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ABSTRACT

This thesis describes how the U.S. homebuilding industry can improve the effectiveness
of its production processes by adopting flexible manufacturing system technologies.
Potential improvements go beyond a search for improved productivity, to encompass
simultaneous gains in all production system attributes: cost, quality, flexibility, and time.

1t is possible capture some of the benefits of automation without automating the entire
process by automating the information processing functions. Automated information
processing includes a digital linkage between design and manufacturing that is capable of
automatically generating the information required for production. This thesis
demonstrates how a computerized design system linked with an object oriented variant
process planning system can achieve this. A predefined planning algorithm can be
developed that does not decrease flexibility. The algorithm models the systemic
knowledge contained in the “kit of parts” and the inherent process constraints of a
specific off-site production system.

The background of thesis includes an analysis of the structure of the homebuilding
industry and identifies the key products, components, and suppliers that contribute
significant amounts of value to housing production and delivery. It describes the
production processes and technologies that off-site suppliers currently use to make the
key products and components. It investigates flexible manufacturing systems and
determines the types of processes they are applicable to and the benefits and impacts that
have resulted from their adoption. It identifies enabling and accompanying technologies.
Finally, it demonstrates how flexible manufacturing systems can be applied to off-site
production in housing.
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1. Introduction

Time magazine's “Man of the Year” for 1982 has changed the world of manufacturing
perhaps more than anyone else. He has unlocked the flexibility of automated machines. He
has improved the flow of information from product designers to the plant floor by
automating manufacturing process planning. And, he has allowed firms to alter the rules of
competition to take advantage of these new capabilities. That “Man of the Year” was the
computer. In fact, the availability of low cost computing power has been one of the
driving forces in the development of flexible manufacturing systems.

Although numerous industries have benefited from the adoption of flexible production
technologies, the innovations have yet to noticeably impact the construction industry.
Homebuilding in particular has always been slow to adopt new process technologies. It
has been said that houses are “...fitted together as of old by the cut-try-and-cut-again
method. Similarly, the organization of the industry harks back to the guilds of the Middle
Ages for its general form and character, this notwithstanding our greatly increased
knowledge of raw materials, ...and the sweeping changes which have occurred in the
technique and organization of most other industries during the past two hundred years.”
While this quotation is applicable today, it was written in 1934.1

1.1 Purpose and Objectives

The overall purpose of this thesis is to develop an understanding of how the U.S.
homebuilding industry can significantly improve the effectiveness of its production
processes by adopting flexible manufacturing system technologies. As such, there are four
key objectives of the thesis:

e To analyze the structure of the homebuilding industry and identify the key products,
components, and suppliers that contribute significant amounts of value to housing
production and delivery;

e To examine the production processes and technologies that are currently used to make
the key products and components for housing;

e To investigate flexible manufacturing systems, to determine the types of processes they
are applicable to and the benefits and impacts that have resulted from their adoption,
and to identify enabling and accompanying technologies;

1 Bemis, Albert Farwell, The Evolng House, Volume II, The Economics of Shelter, The
Technology Press, Cambridge, 1934, pg 177.



e To demonstrate how flexible manufacturing systems can be applied in housing

production.

1.2 Background

According to the Bureau of Labor Statistics, and as shown in Figure 1-1, productivity in
construction has been falling since 1965.2 Since the annual volume of the construction
industry is roughly four hundred twenty-five billion dollars, the possible ramifications of
this trend are alarming. In response to this threat to industry competitiveness, numerous
attempts have been made to increase the level of automation in construction. The different
approaches to construction automation research and development are described briefly
below. The application of flexible manufacturing systems to housing, as described in this
thesis, is consistent with the current best thinking in construction automation research.
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Figure 1-1: B.L.S. Construction Productivity Index

This thesis focuses on the housing segment of construction for several reasons. First,
residential construction comprises roughly one-half of total construction volume, so it is
important financially. Second, housing is an extremely important determinant (among
tangible products) of one's standard and quality of living, so it is important to consumers.
Third, the housing product, while varied, is somewhat constrained compared to the
construction industry in general, so the problem is tractable. Finally, it is intellectually

2 U.S. Department of Commerce, Bureau of Labor Statistics



interesting since there are many different on-site and off-site homebuilding methods that
are currently in use, yet no one knows which ones are the most effective.

