13. Use respiratory masks whenever required.
 14. Use the right size of hand tools.
 15. Before using any plant or mechanized equipment, check that it is 

certified for safe operation.
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 16. Before using electric tools:
 a. Check that it is properly earthed.
 b. Ensure that cable, plugs, or connectors are in sound condition 

and properly wired up.
 17. Use proper guards while using power tools such as circular saws, 

portable grinders, and bench grinders.
 18. Use safe loading/unloading techniques.
 19. All material stored at site should be stacked properly to ensure that 

it is stable and secured against sliding or collapse.
 20. Work areas and means of access should be maintained in a safe and 

orderly condition.
 21. Mark access and escape routes.
 22. Keep passageways and access ways free from materials, supplies, 

and obstructions all the time.
 23. Mark all the hazardous areas.
 24. Prohibit storage of flammable and combustible material.
 25. “No smoking” sign to be displayed.
 26. Install sirens and alarm bells at site.
 27. Ensure that the temporary firefighting system is working all the time.
 28. All formwork, shoring, and bracing should be designed, fabricated, 

erected, supported, braced, and maintained so that it will safely sup-
port all vertical and lateral loads that might be applied, until such 
loads can be supported by the structure.

 29. While placing concrete
 a. Make use of protective clothing and equipment
 b. Use appropriate gloves
 c. Use rubber boots
 d. Wear protective goggles
 e. Take necessary precautions while using concrete skips or concrete.
 30. Display safety signs such as DANGER, CAUTION, and WARNING 

on all live electrical panels.
 31. Post safety, warning signs, and notices of weekly project safety record.
 32. Conduct “Safety Awareness” programs.

The contractor is responsible for ongoing maintenance of accident/incident 
records on the construction site and their notification to the consultant. 
Figure 4.85 shows an accident-reporting form.
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FIGURE 4.85
Accident report.



425Quality in Construction Projects

4.8  Testing, Commissioning, and Handover

Testing, commissioning, and handover constitute the last phase of a con-
struction project’s life cycle. This phase involves testing of electromechanical 
systems, commissioning of the project, obtaining authorities’ approval, train-
ing user’s personnel, handing over of technical manuals, documents, and as-
built drawings to the owner/owner’s representative. During this period, the 
project is transferred/handed over to the owner/end user for his or her use, 
and a substantial completion certificate is issued to the contractor.

4.8.1  Develop Testing and Commissioning Plan

The testing is carried out mainly in electromechanical works/systems and 
electrically operated equipment/systems, which are energized after connec-
tion of permanent power supply to the facility. These include the following:

 1. Conveying system
 2. Water supply, plumbing, and public health system
 3. Fire suppression system
 4. HVAC system
 5. Integrated automation system (building automation system)
 6. Electrical lighting and power system
 7. Grounding (earthing) and lightning protection system
 8. Fire alarm system
 9. Telephone system
 10. Information and communication system
 11. Electronic security and access control system
 12. Public address system
 13. Emergency power supply system
 14. Electrically operated equipment

The testing of these works/systems is essential to ensure that each indi-
vidual work/system is fully functional and operates as specified. The tests 
are normally coordinated and scheduled with specialist contractors, local 
inspection authorities, third-party inspection authorities, and manufactur-
er’s representatives. Sometimes, owner’s representative may accompany the 
consultant to witness these tests.

Test procedures are submitted by the contractor along with the request for 
final inspection. Standard forms, charts, and checklists are used to record the 
testing results.
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4.8.2  Identification of Project Team

The following project team members are involved during the testing, com-
missioning, and handover phase:

 1. Owner
• Owner’s representative/project manager

 2. Construction supervisor
• Construction manager (agency)
• Consultant (designer)
• Specialist contractor

 3. Contractor
• Main contractor
• Subcontractor
• Testing and commissioning specialist

 4. Regulatory authorities
 5. End user
 6. Third-party inspecting agency

4.8.3  Testing and Commissioning Quality Process

Commissioning is the orderly sequence of testing, adjusting, and balanc-
ing the system and bringing the systems and subsystems into operation 
and starts when the construction and installation of works are complete. 
Commissioning is normally carried out by the contractor or specialist in pres-
ence of consultant and owner/owner’s representative and user’s operation 
and maintenance personnel to ascertain proper functioning of the systems to 
the specified standards.

The commissioning of the construction project is a complex and intricate 
series of start-up operations and may extend over many months. Testing, 
adjusting, and operation of the systems and equipment are essential in order 
to make the project operational and useful for the owner/end user. It requires 
extensive planning and preparatory work, which commences long before the 
construction is complete. All the contracting parties are involved in the start-
up and commissioning of the project as it is required for the project to be 
handed over to the owner/user. Figure 4.86 illustrates the testing and com-
missioning process.

4.8.4  Testing and Commissioning

Figure 4.87 illustrates a flowchart for inspection and testing plan.



427Quality in Construction Projects

No

Yes

No

Yes

Document test results.

Prepare inspection and
testing plan.

Handover works/systems.

Commission works/systems.

Rectification/
corrective action

Establish commissioning
procedure.

Inspect executed/installed
works/systems.

Perform testing.

Identify testing and
commissioning items.

Establish testing procedure.

Select testing team
members.

Construction phase

Issue substantial
completion certificate.

Approved

Test
approved?

FIGURE 4.86
Logic flow process for testing, commissioning, and handover phase. (Source: Rumane, A.R. (2016), 
Handbook of Construction Management: Scope, Schedule, and Cost Control, CRC Press, Boca Raton, FL. 
Reprinted with permission from Taylor & Francis Group.)
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Corrective action

Yes
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Coordinate with all other
trades.

Submit checklist.

Review contract 
documents.

Proceed with the next 
activity.

FIGURE 4.87
Development of inspection and test plan. (Source: Rumane, A.R. (2016), Handbook of Construction 
Management: Scope, Schedule, and Cost Control, CRC Press, Boca Raton, FL. Reprinted with per-
mission from Taylor & Francis Group.)
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4.8.4.1  Testing

All work is checked and inspected on a regular basis while the construc-
tion is in progress; however, there are certain inspections and tests to be car-
ried out by the contractor in the presence of the owner/consultant. These are 
especially for electromechanical systems, conveying systems, and electrically 
operated equipment, which are energized after connection of permanent 
power supply. Testing of all these systems starts after completion of instal-
lation works. By this time, the facility is connected to a permanent electrical 
power supply, and all the equipment is energized. Figure 4.88 illustrates the 
procedure followed in Kuwait to get power supply. (This procedure may 
vary from country to country.)

The authors of Civil Engineering Procedure (Institution of Civil Engineers 
1996) have described inspection and testing of works as follows:

Inspection and Testing: During construction and on completion of parts 
of a project, inspection and testing are usually required in order to confirm 
compliance with the drawings and specification. Testing and inspection 
are generally required for static components of a project, while dynamic 
components such as machinery require testing and commissioning. 
The Project Manager or the Engineer, supported by his team, is usually 
responsible for inspection on and off-site and for testing of materials.

Test Criteria and Schedules: The performance tests and criteria to be 
applied to any aspect of work should be specified in the contract for that 
work as far as possible, so as to enable the identification of the state at 
which an acceptable quality or degree of completion has been achieved. 
Depending on the type of project, samples and mock-up or factory 
inspections and acceptance test may be required. If they are, the respon-
sibility for their cost should be defined.

Schedules (lists) of the necessary inspections and tests should be agreed 
through collaboration between the Project Manager and all parties. (p. 105)

Testing is carried out mainly on electromechanical works/systems and 
electrically operated equipment, which are energized after connection of per-
manent power supply to the facility. These include the following:

 1. HVAC system
 2. Firefighting system
 3. Water supply, plumbing, and public health system
 4. Integrated automation system (building automation system)
 5. Electrical lighting and power system
 6. Grounding (earthing) and lightning protection system
 7. Emergency power supply system
 8. Fire alarm system
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 9. Telephone system
 10. Communication system
 11. Electronic security and access control system
 12. Public address system
 13. Conveying system
 14. Electrically operated equipment

These tests are essential to ensure that each individual work/system is fully 
functional and operates as specified. These tests are normally coordinated and 
scheduled with specialist contractors, local inspection authorities, third-party 
inspection authorities, and manufacturers’ representatives. Sometimes, the 
owner’s representative may accompany the consultant to witness these tests.

Test procedures are submitted by the contractor along with the request for 
final inspection. Figure 4.89 is a request form for final inspection of electro-
mechanical works.

4.8.4.2  Commissioning

Commissioning is the orderly sequence of testing, adjusting, and balanc-
ing the system and bringing the systems and subsystems into operation; 
it starts when the construction and installation of works are complete. 
Commissioning is normally carried out by the contractor or specialist in the 
presence of the consultant and owner/owner’s representative and user’s 
operation and maintenance personnel to verify proper functioning of the 
systems to the specified standards.

According to the authors of Civil Engineering Procedure (Institution of Civil 
Engineers 1996):

Commissioning is the orderly process of testing, adjustment and bringing 
the operational units of the project into use. It is generally required where 
systems and equipment are to be brought into service following installa-
tion. Commissioning may be carried out by the promoters or contractor’s 
staff by specialist personnel or by a mixed team. For complex industrial 
projects, a commissioning manager is usually appointed by the pro-
moter to plan the commissioning preferably early in the project, establish 
budgets, lead a commissioning team, and procure the other necessary 
resources. For simple projects, commissioning is usually undertaken by 
the contractor, subject to the approval of procedures by the promoter or 
engineer. The commissioning of familiar or small process and industrial 
facilities is usually carried out by the operator with the advice and assis-
tance of the suppliers of the equipment and systems. (p. 106)

The commissioning of the construction project is a complex and intricate 
series of start-up operations and may extend over many months. Testing, 
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adjustment, and operation of the systems and equipment are essential in 
order to make the project operational and useful for the owner/end user. It 
requires extensive planning and preparatory work, which commence long 
before the construction is complete. All the contracting parties are involved 
in the start-up and commissioning of the project as it is required for the proj-
ect to be handed over to the owner/user.

FIGURE 4.89
Checklist for testing of electromechanical works.
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4.8.5  As-Built Drawings

Most contracts require the contractor to maintain a set of record drawings. 
These drawings are marked to indicate the actual installation where the 
installation varies appreciably from installation shown in the original con-
tract. Revisions and changes to the original contract drawings are almost cer-
tain for any construction project. All such revisions and changes are required 
to be shown on the record drawings. As-built drawings are prepared by 
incorporating all the modifications, revisions, and changes made during the 
construction. These drawings are used by the user/operator for reference 
purposes after taking over the project. It is a contractual requirement that the 
contractor hand over as-built drawings along with record drawings, record 
specifications, and record product data to the owner/user before handing 
over of the project and issuance of the substantial completion certificate. In 
certain projects, the contractor has to submit field records on excavation and 
underground utility services detailing their location and levels.

4.8.6  Technical Manuals and Documents

Technical manuals, design and performance specifications, test certificates, 
and warranties and guarantees of the installed equipment are required to be 
handed over to the owner as part of the contractual conditions.

According to the authors of Civil Engineering Procedure (Institution of Civil 
Engineers 1996):

The commissioning and handover stage is the point for finalizing the 
project documentation. There are three categories of documents to be 
handed over by designers, equipment suppliers, and contractors:

• Records of the equipment and services as installed
• Commissioning installations, including safety rules
• Operating and maintenance instructions, including safety rules

Generally the first category will include design and performance specifi-
cations, test certificates, snagging lists, as-built drawings and warranties. 
In addition to these, documentation for the commissioning and opera-
tion will include permits, certificates of insurance, operation and mainte-
nance manuals and handover certificates. (p. 109)

Systems and equipment manuals submitted by the contractor to the 
owner/end user generally consist of

• Source information
• Operating procedures
• Manufacturer’s maintenance documentation
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• Maintenance procedure
• Maintenance and service schedules
• Spare parts list and source information
• Maintenance service contract
• Warranties and guarantees

The procedure for submission of all these documents is specified in the con-
tract document.

4.8.7  Training of User’s Personnel

Normally, training of user’s personnel is part of the contract terms. The 
owner’s/user’s commissioning, operating, and maintenance personnel are 
trained and briefed before commissioning starts in order to familiarize the 
personnel about the installation works and also to ensure that the project 
is put into operation rapidly, safely, and effectively without any interrup-
tion. The timing and details of training vary widely from project to proj-
ect. Training must be completed well in advance of the requirement to make 
the operating teams fully competent to be deployed at the right time during 
commissioning. This needs to be planned from project inception, so that the 
roles and activities of the commissioning and operating staff are integrated 
into a coherent team to maximize their effectiveness.

