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Unit 1 Introduction to Core Construction
Project Management Concepts

1.1 The Project Life Cycle

Project managers or the organization can divide projects into phases to provide better
management control with appropriate links to the ongoing operations of the performing
organization. Collectively, these phases are known as the project life cycle. Many
organizations identify a specific set of life cycles for use controlling all of their projects. The
project life cycle defines the phases that connect the beginning of a project to its end.

For example,from the perspective of an owner, the project life cycle for a constructed
facility can be illustrated schematically in Figure 1-1. Essentially, a project is conceived to
meet market demands or needs in a timely fashion. Various possibilities may be considered in
the conceptual planning stage, and the technological and economic feasibility of each
alternative will be assessed and compared in order to select the-best possible project. The
financing schemes for the proposed alternatives must also be examined, and the project will
be programmed with respect to the timing for its completion and for available cash
flows. After the scope of the project is clearly defined, detailed engineering design will
provide the blueprint for the construction, and the definitive cost estimate will serve as the
baseline for cost control. On the procurement and construction stage, the delivery of
materials and the erection of the project on site must be carefully planned and
controlled. After the construction is completed, there is usually a brief period of start-up or
shake-down of the constructed facility when it is first occupied. Finally, the management of
the facility is turned over to the owner for full .occu.pancy until the facility lives out its useful
life and is designated for demolition or conversion.

Of course, the stages of development in Figure 1-1 may not be strictly sequential. Some
of the stages require iteration,and others may be carried out in parallel or overlapping time
frames, depending on the nature, size and urgency of the project. Furthermore,an owner may

have in-house capacities to handle the work in every stage of the entire process, or it may
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seek professional advice and services for the work in all stages. Understandably, most owners
choose to handle some of the work in-house and to contract outside professional services for
other components of the work as needed. By examining the project life cycle from an owner’s
perspective, we can focus on the proper roles of various activities and participants in all

stages regardless of the contractual arrangements for different types of work.

Market Demands or
Perceived Needs
_| Definition of Project
™| Objectives and Scope
Conceptual Planning
and Feasibility Study
Conceptual Plan or
Preliminary Design
Y
Design and
Engineering
Construction Plans and
Specifications
Procurement and
Construction
Completion of
Construction
v
Startup for
Occupancy
- ‘Acceptance of Facility
Operation and )
Maintenance
Fulfillment of Useful
Life
Disposal of Facility

Figure 1-1 The project life cycle of a constructed facility
1.2 Major Types of Construction Project

In planning for various types of construction, the methods of procuring professional
services,awarding construction contracts,and financing the constructed facility can be quite
different. For the purpose of discussion, the broad spectrum of constructed facilities may be

classified into four major categories,each with its own characteristics.
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Residential Housing Construction!]

Residential housing construction includes singe-family houses, multi-family dwellings,
high-rise apartments. During the development and construction of such projects, the
developers or sponsors who are familiar with the construction industry usually serve as
surrogate owners and take charge, making necessary contractual agreements for design and
construction, and arranging the financing and sale of the completed structures, and the
construction executed by builders who hire subcontractors for the structural, mechanical,

electrical and other specialty work. An exception to this pattern is for single-family houses as

is shown in Figure 1-2.

Figure 1-2 The single-family house

The residential housing market is heavily affected by general economic conditions, such
as tax laws,and the monetary and fiscal policies of the government. Often, a slight increase in
total demand will cause a substantial investment in construction, since many housing projects
can be started at different locations by different individuals and developers at the same
time. Because of the relative ease of entry,at least at the lower end of the market,many new
builders are attracted to the residential housing construction. Hence, this market is highly
competitive, with potentially high risks as well as high rewards.

Office and Commercial Building Construction’*!

Office and commercial building construction encompass a great variety of project types
and sizes, such as schools and universities, medical clinics and hospitals, retail chain stores
and large shopping centers, warehouses and light manufacturing plants, and skyscrapers for
offices and hotels, as-is shown in Figure 1-3. This sector typically accounts for 35 to 40
percent of the construction market The owners of such buildings may or may not be familiar

with construction 1ndustry practlces, but they usually are able to select competent
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professional consultants and arrange the financing of the constructed facilities
themselves. Specialty architects and engineers are often engaged in designing a specific type
of building, while the builders or general contractors undertaking such projects may also be

specialized in only that type of building.