Off-site industrialized housing techniques include modular home production, panelized
housing, and several fairly highly automated housing production systems used by Japanese
and Finnish companies. However, in the United States, industrialized housing production
is dominated by the site-assembled method of construction. It is noteworthy that while
industrialized approaches may appear to be very different from site-assembled
construction, they are really quite similar. In all homebuilding methods, a home is
assembled from a basic kit of parts. The differences in the production systems lie in how
the parts are produced, where the parts are produced, and where they are assembled with
other parts. For example, a modular house is very similar to a site-built house and is
assembled from the same basic kit of parts (dimensional lumber, nails, drywall, paint,
carpet, etc.). The methods differ in that more final assembly operations occur off-site in
modular production. Moreover, the off-site production of pre-assembled components and
materials such as wood trusses, wall panels, windows, pre-hung doors, and kitchen
cabinets, comprise a significant contribution to value-added for both industrialized and
site-built housing.

1.2.1 Construction Automation: An Evolution of Approaches

In the past decade, automation and robotics have been focal points of research and
development activities in construction and have been touted as technologies with the
potential to revolutionize the industry. The results, in terms of actual impacts on the
construction industry, have been disappointing. Except for a few systems such as partially
automated grading?® and the tele-operated robots developed for the Three Mile Island
cleanup, very little has changed in the way construction operations are performed on-site.

Demsetz states that construction automation research has proceeded in two directions:
task identification and hardware development.# The purpose of task identification is to
identify tasks that are susceptible to automation. Good candidates are tasks that are highly
repetitive, have a high labor content, and/or represent a large portion of construction cost.
Hardware development efforts attempt to build prototype machines that demonstrate the
feasibility of automating the identified tasks. The main focus for both task identification
and hardware development has been on-site operations. This approach has met with
limited success for three primary reasons.

3 Tatum, C.B., and AT. Funke, A.S.C.E. Journal of Construction Engineering and
Management, Vol. 114, No. 1, March, 1988, pp. 19-35.

4 Demsetz, Laura Ann, “Task Identification and Machine Design for Construction
Automation,” Massachusetts Institute of Technology Department of Civil Engineering,
Ph.D. Dissertation, 1989.



One reason is that system designers have lacked a complete understanding of the
functional requirements of the system. Everett identified this phenomenon. He made two
observations. First, civil engineers, who generally lack the mechanical expertise to build
machines, have typically performed the task identification studies. Second, electrical and
mechanical engineers, who typically lack the construction expertise to define the functional
requirements of tasks, have generally performed hardware development.> Thus, task
identification researchers have levels of expectations that are higher than what is currently
technically feasible. At the same time, the hardware developers have produced complex
mechanical systems that are not suitable for a real world construction environment.

Several authors suggest that a multi-disciplinary approach to automation research should
be taken.6 Clearly, design teams should incorporate construction engineers and mechanical
designers. In addition, it may be helpful to include or consult with computer programmers,
experts in man-machine interfaces, workers, managers, and others. However, team-based
design alone will not overcome all of the short-fallings of site-based automation.

The second primary reason for the limited success of on-site automation is that the
construction products and techniques have evolved over thousands of years to optimize
the ability of a human worker. The task of building a machine with human capabilities is
extremely difficult, and is beyond the reach of today's technology. Therefore, robots and
automated systems that attempt to simply replace the construction worker inevitably
perform unsatisfactorily and are too costly. A better approach is to simultaneously
reconfigure both the product and the process for ease of assembly utilizing automated
production systems. This lesson was first learned in the manufacturing field. Design for
manufacturability (D.F.M.) and design for assembly (D.F.A.) have resulted in redesigned
and simpler products and processes and have enabled engineers to develop much less
expensive automated systems. In other words, simply replacing workers with automatons
has never produced success.

