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ABSTRACT

PRECAST CONCRETE INDUSTRY: A SIMULATION

OF ITS OPERATION AND POTENTIALS

\ , by

STAMATIA A. FRONDISTOU- YANNAS

Submitted to the Department of Civil Engineering on June 22, 1973,
in partial fulfillment of the requirements for the degree of Doctor
of Philosophy.

Since about 1967, the precast concrete industry has experi-
enced significant growth. 1In part, this can be attributed to the
potential of the precast industry to solve a number of the problems
faced by its competitor, the conventional construction industry.

This recent growth makes it necessary that the industry engage in
long-range planning in order to meet the increased demand for its
products. :

This work is the result of an attempt to lend objectivity,
flexibility, comprehensiveness, and speed to the decision-making
processes at the industry level which concern the performance of the
precast concrete industry. In particular, a mathematical model which
simulates the operation of the industry in the period 1960-1985 has
been constructed on the basis of the qualitative and quantitative
characteristics of the industry which are currently known or, in the
absence of such data, on the basis of estimates and judgement which
are explicitly stated. The model functions as a laboratory wherein
systematic testing of all assumptions made about the industry can be
(and has been) carried out to assess their internal consistency, as
well as the agreement of results, obtained by incorporating these
assumptions into the model, with independently known facts. In addi-
tion, the model has been used to trace the futureeffect that specific
industrial, governmental, and labor policies, as well as market condi-
tions, will have on the performance of the industry.

A study of the response, by use of this model, of industry
performance to specific policy changes indicates that such perform-
ance depends strongly on factory utilization. The model predicts
that, once a high and stable utilization factor is achieved, the
industry will thereafter maintain a rapid growth. In fact, it is
found that, under these conditions, specific unfavorable factors,



such as enactment of restrictive labor policies, non-optimal alloca-
tion of R & D funds, or the prefabrication of a non-optimal percentage
of construction will decelerate, but will not arrest, the growth of
the industry.

The effect that various policies and market conditions have
on the precast concrete industry is found, by use of the model, to
depend significantly on the state of the industry at the time of
policy enactment. For example, as the industry advances to higher
growth levels in the late 70's and economies of scale are achieved
in certain sectors of its operation, such eventualities as oscilla-
tion in demand in some of the markets for precast concrete, a govern-
mental policy of granting low-interest loans to the industry, or
restrictive labor policies will have a much smaller impact on the
industry at that time (late 70's) than in the 60's.

The optimal allocation of funds for R & D has also been
found to depend on the state of the industry.

Precast concrete building systems will, in the middle or
late 70's, become the major output of the industry and will acquire
low-cost housing as major client.

Operation of the model indicates that the industry will be
well advised to move in the 70's to prefabrication of a higher per-
centage of construction than is currently (1973) the case. Even if
this direction is not followed, precast concrete will become a signifi-~
cant threat to conventional construction in the middle to late 70's;
~ the resulting competition will subsequently lower construction costs.

Thesis Supervisor: Fred Moavenzadeh
Title: Professor of Civil Engineering
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CHAPTER 1

INTRODUCTION

1.1 The Construction Industry and the Problems It Faces

Construction is one of the most important industries in the
economy of the United States: In terms of value put in place, new
conﬁtruction constitutes over 10 per cent of the total gross national
product. ;n terms of employment, it is the largest single industry
in the U. S. economy, employing some 6 per c¢ent of the national
labor force.

The industry is affected by a set of forces. Predominant among
them are government and labor policies, the state of the economy,
and climatic conditions. In response to these forces, the industry
has acquired a particular structure and mode of operation which
determine its efficiency and effectiveness. Since the efficiency
and effectiveness of the construction industry are of vital impor-
tance to the national economy, these, in turn, affect government
' policy and the nation's economy as well. Furthermore, as time
advances and the consumer demand for quality increases, the indus-
try has to reach new levels of competence in order to meet‘the new
challenge.

Of the several characteristics of the constructién industry,
high fragmentation seems to be of significant importance. A major
cause for the highly fragmented stafe of the industry is the instability
in demand for its product. This arises from two reasons: (i) weather
conditions, causing cyclical variations iﬁ demand for construction

throughout the year; and (ii) a superposed fluctuation in national
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*
monetary policies, causing additional periodicity in demand. In

response to such unstable demand for their product, construction
firms try to build into their operations the maximum flexibility

. * %
possible. The result is a huge number of small construction firms.