4.8.8  Regulatory/Authorities’ Approval

Necessary regulatory approvals from the respective concerned authorities 
are obtained so that the owner can occupy the facility and start using/oper-
ating it. In certain countries, all such approvals have to be obtained before 
electrical power supply is connected to the facility. It is also required that 
the  building/facility be certified by the related fire department authority/
agency that it is safe for occupancy.

4.8.9  Move-In Plan

No one wants to keep the facility unoccupied after completion of the con-
struction project, and once it is declared fit for use/occupancy.

The move-in plan has been prepared based on the substantial completion 
of the facility or partial handover/taking over of the facility. With commer-
cial facilities, the investor would like the tenant to occupy the building so 
that the investor starts getting revenues. With office buildings, the owner 
may be shifting from the existing offices to the newly built offices. The shift-
ing of offices should be smooth and uninterrupted without affecting routine 
or day-to-day work carried out by the office staff. It is likely that certain fur-
niture and equipment from the existing workplace will need to be transferred 
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to the new offices, which requires close coordination to maintain uninter-
rupted working conditions to achieve good results and successful transfer. 
Therefore, it is important that the move-in plan be prepared for occupation 
of the new facility taking into consideration all these factors.

4.8.10  Handover of Facility to Owner/End User

Once the contractor considers that the construction and installation of works 
have been completed as per the scope of contract, final tests have been per-
formed, and all the necessary obligations have been fulfilled, the contractor 
submits a written request to the owner/consultant for handing over of the proj-
ect and for issuance of a substantial completion certificate. This is done after 
testing and commissioning is carried out, and it is established that the project 
can be put into operation or the owner can take charge of the project. In most 
construction projects, there is a provision for partial handover of the project.

The owner/consultant inspects the work and informs the contractor of 
unfulfilled contract requirements. A punch list (snag list) is prepared by the 
consultant listing all the items still requiring completion or correction. The 
list is handed over to the contractor for rework/correction of the works men-
tioned in the punch list. The contractor resubmits the inspection request after 
completing or correcting previously notified works. A final snag list is pre-
pared if there are still some items that need corrective action/completion by 
the contractor; the remaining works are to be completed within the agreed 
period to the satisfaction of the owner/consultant.

The contractor starts handing over of all completed works/systems that 
are fully functional, and the owner agrees to take over the items handed over. 
A handing over certificate is prepared and signed by all the concerned par-
ties. Figure 4.90 shows a handing over certificate.

Most contract documents include the list of spare parts, tools, and extra 
materials to be delivered to the owner/end user during the closeout stage of 
the project. The contractor has to properly label these spare parts and tools 
clearly indicating the manufacturer’s name and model number if applicable. 
Figure 4.91 illustrates the spare parts handover form used by the contractor.

4.8.11  Substantial Completion

A substantial completion certificate is issued to the contractor once it is estab-
lished that he or she has completed the work in accordance with the contract 
documents and to the satisfaction of the owner. The contractor has to submit 
all the required certificates and other documents to the owner before issu-
ance of the certificate. Figure 4.92 illustrates the procedure for issuance of 
the substantial certificate normally used for building construction projects 
in Kuwait. Authorities’ approval requirements mentioned in this figure may 
vary from country to country; however, other requirements need to be com-
pleted by the contractor for issuance of a substantial completion certificate.
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Normally, a final walk-through inspection is carried out by a committee, 
which consists of the owner’s representative, design and supervision person-
nel, and the contractor to decide the acceptance of works and whether the proj-
ect is complete enough to be made operational. If there are any minor items 
remaining to be finished, then a list of such items is attached with the certificate 
of substantial completion for conditional acceptance of the project. Issuance of 
substantial completion certifies acceptance of the work. If the remaining work is 

FIGURE 4.90
Handing over certificate.



437Quality in Construction Projects

of a minor nature, then the contractor has to submit a written commitment that 
he or she will complete the agreed-upon work within the stipulated period. A 
memorandum of understanding is signed between the owner and the contrac-
tor that the remaining works will be completed within the stipulated period.

Table 4.26 illustrates a list of activities that need to be considered for project 
closeout.

FIGURE 4.91
Handing over of spare parts.
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TABLE 4.26

Project Closeout Checklist

Serial Number Description Yes/No

Project Execution
1 Contracted works completed
2 SWIs completed
3 Job site instructions completed
4 Remedial notes completed
5 Noncompliance reports completed
6 All services connected
7 All the contracted works inspected and approved
8 Testing and commissioning carried out and approved
9 Any snags
10 Is project fully functional?
11 All other deliverables completed
12 Spare parts delivered
13 Is waste material disposed?
14 Whether safety measures for use of hazardous material 

established
15 Whether the project is safe for use/occupation

Project Documentation
16 Authorities’ approval obtained
17 Record drawings submitted
18 Record documents submitted
19 As-built drawings submitted
20 Technical manuals submitted
21 Operation and maintenance manuals submitted
22 Equipment/material warrantees/guarantees submitted
23 Test results/test certificates submitted

Training
24 Training to owner/end user’s personnel imparted

Payments
25 All payments to subcontractors/specialist suppliers 

released
26 Bank guarantees received
27 Final payment released to main contractor

Handing over/Taking over
28 Project handed over/taken over
29 Operation/maintenance team taken over
30 Excess project material handed over/taken over
31 Facility manager in action
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The certificate of substantial completion is issued to the contractor, and the 
facility is taken over by the owner/end user. By this stage, the owner/end 
user has already taken possession of the facility, and operation and main-
tenance of the facility commence. The project is declared complete, and the 
construction project’s life cycle is over.
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Operation and Maintenance

5.1  Operation and Maintenance

Once the project is completed and fully functional, then it becomes part of 
the operation system. The operation and maintenance (O&M) of a completed 
project are associated with the quality of the constructed project.

The owner may employ the same contractor(s) who built the facility or 
engage another specialist operation and maintenance organization to man-
age the operation and maintenance. It is likely that the owner may have his 
or her own team to operate and maintain the facility. The following docu-
ments are required to operate and maintain the completed facility. These 
documents are normally submitted by the contractor during the testing, 
commissioning, and handover phase of the construction project:

 1. As-built drawings
 2. Operation and maintenance manuals
 3. Operating procedures
 4. Source information for availability of spare parts of the installed 

works

The cost of operation and maintenance should be considered in the feasibil-
ity studies of the project. Postconstruction costs have a great impact on the 
overall life cycle cost of the project.

5.2  Categories of Maintenance

Following are the different types of maintenance normally being carried out, 
depending on the nature of activity, system, or equipment, to avoid inter-
ference/interruption with essential installation operations, endanger life or 
property, or involving high cost for replacement of the item.

5
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5.2.1  Preventive Maintenance

Preventive maintenance is the planned—with scheduled periodic inspec-
tion—adjustment, cleaning, lubrication, parts replacement of equipment 
and systems in operation. Its aim is prevention of breakdown and failure. 
Preventive maintenance consists of many activities required to be checked 
and performed to ensure that the operations are safe and can be performed 
without any danger to life or facility and will not warrant high cost or long 
lead time for replacement. Preventive maintenance is the cornerstone of any 
good maintenance program.

5.2.2  Scheduled Maintenance

Scheduled maintenance includes those maintenance tasks whose cycles 
exceed a specified period. This type of maintenance relates to finish items, 
such as painting, polishing of wood, parking and road markings, roof main-
tenance, and testing of fire alarm systems.

5.2.3  Breakdown Maintenance

Breakdown maintenance for systems or equipment is scheduled (planned) 
and unscheduled (unplanned). Unscheduled (unplanned) is unanticipated 
maintenance because of system or component failure. If the problem relates to 
an essential service or has any hazardous effect, then an emergency response 
is necessary. If the problem is not critical, then routine response is adequate.

5.2.4  Routine Maintenance

Routine maintenance is an action taken by the maintenance team to restore a 
system or piece of equipment to its original performance, capacity, efficiency, 
or capability.

5.2.5  Replacement of Obsolete Items

Replacement of obsolete items refers to the work undertaken by a main-
tenance team to bring a system or component into compliance with new 
codes of safety regulations or to replace an item that is unacceptable, 
inefficient, or for which spare parts are no longer available or have had 
technological changes. Early detection of problems may reduce repair 
and replacement costs, prevent malfunctioning, and minimize downtime 
as, for example, with communication systems, audiovisual systems, and 
equipment.
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5.2.6  Predictive Testing and Inspection

Predictive testing and inspection refers to testing and inspection activities that 
involve the use of sophisticated means to identify maintenance  requirements. 
For example, specialized tests are to be carried out:

• To locate wearing problems on bus bar bends of an electrical main’s 
low tension panel

• To detect insulation cracks
• To locate thinning of pipe walls and cracks
• To identify vibration problems for equipment like chillers, diesel 

generator sets, pumps
• To locate heat buildup (rise in temperature) in electrical bus duct

5.3  O&M Program

Addressing operation and maintenance considerations at the start of the 
project contributes greatly to improved working environments, higher 
 productivity, and reduced energy and resources costs. During the design 
phase of the project and up to handover of the facility, O&M personnel 
should be involved in identifying maintenance requirements for  inclusion 
in the design. The goal of effective O&M is to achieve the intent of the 
 original design team, that is, the systems and equipment delivery services 
to the user, enhancing a comfortable, healthy, and safe environment. O&M 
should also include long-term goals such as economy, energy conservation, 
and  environmental protection. To create an effective O&M program, the 
 following procedures should be followed:

• Ensure that up-to-date as-built drawings for all the systems are 
available

• Ensure that operational procedures and manuals for the installed 
equipment are available

• Prepare a master schedule for operation and preventive/predictive 
maintenance

• Implement preventive maintenance programs complete with main-
tenance schedules and records of all maintenance performed for all 
the equipment and systems installed in the project/facility

• Follow manufacturer’s recommendations for maintenance of equip-
ment and systems
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• Ensure the maintenance personnel have full knowledge of the equip-
ment and systems installed and for which he/she is responsible to 
operate and maintain

• Ensure that O&M personnel are provided training during the  testing, 
commissioning, and handover phase

• Offer training and professional development opportunities for each 
of the O&M team members

• Implement a monitoring program that tracks and documents equip-
ment performance to identify and diagnose potential problems

• Implement a monitoring program that tracks and documents 
 systems performance to identify and diagnose potential problems

• Perform predictive testing and inspection for critical and important 
items

• Use preventive maintenance and standbys, etc., so that the failed 
components can be isolated and repaired without interrupting 
 system performance, thus minimization of equipment failures

For an effective O&M program, the following specific items should be 
considered:

 1. HVAC system and equipment
 2. Indoor air quality system and equipment
 3. Electrical systems and equipment
 4. Water fixtures and system
 5. Life safety (fire suppression systems)
 6. Cleaning equipment and products
 7. Landscape maintenance

A guideline to prepare a preventive maintenance program taking into 
 consideration the most important equipment and systems of an office/ 
commercial building is illustrated in Table 5.1.
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TABLE 5.1

Preventive Maintenance Program

Sr. No. Activities

Maintenance Frequency

Daily Weekly Monthly Quarterly Yearly

Chiller

Cooling tower

Air handling unit

Fan coil unit

Exhaust air fan

Supply air fan

Package unit

DX unit

Split unit

VAVs

Chilled water pump

Condenser water pump

Hot water pump

Domestic water pump

Booster pump

Sump pump (drainage pump)

Fire pumps

Jockey pump

Fire-fighting system

(Continued)
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Sr. No. Activities

Maintenance Frequency

Daily Weekly Monthly Quarterly Yearly

Foam system

Building automation system

Water boilers

Sanitary and water fixtures

Main low tension panel

Main/submain switch boards

Electrical distribution boards

Bus duct

Automatic transfer switch

Diesel generator set

Fire alarm system

Communication system

Security system

Access control system

Audiovisual system

Public address system

Dimmer system

Uninterrupted power supply (UPS)

(Continued)

TABLE 5.1 (Continued)

Preventive Maintenance Program
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Sr. No. Activities

Maintenance Frequency

Daily Weekly Monthly Quarterly Yearly

Cleaning equipment

Kitchen equipment

Elevator

Escalator

Landscape

TABLE 5.1 (Continued)

Preventive Maintenance Program
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Facility Management

6.1  Facility Management

Facility management is the process by which an organization integrates all 
noncore specialist services to achieve strategic objectives. It enhances the 
performance of the organization. It is an integration of people, place, process, 
and technology.

Facility management is mainly applied to buildings/properties that are 
complex in nature, including more complex management and operation. 
Construction projects are becoming more sophisticated and more technical 
in nature; therefore, their performance has to be maintained and the level of 
services has to be improved to satisfy user needs.