Several researchers have identified this need to restructure construction tasks to maximize
the benefits of automation. For example, Demsetz stated “Even greater productivity

5 Everett, John G., “Construction Automation: Basic Task Selection and Development of
the CRANIUM,” Massachusetts Institute of Technology Department of Civil Engineering,
Ph.D. Dissertation, 1991.

6 Demsetz, Laura Ann, “Task Identification and Machine Design for Construction
Automation,” Massachusetts Institute of Technology Department of Civil Engineering,
Ph.D. Dissertation, 1989.
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improvements can be realized if simultaneous changes in construction methods, materials,
and design are made..,” rather than to automate tasks in isolation.”

The third reason pertains to the nature of construction operations: There are fundamental
differences in the production processes involved in construction and manufacturing. In
construction, the batch size is one (unique products). However, manufacturing batch sizes
are on the order of tens, hundreds, or thousands. Construction operations are site specific,
while in a factory environment, operations for identical products are identical. The
construction environment is more complex than a factory environment and is constantly
changing. Since the product is large and fixed, the machine must go to the work, rather
than the work going to the machine, as in a factory. Weather also impacts construction
operations.? Mobility, space, and access are limited in construction, while a factory is
designed to provide adequate space. Such a complex, dynamic environment demands that
site-based automated systems have vision and sensing systems that are at the forefront of
today's technological capabilities. These inherent differences between construction and
manufacturing cause on-site automated systems to be far too complex and expensive, and
to provide less than stellar performances.

Demsetz suggests that there are two approaches to overcoming the complexities of the
jobsite: move production to a factory or factory-like environment; or, focus on semi-
automated systems, the “smart tools™ approach.? However, the two approaches are not
interchangeable. Certain tasks are well suited to off-site production, while others must be
performed on-site. Thus, each approach is optimal for different processes and tasks. In
fact, when used together they complement each other. Off-site produced components and
subassemblies are more competitive when efficient tools are available for installation, and
“smart tools” are even “smarter” when they are installing highly complete, high value-
added components. So while smart tools continue to provide promise for on-site
installation, this thesis will focus on the adaptation of flexible manufacturing technologies
to off-site processes in homebuilding.

Off-site automated production combined with on-site installation neutralizes the problems
with the inherent nature of construction by moving much of the work off-site to a
controlled environment. It also allows design for assembly to be rationally applied to a
component or subsystem slated for off-site production. In addition, rather than

7 Demsetz, Laura Ann, “Task Identification and Machine Design for Construction
Automation,” Massachusetts Institute of Technology Department of Civil Engineering,
Ph.D. Dissertation, 1989. ‘

8Vallings, H.G., Mechanization in Building, Applied Science Publishers, London, 1975
9 Demsetz, Laura Ann, “Task Identification and Machine Design for Construction

Automation,” Massachusetts Institute of Technology Department of Civil Engineering,
Ph.D. Dissertation, 1989.
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“reinventing the wheel,” construction automation researchers can take advantage of the
existing body of research on factory automation. In other words, instead of adapting
current automation technologies to on-site construction, it is better and more efficient to
move some construction operations to the manufacturing realm. Automation technologies
are already well developed and “fit” well with the environmental conditions and
organizational structures found in manufacturing. Since it can be shown that the
percentage of value-added off-site is increasing, the application of advanced off-site
production systems will serve to complement a prevailing phenomenon.