Figure 1-3 Skyscrapers

Because of the higher costs and greater sophistication of office and commercial buildings
in comparison with residential housing, this market segment is shared by fewer
competitors. Since the construction of some of these buildings is a long process which once
started will take some time to proceed until completion, the demand is less sensitive to
general economic conditions than that for speculative housing. Consequently, the owners may
confront an oligopoly of general contractors who compete in the same market. In an oligopoly
situation,only a limited number of competitors exist,and a company’s price for services may

be based in part on its competitive strategies in the local market.

Industrial Construction™’

Though industrial construction represents only about 5 to 10 percent of the market, it
contains some of the largest projects and is dominated by some of the largest engineering and
construction firms. Some of the industrial constructions, especially the specialized industrial

construction, usually involve large scale projects with a high degree of the theological
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complexity, such as oil refineries, steel mills, chemical processing plants and coal-fired or
nuclear power plants, as is shown in Figure 1-4. Other kinds of industrial construction
involve mine developments, smelters, steel mills, aluminum plants, large heavy-

manufacturing plants and other facilities essential to our utilities and basic industries.

Figure 1-4 A m]clear power plant

Both design and construction require the highest levels of engineering expertise, from
not only civil engineering, but also chemical, electrical , mechanical, and other disciplines, and
typically all phases of the project are handled by the same firm on a negotiated design-
construction. The designers and constructors must be intimately familiar with the
technologies and operations of the facility from the owner’s point of view, and often they
hold some of the key patents for advanced process technologies needed therein. In western
free-enterprise countries, most of these industrial constructions are privately financed.

The major factors in industrial construction generally consist of large amounts of highly
complex mechanical, electrical, process piping and instrumentation work. This work tends to
be much more labor-intensive, though some of the largest hoisting and material-handling

equipment are also required.

Heavy Constructiont*

Heavy construction includes projects such as highways, mass transit systems, tunnels,
bridges, pipelines, drainage systems and sewage treatment plants, as is shown in Figure 1-
5. It accounts for 20 to 25 percent of the market. Most of these projects are publicly owned
and therefore financed either through bonds or taxes. This type of construction is
characterized by a high degree of mechanization which has gradually replaced some labor-

intensive operations.
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Both the design and construction phases of heavy construction are primarily the domain
of civil engineers, though almost all disciplines play an important role. The construction
phase is much more equipment-intensive, characterized by fleets of large dirt movers, cranes,
and trucks, working with massive quantities of basic materials such as dirt, rock, steel,
concrete, timber and pipe. Another major characteristic is that many, if not most, heavy
construction projects are publicly financed, and this fact in turn limits other alternative
contractual arrangements in this sector. Typically,design is done either by,or under contract
with, a public agency, while construction by competitive open bidding. Construction
contractors here usually require much greater expertise in engineering and geology than

those in office and commercial building and residential housing construction.

Figure 1-5 A bridge

1.3 Project Management

What is project management and how is it accomplished? Let’s try to answer these
questions. Project management is the application of knowledge, skills, tools and techniques to
project activities to meet project requirements. Project management is accomplished through
the application and integration of the project management processes of initiating, planning,
executing, monitoring, controlling,and closing. The project manager is the person responsible
for accomplishing the project objectives.

Managing a project includes: identifying requirements; establishing clear and achievable
objectives;balancing the competing demands for quality, scope, time and cost; adapting the
specifications, plans,and approach to the different concerns and expectations of the various
stakeholders. .

The core factors of managing a project is called a “triple constraint”—project scope,

time and cost—in managing competing project requirements. [ Project quality is affected by
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these three factors. High quality projects deliver the required product, service or result
within scope,on time,and within budget. The relationship between these factors is such that
if any one of the three factors changes, at least one of the other two factor is likely to be
affected. Project managers also manage projects in response to uncertainty. Project risk is an
uncertain event or condition that,once occurs, has a positive or negative effect on at least one

project objective.

