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Preface

onstruction Purchasing & Supply Chain Management is an authori-
tative guide that provides proven strategies for the construction
supply chain management (CSCM) function. The material in
this book explains how to achieve maximum integration with upstream
and downstream supply chain members using the latest methodolo-
gies and technologies. It is also a comprehensive step-by-step guide to
CSCM that is intended to help project owners, design engineers, archi-
tects, prime contractors, subcontractors, suppliers, and construction
managers involved in construction projects throughout the world
establish a strategic framework to meet the budgetary and scheduling
goals of any project. This book can be used to teach the fundamentals
of construction purchasing and supply management in a logical, sim-
ple, and concise format in construction management courses designed
for undergraduate business and civil engineering students or for con-
struction management graduate students. CSCM focuses on strategies
for Lean construction including just-in-time purchasing, supplier eval-
uation, subcontractor selection, subcontractor relationship manage-
ment, equipment acquisition, information sharing, and project qual-
ity management. The treatment of CSCM in this book is extensive
and complete. There are more than 70 illustrations and ready-to-use
forms.

The construction industry has changed in its complexity over time.
However, the primary objective of the industry is basically the same as
it was 100 years ago: to build communities, roads, schools, homes,
businesses, and hospitals. In 2007 approximately $2 trillion was spent
in the construction industry. A unique project-delivery system is the
cornerstone of the construction industry. The industry is fragmented
and distinguished by a collection of large and small firms, related bulk
material suppliers, and many other support protessionals. The typical
supply chain for any given construction project could include archi-
tects and engineers, prime contractors, specialty subcontractors, and
material suppliers that come together one time to build a single project
for a specitic owner. This complex supply chain is characterized by
adversarial short-term relationships driven by the competitive
bidding process. Except for the architect, support engineer, or other

IX
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construction professional whose fees are negotiated, the low bid win is
the pricing model that repeats itself in each link of the supply chain.
The project owner selects a prime contractor who is the low bidder.
In turn, the prime contractor uses price as the basis for selecting sub-
contractors and suppliers. This approach continues even if a subcon-
tractor hires his or her own subcontractor; again, the low bid wins. In
most private and some public markets it is an industry practice after
the contract is awarded and the overall project price is known, for the
prime contractor to “shop” the prices of subcontractors before decid-
ing which to use. Likewise, prime contractors may receive unsolicited
quotes from subcontractors who aggressively pedal their low prices
atter the contract award. This adversarial behavior causes dissatisfac-
tion throughout the supply chain and results in arms-length, one-time,
project-focused relationships.

Time is one of the most critical factors in construction operations
and has significant legal consequences. The project owner sets rigid
beginning and ending dates for the construction process. Delays are
costly and are specifically addressed in contract documents in antici-
pation of liquidated and other damages. Pricing in construction can
be lump sum, cost plus, negotiated, or unit price. All pricing in con-
struction depends on the time that the contractor determines it will
take to complete a job. Barring any circumstances caused by the proj-
ect owner and outside of the control of the contractor, the contractor
must meet the time set by the project owner or lose money. Time fac-
tors are even more complicated in construction because the working
environment may be outside for part or all of a project, which means
that progress is intfluenced by weather conditions.

The labor-intensive construction operation is characterized by
decentralization. A prime contractor may self-perform a portion of
the work as other specialty subcontractors move in and out of the
project as their sections of work are ready. Over time, the jobsite is
transtormed from a temporary production facility with materials and
heavy equipment to the actual completed project, a school or a hospi-
tal. Projects are typically located near the project owner who is either
hands-on or represented by an architect or construction manager.
There is limited coordination and collaboration between the design
professionals, prime contractors, subcontractors, and suppliers
involved during the life-cycle aspects of the project. Information gen-
erated by various sources, at many levels of abstraction and detail,
contributes to the fragmentation. Traditionally, the project informa-
tion exchanged between architects/engineers and a prime contractor
is compliant and has been mainly based on paper documents. These
documents come in the form of architectural and engineering draw-
ings, specifications, bills of quantities, and materials and change
orders. This lack of communication and implementation leads to sig-
nificant negative impacts—low productivity, cost and time overruns,
change orders, inadequate design specifications, liability claims, and
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generally, contlicts and disputes—which directly impact the customer
by increasing project-completion time and cost.

As tlawed as the individual entities of a construction supply chain
may be, they are even more troublesome because a new supply chain
or operations component must be developed each time a new project
begins. The reality is that the learning that takes place in manufactur-
ing is circumvented in construction by the changes from one project to
the next. Construction supply chain management poses an excellent
opportunity to at least mitigate some risks by partially integrating
some of the lessons learned from the manufacturing sector. A system-
atic step-by-step approach to operating a value-driven construction
company must be adopted.

The topical coverage includes an introduction to construction pur-
chasing and supply chain management; construction supply sourcing
process and procedures; construction supply chain relationship man-
agement; construction supplier selection and evaluation; purchasing
subcontracting services; equipment purchasing, planning, and leasing;
supply chain complexity, profitability, and information sharing; and
construction supply chain management business models.

Chapter 1 establishes construction supply chain management’s
potential for contributing to profitability. The fragmentation and adver-
sarial relationships between owners, prime contractors, subcontrac-
tors, and suppliers in public and private, and vertical and horizontal
sectors of the construction industry are a harsh reality. Construction
sourcing risks involve not only the project owner, but all entities in the
supply chain. At the same time, the construction industry faces new
levels of complexity as it moves forward and tries to keep pace with
increasing energy, materials, and labor costs. Construction supply
chain management poses an excellent opportunity to mitigate risks by
partially integrating the lessons of continuous improvement learned
from the manufacturing sector.

In Chap. 2, the construction supply sourcing process and proce-
dures have historically been among the most arbitrary elements in
the construction process. Only when the cost of materials and sub-
contracting services increased did management attempt to solve
sourcing problems. The focus on labor was logical simply because the
construction process is labor intensive. Recently, some construction
market segments have investigated new technologies and invested in
a technology-driven construction purchasing systems. Although
these new systems are up and running, too frequently they are being
operated just like the old construction business models, thus deteat-
ing the very purpose the system was designed to achieve. The reality
is that technology and advanced management systems are rapidly
displacing labor.

Construction supply chain relationship management is addressed
in Chap. 3. Construction organizations cannot atford to ignore sub-
contractor /supplier relationship management. Competitive advantages
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can be gained through superior subcontractor/supplier manage-
ment. Given the competitive nature of the current business environ-
ment, a firm could potentially go out of business if it neglects proper
management of strategic subcontractor/supplier relationships. The
supply chain management approach encourages a prime contractor
to compete by adding supply chain value and eliminating waste.
Establishing long-term relationships with strategic subcontractors
and suppliers is one of the most important principles of the supply
chain paradigm. True information sharing can only be accomplished
with both upstream and downstream information technology.
Finally, the theme of continuous improvement must permeate all
relationships and activities throughout the supply chain.

Construction supplier selection and evaluation is the focus of
Chap. 4. Construction organizations are not proficient at identitying
the capabilities of their suppliers and sometimes rationalize decisions
for the selection of materials suppliers based on convenience. This
integral function—materials supplier selection process—should be
integrated into the supply chain management environment so that
the availability of bulk materials is ensured. The mistakes made by
many organizations in supplier selection can be avoided with three
factors for success. Prime contractors should assess the core compe-
tencies and capabilities of each supplier and then ask if that supplier
could be replaced. Since firms exit the market for various reasons,
prime contractors should be prepared to establish alternative part-
nerships. Lastly, the prime contractor should share information with
all team members and request their input.