1.2.2 Effectiveness of Production Systems

As used in this thesis, a flexible manufacturing system, or FMS, refers to a production
system that exhibits flexibility. By this definition, a builder or a subcontracting firm could
each be described as a “flexible manufacturing system.” Any notion of constraining the
acronym FMS to its usual connotation, a computer controlled machining center, must be
forgotten. In this thesis, the term implies a much broader, multi-dimensional notion of
variety and flexibility and is non-specific in terms of technological implementation. Under
this definition, the homebuilding industry itself is a large FMS, producing a variety of
housing types and sizes with varying annual and seasonal volumes. This thesis attempts to
characterize the flexibility required for production in housing and describes how each
segment of the housing industry satisfies these requirements.

In this new paradigm for automated building construction, production operations are
classified as on-site operations and off-site operations. Automation of off-site operations
can borrow substantially from the proven manufacturing and assembly technologies used
in other industries. Thus, the housing industry can leverage the vast body of knowledge
that has resulted from past and current research expenditures of the automotive,
aerospace, and other manufacturing industries — as well as the knowledge that will result
from future expenditures. Automation of on-site operations will focus on the development
of “smart-tools” and other automated or partially automated equipment to aid the
installation of the off-site produced components and subassemblies.

Manufacturing industries have realized numerous benefits from mechanization and
automation. Productivity increases have resulted in reduced costs and labor requirements
while increasing the production rate. Workers are spared boring, repetitive tasks and
heavy manual tasks, thus worker safety and morale have improved. Quality has improved
drastically over manual operations, and some tasks that were impossible to accomplish by
hand are now possible. In addition, firms can maintain production in spite of scarce or
unavailable labor.

The functional requirements for a production system originate with consumer preferences,
and they are narrowed by the firm's competitive strategy. In other words, a firm chooses
to compete in a given segment or segments of the market. The production strategy is
based on the chosen market and enumerates the production requirements in terms of
measures of cost, quality, flexibility, and time (hereafter referred to as the manufacturing
attributes). For example, a firm focusing on the low cost segment of the market will have

12



much different requirements for its production system than a firm competing on quality.
However, both will look to the market for consumer preferences within each niche.

1.3 Statement of Thesis

The fundamental tenet in this thesis is that the homebuilding industry can take advantage
of flexible manufacturing system technologies to improve off-site production. Potential
improvements go beyond a search for improved productivity, to encompass simultaneous
gains in all production system attributes: cost, quality, flexibility, and time.

Flexible manufacturing processes differ from rigid production processes in that they are
able to take advantage of instance specific information to adjust their process parameters.
Thus, they have a material processing component and an information processing
component. It is possible to improve many of the processes used in homebuilding and gain
many of the advantages of automation without automating the entire process. This can be
achieved by automating the information processing components of the processes and by
automating the information flows.

Automated information processing requires a digital linkage between design and
manufacturing that is capable of automatically generating the information required for
production. This thesis demonstrates how an object oriented computer aided design
system linked with a parametric process planning system can achieve this. A predefined
planning algorithm can be developed that does not decrease flexibility. The algorithm
models the systemic knowledge contained in homebuilding’s “kit of parts” and the process
capabilities and constraints for a specific off-site production system.

1.4 Organization of Thesis Argument

This thesis will build an argument that flexible manufacturing system technologies are
applicable to certain off-site processes in homebuilding. It shows that it is beneficial to
automate the information processing tasks of production whether or not the corresponding
material processing operations can be automated.

As shown in Figure 1-2, the argument follows a logical flow of ideas. The core premise of
the thesis is that the housing industry can improve cost, quality and flexibility while
decreasing production time by adapting these technologies to off-site production in
homebuilding. The proof of this supposition begins with an analysis of the homebuilding
industry and an analysis of key supplying industries. Significant sources of cost and value
are identified. This leads to a close look at the technologies utilized by key off-site
processes. The areas of potential applicability can be identified by comparing common off-
site production technologies with the computer integrated production technologies of
flexible manufacturing. This leads to a vision of improved off-site production. The
argument concludes with a description of a prototype design and production planning
system. The system improves off-site production by automating the information

13



processing components of the processes. The prototype system is based on a detailed
study of an off-site window production factory and embodies the vision set forth.