Facility management is effectively managing physical assets of an 
 organization to ensure their value is realized and their repair, mainte-
nance, and replacement are planned in an economical manner. Facility 
management is a multidiscipline activity. It involves a number of disci-
plines and services. It encompasses multidisciplinary activities within 
the built environment and the management of their impact upon people 
and the workplace. It covers the development, coordination, and devel-
opment of all the noncore specialist services of an organization, together 
with the buildings and their systems, environment, equipment, plant, 
health and safety, information technology, infrastructure, landscape, and 
all the  services. Figure 6.1 illustrates the areas covered under facility 
management.

Facility management is gaining increasing recognition among large orga-
nizations as an important factor for business improvement. Effective facili-
ties management, combining resources and activities, is vital to the success 
of any organization. At a corporate level, it contributes to the delivery of 
strategic and operational objectives. Facility management is a relatively new 
aspect in Asia and other developing countries. However, there has been an 

6
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enormous growth in facility management activities worldwide. Table 6.1 
summarizes facilities management market characteristics between Europe 
and the Middle East.

Operation and maintenance expenses are normal. However, the cost can 
be minimized through an aggressive facility management program and the 
use of applicable diagnostic tools. The key to success of facility management 
is that the team members must be proactive and embark on a realistic, long-
range facility management program. Timely and well-planned maintenance 
and repair will result in cost savings. The distinction between maintenance 
management and facilities management is illustrated in the conceptual graph 
of building capability versus time shown in Figure 6.2.

The facility management function is performed by either an in-house 
 facility management team or an outsourced team.

In both cases, the team members must have innovative approach in day-to-
day operations to reduce operating costs and adding value to the business. 
It is essential that facility management practitioners (in-house or outsourced 
team) are proactive while carrying out an innovative project, even in the 
day-to-day operations, and are aware of the trends and developments in 

Facility management

Information
technology

Building
operations and
maintenance

Infrastructure
Landscape
Irrigation

Communication 
system

Parking mgmnt
Environment

HVAC
Plumbing
Drainage

Asset mgmnt
Inventory mgmnt

Record mgmnt

Health
Safety

Emergency plans

Access control
Electronic

security

Fire suppression
Fire fighting

Fire alarm system

Space
management

Electrical
systems

Energy mgmnt

FIGURE 6.1
Areas under facility management.
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the facility management and related industries. Following are the pros and 
cons of in-house facilities management.

Pros Cons

More responsive to corporate culture and 
needs of organization

Lack of flexibility and availability of 
multidisciplinary skills

Sense of “belonging”/being part of client 
culture

Too often in-house staff “transferred” from other 
departments without right skills or training

Easier communication and change 
management decision and processes

Lack of exposure to best practice facility 
management processes and systems

Confidentiality issues/more secure Specialist “in-house” skills not available

Facility managers are the professionals most responsible for integrating peo-
ple with their physical environment. They come from a variety of professions. 
Facility management professionals are judged by their managerial capabilities 
rather than their technical competence. Facilities professionals need to be trained 
and equipped with tremendous amount of knowledge and management abil-
ity to cope with and solve a multitude of complex problems and challenges. 
Table 6.2 illustrates typical requirements of a facility management professional.

TABLE 6.1

FM Market General Characteristics—Europe versus Middle East

Europe Middle East

• Matured & structured facility 
management (FM) Industry

• Immature & unstructured FM Industry

• Benchmark & historical data available • No historical benchmarking data available
• Standard RFP’s & structures Service 

Level Agreements are the norm
• Clients & Service Providers conversant 

with requirements including 
Performance Measurement Criteria

• Not generally available. Market characterized 
by poor quality trends & contract 
documentation

• Clients 7 Suppliers using “construction type” 
forms of contracts

• Best practice Quality Management 
System (QMS) & processes “imbedded” 
in service delivery models

• QMS not generally utilized or implemented

• Resources (internal & external) available 
& trained in FM systems & procedures

• Resources & skills available but not integrated 
into FM companies

• Experienced in use of systems 
technology as key management tools

• Lack of systems technology & understanding 
of application & benefits

• Experienced FM service providers 
available who can manage “bundled” 
services on single solution basis

• Lots of small players & single service providers
• Some good FM companies exist, but limited 

number with international & local experience

Source: EMCOR Facilities Services Kuwait (www.emcorgroup.com). Reprinted with permis-
sion from EMCOR Facilities Services Kuwait.

http://www.emcorgroup.com
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Inception Hand-over Operation

Bu
ild

in
g 

ca
pa

bi
lit

y (
va

lu
e)

Refurbish Refurbish

Technological demands

Facility
management

Maintenance

Functional
demands

Refurbish Replace

FIGURE 6.2
Distinction between maintenance management and facility management. (Source: Keith 
Alexander (1996), Facilities Management, Theory and Practice. Reprinted with permission from 
Taylor & Francis Group.)

TABLE 6.2

Typical Requirements of Facility Management Professional

Sr. No. Requirements

1 Intuitive and managerial skills
2 Ability to improve business performance
3 Ability to satisfy customers
4 Capability of seeking new methods of doing work in order to bring about marked 

and sustainable improvements in performance of business
5 Ability to develop new or improved facilities, services, technologies that add to the 

value
6 Ability to perform things happen with level of technical understanding
7 Ability to accept full accountability for all actions they perform
8 Should be flexible having visionary skills
9 Willing to accept changes in business and social practices

10 Leadership skills
11 Communication skills
12 Technical and analytical skills
13 Knowledge of industry standards and practices as well as regulatory mandate
14 Purchasing and contracting skills
15 Personal and interpersonal relationship skills
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6.2  Facility Management Outsourcing

Facility management must achieve an organization’s objectives and  promote 
an organization’s growth. The facility management companies must be able to 
pool resources to achieve the objectives. While selecting a facility  management 
firm, it is necessary to study the competency of the firm in the following areas:

• Operation and maintenance
• Planning and project management
• Technology
• Quality assessment and innovation
• Management and leadership
• Communication
• Environmental factors

Due to globalization and the competitive market, business outsourcing has 
become a common factor. The following are the benefits from outsourcing 
facility management:

• Reduce/control costs
• Access to leading-edge technologies
• Focus on core business
• Free resources for other purposes
• Availability of resources not available internally
• Improved, proactive service
• Meet and exceed organization strategic plans

Before deciding to outsource, organizations must decide the following:

• What are the core competencies?
• What are current costs and quality of services provided in-house?
• Would it be better to reengineer processes internally to achieve goals?
• What services may be better delivered by a facility management 

 service provider?
• What are the goals to be achieved by outsourcing?
• Is a service readily available from suppliers who are better  structured 

to efficiently deliver service at the right price?
• How will the contract (Service Level Agreement) be structured?
• What “in-house” capability/management will be retained/provided 

to manage service relationships?
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If the organization decides to outsource facility management, it has to

• Appoint a dedicated project “champion” from within client organi-
zation to define and manage the process

• Develop a proper Request for Proposal (RFP) and evaluation criteria
• Engage in a structured and detailed process with a “preferred  bidder” 

to develop
• “Single source” solutions
• Properly structured Service Level Agreement (SLA)

• Ensure dedicated and ongoing management of facility management 
services and SLA

6.3  Computer-Aided Facility Management

The facilities management profession has come of age. Its practitioners require 
skill and knowledge to manage the increasingly broad range of  services being 
included in the facilities management areas. One of the key tools of  facilities 
management included in these different services is an  integrated CAFM 
 system. In order to achieve better results, many of the organizational  functions 
are integrated with the help of CAFM. There are special software such as 
Maximo, Concept 500, Datastream7i, Frontline/Shire systems  available to 
manage these functions. Figure 6.3 illustrates elements of CAFM.

CAFM enables the facility manager and his or her team to track the 
 status of work, assets, and records in order to manage and communicate an 
 organization’s day-to-day operations. The system can provide reports to use 
in allocating the organization’s resources, preparing key performance indica-
tors (KPIs) metrics to use in evaluating the effectiveness of current operations, 
and for making organizational decisions. The system can be used for space 
planning, procurement and stores management, assets management budget 
preparation, statistical reporting, resource allocation and management, security 
management, waste management, and energy management. CAFM provides 
integrated facility management.

6.4  Benefits of Facility Management

The following are the benefits of facility management:

• Deliver strategic and operational objectives of the organization
• Increase profits of the organization
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• Obtain client satisfaction
• Enhance and project an organization’s identity and image
• Deliver business continuity and workforce protection in an era of 

heightened security threats
• Help the integration process associated with change, postmergers, 

or acquisitions
• Enable new working styles and processes—vital in this technology-

driven age
• Deliver effective management of an organization’s assets
• Manage energy efficiently
• Bring about a safe and efficient working environment

TABLE 6.3

Quality Control Requirements in Facility Management

Sr. 
No. Work Area Acceptable Quality Level

Quality Assurance 
Method

1 Access control Not more than 1 defect per month 100% inspection
2 Asset management No defect 100% inspection
3 Building operations and 

maintenance
Not more than 5% defect rate Random sample

4 Communication system Not more than 2% defect rate Random sample
5 Drainage No defect 100% inspection
6 Electrical system Not more than 5% defect rate Random sample
7 Electronic security No defect 100% inspection
8 Emergency plans Not more than 1 defect per month 100% inspection
9 Environment As per regulatory requirements As per regulatory 

requirements
10 Fire alarm system Not more than 5% defect rate Random sample
11 Fire-fighting plumbing Not more than 5% defect rate Random sample
12 Health and safety As per regulatory requirements As per regulatory 

requirements
13 HVAC Not more than 1 defect per month Random sample

Customer complaint
14 Information technology No defect 100% inspection
15 Infrastructure Not more than 1 defect per month Random sample
16 Inventory management No defect 100% inspection
17 Irrigation Not more than 1 defect per month 100% inspection
18 Landscape No defect 100% inspection
19 Parking management Not more than 1 defect per month Random sample
20 Plumbing Not more than 1 defect per month 100% inspection
21 Record management No defect 100% inspection
22 Space management Not more than 1 defect per month 100% inspection
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6.5  Quality Requirements of Facility Management

The requirements for facility management are set by the owner of the facility. 
A facility management organization is required to establish a quality control 
system to ensure that facilities management work is performed satisfactorily 
and there is no interruption or breakdown of the systems. Table 6.3 illustrates 
an example of quality control requirements for operation and management 
of the facility. The actual requirements may vary from facility to facility and 
reflect the importance of various systems and services.



http://taylorandfrancis.com
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Assessment of Quality

7.1  Introduction

In today’s global competitive environment, with the increase in customer 
demand for higher-performing products, organizations are facing many 
challenges. They are finding that their survival in the competitive market is 
increasingly in doubt. To achieve a competitive advantage, effective quality 
improvement is critical for an organization’s growth. This can be achieved 
through development of long-range strategies for quality. Assessment of 
existing quality systems is helping the development of long-term organiza-
tional strategies for quality.

7.2  Assessment Categories

Assessment of quality comprises

 1. Cost of poor quality
 2. Organization’s standing in the marketplace
 3. Quality culture in the organization
 4. Operation of quality management system

7.2.1  Cost of Poor Quality

This assessment is mainly to find out

 1. Customer dissatisfaction resulting due to product failure after sales
 2. Annual monetary loss of product and processes that are not  achieving 

their objectives

7
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In order to know customer satisfaction, an independent product survey 
can be carried out to determine the reasons and improvement measures 
to be adapted. Such assessment can be done through a questionnaire 
related to quality of work (workmanship) and functioning, and getting the 
customer’s opinion/reaction. Table 7.1 lists customer satisfaction ques-
tionnaires that can be used to get related information about completed 
building  construction projects.

Management can use the same for quality improvement. Necessary 
improvement if required for proper functioning of the installed system 
should be carried out to maintain customer satisfaction. Normally, the 
 contractor is required to maintain the completed project for a certain period 
under the maintenance contract, and therefore necessary modifications can 
be carried out during this period. Such defects/modifications have to be 
recorded by the organization as feedback information and necessary mea-
sures can be taken to avoid occurrence of similar things in other projects. 
The cost involved to carry out such repairs/modifications is borne by the 
contractor, which helps improve customer satisfaction.

Poor quality results in higher maintenance and warranty charges. 
In  construction projects, these costs are mainly due to the following:

 1. Rejection of work during construction: This results in rework by the 
contractor to meet the specification requirements. If any extra time 
and cost is required to redo the work, the contractor is not compen-
sated for the same.

 2. Rejection of shop drawings: Repeated rejection of shop drawings 
results in the contractor spending extra time and cost, and a delay in 
start of relevant activities.

Preventive measures are required for overcoming this problem. Necessary 
data can be collected to analyze the reasons for rejections. With a cause-
and-effect diagram, the reasons for rejection can be analyzed and necessary 
improvements can be implemented.