In Chap. 5 purchasing subcontracting services is presented. Plan-
ning the use of subcontractor services can account for improved sup-
ply chain performance, thereby substantially increasing the probabil-
ity of a successtul project. Prime contractors should not wait until
they receive bid proposals to evaluate subcontracting expertise. The
dollar magnitude of subcontracting is motivation for the supply chain
management-oriented construction organization to ensure that the
appropriate subcontractor is selected. The subcontractor selection
process involves many important factors including the evaluation of
a subcontractor’s capacity and performing a SWOT (strengths, weak-
nesses, opportunities, and threats) analysis. An equitable bid submis-
sion and evaluation process, along with mutually satistactory nego-
tiations set the tone for sound relationships with subcontractors once
the project begins.

Equipment purchasing, planning, and leasing are presented in
Chap. 6. The capital equipment acquisition is a specialized function for
the purchasing department. A step-by-step capital acquisition process
includes (1) requisition, (2) company objectives, (3) new product ideas,
(4) cash-tlow analysis, (5) economic evaluation, (6) financial plan anal-
ysis, and (7) expenditure control. The decision to lease or buy capital
equipment requires both analytical analysis and normative judgments.
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When does it make more sense to invest in construction capital equip-
ment instead of leasing it? Another element of the capital acquisition
process is whether to purchase new or used equipment. But, whatever
the reason for the purchase or lease, technology-driven equipment
acquisitions can be a formidable competitive weapon.

Construction supply chain complexity, profitability, and informa-
tion sharing are presented in Chap. 7. The concept of construction
supply chain has gained significance because of the increasing num-
ber of potential complex private and public sector construction proj-
ects. In the short run, contractors may be able to survive with losses;
however, in the long run, every construction business must generate a
profit. Niche marketing, decreasing total costs, and decreasing over-
head are traditional means of increasing profits. In the construction
process costly delays in materials, equipments, and services erode
profits. Construction supply chain management through the integra-
tion and coordination of materials, information, and money tlows
between the various project partners resolves delays and otfers a new
means of increasing profitability. CSCM’s emphasis on information
sharing and communications fosters cooperation and collaboration
among supply chain members. Contract arrangements that promote
core values across all levels of the supply chain depart from tradi-
tional practices by advancing successtul project outcomes instead of
individual firm successes. Project management and execution are the
final tests of how well the supply chain is working. Tracking progress
in the field ensures that a project will be on-time and under-budget
and within specifications. Sharing field measurements with all mem-
bers in accordance with supply chain values is the final predictor of a
profitable project.

The book concludes with a focus on construction supply chain
management business models in Chap. 8. Two construction supply
chain models encompass the variety of specific project types dis-
cussed in Chap. 1. Horizontal projects are usually publicly funded
and characterized by government agencies in the role of the project
owner. In addition to the project owner’s own in-house technical
capabilities, the supply chain members have substantial engineering
expertise. Vertical projects may have public or private funding. Con-
struction managers are a key supply chain entity in the vertical model.
Because of private ownership issues there can be vulnerability to
bankruptcy in some variations of the vertical model. The CSCM mod-
els and methods described in this chapter and throughout this book
can be customized to meet specific project requirements. A systematic
CSCM approach will lead to increased integration and profitability.

W. C. Benton, Jr.
Linda F. McHenry
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CHAPTER 1

Introduction to

Construction
Purchasing and
Supply Chain
Management

The Future Is Now

The essential ingredients in any business are mental, not physical.
The methodologies and processes used to organize the labor, materi-
als, equipment, and financial resources needed to produce a product
are at the core of a successful business model, more so than the phys-
ical tasks required to make the individual product itself. The reason
for acquiring knowledge of methodologies is to prevent mistakes
from being repeated. To this end, the primary purpose of business
schools and business education is to teach the minimization of risks
and improve the probability of success.

Knowledge, whether gained through experience or education, is
both conceptual and analytical. Conceptual knowledge comes from
years of experience: “We know how to build a sports arena because
we have done it time and time again.” On the other hand, analytical
knowledge encompasses technology: “We use the Critical Path Method
to track actual to budgeted production performance.” Even with an
increased knowledge base and cumulative learning, however, there
will still be risks. The challenge for business owners is to be willing to
take reasonable risks.



. Chapter One

Manufacturing Risks versus Construction Risks

Knight” defined the difference between risk and uncertainty: Risk is
measurable, but uncertainty cannot be measured. Therefore, supplier
and contractor risks can be defined as SCR = PA x NC, where SCR =
supplier and contractor risks, PA = the probability that an adverse
event will occur, and NC = negative consequences if the adverse event
occurs, assuming that each of the adverse events is independent.

The notion of risk versus reward in the construction industry is
counterintuitive because the expected risk reward curve in the manu-
facturing industry is positively correlated, meaning that for each unit
of risk an approximate reward follows (Ceteris paribus). See Fig. 1.1.
On the other hand, the risk reward curve for the construction indus-
try is negatively correlated. See Fig. 1.2.

Risk

Ficure 1.1 Risk versus reward for the manufacturing sector.

Risk

FiIGURE 1.2 Risk versus reward for the construction sector.
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Construction sourcing risks involve all of the entities in the sup-
ply chain: the project owner, architect, prime contractor, subcontrac-
tors, and suppliers. The potential for mistakes and problems is mag-
nified by the interrelationships between these entities. Some of the
risks include:

e Internal financial problems

e Working capital problems

e Slow payment from project owner
e Inferior plans and specifications

e Inadequate technical capabilities

e Insufficient information technology
e Lack of communication between supply chain partners
e Productivity inefficiencies

e Work quality problems

e Work method problems

e Delivery reliability problems

e Bulk materials quality problems

Any of these adverse events independently or together could
cause the entire supply chain to go bankrupt. Supply risk manage-
ment involves identifying and assessing alternative strategies for
eliminating and reducing supply chain sourcing risks. Perhaps the
most important component of risk management is the certification,
prequalification, and monitoring of all supply chain participants.

Operations, how to generate a product or service and get it to mar-
ket, is a critical business function. The contrasts between the risks in
manufacturing and construction are significant when one compares
the operations component (project delivery system, product/service,
employees, response time, and location) in both industries. The differ-
ences suggest the need for knowledge-based solutions like supply
chain management that can achieve process improvements in the con-
struction business model. A classic manufacturing process is predict-
able, stable, capital-intensive, and technocratic. The typical supply
chain network is simple and centralized, and includes multiple suppli-
ers, the manufacturer, and the ultimate customer. See Fig. 1.3.

The customer is isolated from the process and for the most part, is
only affected indirectly, if at all, by any malfunction. The product in
manufacturing is typically mass produced, standardized and dura-
ble, and can be transported. In addition, the product can usually be
produced ahead of time, which makes it easier to balance resources
with demand. Products can even be backordered. Employees in man-
ufacturing sometimes have wages that are based on output. In the
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Supplier A \
Buying firm
(A)
. \ Ultimate
Supplier B customer
Buying firm /
(B)
Supplier C /

Ficure 1.3 Typical supply chain network?.

manufacturing sector, workers have technical skills, are closely super-
vised, in most instances exercise no or low personal judgment, and
have little or no contact with the actual customer. A single plant or
multiple facilities permanently house the equipment and production
processes. The manufacturing sector is characterized by long response
times for making a product. While labor, supply, and transportation
are nearby for manufacturing entities, the market for the sale of a
product can be both national and international.

Improvement curve techniques are well suited for manufacturing
because of its repetitive production of individual durable units by a
single business. The improvement curve is exponential and depicts a
constant-percentage reduction of labor as a function of cumulative
units produced. Put another way, as workers learn how to do their
jobs better, they produce more and more units at a lower cost. The
efficiencies that are achieved over time are a factor in a firm’s com-
petitive advantage and are the impact of cumulative learning in man-
ufacturing. See Fig. 1.4.