ﬁ; should add here that the acquired structure and practices of

the industry, a result of unstable demand, themselves act catalyti-
cally, in many instances to perpetuate fragmentation. An example
can be found in the bidding practices of the industry.which prevent,
on one hand, overhead expenditures for R & b and, on the other,

yearlong employment for other than the few people that can be kept

busy even in the valleys of demand.

*Residential construction suffers the main impact of unstable
governmental monetary policies through the following mechanism:
First, increases in interest rates raise the carrying charges
on mortgage loans. Second, increasing interest rates raise the
cost of construction loans to builders and thereby increase the
construction costs of new housing. Third, savers react to changes
in the structure of interest rates by shifting deposits among
thrift institutions, with the usual result of lessened credit for
housing mortgages. Therefore, prices and availability of credit
move simultaneously to reduce or expand new home construction.
Finally, monetary changes impact new housing rather rapidly.
Maisel (reference 49 noted that "on the average, a change in
monetary conditions affects the rate of starts (of new housing)
six months later." :

It is interesting to note that other sectors of the construction

industry suffer less from periodicity in governmental monetary

policy. Fixed investment in non-residential construction primarily

depends upon the expected rate of return that the investment will

bring as well as upon expected increases in cost of construction.
*fThere are over 870,000 firms performing construction work (20).
The firms are generally small: In 1967, the average firm employed
between nine and ten men (average number employed throughout the
year) (50).
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In the long run, costs in terms of efficiency and economy are

paid for the sake of short-term expediency gained by high fragmenta-

tion. Specifically:

a.

Great inefficiency results from the lack of continuous working
relationships among the various sectors thét participate in the
construction process as well as among the actors within each
sector: |
Construction firms are too small to specialize in more than a
small fraction of the construction process. Not being undexr
the shelter of a single concern, each construction sector acts
indépendently to satisfy its own objectives with little concern
for overall optimization. For éxample, within the hardware
segments of the building industry, little cross-fertilization
of products and needs éccurs-—seldom does the manufacturer of
one product consort with the manufacturer of another product

in an attempt to solve problems in building which are of

mutual concern. Tradition has taught the manufacturer of an
individual construction product to rely upon the designer to

assemble all the components of a building. Once the manufac-

" turer has developed his individual product line, the responsi-

bility of interfacing the products of va;ious manufacturers in
finished buildings is left to the designer.

Within each sector, the lack of continuous working relationships
between actors, while deserving credit for short-term economies,

is nevertheless, accountable for long=-term inefficiencies. A

typical example is that of builders: General contractors prefer
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to hire workers as needed rather than to maintain permanent
working relationships. The results of such transient rela-.
tions are that, on one hand, the management need not main-
tain idle workers on the payroll when demand declines; on

the other, as soon as demand rises, there is a rush to hire
new employees, unfamiliar with the way the contractors ope-
rate. The result is perpetual learning costs.

Great inefficiency alsobresults from the absence of managerial

talent of high quality. This is the inevitable result of a

proliferation of small underfinanced firms with few permanent

employees.

Diseconomies also result indirectly from the existipg large

differences in the level of power among groups inyconstruc-

tion. These differences undermine the fairness of the results

of collective bargaining. Specifically, the small size of the

firms is accountable for the fact that weak contractors have

to face the‘much stronger labor unions. The results are:

- The industry is unable to cope with labor jurisdictional
disputes; and featherbedding accounts anywhere from 15 to
40 per cent of the blue-collar construction payréll (2).

- In a favorable economic‘environment, and as a result of
the collective bargaining structure in construction, labor
wages can rise sky high $0). A good example are the wage
increases achieved by the construction unions in the late
1960's. These increases reached a peak of 15 to 18 per cent

annually in 1970 (while, at the same‘time, manufacturing
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increases were no more than half that rate) and, no doubt,
they would have continued into 1971 were it not for Federal
intervention on March 29, 1971.

- The industry is faced by a lack of capacity due to a
shortage of skilled labor:
Not having a large number of permanent employees, the con-
struction firms have left the task of hiring skilled labor
to the unions which hire labor just enough to éover the
valleys in annual demand (40). The remaindef of the labor
which is required to £fill the peak annual requirements
arrives as an inflow from other industries.* Given that
construction can guarantee to thesé men yearlong employment
much less than the other industries can, it follows that,
in a period of full employmént, construction is the first
industry to feel the shortage of labor.
We have to add here that, next to the ﬁnions, partly res-
ponsible for the shortage of skilled labor is the presentl
trend towards white-collar employment which diminishes the
pool of blue-collar workers (30).
The net result of such shortages of skilled iabor.is a

serious lag in industrial capacity.