7.2.2  Organization’s Standing in the Marketplace

A company’s standing in the marketplace fetches business opportunities for 
the organization. The organization needs to know where it stands on quality 
in the marketplace. This can be done through market study. Numerous ques-
tions related to the product should be considered for such studies, which can 
be carried out by the marketing department of the company. The input from 
the study should be considered for quality improvement. Various quality 
tools can be used to analyze the situation and the system can be improved, 
taking into consideration the analysis results.
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7.2.3  Quality Cultures in the Organization

The concept of quality culture has changed during the past three decades. 
The quality approach is centered on organization-wide participation aimed 
at long-term success through customer satisfaction. It is focused on partici-
pative management and strong operational accountability at the individual 
contribution level.

Employees’ opinion and understanding of the company’s products and 
implementation of a quality system help in developing a long-term  strategy 
based on company-wide assessments of quality. This can be achieved 
through considerate focused group discussion or using questionnaires to 
survey employees’ opinions or by doing both.

The following is a list of examples of questions that can be used by  building 
construction organizations asking their employees to respond:

 1. Do you know what is good quality for this project?
 2. Are you aware of the company’s emphasis on quality?
 3. Are you familiar with the project quality?
 4. Do you know the inspection procedures for this project?
 5. Do you know how you can provide high-quality workmanship?
 6. How you will do the remedial work?
 7. How can you improve project quality?

7.2.4  Operation of Quality Management System

This element of assessment is related to the evaluation of present quality 
management system activities. Assessment of present quality activities can 
be evaluated from two perspectives:

 1. Assessment that focuses on customer satisfaction results but includes 
an evaluation of the present quality system

 2. Assessment that focuses on evaluation of the present quality system 
with little emphasis on customer satisfaction results

In either case, the assessment can be performed by the organization itself or 
by an external body. The assessment performed by the organization is known 
as “self-assessment,” whereas an assessment performed by an external body 
is referred to as a quality audit. A quality audit is formal or methodical, 
examining, reviewing, and investigating the existing system to determine 
whether agreed-upon requirements are being met.
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Audits are mainly classified as follows:

First party—audits their own organization (internal audit)
Second party—customer audits the supplier
Third party—audits performed by independent audit organization

Third-party audits may result in independent certification of a product, 
 process, or system, such as ISO 9000 quality management system  certification. 
Third-party certification enhances an organization’s image in the business 
circle. The assessment provides feedback to management on the adequacy of 
implementation and effectiveness of the quality system.

7.3  Self-Assessment

Self-assessment is a comprehensive, systematic, and regular review of an 
organization’s activities, the results of which are referenced against a specific 
model. The goal of this assessment is to identify the following:

• What your organization is doing well?
• What it is not doing well?
• What it is not doing at all?
• Where and how can it make measurable improvements?

As a means of improving the management of organizations companies, 
use models related to quality awards:

 1. Malcolm Baldrige National Quality Award (USA)
 2. European Quality Award (Europe)
 3. Deming Prize (Japan)

The Baldrige Award is presented annually by the President of the United 
States to organizations that demonstrate quality and performance excel-
lence in manufacturing, service, small business, education, health care, and 
nonprofit organizations that apply and are then judged to be outstanding in 
seven categories. These categories are

Category No. 1—Leadership
Category No. 2—Strategic planning
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Category No. 3—Customer and market focus
Category No. 4—Measurement, analysis, and knowledge management
Category No. 5—Workforce focus
Category No. 6—Process management
Category No. 7—Results

The Baldrige National Quality Program promotes an understanding of 
requirements for performance excellence and fosters sharing information 
about successful performance strategies and the benefits derived from using 
these strategies. Many organizations use Baldrige criteria to conduct self-
assessments without submitting an application for the award and use the 
result to identify improvement opportunities within the organization for 
performance excellence.
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Appendix A: Design Review Checklists

A.1  Design Checklist—Architectural Work

Serial 
No. Item Yes No Action Required

1 Check property limits
2 Check building dimensions as per approval 

from authorities
3 Check if modules match with structural layout
4 Check for energy conservation measures
5 Check for constructability
6 Check user requirements about zoning area
7 Check no. of rooms and room size as per 

occupancy and purpose
8 Check relationship between all the services 

requirements and project user items (rooms, etc.)
9 Check horizontal and vertical transportation 

(stairs, elevators, escalators) and escape routes 
as per architectural norms

10 Check no. of floors and area of each floor
11 Check level of each floor
12 Check axis, grid
13 Check elevations, sections, and details
14 Check system ventilation
15 Check floor plans
16 Check roof plan
17 Check wall openings
18 Check suitable location and spaces for 

equipment
19 Check finishes of all areas with respect to cost 

range with the finishing material
20 Check finishes schedule
21 Check schedule of doors and windows
22 Check access for maintenance of equipment/

services requirement
23 Check for suitability of appropriate roofing system
24 Check whether room/area identification is 

provided
25 Check fire protection requirements
26 Check safety requirements
27 Check requirements for special needs people
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A.2  Design Checklist—Structural Work

A.2.1  Foundation Layout

Serial No. Item Yes No Action Required

1 Check that latest architectural drawing is 
used

2 Check if axis and grids match with 
architectural layout

3 Check location of columns axis
4 Check if depth of excavation matches 

with required depth for no. of 
basements

5 Check for thickness of blinding concrete
6 Check whether waterproofing and 

moisture protection material is suitable 
for subsurface conditions

7 Check if foundation design is consistent 
with geotechnical report/soil report

8 Check footing details for foundation
9 Check whether seismic requirements for 

foundation are considered
10 Check footing design
11 Check minimum concrete cover 

considered
12 Check if total load is calculated and 

considered
13 Check whether coefficient of sliding on 

foundation soil is considered
14 Check if levels are shown
15 Check if expansion joints are shown
16 Check if reinforcement details are shown
17 Check spacing arrangement for 

reinforcement
18 Check if foundation for pits, tanks is 

considered
19 Check for type of concrete and steel
20 Check for earthquake, seismic control 

requirements
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A.2.2  Basement Design

a) Basement Retaining Wall

Serial No. Item Yes No Action Required

1 Check that latest architectural drawing is used
2 Check whether axis and grids match with 

architectural layout
3 Check property limit/boundary limit
4 Check whether columns’ axes match with 

architectural drawings
5 Check thickness of retaining wall against all 

type of forces/loads
6 Check waterproofing, dampproofing 

requirements
7 Check insulation requirements
8 Check if seismic load is considered
9 Check required openings for services, sleeves

10 Check reinforcement for retaining wall
11 Check for expansion joints
12 Check for wall footing
13 Check levels are shown
14 Check if fair-faced wall is needed

b) Basement Columns

Serial No. Item Yes No Action Required

1 Check that latest architectural drawing is used
2 Check whether axis and grids match with 

architectural layout
3 Check load factor is considered
4 Check whether columns’ axes match with 

architectural drawings
5 Check whether column orientation matches 

with architectural drawings
6 Check axial load and bending moment as per 

ACI
7 Check reinforcement area
8 Check minimum concrete cover
9 Check for type of concrete and steel

10 Check column dimensions
11 Check for deflection
12 Check for temperature effect
13 Check tie size and spacing
14 Check levels are shown
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c) Basement Beams

Serial No. Item Yes No Action Required

1 Check that latest architectural drawing 
is used

2 Check if axis and grids match with 
architectural layout

3 Check floor framing plan
4 Check location of columns, walls, stairs
5 Check minimum depth/height of beam
6 Check applied moment
7 Check steel ratio
8 Check design for longitudinal bars
9 Check deflection

10 Check stirrup design
11 Check dimensions of beam
12 Check if levels are shown

d) Basement Slab

Serial No. Item Yes No Action Required

1 Check that latest architectural drawing is 
used

2 Check whether axis and grids match with 
architectural layout

3 Check total load and load factor
4 Check if span length matches with 

architectural requirements
5 Check type of slab as per design 

requirements
6 Check if moment and other forces are 

considered
7 Check steel area
8 Check minimum concrete cover area
9 Check if openings are considered for 

services requirement
10 Check for deflection
11 Check if slope is required
12 Check provision for floor drains for 

drainage, sanitary system
13 Check if levels are shown
14 Check expansion joints are shown
15 Check authorities’ requirements for fire 

protection
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e) Basement Stairs

Serial No. Item Yes No Action Required

1 Check that latest architectural drawing is 
used

2 Check if axis and grids match with 
architectural layout

3 Check location of stairs matches with 
architectural, and as per authorities 
requirements

4 Check if width of stairs matches with 
architectural requirements

5 Check riser height
6 Check if landing platform is provided as 

per code
7 Check reinforcement details for stairs
8 Check if balustrade is required as per 

architectural requirements

A.2.3  Superstructure

a) Superstructure (Ground Floor, Typical Floors)

Serial No. Item Yes No Action Required

1 Check as per Table 4.3.1.3 B. b), c), d), 
and e) for relevant items

A.2.4  RoofSlab

Serial No. Item Yes No Action Required

1 Check as per Table 4.3.1.3 B. d) for 
relevant items

2 Check for skylight, if any
3 Check for parapet wall
4 Check if equipment loads are considered
5 Check for openings for services
6 Check openings for hatches, lightwells, 

stairwells
6 Check foundation for equipment
7 Check for levels
8 Check if any slope is required
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A.2.5  General Requirements

Serial No. Item Yes No Action Required

1 Check elevator shaft dimensions
2 Check elevator shaft reinforcement
3 Check opening for elevator door and its 

level
4 Check openings in the slab for elevator 

works
5 Check pit and supports for escalator 

(if required)

A.3  Design Checklist—Fire Protection System 
and Plumbing Works

A.3.1  Fire Protection System

a) Sprinkler Layout

Serial No. Item Yes No Action Required

1 Check that latest architectural drawing is 
used

2 Check if legends match with layout
3 Check whether sprinkler is route properly 

shown
4 Check levels are shown
5 Check if sprinkler system matches with 

authorities requirements
6 Check if sprinkler location is coordinated 

with false ceiling plan and architectural 
requirements

7 Check if sprinkler locations coordinated 
with other trades

7 Check if required shafts are shown
8 Check if piping layout is coordinated with 

other trades
9 Check if piping is connected to the related 

equipment
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b) Pump Selection

Serial No. Item Yes No Action Required

1 Check if fire pump size is as per NFPA/
KFD requirements

2 Check if normal and standby pumps are 
selected and shown

3 Check if jockey pump is selected and shown
4 Check if pumps are shown in the pump 

room
5 Check if pumps are connected to piping 

system
6 Check if pumps are provided with power 

and are coordinated with electrical trade 
for power supply requirement (both 
normal and emergency)

7 Check if starter/control panel is provided
8 Check if interface requirements are shown
9 Check technical data sheet for selected fire 

pump
10 Check if valves and other accessories are 

shown
11 Check pump detail plans are shown

A.3.2  Special Systems

Serial No. Item Yes No Action Required

1 Check for FM 200 system
2 Check for foam system
3 Check fire hydrant layout
4 Check hose reel layout
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A.3.3  Plumbing System

a) Water Supply Layout

Serial No. Item Yes No Action Required

1 Check that latest architectural drawing is 
used

2 Check if legends match with layout
3 Check water supply is meeting the usage 

requirements
4 Check if cold water supply route is properly 

shown
5 Check if levels are shown
6 Check if pipe sizes are suitable for proper 

flow of water
7 Check if hot water supply route is properly 

shown
8 Check if water storage capacity is adequate 

to meet the required demand
9 Check if required shafts are shown

10 Check if piping layout is coordinated with 
other trades

11 Check if piping is connected to the related 
equipment

12 Check for water pressure requirements
13 Check if all the fittings and accessories are 

considered

b) Selection of Pumps and Plant Layout

Serial No. Item Yes No Action Required

1 Check that latest architectural drawing is 
used

2 Check if legends match with layout
3 Check all plant room equipment are 

included
4 Check calculation for selection of pumps
5 Check if pipe connections are shown
6 Check piping accessories are included and 

shown
7 Check if necessary foundations for 

equipment are shown
8 Check power supply for pumps is 

available
9 Check if interface of equipment with BMS 

is provided



475Appendix A: Design Review Checklists

A.3.4  Drainage System

a) Sanitary Drainage Layout

Serial No. Item Yes No Action Required

1 Check that latest architectural drawing is 
used

2 Check if legends match with layout
3 Check calculations for foul drainage demand 

and frequency factor for the following items:
 a) Wash basin
 b) Showers
 c) Urinals
 d) Water closets
 e) Kitchen sinks
Other equipment such as dish washers, 
washing machines