T
Probability of failure <

Low

—
N
o

Number of units

Ficure 1.4 Probability of failure for the manufacturing industry.
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While construction has changed in complexity over time, the pri-
mary objective of the industry is basically the same as it was 100 years
ago: to build infrastructure, roads, schools, homes, hospitals, facto-
ries, and other businesses. In 2007, approximately $3 trillion was
spent in the United States in the construction industry. Unlike the
widgets produced in manufacturing, the finished product in con-
struction is customized and cannot be mass-produced. The opera-
tions function that shows improvement in the manufacturing sector
has quite a different profile in the construction industry. The proba-
bility of failure remains constant for traditional construction organi-
zations. See Fig. 1.5.

A unique project delivery system is the cornerstone of the construc-
tion industry. The industry is fragmented and distinguished by a col-
lection of large and small firms, related bulk material suppliers, and
many other support professionals. The typical supply chain for any
given construction project could include architects and engineers,
prime contractors, specialty subcontractors, and material suppliers
that come together one time to build a single project for a specific
owner. This complex supply chain is characterized by adversarial
short-term relationships driven by the competitive bidding process.
Except for the architect, support engineer, or other construction profes-
sional whose fees are negotiated, the “low bid wins” is the pricing
model that repeats itself in each link of the supply chain. The project
owner selects a prime contractor who is the low bidder. In turn, the
prime contractor uses price as the basis for selecting subcontractors and
suppliers. This approach continues even if a subcontractor hires his or her
own subcontractor; again, the low bid wins. In most private and some
public markets, it is an industry practice after the contract is awarded
and the overall project price is known, for the prime contractor to

T
Probability of failure <

1 20
Number of projects

Ficure 1.5 Probability of failure for the construction industry.
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“shop” the prices of subcontractors before deciding which to use. Like-
wise, prime contractors may receive unsolicited quotes from subcon-
tractors who aggressively pedele their low prices after the contract
award. This adversarial behavior causes dissatistaction throughout
the supply chain and results in arms-length, one-time, project-focused
relationships.

Time is one of the most critical factors in construction operations
and has significant legal consequences. The project owner sets rigid
beginning and ending dates for the construction process. Delays are
costly and are specifically addressed in contract documents in antici-
pation of liquidated and other damages. Pricing in construction can
be lump sum, cost plus, negotiated, or unit price. All pricing in con-
struction depends on the time that the contractor determines it will
take to complete a job. Barring any circumstances caused by the proj-
ect owner and outside of the control of the contractor, the contractor
must meet the time set by the project owner or lose money. Time fac-
tors are even more complicated in construction because the working
environment may be outside for part or all ot a project, which means
that progress is influenced by weather conditions.

The labor-intensive construction operation is characterized by
decentralization. A prime contractor may self-perform a portion of
the work as other specialty subcontractors move in and out of the
project as their sections of work are ready. Over time, the jobsite is
transtormed from a temporary production facility with materials and
heavy equipment to the actual completed project, a school or a hospi-
tal. Projects are typically located near the project owner who is either
hands-on or represented by an architect or construction manager.
There is little or no coordination and collaboration between the design
professionals, prime contractors, subcontractors, and suppliers
involved during the life-cycle aspects of the project. Information gen-
erated by various sources, at many levels of abstraction and detail,
contributes to the fragmentation. Traditionally, the project informa-
tion exchanged between architects/engineers and a prime contractor
is compliant and has been mainly based on paper documents. These
documents come in the form of architectural and engineering draw-
ings, specifications, bills of quantities and materials, and change
orders. This lack of communication and implementation leads to sig-
nificant negative impacts—low productivity, cost and time overruns,
change orders, inadequate design specifications, liability claims, and,
generally, conflicts and disputes—which directly impact the customer
by increasing project completion time and cost.

As flawed as the individual entities of a construction supply chain
may be, they are even more troublesome because a new supply chain or
operations component must be developed each time a new project
begins. The reality is that the learning that takes place in manufacturing
is circumvented in construction by the changes from one project to the
next. Construction supply chain management poses an excellent
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Ficure 1.6 Probability of failure of the construction industry with supply
chain management.

Project Category Net Income (%) | Firms with Income (%)
Private sector project 5.2 65.2

(residential)

Private sector project 3.3 59.9

(commercial)

Public sector (building/ 4.8 (2.6

vertical)

Public and private sector | 4.6 or./

(heavy/horizontal)

TaBLe 1.1 Average U.S. Construction Industry Profitability (2007)

opportunity to at least mitigate some risks by partially integrating some
of the lessons learned from the manufacturing sector. See Fig. 1.6.

The translation of the operations function in the construction
industry into financial measures can be demonstrated with average
profit performance in the U.S. construction industry broken down by
project type. See Table 1.1.

Types of Construction Projects

e Private sector housing (e.g., residential, apartment, and sub-
division development projects)

e Private sector commercial (e.g., retail stores, manufacturing
plants, businesses, restaurants, and warehouses)
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e Public sector building/vertical (e.g., schools, universities, air-
ports, hospitals, and state buildings)

e Public and private sector heavy/horizontal (e.g., highways,
bridges, and dams)

The percentage of firms that broke even or showed a positive net
income underscores just how risky the construction industry can be.
For example, 40 percent of firms in the commercial construction mar-
ket showed either no profit or lost money. The public sector building
market was slightly better with only 28 percent of firms either losing
money or breaking even. However, the stark reality is that across all
categories, construction firms that are profitable show only modest
returns from 3 to 5 percent. When one considers the risk, these gains
cannot compete with investment earnings in a normal financial mar-
ket. It is not surprising then that in the United States, construction firms
have a one-in-five chance of being successful after 5 years. In other
words, the risk of bankruptcy is 80 percent after 5 years. Moreover,
with the fragmented project delivery system, with each new project
there is an equal probability that any one or all of the firms could fail.
The risk of failure for any individual construction business enterprise
can be decreased by as much as 60 percent with increased knowledge.

Supply chain management (SCM) that is driven by information
technology (IT) is recommended for the construction industry. The con-
struction supply chain management (CSCM) concept has the potential,
through information, and communication technologies, to overcome
some of the fragmentation problems. When the manufacturing defini-
tion of SCM is extrapolated to construction, CSCM is defined as the stra-
tegic management of information flows, activities, tasks, and processes,
involving various networks of independent organizations and linkages
(upstream and downstream) which produce value that is delivered to
the owner in the form of a finished project.

The upstream activities within CSCM from the perspective of a
prime contractor involve the project owner and engineering/design
teams as they engage in preparing for the construction process. The
downstream activities, which include material suppliers and subcon-
tractors who interact with the prime contractor to carry out the task of
building the project, require substantial coordination among project
partners. To marry and then manage the downstream and upstream ele-
ments of the supply chain, the prime contractor must develop an enabling
structure and an efficient communication system for effective relation-
ship management as part of the overall project management. CSCM can
easily lead to a natural evolution toward productive relationships
throughout the construction process. The considerable documentation,
contracts, change orders, purchase orders, specifications, and so on gen-
erated both upstream and downstream during the life cycle of a con-
struction project is another reason why the need for CSCM is significant.
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When integrated with continuous improvement, CSCM can successtully
address major problems ot the construction industry and its project
owners.

CSCM can systematically reduce sources of uncertainty through
the active cooperation of all entities in the supply chain in four func-
tional areas: preconstruction design and contractor selection, con-
struction, information management, and risk management.