Core Premise: Off-site producers in
the housing industry can improve
efficiency and flexibility by the
adaptation of computer integrated
production technologies developed
| for flexible manufacturing.

)

Analysis of the Analysis of
Homebuilding Supplying
Industry Industries Process Planning

for Off-site
Production in
Homebuilding

ZA Off-site

Production
Processes &
Technologies

Case Study:

I P Window Mfg.
Areas of Potential i
Applicability { Offsite
Production

Computer Integrated
Production Technologies
from Manufacturing
Industries

Figure 1-2: Organization of Thesis Argument and Flow of
Critical Ideas

1.5 Outline of Thesis

The thesis contains nine chapters:

1: Introduction

2: Analysis of the U.S. Homebuilding Industry

3: Analysis of Supplying Industries

4: Off-site Production Processes and Technologies

5: Computer Integrated Production Technologies

6: Flexible Manufacturing Systems for Off-site Production in Homebuilding
7: A Case Study in Window Manufacturing

8: Process Planning for Off-Site Production in Homebuilding

9: Summary and Conclusions

14



Appendix A: Housing Varieties and Consumer Preferences
Appendix B: Prototype System Implementation

Chapter Two presents an overview of the economics of homebuilding. The analysis
identifies the areas in housing production that contribute a great deal of value added.

Chapter Three extends the analysis presented in Chapter Two to some of the key
industries that supply homebuilders.

Chapter Four describes the production technologies and machines used in off-site
production of key components.

Chapter Five presents an analysis of the state-of-the-art technologies of flexible
manufacturing systems and computer integrated manufacturing.

Chapter Six presents a vision of the adaptation of flexible production technologies to off-
site production for housing. Applicable processes are identified and potential benefits are
described.

Chapter Seven presents a detailed case study of a major U.S. window producer. The study
describes operations, production technologies, and information flows.

Chapter Eight describes the design and development of a prototype object oriented
process planning system for window manufacturing.

Chapter Nine presents a summary of major findings and conclusions.

Appendices: Appendix A provides a sampling of the vast range and variety produced by
the homebuilding industry, while Appendix B presents the implemented software for the
prototype system described in Chapter Eight.
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2. Analysis of the U.S. Homebuilding Industry

The purpose of this Chapter is to describe the economic structure of the homebuilding
industry in the United States. The primary emphasis is on the construction phase,
including both the off-site production of components and materials and their on-site
assembly and installation. Specifically, the objective is to track where money is being
spent in housing production, so that production improvements can be focused on high-
impact processes. The following analysis is based primarily on three sources of data:
reports from the National Association of Home Builders, industry trade publications, and
input-output account data compiled by the U.S. Department of Commerce.

Housing is unique in that it requires more production flexibility than virtually any other
manufactured product to satisfy the vast range of materials, styles, and variations
demanded by the market. Appendix A: Housing Varieties and Consumer Preferences
includes a survey of the range of product styles and components that are available,
including a description of some regional product differences.

2.1 Industry Size and Housing Demand Fluctuations

The homebuilding industry is extremely large by any measure. In fact, the new
residential construction industry segment is comparable in size to the U.S. automobile
industry, with the home remodeling industry adding significantly (about fifty percent
more) to total demand. However, as described in this Section, the demand for housing
and the annual production volume of the industry fluctuates greatly.