4 Check if inspection manhole/chamber is 
provided in the vicinity of the facility

5 Check if vent for toilet is provided
6 Check if pipe size and slope is adequate to 

ensure self-cleaning
7 Check if floor drain is provided in every 

toilet and kitchen
8 Check if oil/grease interceptors are provided 

(if applicable)
9 Check sump pump size calculations

10 Check sump pit dimensions calculations
11 Check for relevant public authority approval 

for connection of drainage system to area 
network

b) Storm Drainage Layout

Serial No. Item Yes No Action Required

1 Check that latest architectural drawing is used
2 Check if legends match with layout
3 Check if rainfall intensity matches with the 

recommendation by the authority
4 Check if the no. of roof drains are enough to 

meet the storm water flow
5 Check if storm water pipe size meets the 

requirements
6 Check size of gullies and gutters
7 Check necessary foundations for equipment 

shown
8 Check for no. of manholes
9 Check if connection to area network is shown
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A.4  Design Checklist—HVAC Work

A.4.1  HVAC Duct Layout

Serial No. Item Yes No Action Required

1 Check that latest architectural drawing is 
used

2 Check if legends match with layout
3 Check if ducting route is properly shown
4 Check if levels are shown
5 Check if air inlet/outlets are coordinated 

with false ceiling plan and architectural 
requirements

6 Check if air inlet/outlets locations are 
coordinated with other services

7 Check if required shafts are shown
8 Check if duct layout is coordinated with 

other trades
9 Check if duct layout is coordinated with 

false ceiling plans
10 Check if all the duct accessories are 

shown
11 Check if air inlet/outlets are connected to 

the duct
12 Check if duct is connected to the related 

equipment

A.4.2  HVAC Piping Layout

Serial No. Item Yes No Action Required

1 Check that latest architectural drawing is 
used

2 Check if legends match with layout
3 Check if piping route is properly shown
4 Check if levels are shown
5 Check if valve and other piping 

accessories are shown
6 Check if required shafts are shown
7 Check if piping layout is coordinated with 

other trades
8 Check if piping layout is coordinated with 

false ceiling plans
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A.4.3  HVAC Equipment Selection

Serial No. Item Yes No Action Required

a) Check selection of following (applicable) equipment

1 Chiller
2 Cooling tower
3 Chilled water/condensing water pumps
4 Air handling units (AHU)/heat recovery 

unit (HRU)
5 Fan coil units (FCU)
6 DX mini split units
7 Fans
8 Heat exchanger
9 Duct accessories

 a) VAV
 b) Sound attenuator

10 Pipe accessories
b) Check equipment schedule for (applicable) equipment as per requirements under a)

A.4.4  HVAC Control Schematic

Serial No. Item Yes No Action Required

1 Check control schematic of chiller with 
pumps

2 Check control schematic of cooling tower 
with pumps

3 Check control schematic for chemical 
treatment for chilled water/condensing 
water pumps

4 Check control schematic of air handling 
units (AHU)/heat recovery unit(HRU) 
with related accessories

5 Check control schematic for VAV with 
accessories

6 Check control schematic of smoke 
exhaust/fresh air fans system

7 Check control schematic of heat exchanger
8 Check control schematic of duct heater 

with accessories
9 Check control schematic of BMS with 

accessories
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A.4.5  HVAC Building Management System

Serial No. Item Yes No Action Required

1 Check if all the devices/sensors/
detectors are connected in the loop

2 Check if devices/sensors/detectors are 
shown

3 Check if the location of DDC Panels is 
shown

4 Check for interface with other services
Check if the following equipment/systems 
are included in the BMS point schedule:

 a) HVAC equipments
 b) Sump pumps
 c) Diesel generator
 d) Main low-tension panels
 e) Distribution boards, if required
 f) Other

A.4.6  HVAC Sections and Plants

Serial No. Item Yes No Action Required

1 Check whether all related sections and 
details for equipment, duct, and piping 
are shown

A.4.7  HVAC-Related Electrical Works

Serial No. Item Yes No Action Required

1 Check HVAC-related electrical works 
and applicable interface with other 
systems (BMS)
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A.5  Design Checklist—Electrical System

a) Lighting Layout

Serial No. Item Yes No Action Required

1 Check that latest architectural drawing is 
used

2 Check if legends match with layout
3 Check if summary of luminaire includes all 

the fixtures shown on the drawing
4 Check whether all the areas are provided 

with lighting
5 Verify if illumination calculation/isolux 

diagram requirements match with fixtures 
shown on the lighting layout

6 Check if specified fittings match with 
reflected ceiling plan/architectural 
requirements

7 Check if circuiting references for all fixtures 
(both normal and emergency) are shown

8 Check if switch arrangements and location 
of switches are shown

9 Check if push buttons, dimmer, and LCP 
(if any) are located

10 Check if exit lights are shown
11 Check if emergency lights/E-symbol are 

shown
12 Check if lights are provided in elevator 

shaft
13 Check whether wire sizes for circuits are correct
14 Verify voltage drop for circuit wiring
15 Check if consistency is maintained to 

indicate type of light fixtures for all the 
circuits

16 Check if all DBs are located and demarcated
17 Check all dimmer panels, if any, are located
18 Check if lighting control panel, if any, is 

located
19 Check if the circuiting references match 

with DB schedules
20 Check that the no. of fittings in a circuit 

does not exceed the MEW specified limit
21 Check DB schedule for contactor, switches, 

push button, and interface with BMS (if 
any)

22 Check for DB schedule load balancing
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b) Power

Serial No. Item Yes No Action Required

1 Check that latest architectural drawing is 
used

2 Check if legends match with layout
3 Check if outlets are provided for general in 

rooms/general areas and locations are 
coordinated

4 Check if outlets are provided in kitchen
5 Check if outlets/isolators are provided in 

kitchen for equipment/appliances as per 
kitchen equipment layout

6 Check if ring circuiting is as per codes, 
regulations

7 Check for location of socket outlets/isolators 
for PH equipment and if the ratings are 
suitable for connected load

8 Check for location of socket outlets/isolators 
for firefighting equipment and if the ratings 
are suitable for connected load

9 Check for location of socket outlets/isolators 
for HVAC equipment and if the ratings are 
suitable for connected load

10 Check for location of socket outlets/isolators 
for low-voltage equipment and if the ratings 
are suitable for connected load

11 Check for location of isolators for conveying 
system equipment and if the ratings are 
suitable for connected load

12 Check if circuit references are correct as per 
DB schedule

13 Check if wire/cable sizes are correct as per 
voltage drop calculation

14 Check if socket outlet is provided in elevator 
pit

15 Check if all EDB/DBs are located and 
demarcated

16 Verify voltage drop for circuit wiring
17 Check if circuit references are correct as per 

SMSB schedule/schematics
18 Check if all ESMSB/SMSBs are located and 

demarcated
19 Check if all EMSB/MSBs are located and 

demarcated
20 Check if breaker sizes of EDB/DBs are correct
21 Check if breaker sizes of ESMSB/SMSB are 

correct

(Continued)
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b) Power

Serial No. Item Yes No Action Required

22 Check if breaker sizes of EMSB/MSB are 
correct

23 Check if emergency power is proved for all 
equipment to be operated under fire 
mode/emergency

24 Check if emergency power is proved for all 
security equipment

25 Check if cable tray sizes are as per codes, 
regulations

26 Check if cable tray routes are shown
27 Check if risers are shown
28 Check if switch board schematic matches 

with load schedule
29 Check if the breakers’ rating shown on 

schematic is suitable for connected load
30 Check if the bus bar rating of schematic is 

1.25 times of incomer breaker size
31 Check if ELR is shown for spare breaker
32 Check if AV Alarm is shown for fire alarm 

panel circuit
33 Check if AV alarm is shown for sanitary and 

storm water pump circuit
34 Check if AV alarm is shown for smoke fan 

and fresh air supply fan circuits
35 Verify voltage drop calculation for outgoing 

feeders
36 Check if equipment/isolators are identified 

for all outgoing circuits of schematics
37 Check if earthing is shown in the schematics 

for all equipment and isolators
38 Check schematic for MCC panel, type of 

starters, size and no. of wires, cable size and 
verify if the breaker sizes are suitable for 
connected load

39 Check if the size of downstream breakers of 
LT panel schematic are suitable for 
connected load

40 Check for shunt trip, if any
41 Check LT panel schematic with load schedule
42 Check if ACB size, bus coupler (if any), and 

bus bar rating of LT panel schematic are as 
per codes, regulations

43 Check if all metering is shown on the 
LT schematic

(Continued)
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b) Power

Serial No. Item Yes No Action Required

44 Check if ATS (if any) is shown and connected 
to the LT panel/MSB

45 Check D.G. set (if required) and its panel is 
located

46 Check no. of transformer and ratings
47 Check substation layout
48 Check earthing/grounding system
49 Check lightning protection system

A.6  Design Checklist—Landscape

Serial No. Item Yes No Action Required

1 Check property limits
2 Check landscape settings and levels
3 Check water percolation in landscape area
3 Check grass area and edges
4 Check location/demarcations of plants, 

shrubs, trees
5 Check irrigation system, water 

distribution to plants, water reservoirs, 
and pumping system

6 Check location of special features
7 Check location of sidewalk, pedestrian 

paths
8 Check pavement, curb stones details
9 Check lighting bollard, light poles and 

signage
10 Check utility services both under- and 

aboveground
11 Check material storage and workshop 

facility for landscape maintenance
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A.7  Design Checklist—Infrastructure

Serial No. Item Yes No Action Required

1 Check grading details
2 Check asphalt/paving area
3 Check asphalt/paving details
4 Check pavement, curb stone area and 

details
5 Check location of light poles
6 Check utility services routes
7 Check trenches and tunnels for services
8 Check location of manholes and 

handholes
9 Check traffic signs and markings

10 Check security system requirements
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Appendix B: Major Activities 
during the Construction Process in 
Building Construction Project

Sr. No. Description

Shoring
1 Shoring
2 Dewatering

Earth Works
1 Excavation
2 Backfilling

Concrete Substructure
1 Blinding concrete
2 Termite control
2 Reinforcement for raft
3 Casting of raft foundation
4 Reinforcement for grade beams
5 Shuttering for grade beams
6 Concrete casting of grade beams
7 Reinforcement for footings
8 Shuttering for footings
9 Concrete casting of footings

10 Reinforcement for wall and columns
11 Shuttering for wall and columns
12 Concrete casting of retaining wall

Concrete Superstructure
1 Reinforcement for columns
2 Shuttering for columns
3 Concrete casting of columns
4 Formwork for slab
5 Reinforcement for slab
6 Shuttering for beams
7 Reinforcement for beams
8 Concrete casting of slab
9 Shuttering for stairs

10 Reinforcement for stairs
11 Concrete casting of stairs
12 Shuttering for wall and columns

(Continued)
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Sr. No. Description

13 Reinforcement for wall and columns
14 Concrete casting of wall and columns
15 Precast panels

Masonry
1 Block work
2 Concrete unit masonry

Partitioning
1 Installation of frames
2 Installation of panels

Metal Work
1 Structural steel work
2 Installation of cat ladders
3 Installation of balustrade
4 Installation of space frame
5 Installation of handrails and railings

Thermal and Moisture Protection
1 Applying waterproofing membrane
2 Installation of insulation

Doors and Windows
1 Aluminum windows
2 Aluminum doors
3 Glazing
4 Steel doors
5 Steel windows
6 Wooden frames
7 Wooden doors
8 Curtain wall
9 Hatch doors

10 Revolving door
11 Louvers

Internal Finishes
1 Plastering
2 Painting
3 Cladding—ceramic
4 Cladding—gypsum
5 Cladding—marble
6 Ceramic tiling
7 Stone flooring
8 Acoustic ceiling
9 Gypsum board ceiling

10 Glass reinforce gypsum ceiling

(Continued)
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Sr. No. Description

11 Metal tile ceiling
12 Demountable partitions

Furnishing
1 Carpeting
2 Blinds
3 Furniture

External Finishes
1 Painting
2 Brickwork
3 Stone
4 Cladding—aluminum
5 Cladding—granite
6 Curtain wall
7 Glazing

Equipment
1 Installation of maintenance equipment
2 Testing of maintenance equipment
3 Installation of kitchen equipment
4 Testing of kitchen equipment
5 Installation of parking control
6 Testing of parking control system

Roof
1 Parapet wall
2 Thermal insulation
3 Waterproofing
4 Roof tiles
5 Installation of drains
6 Installation of gutters

Elevator System
1 Installation of raceways
2 Installation of rails
3 Installation of door frames
4 Installation of cabin
5 Cabin finishes
6 Installation of wire rope
7 Installation of drive machine
8 Installation of controller
9 Testing of elevator