Preconstruction Design and Contractor Selection

After the owner makes its own internal determination to proceed
with a new project, a qualified architect or engineering firm is selected
to develop a design. A request for proposal (RFP) is initiated to solicit
architectural services. The architect’s compensation is established by
negotiations. The next step is to develop an appropriate design that
meets the owner’s requirements in terms of constructability and
functionality. The architect then communicates the final project
design, specifications, and bid to documents to a pool of qualified
contractors. The prime contractor may be selected through a com-
petitive bid process where the award is made to the most responsive
low bidder or through negotiations. Whether prime contractor or
subcontractor, there are four prevalent kinds of pricing methods that
are widely used in the construction industry:

1. Single fixed price (lump sum)
2. Negotiated, cost plus a fee

3. Unit price

4. Design build

After the award, contract documents are signed between the
owner and the prime contractor or construction manager. Those
agreements are typically either customized or standardized industry
forms, such as the family of construction documents available through
the American Institute of Architects (AIA), the series of contract docu-
ments developed by the Engineers Joint Contract Documents Commit-
tee (EJCDC) in 1975 and revised in 2007, or a new set of agreements,
ConsensusDOCS, which have been endorsed by 22 contractor and
other industry groups led by the Associated General Contractors of
America (AGC).” With a signed contract between the owner and the
prime contractor or construction manager, the material suppliers and
subcontractors are selected and similar documents are then signed by
all entities downstream in the supply chain. Depending on the nature
of the project, the selection of subcontractors can be ongoing as vari-
ous segments of a project are “packaged” for bidding by trade. See
Chap. 7 for more about CSCM and contract documents in the princi-
pal market segments discussed in this book.
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Construction

This phase is the core of production, and it includes critical activities
such as scheduling; site coordination; and resource, material, and
logistics management. This phase might also include the selection of
additional contractors it the project is presented to the industry in
trade “packages.”

Information Management

This area includes project information demand and supply (information
transparency, flow, acquisition, availability, and sharing). The key ele-
ments in information management uncertainty are analyzed in terms of
how they contribute to inetficiencies in information upstream and down-
stream of the construction process. At the same time, subcontractors,
materials, equipment, and even funds move in response to signals from
the information flow. However, in construction projects these flows take
place in the context of linkages between independent organizations. In a
pre-CSCM environment, there is an informal reliance on information
management to coordinate the chain. The strength of CSCM is that it
crosses organizational boundaries, organizing information and process
flows, sending signals to operations, and evaluating results. As a result,
information management is the life blood ot construction SCM.

Risk Management

The potential for liability in any business has a direct correlation to
the relationships in that business, that is, dealings with other busi-
nesses, employees, and the general public. Disputes between custom-
ers, subcontractors, and suppliers almost always occur because of
poor initial communications and attempts to shift risk unfairly
through egregious contractual provisions. Disgruntled employees
negatively affect productivity. As ambassadors for the employer, dis-
satisfied workers can be detrimental to customer relationships. In
construction, employees on the jobsite have substantial interactions
with the project owner and other entities in the supply chain. Liabil-
ity that stems from accidents is unfortunate and hard to predict; how-
ever, it can be reduced and managed through safety programs that
foster a safe work environment. The paradigm of CSCM can play a
significant role in developing relationships within the supply chain
that reduce the exposure to contractual claims disputes. This devel-
opment of relationships works to minimize accidents and create an
overall environment of productive employees.

Critical Elements for Best Practice Construction

The construction industry has seen fierce price competition in the
past decade, making survival a more arduous task. The competitive
strategies of low-cost, high-quality, on-time project completion, and
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flexible leadership allow firms the ability to compete by positioning
operational efficiency as a competitive weapon. In today’s business
environment, this competitive edge is not only a must for a market
leader in the construction industry, but a necessity for all construction
industry firms just to survive. The creation and maintenance of oper-
ational leadership, however, is a difficult and complex process, and
construction firms must foster a set of new, critical elements in order
to develop best practice construction operations. There are several
established best practices for forecasting the benefits ot CSCM. See

Fig. 1.7.

First, the construction industry must develop a sincere attitude
adjustment toward a strong dedication to operational efficiency. The
belief and commitment toward developing operational etficiency as a
profit driver requires a high level of organizational support that must
be communicated throughout the firm. Operational analysis must
play a prominent role in business strategy for successtul construction
operations. This leads to a second necessary operational element of
continuous improvement. An established competitive advantage means
little if the construction firm is not able to sustain it from project to
project, and, thus, construction industry leaders must retain a funda-
mental spirit of anticipation (instead of reaction) to changes and
problems. Realizing that most major advances result from small
changes over time, the construction industry must create an environ-
ment of continuous project and process (work method) improvement.
This requires employee training and empowerment as these small
changes will more effectively come from the quality of the work

force.

The third component required to position operations etficiency as a
source of advantage is the elimination of waste. To be able to reduce costs

Profit optimization

Project profitability

Profit erosion

Ficure 1.7 Best practices for forecasting the economic benefits of investing

In construction supply chain management.
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and react to change, construction firms must be lean and flexible. This
necessitates a general attitude toward elimination of excess in materials,
personnel, and processes. “Lean” construction has helped propel many
responsive construction companies to success. A fourth element that fos-
ters the environment for best practice operations is technology. Knowl-
edge of company capabilities, competitors, and the business cycle is
critical to success. Modern technology can also be utilized to enhance
information flows both inside and outside the firm. Technology may be
exploited to facilitate improved project selection, planning, scheduling,
work methods, and materials flows. This “Lean” construction approach
enhances the responsiveness and allows the construction firm to be on
the cutting edge of competition. See Fig. 1.8.

The critical elements of attitude, process improvement, waste
elimination, and technology are necessary in allowing operational
efficiency to serve as a competitive advantage within a construction
firm. An operations-oriented strategy, however, must extend beyond
an individual construction firm. The project is delivered to the project
owner via supply networks of firms consisting of architects, engi-
neers, contractors, material suppliers, and related supply chain mem-
bers. Most firms are simply a link in the supply chain, and a chain can
only be as strong as its weakest link. Therefore, construction firms
cannot be responsive without responsive subcontractors or material
suppliers and technology implementation. As another example, a
prime contractor cannot produce high-quality projects without qual-
ity materials and well-informed subcontractors, pushing quality
responsibility down to its subcontractors and material suppliers.

Goal

Project Time line Cash

(Reduced by removing non-value added waste)

Conformance to specifications, under budget, and shortest completion time

Construction supply Empowerment

chain control e Employee training
e Attitude adjustment

Continuous
Improvement

e Continuous project improvement
e Continuous process improvement

Work methods

PDCA

Simplify design

Information technology

e Plan
e Do

e Check
e Act

Elimination of waste, standardized work methods, continuous project, and process improvement

Stability

FiIcure 1.8 The Construction House of Lean.
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Supply Chain Management and Competitive
Construction Operations

This discussion leads to the conclusion that a single construction firm
cannot necessarily position itseltf as an operations efficiency leader
without the help of other firms in the chain. A fifth element necessary
for a competitive construction operation is supply chain control. Spe-
cifically, the supply chain consists of all firms and organizations
which contribute delivery of a high-quality project or service to the
project owner. Japanese manufacturers achieved tight control over
their supply chains with the keiretsu, which is described as a business
cohort which relies on cooperation, coordination, and control to com-
petitively position businesses and industry norms. While keiretsu
activities are driven by the unique legal and cultural environment in
Japan, transferring the keiretsu-like philosophy to the United States
has yielded the concept of supply chain management.

Supply chain management involves the strategic and process
coordination of subcontractors, material suppliers, and information
within the supply chain to deliver satistaction to the ultimate project
owner. While each business entity in the supply chain has been tradi-
tionally driven by self-profitability, the notion of supply chain man-
agement involves optimization of synergistic relationships between
supply chain members to ultimately satisty the project owner. The
concept evolves from controlling the supply chain as a single process
rather than as a sum of independent transactional relationships. The
expected end result is a mutually beneficial, win-win partnership
that creates a synergistic supply chain in which the entire chain is
more effective than the sum of its individual parts.