2.1.1 Housing Starts

New single family homes are the most important output of the U.S. housing industry. In
1934, Bemis stated “...the single family dwelling has long been the social ideal. It has
been and still is the predominating type in this country.”! During the past thirty-five
years, builders in the United States have produced an average of over one million single
family homes annually. In addition, they have built roughly one-half million multi-
family homes each year. Single family homes are defined as one-unit structures built on
detached lots. Multi-family homes are homes built in two or more unit structures and
may or may not have separately deeded land. Figure 2-1 shows the combined annual
production (in number of units produced) between 1959 and 1992, while Figure 2-4 and
Figure 2-5, respectively, show the single and multi-unit components of demand for the
same time period. :

! Bemis, Albert Farwell, The Evolving House, Volume II, The Economics of Shelter, The
Technology Press, Cambridge, 1934, pg. 43.
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2.1.2 Residential Construction Dollar Volume

The volume of residential construction activity in the United States is almost two
hundred billion dollars per year. New construction constitutes about seventy percent of
that amount and remodeling and home improvements constitute thirty percent. Figure 2-2
shows the values of the types of residential construction put in place relative to each
other and to the entire construction industry for the past five years. The graph shows that

residential

construction is indeed a huge industry, comprising roughly half of total

construction expenditures.
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Figure 2-2: Residential Construction Volume (Current Dollars)

For comparison, in 1990, the value of motor vehicles sold in the U.S. was one hundred
forty billion dollars, including automobiles and light trucks.2 Thus, new residential

2U.S. Department of Commerce, U.S. Industrial Outlook 1994, Chapter 35, 1994,
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construction volume is roughly equal to the volume of what people commonly think of as
the largest industry in the U.S., motor vehicles. Because of the large dollar volume of the
homebuilding industry, even a small percentage reduction in cost will correspond to a
relatively large saving in dollars. '

Figure 2-3 shows the volume of residential construction activity in constant 1987 dollars.
Thus, it shows the relative health of the market during the five years shown and will be
referred to in the discussion of construction costs and profitability in the sections below.
As is evident from the graph, the market fell from 1988 to 1991, but rebounded in 1992.
At the low point in 1991, the industry produced only 1.01 million new housing units
(total of single and multi family units). This represented a thirty-five percent lower
volume than the thirty-three year mean plotted in Figure 2-1. Although 1992 was a
recovery year, the reported nineteen percent improvement over 1991 was poor compared
to the initial recovery year of other recent recoveries. For example, the value of new
home contracts jumped sixty-five percent in 1983 and forty-four percent in 1976.3
Section 2.1.3 describes this highly variable nature of housing demand.
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Figure 2-3: Residential Construction Volume (Constant Dollars)

2.1.3 Variability in Housing Production

The number of both single and multi-family housing units produced annually varies
significantly, as shown in Figure 2-1, Figure 2-4, and Figure 2-5. The standard deviation
of the total number of units produced is equal to 312 thousand units, or twenty percent of
the mean (Figure 2-1). This variation is roughly the same for single unit structures, at
nineteen percent of the mean (Figure 2-4). However, as shown in Figure 2-5, the

3 "Building & Forest Products," Standard & Poor's Industry Surveys, Vol. 161, No. 31,
Sec. 1, August 5, 1993.
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variation in multi-unit structures is doubled, at forty percent of the mean. Note also that
regional and local variations in production may be greater than these aggregate numbers.
Variation in housing demand is significant, since it determines the level of volume
flexibility that the industry, its suppliers, and the distribution system must have. High
levels of volume flexibility may be incompatible with production systems having a high
ratio of fixed to variable costs.

1600
1400
1200
1000
800
600
400
200

{Thousands of Units)

Mean = 1020
Standard D eviation = 190 (19 % of Mean)

0
Do 38 B ERRRRLBE 2
™ Y " Y Y Y O T Y ™ Y ™ ™ ™ Y ™ v

Figure 2-4: Private Single-Unit Housing Starts

There are many reasons for the variation in housing demand and production. One reason
is the variability in mortgage interest rates and lending practices. Lange stated that there
is a negative 1.5 correlation coefficient between short term mortgage interest rates and
housing starts.* This implies that a ten percent increase in the short term mortgage
interest rate would cause a fifteen percent drop in housing starts. In addition, lending
practices can also affect housing starts. Lange also stated that there is a correlation
coefficient of negative 2.3 between lower down payment requirements and housing
starts. This means that a ten percent decrease in the required down payment would
increase housing starts by twenty-three percent. These effects occur simply because many
more people are able to afford homes, increasing the effective demand for homes almost
instantaneously. However, the long term level of mortgage interest rates is uncorrelated
with the overall level of housing production. This demonstrates that housing is a
necessity and that while consumers can defer consumption of new housing, they cannot
defer it indefinitely.