10 Third-party inspection

Mechanical Works
A. Fire Suppression System
1 Installation of piping

2 Installation of valves
(Continued)
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Sr. No. Description

3 Installation of flow switches
4 Installation of sprinklers
5 Installation of foam system
6 Installation of pumps
7 Installation of hose reels/cabinet
9 Electrical works/termination of pumps

10 Installation of fire hydrant
11 External fire hose cabinet
12 Testing of firefighting system

B. Water Supply
1 Installing of piping
2 Installation of valves
3 Installation of pumps
4 Electrical works/termination of pumps
5 Filter units
6 Toilet accessories

 (a) Wash basin
 (b) Water closet
 (c) Urinals
 (d) Valves
 (e) Mixers
 (f) Kitchen sinks

7 Installation of insulation
8 Water heaters
9 Hand dryers

10 Water tank
11 Electrical works/termination of pumps, heaters
12 Controls—level indicator
13 Flushing of system
14 Testing of water supply system

C. Drainage System
1 Installation of pipes below grade
2 Installation of pipes above grade
3 Installation of manholes
4 Installation of clean out
5 Installation of floor drain
6 Installation of sump pumps
7 Electrical works/termination of pumps
8 Installation of gratings
9 Testing of sump pumps

(Continued)
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Sr. No. Description

D. Irrigation System
1 Installation of pipes
2 Installation of valves
3 Installation of pumps
4 Installation of controls
5 Installation/connection with weather station
6 Installation of central control system
7 Testing of irrigation system

HVAC Works
1 Installation of piping

 (a) Chilled water
 (b) Condensing water
 (c) Hydrostatic test

2 Installation of ducting
 (a) Air-conditioning duct
 (b) Exhaust duct

3 Installation of insulation
 (a) Pipe
 (b) Duct

4 Installation of dampers
5 Installation of grills and diffusers
6 Installation of cladding
7 Installation of fans

 (a) Exhaust
 (b) Fresh air
 (c) Ventilation
 (d) Pressurization

8 Installation of fan coil units (FCU)
9 Installation of air handling units (AHU)

10 Installation of pumps
11 Installation of chillers
12 Installation of cooling towers
13 Installation of thermostat and controls
14 Installation of starters
15 Electrical works/termination of pumps
16 Electrical works/termination of AHU, FCU
17 Electrical connection/termination of chillers, cooling towers
18 HVAC water treatment
19 Start-up of pump
20 Flushing of piping system
21 Start-up of chillers
22 Start-up of cooling towers

(Continued)
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Sr. No. Description

23 Start-up of AHUs
24 Start-up of fan coil unit
25 Building management system (BMS)

 (a) Conduiting
 (b) Wiring–cabling
 (c) Components
 (d) Termination

26 Testing of HVAC system
27 Testing of BMS
28 Testing adjusting and balancing

Electrical Works
1 Conduiting–raceways
2 Cable tray–trunking
3 Floor boxes
4 Wire pulling
5 Cable pulling
6 Installation of bus duct
7 Meggering of wires and cables
8 Installation of wiring devices/accessories
9 Installation of light fittings

10 Installation of earthing tape
11 Earth pits
12 Distribution boards (DB) installation
13 DBs termination
14 Installation of lighting control panel
15 Testing of lighting control panel
16 Installation of isolators
17 Installation of submain switch boards (SMSB)
18 Installation of MSBs
19 Installation of motor control center (MCC) panels
20 Termination of SMSBs
21 Termination of MSBs
22 Testing of MCC panels
23 Installation of automatic transfer switch (ATS)
24 Termination of ATS
25 Testing of DBs
26 Testing of SMSBs
27 Testing of MSB
28 Installation of main low-tension boards (MLTBs)
29 Installation of generator
30 Testing of generator
31 Testing of ATS

(Continued)
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Sr. No. Description

32 Testing of MLTBs
33 Installation of central battery system
34 Testing of central battery system

Fire Alarm System
1 Conduiting–raceways
2 Installation of cable trunking
3 Wiring–cabling

4
Installation of detectors, bells, pull stations, interface 
modules

5 Installation of repeater panel
6 Installation of mimic panel
7 Installation of fire alarm panel
8 Interface with other equipment
9 Testing of fire alarm system

Telephone/Communication System
1 Conduiting–raceways
2 Installation of cable trunking–cable tray
3 Wiring–cabling
4 Termination of cables
5 Installation of wiring devices
6 Installation of racks
7 Termination of cable at the racks
8 Testing of structured cabling
9 Installation of switches

10 Installation of telephone sets
11 Testing of system

Public Address System
1 Conduiting–raceways
2 Cable tray–trunking
3 Wiring–cabling
5 Installation of speakers
6 Installation of racks
7 Installation of equipment
8 Testing of public address system

Audio Visual System
1 Conduiting–raceways
2 Cable tray–trunking
3 Wiring–cabling
5 Installation of speakers
6 Installation of monitors/screens
7 Installation of racks

(Continued)
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Sr. No. Description

8 Installation of equipment
9 Testing of audio visual system

CCTV/Security System
1 Conduiting–raceways
2 Wiring–cabling
3 Installation of cameras
4 Termination of cameras
5 Installation of panels
6 Termination of panels
7 Installation monitors/screens
8 Testing of security system

Access Control
1 Conduiting–raceways
2 Wiring–cabling
3 Installation of RFID proximity readers, fingerprint readers
4 Installation of magnetic locks, release buttons, door contacts
5 Installation of panel
6 Installation of server
7 Testing of system

Systems Integration
1 Installation of switches
2 Installation of servers
3 Systems integration programming

Landscape
1 Site clearance
2 Excavation
3 Soil preparation
4 Plantation
5 Pavement and sidewalk
6 Special features (if any)
7 Irrigation system
8 Lighting poles/bollards

External Works (Infrastructure)
1 Site clearance
2 Cutting and filling works
3 Grading
4 Asphalt works
5 Light poles
6 Water supply piping works
7 Firefighting works

(Continued)
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Sr. No. Description

8 Storm water piping works
9 Drainage works

10 Curb stones and pavement works
11 Hard landscape works
12 Road marking works
13 Traffic signs and signals
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Appendix C: Content of Contractor’s 
Quality Control Plan

The contractor’s quality control plan is prepared based on project-specific 
requirements as specified in the contract documents.

The plan outlines the procedures to be followed during the construction 
period to attain the specified quality objectives of the project fully complying 
with the contractual and regulatory requirements.

The following is an outline of such a plan, based on contract documents.

C.1  Introduction

The contractor’s quality control plan is developed to meet contractor’s qual-
ity control (CQP) requirements of (project name) as specified under clause 
(—) and section (—) of contract documents.

The plan provides the mechanism to achieve the specified quality by 
identifying the procedures, control, instructions, and tests required during 
the construction process to meet the owner’s objectives. This QCP does not 
endeavor to repeat or summarize contract requirements. It describes the pro-
cess M/S ABC (contractor name) will use to assure compliance with those 
requirements.

C.2  Description of Project

(Owner name) has contracted M/S ABC to construct (name of facility) located 
at (site plan). The facility consists of approximately (—) m2 gross building area 
and approximately (—) m2 of two basements for car parking and other services.

The facility is to be used as office premises to accommodate (—) person-
nel. The architecture of the building is of very high quality with a spacious 
atrium between two towers interconnected with a bridge inside the building, 
and a well-designed internal landscape area with plants and sky garden to 
provide a pleasant view inside the building. The building has glazed walls 
and curtain walling for the atrium area.

Vertical transportation is through panoramic elevators and a designated 
elevator for VIPs. Additionally, there is a goods elevator and firefighters’ 
elevator to meet an emergency situation.
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The structure of the building is of reinforced concrete, and the atrium is of 
structured steel. External cladding includes a spandrel curtain wall for the 
block structure and special curtain walling for the atrium. Interior  finishes 
are painted plastered walls and marble and stone finish. Internal partitions 
have flexibility to adjust the office area. The entire building has a raised 
floor system, and space under the raised floor is used for distribution of 
 electromechanical services.

The HVAC system is comprised of water-cooled chillers, and electric 
ducts heaters are provided for heating during winter. The building manage-
ment system takes full control of HVAC. Building is provided with all the 
safety measures against fire. A fire protection system, smoke exhaust fans, 
and fire alarm system with voice evacuation system are provided to meet 
an  emergency situation. The fire protection system also includes automatic 
sprinklers, hose reels, extinguishers, and a foam system.

The building is equipped with all the amenities required for a public 
health system. The plumbing system is consistent with the requirement of 
the building and includes cold and hot water, drainage, rain water collection, 
and an irrigation system. Water fountains are provided at various locations 
for drinking purposes.

Electrical systems consist of energy-saving lighting with centralized 
 controls. Electrical distribution has all required safety features. A diesel 
 generator system and uninterrupted power supply system is provided to 
meet the emergency due to power failure from the main electricity provider. 
The building to be constructed shall be equipped with the latest technologi-
cal systems. It shall have an IP-based communication system, and all the 
low-voltage systems shall be fully integrated. Authorized persons shall have 
access from anywhere, either from within the building or outside.

The building has fully integrated low-voltage systems.
Apart from training and conference facilities, a fully functional auditorium 

having capacity for (—) people and conferencing is available in the building. 
It has a sophisticated conferencing system with a rear projection screen.

The contract documents consist of total (—) contract drawings. These are:

Architectural (—) nos.
Architectural interior (—) nos.
Structural (—) nos.
Firefighting (—) nos.
Public health (—) nos.
HVAC (—) nos.
Electrical (—) nos.
Smart building (—) nos.
Traffic signage (—) nos.
Landscape (—) nos.
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C.3  Quality Control Organization

The quality control (QC) organization is independent of those persons 
 actually performing the work. They shall be responsible for implement-
ing the quality plan for the entire contract/project-related activities by 
 scheduling the inspection, testing, sampling, and preparation of mock-up 
and to assure that works are performed as per approved shop drawings and 
contract documents.

An organization chart showing the line of authority and functional rela-
tionship is shown in Figure C.1.

The quality control incharge shall be responsible to ensure implementation 
of project quality. He or she will be supported by quality control engineers 
as follows:

 1. Quality control engineer (civil works)
 2. Quality control engineer (concrete works)
 3. Quality control engineer (mechanical works)
 4. Quality control engineer (electrical works)
 5. Foreman (concrete works)

These engineers will be responsible to implement three phases of the quality 
system at site. The quality control incharge will coordinate with the compa-
ny’s head office for all the support and necessary actions. Respective quality 
control engineers shall be responsible to implement the quality program in 
their respective fields.

C.4  Qualification of QC Staff

All the QC personnel will have adequate experience in their respective fields. 
The following is the qualification of each of the QC staff. Additional staff 
shall be provided if required.

Quality control incharge: He or she shall be a qualified civil engineer hav-
ing minimum 10 years of experience as a quality control engineer in 
major construction projects.

Quality control engineer (civil works): Graduate civil engineer with mini-
mum 3 years’ experience as a quality engineer on similar projects.

Quality control engineer (concrete works): Graduate civil engineer with 
minimum 3 years’ experience as a quality engineer on similar 
projects.
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Quality control engineer (mechanical works): Graduate mechanical engi-
neer with minimum 3 years’ experience as a quality engineer on 
similar projects.

Quality control engineer (electrical works): Graduate electrical engineer 
with minimum 3 years’ experience as a quality engineer on similar 
projects.

Foreman (concrete works): Diploma in civil engineering with minimum 
5 years’ experience as a quality supervisor on similar projects.

C.5  Responsibilities of QC Personnel

Project manager: Overall project responsibilities.
Quality control incharge: He/she shall be responsible for the following:

• Preparation of QC plan
• Responsible for overall QC/QA responsibilities
• Responsible for monitoring and evaluation CQP
• Implementation of QC plan
• Responsible for implementing QC procedure
• Maintain QC records and documents
• Inspection of works
• Responsible for off-site inspection
• Inspection of incoming material
• Responsible for subcontractor’s QC plan
• Coordinating with safety officer to implement safety plan
• Calibration of measuring instruments
• Monitoring equipment certification

Quality control engineers: Each trade shall have a responsible quality 
control engineer to ensure that works are carried out in accordance 
with the contract documents. The following quality control engi-
neers shall be available at site. A foreman will assist the quality con-
trol engineer to maintain the quality of concrete works.

 1. Quality control engineer (civil works)
 2. Quality control engineer (concrete works)
 3. Quality control engineer (mechanical works)
 4. Quality control engineer (electrical works)
 5. Quality control engineer (other subcontractors)
 6. Foreman (concrete works)
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These personnel will be responsible for the following:

• Overall quality of the respective trade
• Preparation of method statement
• Preparation of mock-up
• Monitor and inspect quality of site works
• Inspection of incoming material
• Coordinate with the quality incharge for preparation of CQP
• QC records and documents

C.6  Procedure for Submittals

M/S ABC shall be responsible for timely submission of subcontractors, shop 
drawings, and materials to be used in the project.