Ideally, supply chain management represents a win-win, utopian
goal of circular benetits. See Fig. 1.9. Each company in the supply
chain obtains its own profitability and success by creating customer
value in terms of a functional, high-quality project at an acceptable
price. Each organization within the supply chain can reduce its own
costs and increase its project performance through supply chain man-
agement, thereby enabling the supply chain to deliver value to the
project owner. The satistied project owner in turn rewards the supply
chain with loyal contracting power, allowing profitability to be trans-
ferred back down throughout the supply chain. This in turn fosters
further supply chain integration and responsiveness, causing the
cycle to repeat.

As mentioned above, a prime contractor may be able to position
a firm as a market leader through exploitation of best practice oper-
ations, but the nature of the linked firms in the supply chain neces-
sitates that subcontractors and material suppliers must be part of
this strategy. The prime contractor cannot become an industry
leader without supply chain support, and, thus, supply chain
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Supply chain management

Increased coordination leading to
decreased costs/faster completion
time and higher quality projects

Supply chain
members

Project owner

Increased owner satisfaction and
> profitability for the supply chain
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—~ — — — members

Ficure 1.9 Circular benefits of construction supply chain management.

management is a prerequisite for developing a competitive advan-
tage for successtul construction operations. As an example, the Jap-
anese auto manufacturers brought their cutting edge production
and supply chain processes to the United States. The subsequent
intense competition forced Chrysler and General Motors to bank-
ruptcy. At a minimum, competitive auto manufacturers must focus
on operations excellence throughout the supply chain. The next
generation of auto manufacturers must therefore develop a new ori-
entation to the supply chain, transferring design, cost reduction and
quality issues to their suppliers.

Barriers to Supply Chain Management

Supply chain management otfers promise for the construction indus-
try. Intense implementation challenges, however, often prevent etfec-
tive exploitation of supply chain management benefits and prove
detrimental to any planned operational efficiency advantage. See
Table 1.2. One barrier, the individualistic and adversarial history of
the industry makes it difficult to create involved cooperative relation-
ships with other construction-related entities. Specifically, supply
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e Failure to share project information

* Fear of loss of control

e | ack of self awareness

e | ack of partner awareness

e Fnormity of the project complexity

¢ |nability to recognize project goals

e | ack of understanding project owner
e | ack of understanding of supply chain
e Myopic thinking

e Myopic strategies

e Deficiency of mutuality

TaBLE 1.2 Barriers to Supply Chain Management

chain management necessitates sharing of traditionally proprietary
information, strategy, planning and goals, and most construction
firms do not feel comfortable exposing such elements to other firms,
fearing loss of control. Furthermore, interfirm collaboration requires
each participating firm to create a high level of awareness of both
themselves and their partners, and such cognition is often difficult to
accomplish effectively. Yet another problem involves the inability of
chain members to focus on one mutual goal of the supply chain rather
than individual performance. Other significant barriers to the execu-
tion of supply chain management include a lack of understanding of
the project owner (who is the true customer and what do they really
want?), communication gaps (in what ways is it difficult for sepa-
rated members to communicate?), a lack of understanding of the true
supply chain (what firms are in the chain?), the enormous size of
many supply chains (is it difficult to coordinate many independent
firms?), a lack of etfective leadership (who is the best leader?), ego-
centrism (is pride creating a myopic strategy?), and finally, a defi-
ciency of mutuality (are profits and rewards shared equally?).

On the basis of the above barriers to supply chain management,
development of an integrated supply chain remains an extremely dif-
ficult task. It represents a new way of doing business, and most con-
struction firms are not prepared or even necessarily willing to etfec-
tively integrate the chain. Though it is perhaps a distant goal, the
concept of supply chain management remains a critical factor for the
long-term success of construction firms. While complete supply chain
management may be out of reach for most construction firms, applica-
tion of its concepts will improve their competitive advantage. Further-
more, as the supply chain best practice tirms are able to improve
project quality, completion times, and work methods while decreasing
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costs, the demanding project owner will continue to demand more. As
a result, the efficient construction supply chains will prosper, and the
traditional, adversarial supply chains will not survive. For this reason,
construction supply chain management remains a critical element for
positioning operational efficiency as a source of competitive advan-
tage, and serves as a desirable goal for leadership in the construction
industry.

Supply Chain Partnerships

Critical to the implementation of construction supply chain manage-
ment techniques is the construction supply chain partnership. Also
termed a strategic alliance, a strategic supply chain partnership is a
relationship formed between two independent entities in supply
channels to achieve specific objectives and benetits. These partner-
ships form the essential building blocks of CSCM. The high levels of
information flow and subsequent coordination of error-free planning
and scheduling required by CSCM require prime contractors to build
tighter bonds with a few strategic subcontractors and suppliers. Once
traditionally driven by competition, the supplier relationships for
many construction firms have thus matured from an adversarial rela-
tionship to one of a construction supply chain partnership.

Within the win-win construction partnership dyad, prime con-
tractors and strategic (subcontractors and material) suppliers share
goals as well as inherent risks through joint planning and control,
seeking to create an effective supply chain with increased informa-
tion tlow and enhanced project owner loyalty. Like the overall goal of
CSCM,, such coordination allows for improved service, technological
innovation, and project design with decreased cost. Ideally, the end
result for all members of the construction supply chain should be a
decreased uncertainty, yielding greater control of costs, activity times,
materials, project quality, and, ultimately, project owner satisfaction.

Traditional Construction Supply Chain

Firms must take bold steps to break down intrafirm barriers to both
smooth uncertainty and enhance control of the supply chain activi-
ties. See Fig. 1.10. The evolution of intrafirm functional integration
has occurred for most progressive construction firms over the last
few decades, and the current push is toward external integration with
subcontractors, material suppliers, and project owners. Supply chain
partnerships bridge the barrier between prime contractors, subcon-
tractors, materials suppliers, and project owners.

Historically, contractors have formulated operations strategy
around adversarial downstream relationships. This approach encour-
ages competition which the prime contractors can exploit to shop for
lower costs. Such a strategy enhances ultimate prime contactor bar-
gaining power. This is clearly an unsustainable strategy. The most
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Traditional

subcontractors

External independence
Material . .
suppliers, Prime Project
contractor owner

Construction supply chain management

External integration Material o .
suppliers,
subcontractors ‘ contractor ' owner

Supply chain partnerships

Ficure 1.10 Evolution from traditional to construction supply chain
management integration.

productive subcontractors and material suppliers will join progres-
sive supply chain networks.

A Harvard Business School study concluded that a key driver in
the decline of U.S. competitiveness in the international marketplace
has originated from investing less in intangible benetits such as rela-
tionship building.* According to MacNeil, it is impossible to operate
as a discrete entity. But, while virtually no firm has completely dis-
crete engagements, conventional Western and American business
practices have been more oriented toward discrete than relational
strategies.” Traditionally, U.S. firms have based their drive for success
on autonomy and have viewed competition as a Darwinistic keeper
of American superiority. Long-run U.S. firm planning has been inde-
pendent, and considerable efforts are taken to ensure privacy of com-
pany information.

Over recent decades, however, American firms within the supply
chain have begun to realize the advantages enjoyed from sharing
technology, information, and planning with other firms and even
competitors. Many modernistic business thinkers will claim that a
more open and relational attitude is not only advantageous, but is
also actually essential and inevitable in maintaining a competitive
advantage. The idea of relationalism between firms seeks to move
away from the concept of discrete transactions, breaking down tradi-
tional intrafirm barriers. See Table 1.3. Firms unite to share informa-
tion and planning efforts, thus reducing uncertainty as well as
increasing control. In the end, supply chain partners reap the benetits
of the joint effort.