1.4 Professional Construction Management

Briefly, construction management is the project management which is mainly managing
the construction project activities with professional tools, skills, techniques and so on. The
definition of construction management can be said as: the planning, coordination and control
of a project from conception to completion (including commissioning) on behalf of a client
requiring the identification of the client’s objectives in terms of utility, function, quality, time
and cost,and the establishment of relationships among resources,integrating, monitoring and
controlling the contributors to the project and their output, and evaluating and selecting
alternatives in pursuit of the client’s satisfaction with the project outcome.

Professional construction management is usually used when a project is very large or
complex. Professional construction management refers to a project management team
consisting of a professional construction manager and other participants who will carry out
the tasks of project planning, design and construction in an integrated manner*®!. Contractual
relationships among members of the team are intended to minimize adversarial relationships
and contribute to greater response within the management group. A professional
construction manager is a firm specialized in the practice of professional construction
management which includes:

1. Working with owner and the A/E firms from the beginning and make
recommendations on design improvements, construction technologies, schedules and
construction economy.

2. Proposing design and construction alternatives if appropriate,and analyze the effects
of the alternatives on the project cost and schedules.

3. Monitoring subsequent development of the project in order that these targets are not
exceeded without the knowledge of the owner.

4. Coordinating procurement of material and equipment and the work of all construction
contractors, and monthly payments to contractors, changes, claims and inspection for
conforming design requirements.

5. Performing other project related services as required by owners.



1.5 Project Delivery Systems!”

Owners, design professionals,and constructors make the decisions, provide the services,
and perform the work to deliver constructed projects. These activities are known collectively
as project delivery, and the generic term “ project delivery system” describes how the
participants are organized to interact, transforming the owner’s project goals and objectives
into a finished facility.

The marketplace is continuously transforming and redefining many of the project
delivery alternatives discussed here. Therefore, it is important that parties entering
discussions about project delivery can be clear about their terms,as the definitions used here

do not enjoy universal acceptance.

1.5.1 Owner-Provided Delivery'®]

A project where the scope of word is within their range of skills, experience, and
resources,owners often choose to perform some or all of the design services and construction
work themselves. Projects that involve simple modifications to an exiting facility,as well as
projects that are limited in cost or complexity, are good candidates for owner-provided
delivery. An owner might also elect to keep repetitive projects in house.

The owner may supplement internal professional staff with design specialists so that the
design services are essentially self-provided. Construction may also be accomplished using
the owner’s resources entirely, or with the owner serving as the general contractor and
subcontractors performing much of the work. Of course, the owner must meet professional
registrations and contracting licensure requirements. Many larger private and public entities
provide some of their design professional services in house and may perform some

construction using their own resources.

1.5.2 Traditional Design-Bid-Build™'

In the U. S. , DBB contracting has for many years been the form of project delivery
required by law for the owners of most public work projects. Owners of many private
projects also frequently choose DBB contracting. DBB is effective on projects where the
owner needs both professional design services and construction services. DBB is also effective
in cases where the design professional does not require detailed knowledge of the means and
methods of construction. DBB provides the owner with a high degree of control and is
therefore often the preferred project delivery system for owners who: wish to closely monitor

projects ( even conventional ones); ane public owners and must account in detail for
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expenditures; are obligated by statute to procure professional design services by
Qualifications-Based Selection(QBS)"'* regulations and constructors by competitive bidding.
Apart from such needs, the owner of a complex project may simply view the sequential

nature of development under DBB as beneficial to quality.

1.5.3 Construction Management!'"

Many owners engage construction managers to assist in developing bid documents and
overseeing project construction. In the broadest sense, a construction manager (CM) is
professional or firm trained in the management of construction processes; CMs tend to be
less involved with the detailed implementation of those processes. Organizationally,a CM is
generally inter posed between the owner and some of the participants. There are two general
types of construction manager: agency construction manager ( ACM) and construction
manager-at-risk(CM-at-risk). However,CM roles and responsibilities often vary. Therefore,

participants benefit from defining construction management of the project at hand.
Agency Construction Manager(ACM )2}

A construction manager acting as an agent of the owner extends the owner’s internal
capabilities in performing traditional owner responsibilities. However, an ACM functions
wholly within the policies, procedures,and practices of the owner’s organization. The level of
service by the ACM can range from on-call advice to full project management. For an owner
undertaking few projects,the ACM might become,in effect,the entire technical staff.