C.6.1  Submittals of Subcontractor(s)

Prior to submission of the subcontractor’s name to the owner/consultant, 
M/S ABC shall review the capabilities of the subcontractor to perform the 
contracted works properly per the specified quality and within the time 
allowed. M/S ABC shall also consider the contractor’s performance in the 
previously executed project. Companies implementing a quality manage-
ment system plan and having ISO certification shall be given preference 
while selecting the subcontractor(s) to work on this project.

C.6.2  Submittals of Shop Drawings

Before the start of any activity, M/S ABC shall submit shop drawings based 
on contract drawings and other related documents. The number of shop 
drawings shall depend on the requisite details to be prepared against each 
contract drawing. The shop drawings shall be prepared on the agreed-upon 
format and shall have coordination certification from all the trades. All the 
shop drawings shall be submitted through site transmittal for shop draw-
ings. Shop drawing approval transmittals shall be numbered serially for each 
section of the particular specification. M/S ABC shall be responsible for shop 
drawings related to subcontracted works.

C.6.3  Submittals of Materials

M/S ABC shall submit materials, products, and systems for owner’s/ consultant’s 
approval from the recommended/nominated manufacturers specified in the 



501Appendix C: Content of Contractor’s Quality Control Plan

contract documents. If material is proposed from a manufacturer who is not nom-
inated, then all the documents to justify that the proposed product is approved 
and equal to the specified shall be submitted along with the site transmitted for 
materials approval.

C.6.4  Modification Request

If during construction, the contractor observes that some work as mentioned 
in the contract needs modification, then such a modification request shall be 
submitted to the owner/consultant for their review and approval. Financial 
obligations shall be clearly specified in the request form.

C.6.5  Construction Program

M/S ABC shall prepare and submit a construction program based on the 
contracted time schedule and submit the same to the consultant for approval. 
Progress of works shall be monitored on a regular basis and the construc-
tion program shall be updated as and when required to overcome the delay 
(if any). The following reports shall be submitted to the consultant as per the 
following schedule:

 1. Daily report on a daily basis
 2. Weekly report on a weekly basis
 3. Monthly report on a monthly basis
 4. Progress photographs on a monthly basis

C.7  Quality Control Procedure

C.7.1  Procurement

Prior to placing a purchase order or supply contract with the supplier/ven-
dor, ABC will ensure that the material has been approved and it complies 
with the requirements of the contract. A procurement log shall be main-
tained for all the items for which action has been taken. The procurement log 
shall be submitted to the owner/consultant every 2 weeks for review and 
information.

C.7.2  Inspection of Site Activities (Checklists)

All the works at site shall be performed as per approved shop drawings by 
using approved material. At least three phases of control shall be conducted 
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by the quality control incharge for each activity prior to submission of the 
checklist to the consultant.

These will be

• Preparatory phase
• Start-up phase
• Execution phase

Preparatory phase: The concerned engineer shall review the applicable spec-
ifications, references and standards, approved shop drawings and materials, 
and other submittals (method of statements, etc.) to ensure compliance with 
the contract.

Start-up phase: The concerned engineer shall discuss with the fore-
man responsible to perform the work and shall establish the standards of 
workmanship.

Execution phase: The work shall be executed by continuous inspection dur-
ing this phase.

All the execution/installation works shall be carried out as per approved 
shop drawings utilizing approved material. All the works will be checked for 
quality before submitting the checklist to the consultant to inspect the works.

The following main categories of site works shall be performed by con-
ducting the QC as per the phases mentioned earlier.

C.7.2.1  Definable Feature of Work

Procedure for scheduling, reviewing, certifying, and managing QC for 
a definable feature of work shall be agreed upon during the coordination 
meetings. The definable features of work for concrete shall include form-
work, reinforcement, and embedded items, design mix, placement of con-
crete, concrete finishes, etc.

Likewise, the detail list for other trades shall be prepared during the coor-
dination meetings. This will consist of embedded conducting works, embed-
ded sleeves, ducts, underground piping, etc.

C.7.2.2  Earthworks and Site Works

This category shall consist of the following subgroups:

 1. Excavation and backfilling
 2. Compaction
 3. Dewatering

A checklist shall be submitted to the consultant at every stage of work, 
that is, after backfilling and compaction. Samples shall be taken to make a 
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compaction test. If the compaction test fails the required specifications, then 
remedial action shall be taken to obtain specified results.

C.7.2.3  Concrete

M/S (approved subcontractor to supply ready-mix concrete) will provide 
ready-mix concrete for entire concrete structured works of the project. M/S 
(ready-mix subcontractor) will have their own QC system to maintain the 
mix design.

Reinforcement steel shall be inspected upon receipt of material at site for 
proper size and type, and the factory test certificates received with the sup-
ply. Small pieces of sample shall be taken from each lot and size for laboratory 
testing. The testing shall be performed by an approved testing laboratory.

Formwork and the reinforcement steel process shall be performed under 
qualified civil engineer(s) and foreman (foremen). They will be continuously 
inspecting the work for each operation and check list shall be submitted to 
the consultant for their approval.

Placement of concrete shall be supervised by the civil engineer along with 
the foreman and other team members. The respective consultant will wit-
ness concrete casting and take concrete samples during casting for laboratory 
testing and crushing tests. Slump tests shall be performed on the concrete to 
verify the strength. Curing shall be supervised by the respective foreman.

In case the test results do not comply with the specification limit, the results 
shall be discussed with the consulting engineer. Failing tests will be followed 
by appropriate corrective (reworking) efforts, and retesting and remedial 
measures.

M/S ABC shall maintain all the records, laboratory tests, and results 
regarding the concrete works and submit the same to the consultants for 
their information.

C.7.2.4  Masonry

The concrete block bricks used on the project shall be procured from the 
approved source. Material for mortar aggregate and other accessories such 
as inserts, reinforcement material, and wire mesh shall be submitted to the 
consultant for approval.

Prior to the start of masonry work, all the related and coordinated draw-
ings shall be reviewed. Marking shall be made for masonry layout. Necessary 
mock-ups shall be submitted for each type of unit masonry work. A checklist 
shall be submitted for visual and other type of inspection.

C.7.2.5  Metal Works

Metal fabrication and installation work shall be carried out by certified weld-
ers, as per manufacturer’s recommendations and approved shop drawings. 
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Samples of fittings, brackets, fasteners, anchors, and different types of metal 
members including plates, bars, pipes, tubes, and any other type of material 
to be used in the project shall be submitted to the consultants prior to start of 
fabrication works at site. Finishing material such as primer and paint shall be 
submitted for approval to the consultant/owner.

In case the fabrication is carried out at the subcontractor(s)’s workshop, 
then ABC shall take full responsibility to control the quality.

A checklist shall be submitted at different stages of work to ensure compli-
ance with the specifications and to avoid any rework at the end of comple-
tion of fabrication and installation.

C.7.2.6  Wood Plastics and Composite

Prior to the start of any woodwork, the material shall be physically and visu-
ally inspected for the timber quality to confirm its compliance with the type 
of the approved material and also to ensure that the wood is free from decay 
and insects, and that necessary treatment has already been done on the wood 
to be used for the project. A product certificate signed by the woodwork man-
ufacturer certifying that the products comply with specified requirements 
shall be submitted along with material submittal. All types of fasteners and 
other hardware to be used shall be submitted for approval as per applicable 
standards, and checklists shall be submitted at various stages of work prior 
to applying the paint or any other finishes.

C.7.2.7  Doors and Windows

This category shall consist of the following subcategories:

 1. Wooden doors and windows
 2. Steel doors
 3. Aluminum windows
 4. Glazing

All doors and windows shall be fabricated from a specified type and material 
and as per approved shop drawings.

Fire-rated types of doors shall comply with relevant standards and local 
regulations.

Samples of materials used in fabrication of doors and windows shall be 
submitted to the consultant/owner for approval.

Wooden doors and windows shall be fabricated at an approved subcon-
tractor for carpentry works and aluminum doors and windows shall be fab-
ricated at an approved subcontractor for aluminum works. Finishes shall 
be as approved by the owner/consultant. Samples of ironmongery coating 
material and finishing material shall be submitted for approval. Special care 
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shall be taken to maintain the acoustic nature of doors and their sound trans-
mission properties.

Glass and glazing material shall be submitted for approval and shall take 
care of heat transfer properties to maintain the inside temperature of the 
building. The glass used in the project shall comply with specified strength, 
safety, and impact performance requirements.

Inspection at different stages shall be arranged by field inspection at the 
factory.

The entire fabrication shall be carried out under supervision of ABC to 
control the quality of finished products.

Doors and windows fabrication shall be coordinated for security require-
ments. Mock-ups shall be prepared before start of installation work.

C.7.2.8  Finishes

This category shall consist of the following subgroups:

 1. Acoustic ceiling
 2. Specialty ceiling
 3. Masonry flooring
 4. Tiling
 5. Carpet
 6. Wall cladding
 7. Wall partitioning
 8. Paints and coating

All the finishes shall be as specified and approved. Execution of finishing 
work shall be coordinated with all other trades. Samples and mock-ups shall 
be submitted for approval before start of any finishing work. All the  finishing 
work shall be performed by skilled workmen. Specialist subcontractor(s) 
shall be submitted for approval to carryout finishing works. QC shall be 
under direct supervision of ABC.

C.7.2.9  Landscape

Landscape work shall be executed by a specialist-approved subcontractor as 
per the approved shop drawings under direct supervision of ABC. Samples 
of each and every type of plant, tree, etc., shall be submitted for approval. 
Soil preparation shall be done per specified standards.

C.7.2.10  Furnishing

All the furnishing shall be from the specified recommended manufacturer. 
Special care shall be taken to protect the furnishings. Furnishing material 
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sample(s) shall be submitted for approval. Fabrication of furniture shall be at 
the approved subcontractor’s factory. ABC shall be responsible for control-
ling the quality.

C.7.2.11  Equipment

This category shall consist of the following subgroups:

 1. Maintenance equipment such as window and facade cleaning
 2. Stage equipment
 3. Parking control equipment
 4. Kitchen equipment

All the equipment shall be from specified manufacturers. If the items 
 specified are commercial items—that is, the materials are manufactured and 
sold to the public as against the materials made to specifications—neces-
sary precaution shall be taken to verify that materials shall be installed per 
manufacturer’s recommended procedure under the supervision of a quali-
fied engineer.

Items to be manufactured per contract documents shall be procured from 
the manufacturer producing products complying with recognized qual-
ity standards. The product and manufacturer’s data shall be submitted for 
approval with all the technical details. Installation of the equipment shall 
be carried out by skilled workmen under supervision of the manufacturer’s 
authorized representative and under the control of ABC.

C.7.2.12  Conveying System

This category consists of the following subgroups:

 1. Passenger elevators
 2. Goods elevators
 3. Kitchen elevators
 4. Escalators

Prior to submission of shop drawings, full technical details along with the 
catalogs and compliance statement shall be submitted for approval. The ele-
vators shall be from one of the recommended manufacturers specified in the 
contract documents.

Fabrication of conveying systems shall comply with relevant codes and 
standards as applicable. Regulatory approval shall be obtained from local 
authorities for installation of the conveying systems to assure their compli-
ance with local codes and regulations.
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Finishing material for the cab, landing door, car control station, and car 
position indicator shall be submitted for approval.

Coordinated factory shop drawings shall be submitted for approval. Size 
of shaft and door openings shall be coordinated during structural work. 
Necessary tests shall be performed by the manufacturer’s authorized 
personnel.

Factory fabrication works shall be performed as per the manufacturer’s 
QC plan, and installation at site shall be carried out by personnel authorized 
by the manufacturer.

Third-party inspection shall be arranged as per specification requirements.

C.7.2.13  Mechanical Works

This category shall consist of the following subgroups:

 1. Fire suppression
 2. Water supply, plumbing, and public health
 3. HVAC

Mechanical works shall be executed by approved mechanical subcontrac-
tor. All the works shall be carried out as per approved shop drawings using 
approved material.

A mechanical engineer from the subcontractor shall be responsible for 
controlling the quality of work. A quality control engineer (mechanical 
works) shall coordinate all quality-related activities on behalf of ABC. Fire 
suppression or firefighting equipment shall be carried out as per approved 
drawings by the relevant authority. Materials shall be from the manufac-
turers approved by the relevant authority having jurisdiction over such 
materials. Fire pumps and firefighting materials shall comply with regula-
tory requirements.

Piping for water supply, plumbing, and public health shall be installed 
with approved material. Leakage and pressure tests shall be performed as 
specified.