Modern construction improvements such as Lean management
methods require the tighter control generated by the construction
supply chain partnership.
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Contractual
Element

Duration

Attitude

Information

Communication

Planning and goals

Benefits and risks

Problem solving

Discrete — | Relational
Orientation Orientation

One payment Future payments
only

Independent, Open, trusting,
Suspicious cooperative
Very little Complex
Proprietary Shared
Individual, Joint, long term
short-term

Individual Shared

Power driven Mutual, judicious

TaBLE 1.3 Discrete versus Relational Business Strategies

Strategic construction supply alliances, however, extend well
beyond this notion to an even more relational level of exchange
in which partners create an intensive, interdependent relation-
ship from which both can mutually benefit. Strategic construc-
tion supply partnerships emphasize a direct, long-term associa-
tion, encouraging mutual planning and problem-solving efforts.

See Table 1.4.

suppliers

Short-term contracts for
Bid evaluation
Many suppliers and

subcontractors

Proprietary information

Traditional Project Relationships ' Supply Chain Project Partnerships

Long-term alliances with
suppliers

Intensive evaluation of supplier
value-added

Few suppliers and subcontractors

Shared project information

e Power-driven problem solving e Mutual problem solving
Coercive relationships Improvement

Success sharing

TaBsLE 1.4 Traditional versus Partnership Supply Strategies
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Benefits of Supplier Partnerships

Prime contractors, suppliers, and subcontractors can gain from qual-
ity improvements, and transaction costs may be reduced through
economies of scale, decreased administrative and switching etforts,
process integration, and coordination of processes. Furthermore, the
strategic supply chain relationship will be enhanced by stability of
market conditions and the benetits of construction strategic partner-

ships. See Table 1.5.

Reduced Uncertainty for Project

Owners In Cost Savings
e Material costs e Fconomies of scale In
e Quality e Scheduling
 Timing e Purchasing

e Reduced supplier, subcontractor base | e Logistics

e Fewer switching costs
e EFnhanced project integration

e Improved equipment utilization

easier to manage e Decreased administrative costs

e Technical or physical integration

Reduced Uncertainty for Subcontractors

¢ [ncreased communication and feedback | ® Project development
e Accident reduction

and Suppliers in Time Management

e Market e Faster project completion

e Understanding of project owner’s needs | ® Improved cycle time for

e Project specifications subcontractor

Reduced Uncertainty for Owners and

Partners In Shared Risks and Rewards

e Convergent expectation and goals e Joint capability and development
e Reduced effects from externalities e Market shifts

e Reduced opportunism e |ncreased profitability

Joint Work Method Development Stability

¢ |ncreased shared technology e | ead times

e (Greater joint involvement of project e Priorities and attention
design

Greater Flexibility

TaBLE 1.5 Potential Benefits of Supplier Partnerships
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Risks of Supplier-Contractor Partnerships

With its many benetits, construction supply chain partnerships retain
several inherent risks that can be potentially damaging to partici-
pants. First and foremost, heavy reliance on one partner can be disas-
trous if the partner does not meet expectations.

The entire partnership implementation process holds many ele-
ments critical to the success of the relationship and several factors
contribute to success (see Table 1.6). Table 1.7 provides general

1. Establish strategic need for partnership

2. Develop partner criteria, evaluate suppliers and
subcontractors, and select partner

3. Formally establish partnership

4. Maintain and refine partnership

TaBLE 1.6 Supplier Partnership Implementation Steps

Project Completion Time

e Natural management support

e Communication

e Increased coordination

Initial Strategic Analysis Phase

e Social and attitudinal barriers

e Procedural and structural barriers

Subcontractor/Supplier Evaluation and Selection Phase

e Total cost and profit benefit e Partner capabilities
e Cultural compatibility e Management compatibility
e Financial stability e [ ocation

Partnership Establishment Phase

e Perception and needs analysis

e Intense Interaction

e Documentation

Maintenance Phase

e Trust e Social exchange

e Goodwill e Boundary personnel

o Flexibility e Performance measurement
e Conflict management sKills

TaBLE 1.7 Supplier Partnership Critical Success Factors in the Phases of
Implementation
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resources for success factors. In practice, overcoming the social and
attitudinal barriers and managerial practices may prove to be extremely
difficult if not impossible.

The most important attitudinal factors involve cooperation, trust,
and goodwill, as well as the ability to be flexible and handle conflicts.
Furthermore, attitude and shared goals are described as success fac-
tors. Other critical success factors will include effective performance
measurement and proper establishment of boundary personnel and
procedures. Ultimate dissolution of the partnership may be necessary
if the firms are unable to successfully work through the critical steps
of partnership formation or synergies cannot be recognized.

Joint Venture Supply Chain Partnership

A joint venture is a special type of a construction supply chain part-
nership. Specifically, a joint venture is a formal supply chain partner-
ship formed to do a single project. Unless the joint venture functions
as a team, it will not be successtul. The ultimate goal of the joint ven-
ture is to deliver a high-quality project on time and under budget. If
projects require one or more of the following conditions, a “joint ven-
ture approach” may be appropriate:

e Avariety of skills, experiences, judgments, and abilities.
e Interdependence between partners

e Both entities all working toward the same goals

e Innovation and synergy

e Shared accountability among entities

The joint venture approach requires the joint venture partners to
determine in advance the appropriate communication channels and
problem-solving methods that will be followed to resolve contlicts. When
a joint venture faces problems, the following questions must be asked:

e Are we stuck because of disagreement?
e What can we do to be more productive?

e How can we solve the problems of the team (joint venture)?

An overview of the steps to a successtul joint venture is given here.

Phase I: Getting Organized

Step 1—Focus on team

 What is the reason for forming the joint venture?
e What is the goal or mission of the joint venture?
e What are the expected results of the joint venture?

e What is the expected completion date for the project?
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There will always be resistance to the teamwork approach.

Step 2—Detinition of roles for Contractors A and B

Contractor A

* Manage and coordinate the team toward completion
of a specific project

* Provide project management (on-site)

e Members of Contactor B’s staff should serve on Con-
tractor A’s staff

Contractor B

* Manage and coordinate the team toward completion
of administrative functions

* Provide project management (fiscal control)

e Members of Contactor A’s staff should serve on Con-
tractor B’s staff

Step 3—Establish ground rules within regulations

Joint venture meetings

 How frequent?

e Should they be regular?

* What are the attendance standards?

 How will the team handle differences of opinion?
Communication between meetings

e What method of communication will the team use?

 Who initiates communication among team members?
Behavior toward one another

 What behaviors are inappropriate?

* What behaviors will the team strive for?
Joint venture problems

e What problems does the team anticipate and how
will the members work through them?

e How will the team handle rumors, confidentiality,
and conflicts?

Phase II: Production
Step 4—Plan the specitied work

e Lay out major steps or goals that will accomplish the mission
* Break down each major step or goal into manageable tasks
e Lay out time line for completion of goals and tasks

e Use scheduling tools as needed
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Step 5—Do the work

 Hold regular, productive team meetings

* Review and update schedule

* Re-plan when necessary

* Measure actual progress against budget using “S” curve
* Process progress reports and payments

Step 6—Review team performances

e Acknowledge the strengths and weaknesses of the joint
venture’s performance

e Assess all important areas of the project
* Design and implement a joint venture evaluation form

Step 7—Complete the work

Phase Ill: Wrap Up
Step 8—Acceptance and final payment

* Do punch list

See sample joint venture agreement in App. A.