4Lange, Julian E. and Daniel Quinn Mills. The Construction Industry, Lexington Books,
Lexington, MA, 1979.
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Figure 2-5: Private Multi-Unit Housing Starts

Whatever the reasons for the fluctuations in demand, the result is industry over-capacity
that eliminates profits in periods of slow demand, and industry under-capacity that drives
up costs in periods of high demand. This industry characteristic has persisted for decades.
For example, in 1922, Secretary of Commerce Herbert Hoover estimated that the
production capacity for leading building materials was thirty percent higher than would
be required under level demand, but during boom times the demand over-taxed
facilities.’

Remodeling and home improvements, as described above, constitutes a significantly
large segment of the residential construction market. In addition, the market tends to be
counter-cyclical with the fluctuations in new residential construction. Thus, by working
in both the new construction and remodeling segments, some firms have been able to
partially level the demand fluctuations.®

2.2 Industry Fragmentation

The homebuilding industry is extremely fragmented. Seventy-five percent of builders
produce fewer than twenty-five units per year, and only nine percent of firms build over
one hundred units annually.” Likewise, the largest homebuilder in the U.S., the Centex

SBemis, Albert Farwell, The Evolving House, Volume II, The Economics of Shelter, The
Technology Press, Cambridge, 1934.

6 Rubinstein, Nathan, “Residential Alterations and Repairs,” Construction Review,
September-October, 1984, pp. 4-18.

7 National Association of Home Builders, Strategtc Issues for Home Builders, 1990-1992
and Beyond, 1990.
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Centex Corporation, sold 9634 units, capturing less than one percent share of the market.
For comparison, the largest producer of motor vehicles in the U.S., General Motors, had
a 34.2 percent share of the market in 1992.8

A common measure of industry consolidation and market power is the k-firm
concentration ratio, Cy, which represents the combined market share of the top & firms in

terms of sales volume. Prior to 1982, the simple four-firm concentration ratio, C4, was

part of the U.S. Justice Department’s merger guidelines.? Since then, a slightly more
sophisticated (and more complicated) method has been in use. Nonetheless, C4 is a

common and useful way to characterize industry consolidation.

In the motor vehicle industry, for example, C4 was 80.2 percent in 1992.10 In the same
year, the National Association of Homebuilders estimated C; ) for the housing industry

at roughly fifteen percent.!! A recent report of housing's largest four hundred builders in
Professional Builder and Remodeler'? included a measure of C4q for the years 1980

through 1993. As shown in Figure 2-6, C4qq has averaged roughly thirty-two percent.

What is clear from these statistics is that residential construction is an extremely
fragmented industry. Individual builders have virtually no market power on a national
basis. In addition, the degree of fragmentation seems to be stable over time, with no
trends toward increasing or decreasing fragmentation.

8 U.S. Department of Commerce, U.S. Industrial Outlook 1994, Chapter 35, 1994.

9 Sleuwaegen, Leo E., Raymond R. De Bondt, and Wim V. Dehandschutter, “The
Herfindahl Index and Concentration Ratios Revisited,” The Antitrust Bulletin, Fall, 1989,
pp. 625-640.