Checklists shall be submitted after installation of piping, accessories, and 
fixing of equipment. Drainage systems shall be executed as per approved 
shop drawings.

HVAC works shall be supervised by a qualified mechanical engineer. 
Ductwork and duct accessories shall be fabricated at the subcontractor’s 
workshop and shall be installed at site as per approved shop drawings. A 
mechanical engineer from subcontractor shall be responsible to  control the 
quality at the workshop. A quality control engineer (mechanical works) shall 
coordinate all quality-related activities on behalf of ABC. Duct material shall 
be submitted for approval prior to start of  fabrication works. Chilled/hot 
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water piping shall be from the approved manufacturer. Installation of pip-
ing shall be carried out by certified pipe fitters.

Selection of HVAC pumps shall be done with the help of performance 
curves and technical data from the pump manufacturer. Chillers shall be 
from the specified manufacturer.

Installation of chillers shall be carried out as per manufacturer’s 
recommendation.

C.7.2.14  Automation System

Automation work shall be carried out under supervision of a specialist engi-
neer. The system shall be from the specified manufacturer.

Shop drawings and schematic diagrams shall be submitted for approval 
configuring approved components/items/equipment.

C.7.2.15  Electrical Works

This category shall consist of the following subgroups:

 1. Electrical lighting and power
 2. Fire alarm system
 3. Communication system (telephone)
 4. Public address system
 5. Access control and security system
 6. Audiovisual system
 7. MATV system
 8. Emergency generating system
 9. Alternate energy system

All types of electrical works shall be executed by an approved  electrical 
 subcontractor. All the materials/products to be used shall be from the speci-
fied manufacturer and shall be installed by skilled workmen under the 
supervision of a qualified engineer.

An electrical engineer from the subcontractor shall be responsible to control 
the quality at the workshop. A quality control engineer (electrical works) shall 
coordinate all quality-related activities on behalf of ABC. Work shall be carried 
out as per approved shop drawings. Quality of the works shall be controlled 
at different stages such as after installation of conducting/raceways, pulling 
of wires/cables, and installation of accessories/equipment/panels. Works 
shall comply with the specifications and recognized codes and standards.

Specified tests shall be performed at every stage. Coordination will be done 
with other trades to assure that required power supply for their equipment 
will be available at designated locations.
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Checklists shall be submitted after completion of activities at each stage.
Work not accepted or rejected shall be repaired/reworked or replaced and 

checklist shall be resubmitted.
Guarantees and warrantees for installed products/items shall be  submitted 

as per contract requirements during handover of the project.

C.7.3  Inspection and Testing Procedure for Systems

The QC procedure for systems (low voltage/low current) and their 
 equipment/components shall be performed in the following stages.

The proposed manufacturer’s complete data giving full details of the 
capability of the proposed manufacturer to substantiate compliance with 
the specifications and to prove that the proposed manufacturer is follow-
ing quality management system and producing the product to recognized 
 quality standards as specified shall be submitted. Components/equipment 
data shall be submitted for all the specified items of the system.

A schematic diagram configuring all the items for the system shall be sub-
mitted along with a detailed technical specification and confirmation from 
the manufacturer that it complies with the contract documents and is equal 
or better than the specified products.

Shop drawing(s) fully coordinating with other trades, showing the sys-
tem location, and the raceways used for installation of the system shall be 
submitted.

All the work at site shall be submitted for inspection at different stages of 
execution of work.

Cable testing shall be performed prior to installation of equipment. 
Checklists shall be submitted to the consultant to witness these tests.

Installation of equipment shall be done as per manufacturer’s recommen-
dations and approved installation methods.

Checklists along with testing procedures shall be submitted prior to inspect 
final inspection and testing.

C.7.4  Off-Site Manufacturing, Inspection, and Testing

QC procedures for off-site manufacturing/assembling shall be as per con-
tract documents. Factory control inspection for items fabricated or assem-
bled shall be carried out to comply with all the specified requirements and 
standards under the responsibility of QC personnel at the fabrication/
assembly plant. Specified tests shall be carried out as per the manufacturer’s 
quality procedures and specification requirements. Test reports for items 
fabricated/assembled off-site shall be submitted along with the delivery 
of material at site. Witnessing/observation of inspection and tests by the 
consultant/client, if it is required as per specifications, shall be arranged. 
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Procedure for such tests and inspection shall be submitted in advance of 
factory/plant visit.

Quality control for off-the-shelf items shall be standard quality control 
practices followed by the manufacturer.

C.7.5  Procedure for Laboratory Testing of Materials

M/S ABC shall submit name(s) of testing laboratories for approval for 
 performing tests specified in the contract documents.

C.7.6  Inspection of Material Received at Site

All the material received at site shall be submitted for inspection by the 
 consultant. A material on-site inspection request (MIR) shall be submitted to 
the consultant. Prior to dispatch of material from the manufacturer’s prem-
ises, all the tests shall be carried out, and test certificates shall be submitted 
along with the MIR. Apart from this, all the relevant documents such as the 
packing list, delivery note, certificate of compliance to recognized standards, 
country of origin, and any other documents shall be submitted along with 
the MIR.

Material received at the site shall be properly stored at designated  locations 
and shall maintain original packing until its installation/use.

Inventory records shall be maintained for all the material stored at the 
site. In case of materials to be directly installed at the site upon its receipt, 
the inspection shall be carried out before its use or installation on the 
project.

In case of concrete ready-mix, samples will be tested as per contract 
 documents before pouring the concrete for castings.

Specified tests shall be performed after delivery of material at site.

C.7.7  Protection of Works

All the works shall be protected at site as per specified methods in the 
 contract documents.

C.7.8  Material Storage and Handling

M/S ABC shall arrange for a storage facility on the project site to keep the 
material in safe condition. Material at site shall be fully protected from 
 damages and properly stored. Necessary care shall be taken to store paints 
and liquid types of materials by maintaining appropriate temperature to 



511Appendix C: Content of Contractor’s Quality Control Plan

 prevent damage and deterioration of such products. Materials, products, and 
equipment shall be properly packed and protected to prevent damage dur-
ing transportation and handling.

C.8  Method Statement for Various Installation Activities

Method statement shall be submitted to the consultant for their approval as 
per the contract documents. The method statement shall describe the steps 
involved for execution/installation of work by ensuring safety at each stage. 
It shall have the following information:

 1. Scope of work: Brief description of work/activity
 2. Documentation: Relevant technical documents to undertake this 

work/activity
 3. Personnel involved
 4. Safety arrangement
 5. Equipment and plant required
 6. Personal protective equipment
 7. Permits/authorities’ approval to work
 8. Possible hazards
 9. Description of the work/activity: Detail method of sequence of each 

operation/key steps to complete the work/activity

Figures C.2 through C.9 are illustrative examples of the method of sequence 
for major activities, for different trades, performed during the construction 
process.

C.9  Project-Specific Procedures for Site Work 
Installations Remedial Notice

QC for such installations shall be as specified in the contract documents or as 
mentioned in the instructions.

Remedial notices received shall be actioned immediately and replied to 
inspect the works having corrected/performed as per contract documents. 
Similarly nonconformance report shall be actioned and replied.

All repaired and reworked items shall be inspected by the concerned 
engineer and quality control engineer before submitting a “Request for 
Inspection” or “Checklist.”
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Installation of
frames, support, and

other accessories

Installation of
hangers 

Installation of panels 
with

electromechanical 
devices/components

Installation of 
panels

Sprinkler Diffusers Light fittings

Detectors

Speakers

Cameras

Grills

Sequential activities
Group activities/items

FIGURE C.4
Method of sequence for false ceiling work.

Guideline
rowMarking

Levelling

BlockworkBlock work
<1.5 m

Cladding

Plastering Painting

Lintel (if applicable)

Finishes
Embedded 

services

Sequential activities
Services activities

FIGURE C.3
Method of sequence for block masonry work.
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Electrical works

Fire protection
piping Pipe drops

Fire hose cabinet

Fire pumps

Sprinkler

Flow switch

Landing valve

Fire hydrant

Signal to fire 
alarm system

Sequential activities
Group activities/items
Services activities

FIGURE C.5
Method of sequence for mechanical work (fire protection).

Electrical works

Water pumps

Water supply
piping 

Drainage piping

Valves

Sanitary fixtures

Water heater

Drain

Filter

Toilet accessories

Submersible
pumps 

Water tank

Manhole External drainage 
piping

Sequential activities
Functional relationship activities
Group activities/items

FIGURE C.6
Method of sequence for mechanical work (public health).
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Appropriate preventive actions shall be taken to avoid repetition of 
 nonconformance work. The following steps shall be taken to deal with any 
problem requiring preventive action:

• Detect
• Identify the potential causes
• Analyze the potential causes
• Eliminate the potential causes
• Ensure the effectiveness of preventive action

Piping  works

Fans

Equipment

Air terminal accessories

Duct works

Electrical works

HVAC piping

Insulation of 
HVAC piping

HVAC duct

HVAC duct 
insulation

HVAC duct 
cladding(if 
applicable)

Pumps

Cooling towers

Chillers

AHU

FCU

Cables

Starters

Panels

Exhaust 

Ventillation

Pressurization

Dampers

Grills

Di�users

Building 
automation 

system

Fresh air

DDC

Sequential activities
Group activities/items
Functional relationship activities

FIGURE C.7
Method of sequence for HVAC work.
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C.10  Risk Management

The contractor shall maintain risk register throughout the contract period 
and shall resolve/mitigate the risk with appropriate response(s).

C.11  Quality Control Records

QC records shall be maintained by the quality control incharge and shall be 
accessible to authorized personnel for review and information. The records 
shall include:

• Contract drawings and revisions
• Contract specifications and revisions
• Approved shop drawings

A-Road work

B-Infrastructure work

C-Landscape work

Marking areaSite clearance Asphalt work

PVC duct and 
piping (buried)

Cutting and filling Grading

Concrete work

Trenches

Tunnel

Plantation

Manhole

Buried cable

Hand hole

Drainage piping

Curbstone

Light bollards

Road marking

Light poles

Pavement

Landscape works

Manhole

Foundation for 
services

Other services

Preparation of soilExcavation

Sequential activities
Group activities/items

FIGURE C.9
Method of sequence for external works.
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• Record drawings
• Material approval record
• Checklists
• Test reports
• Material inspection reports
• Minutes of QC meetings
• Site works instructions
• Remedial notes
• Other records specified in the contract documents or as requested 

by the owner/consultant

C.12  Company’s Quality Manual and Procedures

The following documents from the company’s manual shall be part of 
 contractor’s QC plan:

 1. Documents for specific projects
 2. Subcontractor evaluation
 3. Supplier evaluation
 4. Client supplied items
 5. Receiving inspection and testing
 6. Site inspection and testing
 7. Final inspection, testing, and commissioning
 8. Material storage and handling
 9. Risk management system
 10. Control of quality records
 11. Internal audit

C.13  Periodical Testing of Construction Equipment

Hoists, cranes, and other lifting equipment used at site shall be tested 
 periodically by third-party inspection authority and test certificates shall be 
submitted to the consultant. Measuring instruments shall have  calibration 
tests performed by the approved testing agencies/government  agencies 
at regular intervals, and a calibration certificate shall be submitted to 
 consultants. Other equipment shall be tested/calibrated as per contract 
requirements and the schedule for such tests.
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C.14  Quality Updating Program

The QC program shall be reviewed every 6 months and necessary updates 
shall be done, if required. All such information shall be given to the consul-
tants and a record shall be made for such revisions.

C.15  Quality Auditing Program

Internal auditing shall be performed by the company’s internal auditor to 
ensure that specified quality procedures are followed by the site quality 
personnel.

C.16  Testing, Commissioning, and Handover

The test shall be carried out as per contract documents. Necessary test pro-
cedures shall be submitted prior to start of testing of installed systems/
equipment.

Engineers from the respective trades will be responsible for arrang-
ing orderly performance of testing and commissioning of the systems/
equipment.

C.17  Health, Safety, and the Environment

The HSE officer shall be responsible for implementing health and safety mea-
sures as per OHSAS 18000 and the project’s environmental requirements as 
per local regulatory authority. ABC shall prepare and submit a health and 
safety management and accident prevention program. The safety program 
shall embody the prevention of accidents, injuries, occupational illnesses, 
and property damage. All personnel at the site shall be provided with safety 
gear. Regular meetings and awareness training shall be conducted at the 
site on a regular basis. ABC shall ensure that first aid and emergency medi-
cal facilities are available at the site all the time. ABC shall comply with all 
safety measures specified in the contract documents. ABC shall take all nec-
essary measures to comply with regulatory requirements and environmental 
considerations.
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schematic design, 211
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Zero Defect policy, 69, 163
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