Conclusion

The fragmentation and adversarial relationships between owners,
prime contractors, subcontractors and suppliers in public and private,
and, vertical and horizontal sectors of the construction industry is
harsh reality. Project owners face internal financial problems, insuffi-
cient information technology, a lack of communication between supply
chain partners, all coupled with the realization that in spite of these
hurdles, they still must be willing to take reasonable risks. In fact, con-
struction sourcing risks involve not only the project owner, but all enti-
ties in the supply chain. At the same time, the construction industry as
a whole faces levels of complexity as it moves forward and tries to keep
pace with increasing energy, materials, and labor costs.

Construction supply chain management poses an excellent oppor-
tunity to mitigate risks by partially integrating some of the lessons
learned from the manufacturing sector. CSCM can replace fragmenta-
tion and inefficiencies with integration, value, and enhanced project
quality. CSCM embraces the use of technology to enhance communica-
tion and information flows both in and outside of the firm. CSCM,
driven by the “Lean” revolution will result in win-win benetfits for the
entire construction supply chain. Supply chain partnerships, such as
joint ventures, are critical to the success of construction supply chain
management. CSCM has enormous potential to make an important
contribution to achieve continuous improvement and efficiencies in
the design and execution of projects in all sectors of the industry.
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CHAPTER 2

The Construction
Supply Sourcing
Process and
Procedures

Reengineering Construction Organizations
for the Twenty-First Century

The sourcing process for most construction firms is fragmented and
not well documented. Since the beginning of the new millennium
and even more so today, the construction marketplace has been in an
economic and energy quandary. In addition to these industry wide
challenges, individual construction firms have had to change radi-
cally in response to burgeoning technologies. Historically, the sourc-
ing of subcontracting services was the most neglected element in the
construction process. Only when the cost of materials and subcon-
tracting services increased, did management attempt to investigate
alternative methods to the planning and control of the acquisition
and transformation functions in the organization. Instead, most firms
emphasized minimizing the cost of labor. The focus on labor was
logical because, by definition, the construction process is labor inten-
sive. Some construction market segments have embraced new tech-
nologies and invested in technology-driven construction systems.
Although these new systems are up and running, too frequently they
are operated just like the old construction business models, thus
defeating the very purpose the system was designed to achieve. The
reality is that technology and advanced management systems are
rapidly displacing labor.
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As a functional area within a firm, purchasing and sourcing man-
agement grappled with the stigma of being labeled a clerical func-
tion. However, in the past 25 years, construction sourcing has made
many strides toward shedding this label and has emerged as a viable
professional career path. More importantly, during the next decade,
sourcing, supply chain management, and continuous improvement
are likely to contribute to profitability more than any other functions
in the construction industry.

The life cycle of a typical construction project consists of the fol-
lowing stages. (Fig. 2.1):

Conceptualization
Engineering and design
Supply sourcing
Construction

Implementation

N D1 o W=

Utilization

In reality, the construction life cycle stages are not mutually exclu-
sive or independent. Many of these stages occur concurrently. By
definition, each construction project is unique and requires varying
degrees of aggregation. Depending on the size of the construction

Project start 1 to 3 years Project completion

Project
conceptualization
L
Engineering
and design .

i
B
i
:
B
'
l
Supply |
:
:
i
y
l
g
!

management/
purchasing

Construction
phase -

Project
Implementation

Project
utilization

Ficure 2.1 Typical industrial construction project life cycle.
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organization, the supply sourcing function may be implemented with
a single supply manager or a supply sourcing group. Regardless of
the size of the organization, ownership in the supply sourcing func-
tion must be defined. In small construction organizations, the presi-
dent of the company must exercise supply sourcing leadership. The
supply sourcing function of the typical construction organization is
the first stage of profit realization.

The primary responsibility of the supply function is to serve as
the supply sourcing professional for the construction organization at
both the project and home office levels. The supply sourcing activities
must be carried out subject to specitfications, budgetary, and schedul-
ing constraints. Supply sourcing and purchasing activities are imple-
mented at two levels of aggregation. The home office or owner usu-
ally purchases capital equipment and materials. Equipment renting
and bulk materials are sourced from the field (i.e., the superintendent
orders concrete the day before it is needed).

The focus of this book is on the supply sourcing and construction
stages of the construction project life cycle. There is a high level of inte-
gration and interdependence between the sourcing and construction
stages which increases the probability of project risks upstream and
downstream. Project quality, budgets, and completion times can easily
be compromised. Therefore, it is important to manage the communica-
tion and project integration in order to mitigate adverse project events.
The supply sourcing function involves working with upstream and
downstream relationships, inside and outside each Organization. The
supply sourcing process involves assisting the project manager with
subcontracting services, bulk materials, and equipment requirements.
At a basic level, the construction organization transtorms capital, engi-
neering, labor, bulk materials, supplies, work methods, and technol-
ogy into a completed, acceptable project. See Fig. 2.2. The percentage of
the resource inputs sourced externally is constantly increasing com-
pared to the in-house resources. There is a continuous trend toward
specialization and integration. Subcontracting is basically specialized
labor. In most cases, construction organizations can source specialized
resources more efficiently than adding the needed capabilities in-house.
Supply sourcing managers and the project manager have the responsi-
bility and the authority to schedule and deliver the required resources
to the project site. The supply sourcing manager must become an expert
in sourcing for various project categories (i.e., bridge construction,
office buildings, hospitals, etc.).

The supply sourcing manager, along with the prime contractor and
project manager, usually prequalifies subcontractors and solicits com-
petitive bids based on the engineering and design specifications. The
key to construction sourcing coordination is effective project planning
and scheduling. The construction stages shown in Fig. 2.1 involve con-
verting labor, materials, and equipment into an acceptable completed
project, as shown in Fig. 2.2. The construction manager or prime
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Resource inputs

e Capital Construction process

e Engineering * Plans

e | abor e Schedules Completed project

e Bulk materials * Shop drawings e Appropriate quality level
e Supplies * Budgets e On time completion

e Utilities e Quality assurance » Under budget

» Technology e Engineering

e Work methods  Work methods

e Subcontractors

Construction management

Ficure 2.2 Construction transformation process.

contractor coordinates the transformation process based on three basic
criteria—completing the project on time, coming in under budget, and
delivering an acceptable high-quality project to the owner.

Objectives and Activities of Construction Supply Sourcing

The purpose of the supply sourcing function for construction organi-
zations is to buy materials and services of the right quality, in the
right quantity, and at the right price from the right source at the right
time. The supply sourcing department assists the project team in per-
forming their responsibilities within the project’s budgetary and
scheduling goals. Supply sourcing managers and purchasing agents
seek to obtain the highest-quality subcontractors and materials at the
lowest possible cost for their organizations. Sourcing managers deter-
mine which bulk materials, commodities, or services are best; choose
the suppliers of the material or service; negotiate the lowest price and
award contracts that ensure that the correct amount of the material or
service is received at the appropriate time. In small construction
firms, the owner is usually responsible for all of the sourcing and
purchasing functions. In order to accomplish these tasks successtfully,
sourcing managers (owners) must identify the most qualitied suppli-
ers. Supply sourcing managers must also become experts on the
materials and services that they purchase.

Managers in this critical sourcing function evaluate suppliers on
the basis of quality, price, service support, availability, and reliability
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in order to purchase services competitively and wisely. To assist them
in their search for the right subcontractors and suppliers, sourcing
managers review catalogs, industry and company databases, govern-
ment directories, and trade journals. Much of this information is now
available on the Internet. Sourcing managers research the reputation
and history of the subcontractors and suppliers, and advertise antici-
pated purchase actions in order to solicit bids. At meetings, trade
shows, conferences, suppliers” plants, and field sites, they examine
materials and services, assess a supplier’s performance capabilities,
and discuss other technical and business considerations that influ-
ence the sourcing decision. Once all of the necessary information on
suppliers is gathered, purchase orders are placed and contracts are
awarded to those suppliers who meet the contractor requirements.