10 U.S. Department of Commerce, U.S. Industrial Outlook 1994, Chapter 35, 1994.

1 The Future of Home Building, 1992-1994 and Beyond, National Association of
Homebuilders, Washington, D.C., 1992.

12 “PB&R's 26 Annual Report,” Professional Builder & Remodeler, July, 1993.
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Figure 2-6: Combined Market Share, Top 400 Firms

One might argue that housing is a regional business since there is no national distribution
system for housing. Therefore, perhaps regional markets are consolidated. It is true that
regional builders have more of a market presence than when measured nationally.
However, fragmentation is still very severe in regional markets and builders still lack
market power, as evidenced by the relatively low profit margins described in Section
2.3.1 below. For example, in 1993 in the Washington, D. C. metropolitan area, the top
firm claimed only 7.1 percent of the number of subdivision sales in the region.!? A
subdivision sale is defined as the sale of a home in a project of thirty or more units. In
that region, 325 different builders built subdivisions of that size. The top twenty of them
combined for just over half of the total subdivision sales. Note that this does not
correspond to a C,() measure, since consolidation ratios reflect dollar volume and would

also include projects of any size. When projects of all sizes are considered, these market
shares are reduced.

Another interesting phenomenon related to the fragmentation of the industry and the
fluctuation in demand is that there are significant swings in the number of firms actively
participating in the industry. According to a National Association of Homebuilders
report, the number of firms with at least one employee on the payroll was 129,245 in
1977. 1t fell to 93,632 in the recession year of 1982 (down twenty-eight percent in five
years), and climbed back to 119,287 by 1987 (up twenty-seven percent in five years).!4
The ability of firms to easily enter and exit the industry in response to the variable

13 Regardie, Renay, and Stephen Fuller, Metropolitan Washington 1993 Real Estate
Review, 1994.

14 The Future of Home Building, 1992-1994 and Beyond, National Association of
Homebuilders, Washington, D.C., 1992.
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demand for new housing is due to the fact that entry and exit barriers are low.
Fragmentation contributes to low barriers, as does the low level of capital investment
required for production and the slow rate of technological change in the industry.

2.3 Housing Costs

Housing costs encompass much more than simply construction costs. They include
numerous items that are beyond the control of the builder since they are external to the
actual construction phase. These include land cost, regulatory costs, short and long term
financing costs, and others.

Moreover, as shown in Figure 2-7, regulatory costs and land cost vary significantly by
region.!5 For example, regulatory costs for a new home with two thousand square feet of
living space totaled 26,484 dollars in San Francisco. The same home in Kansas City had
regulatory costs of only 1,300 dollars.!6 This discrepancy is due to the different
propensities of local governments to support growth.
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Figure 2-7: Regulatory Costs by Region

Before focusing on a detailed breakdown of construction costs, it is useful to examine the
total cost breakdown for housing. Table 2-1, which is based on a July 1993 report in

15 Wells, Karen, “What 1991 Buyers Want in Housing,” Professional Builder &
Remodeler, December 1, 1990.

16 “Building & Forest Products,” Standard & Poor's Industry Surveys, Vol. 161, No. 43,
Sec. 1, October 28, 1993.
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Professional Builder and Remodeler, presents a breakdown of builders’ costs for a typical
house.!” Note two things when considering this data. First, the survey represents the four
hundred largest builders in the U.S. in terms of dollar volume produced. Second, the
report refers to the 1992 market year, which was the first year of a rebounding market
(see Figure 2-3).

. South East North West Average

Materials 35.7% 29.7% 35.1% 30.4% 32.7%

Labor 18.0% 23.2% 18.9% 16.0% 19.0%

Raw Land 12.0% 10.7% 10.2% 13.3% 11.6%

Land Improvements 8.6% 11.9% 10.4% 13.4% 11.1%
Profit 8.3% 7.5% 7.9% 9.4% 8.3%
Overhead/Misc. 6.9% 7.7% 8.3% 5.5% 71%
Marketing & Sales 5.2% 4.1% 4.2% 4.3% 4.5%
Construction Financing 3.7% 3.8% 3.3% 5.9% 4.2%
Advertising 1.6% 1.4% 1.7% 1.8% 1.6%

Table 2-1: Total Cost Breakdown for Housing

Table 2-1 shows that construction cost, defined as the sum of labo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>