In some cases, the owner hires thc ACM before the design begins. The ACM may
participate in the selection of and contracting with the design professional or might even be
the design professional. Before the development of the construction contract, the owner and
ACM agree on the scope of the ACM'’s services during construction. The scope and scale of
the services vary with the ACM'’s effort and authority. An ACM may function within any of

the project delivery systems described in this unit, with the owner transferring some control

and risk to the ACM.

CM-at-risk

Project delivery under the construction manager-at-riskU'” arrangement increases
significantly the owner’s delegations of control and risk. A CM-at-risk typically contracts
with the owner in two stages. The first stage encompasses services during the conceptual and
preliminary design phases,during which the CM-at-risk and the design professional , perhaps
acting as the CM-at-risk’s sub consultant, manage and undertake those functions, with
variable participation by the owner. During this stage, the CM-at-risk is usually a paid
consultant. When the design is complete, the owner and CM-at-risk then agree on a price and
schedule for the construction work.

The second stage involves the completion of construction for a negotiated fixed or
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guaranteed maximum price. At this point, the CM-at-risk and the owner agree on the
contractual terms that will apply to the project. Acting as a general contractor, the CM-at-
risk then engages the design, specialty, and trade subconsultants and subcontractors
necessary to complete construction. CM-at-risk is popular for owners of private projects,and

some states in America now allow CM-at-risk on some public work projects.

1.5.4 Design-Build'¥

Design-build project delivery has been used by owners of public and private projects
throughout history,in which one entity is responsible for both design and construction.

In design-build delivery, the owner contracts with a single entity to provide the design
(or at least a final, detailed design) and to construct the project according to that
design. Under design-build delivery, the owner first assesses his or her own in-house
capabilities. The contract might be negotiated with a single design-builder or result from
competitive proposals. The selection of the design-builder can be based on low price only or
on a set of value criteria where factors such as similar project experience, key staff
availability and experience, bonding capacity,are considered along with price.

Design-build provides the owner with a single point of contact for project
responsibilities, eliminating the need to assist in resolving designer-constructor
disputes. With the constructor playing a major role in design,costs are typically defined and
maintained to a greater degree, and the coordination of fast-track management to achieve
early completion is greatly simplified.

The design-builder makes many decisions that the owner would make under DBB. The
owner delegates to the design-builder greatly increased authority to fulfill an increased
number of responsibilities. Compared to DBB contracting, this involves a significantly

different set of requirements, expectations, timeliness,and communication.

1.5.5 Turnkey'*!

Some owners wish to delegate all responsibilities of design and construction to outside
consultants in a turnkey project arrangement. A contractor agrees to provide the completed
facility on the basis of performance specifications set forth by the owner. The contractor may
even assume the responsibility of operating the project if the owner desires so. In order for a
turnkey operation to succeed, the owner must be able to provide a set of unambiguous
performance specifications to the contractor and must have complete confidence in the
capability of the contractor to carry out the mission.

This approach is the direct opposite of DBB approach in which the owner wishes to
retain the maximum amount of control for the design-construction process.

Turnkey project delivery has the characteristics of design-build, but adds to the design-
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builder’s responsibilities the operation and/or maintenance of the completed project. Turnkey
delivery further reduces oversight demands on the owner,so the contractor “turns over the
keys” when the project is complete. Turnkey delivery, through this transfer of responsibility

and risk, has the potential to bring a new project on line more quickly.

Summary

The owner’s selection of a project delivery system is one of the most important decisions
affecting qualities. Construction industry professionals with experience in relevant systems of
project delivery are important resources in the owner’s evaluation of internal capabilities,

development of project objectives and plans,and assessment of various stakeholder interests.
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