To keep inventory investment to a minimum, the sourcing protes-
sional must implement just-in-time (lean) purchasing concepts. Just-
in-time requires on-time, frequent deliveries of reliable small batches
of high-quality materials. The supply manager is always developing
reliable alternative suppliers and subcontractors. New sources for
equipment and materials must be developed in order to eliminate
single sourcing. The overall goal of the sourcing manager is to achieve
maximum integration with upstream and downstream supply chain
members. This integration involves communication and information
sharing.

Several key objectives for construction supply sourcing applica-
ble to both horizontal and vertical construction organizations are
listed below. The guiding principle of these objectives is to obtain the
maximum value for each dollar spent.

1. To assist the project team in performing their responsibilities
within the project’s budgetary and scheduling goals.

2. To purchase and source services competitively. (In order to
source competitively and wisely, supply managers must be
experts on the materials and subcontracting services that they
purchase.)

3. To keep inventory investment (i.e., deterioration and thett) to
a minimum by implementing just-in-time (lean) purchasing
concepts for the jobsite.

4. To develop and maintain good relationships with supply
chain members (suppliers and subcontractors).

5. To develop reliable alternative suppliers and subcontractors.

6. To achieve maximum integration with upstream and down-
stream supply chain members.

/. To continue to develop innovative systems for recruiting,
training, and retaining purchasing and supply chain talent.
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10.

11.

12.
13.
14.

1b.
16.
17.
18.
19.

20.

21.

22.
23.

24.
25.

26.

. To prepare patterns of administration for sourcing materials,

equipment, services, and subcontracts.
To prequality, select, and evaluate suppliers and subcontractors.

To establish and update database of current and potential
suppliers and subcontractors.

To conduct background checks on current and potential con-
sultants, suppliers, and subcontractors.

To study scope of work for each active project.
To review and evaluate invitation to bid.

To conduct bid opening and/or participate in the proposal
evaluation team.

To inform successful and unsuccessful bidders in timely manner.
To prepare contract and associated details.

To participate in the negotiations team.

To participate in change order variances from the initial contract.

To seek out bids from women- and minority-owned busi-
nesses and monitor compliance after selection and award.

To prepare purchase orders, contracts, and subcontracts for
engineering and construction.

To coordinate submittal of shop drawings and other specifi-
cation requirements.

To schedule shipping and transportation.

To prepare back charges with the assistance of the project
manager.

To coordinate and track invoice approval process.

To participate in purchase order and subcontract closeout
activities with the assistance of the project manager.

To develop a continuous improvement culture that permits
the accomplishments of all of the preceding objectives.

The Supply Management Process

Changing economic and political environments, emerging technology
versus labor, and the changing nature of construction as a discipline
must influence the role of construction purchasing and supply chain
management. To become more strategically competitive, construction
firms must abandon fragmented purchasing and subcontracting
approaches. The companies that invest in engineering-based construc-
tion methods (“hard” technology) must at the same time invest in
result-oriented sourcing training programs (“soft technology”). The
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purchasing function must become an integral part of transtorming
materials and resources into an on time, under budget, and acceptable
finished project.

In many construction firms, functional and project managers
within each area make independent decisions using similar tech-
niques. The approach introduced in this chapter proposes that the
sourcing decision should be integrated. Integrative supply manage-
ment consists of the planning, acquisition, and conversion of materi-
als and subcontracted labor into a finished project. In this scenario,
each field supervisor (foreman) reports to the same superior. Further,
project managers should work for the overall purpose of delivering
high-quality, etficient, on-time projects to the owner. An important
objective of this approach is to provide high-quality customer service
while minimizing the cost of producing the service or project. Inte-
grative supply management is not related to the size of a firm. Realis-
tically, the sourcing subfunctions must first be integrated before the
supply function will be synergistic with other business functions.

The purpose of supply management is to support the construc-
tion function in the transformation of materials and labor into a com-
pleted project. The function of the supply chain is to integrate the
entire transformation process. During the transformation process,
materials are combined with labor, information, technology, and cap-
ital. The construction planning and scheduling system is central to
the acquisition of subcontracting and materials in an etfective con-
struction environment. For complex projects, the critical path method
(CPM) schedule is the most important input into a construction plan-
ning and control system. Many successtul construction organizations
have embraced just-in-time philosophies and use CPM concepts to
enhance the etfectiveness of the construction supply mission.

Perhaps the most significant change for construction firms in the
past decade has been the acknowledgment of continuous improve-
ment. Between 1960 and 1990, most construction firms performed 60 to
80 percent of the project through the combined efforts of a prime con-
tractor and numerous subcontractors. Today, a large number of con-
struction management and design engineering organizations serve as
the owners’ representative and subcontract 90 to 95 percent of the proj-
ects” values. Since this impressive shitt in value percentages, the com-
plexity of the construction process has been greatly reduced for the
prime contractors. The complexity in the construction process has been
shifted downstream to the supply chain (subcontractors and suppli-
ers). Under the traditional construction model, the prime contractors
transformed significantly more materials and labor for the project.
Because prime construction firms are purchasing more and more sub-
contracting services, the construction focus is shifted downstream to
operations efficiency. This significant shift has elevated the importance
and protfile of sourcing and supply sourcing professionals.
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Supply Sourcing Dollar Responsibility

The dollar responsibility of supply management is very large in both
relative and absolute terms in the construction industry. More impor-
tantly, if the supply sourcing management is responsible, it will con-
tribute to the competitive stance and long-run survival of the con-
struction organization.

The following are ratios of materials-related costs that are typi-
cally cited in the construction industry:

Total project cost of sales (labor, equipment, and materials)
= 75% of sales

Home office overhead (sales) = 15% of sales

Proftit margin = 10% of sales

The labor, equipment, and materials ratios are increasing for var-
ious reasons: competitive pressures, material shortages, inflation,
and thoroughly complex high-value projects.

Competitive Pressures

As the number of bidders increases for each project, the project prices
decrease. Some competing construction organizations bid below the
total project cost.

Material Shortages

As natural resources are consumed, more costly methods of explora-
tion, extraction, and processing are necessary. Shortages also result
from political events. Former colonies of Western nations, once a low-
cost and ready source of supply, have gained their independence. As
autonomous nations, these new nations manage their resources to
achieve economic, social, and nationalistic objectives.

Inflation

Material prices usually adjust upward in response to the rising costs of
energy and labor. Managing materials during inflationary periods result
in decisions that would make little sense in stable environments.

Complex, High-Value Projects

Management in the construction industry frequently hears the com-
plaint, “They don’t build them like they used to.” The industry’s
response is, “If we did, you wouldn’t want them.” Project owners
demand ever more reliable and functional projects for lower prices.
For these reasons, we should expect no reversal in the trends of
increased dollar responsibility and the promise of effective construc-
tion supply chain management. Where else is the potential for cost
reduction and competitive advantage so great?
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Potential for Profit

All sourcing activities have the potential for increasing protit through
cost reduction. The sourcing of materials is used to illustrate the “profit
leverage” argument which emphasizes the importance of profit etfi-
ciency over market share. As an example, consider a construction firm'’s
income statement is like the one given in Table 2.1. At the sales level of
$1,000,000, the firm is expensing 50 percent of sales or $500,000 for the
purchase of bulk materials while incurring a net profit of $50,000.

Suppose the firm sets a goal of increasing the net protit by $10,000
or 1 percent of current sales. One way to achieve this goal is to focus
on market share and increase the firm’s level of sales without chang-
ing the material costs. The required lev