Seasconality in demand for construction causes a large annual flow
in manpower between the construction and other industries; for
example, in 1970, construction contractors provided for 3.4 million
yearlong jobs. However, due to turnover, more than 6 million per-
sons at one time or another during this year were employed by the
industry (50).
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Figure 1, from reference 12 exemplifies the labor shortage.
The figure illustrates the shortage of plumbers relative to
the numbers required to meet the housing goals»established
by the Housing Act of 1968.* Plumbers are taken as being
representative of the situation in the other related con-
struétion trades.

d. Also, inefficiency and ineffectiveness result from the relative
absence of research and development (R & D). Thié absence is
attributed to two reasons: one, inexistence of large firms,
and two, the bidding practices of the ipdustry which leave
little room for overhead expenditures with respect to R & D.**
,Unlike thé chemical industry or the food industry, where new

teéhnologies are continuously introduéed with a~resulting improve-~

ment in pfoduct quality as well as the productivity, the fact that
only scattered attempts at R & D are occasionally made by the con-
struction industry prevents sustained improvements either in product

. * %%
quality or in productivity.

The Housing Act of 1968 defines the need for 26 million housing
‘units to be built from 1968 to 1978, with 6 million of those
units needed for low and moderate income families. According
to Assistant Secretary of Housing and Urban Development, H. Finger,
this is an understatement of the national needs (27).
' **The level of R & D activity amounts approximately to 0.1 per cent
of total revenue, or about $121 million per year,while basic engi-
neering research amounts to about 0.02 per cent of total revenue,
or about $24 million per year.
*kk
- Productivity in construction rises about 1 per cent per year com=
pared with 8 per cent per year for the agricultural industry which
is heavily oriented towards R & D.
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To surmarize: In response to public policies, to economic
and climatic conditions, and in an attempt to maximize flexibility,
the construction industry has become highly fragmented. The long-
term results of short-term expediency acquired in this manner are
high construction cost, lack of capacity, and inability to meet
specifications as construction projects become more complex and
as standards for the quality of life increase.

1.2 Systems (or Industrialized) Construction

Given the importance of the construction industry, an investiga-
tion is needed of the merit of every solution which promises to allevi-
ate some of the problems that the industry currently faces besides
promising to increase the future efficiency and effectiveness of the
inéustry.

Certain authors in the field argue that systems construction
is one of the most promising means for solving some of the problems
of the construction industry.

Systems (ér industrialized) construetion is defined as the
integration of planning, design, programming, manufacturing, site
operations, scheduling, financing, and management iﬁto a disciplined
method of mechanized production of constructed facilities (4).

The definition of systems construction implies‘that this type
of conétruction would be run by huge, well-financed corporatiomns.
These corporations would be able to finance aggressive R & D pro-
grams, to experiment on a large scale,and to distribute their products

on a nationwide scale. Use of advanced technologies, high automation
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and high standardization is to be expected. In addition, in the
collective bargaining.meetings, one would expect to fina strong
corporations pitted against strong unions with a resulting anticipa-
tion for fair agreements. Iﬁ such a setting, industrial, rather
than craft, unions wduld perhaps form, thereby ameliorating the
problem of jurisdictional disputes.

Proponents of the systems solution argue that all the above
conditions, taken togetheryWith the fact that the whole construc-
tion process would be run by a single concern (thereby making it
possible fo achieve én overall optimization), woﬁld lead to drama-
tic returns in terms of iﬁproved cost and quality performance as
well as.improved industrial capacity.

On the other hand, opponents of the systems solution argque
that this approach, at least as of today, is unrealistic for a
numbervof reasons, theAmajor being that the bulk and weight of the
éonstructed product precludes economic justification of nationwide
distribution. Such a difficulty with distribution would inevita-
bly lead to a rather large number of plants servicing a limited
geographic area rather than to huge centréiized factories produc-
ing for the whole nation, as the proposal assumes. In addition,
Iit is arqued that whenever free markets operate, the firms should
strike a proper balance between flexibility and standardization.
However, achievement of the latter would lead to the adoption of a
solution that would’fall short of the severe standardization required

by the highly automated production mode which is implied by systems
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construction. Furthermore, if huge corporations in the nation's
economy are going tbvaggressively pursue systems construction,
they should have some assurance that construction will not con-
tinue to be used as a major means for absorbing the ihpact of the
nation's monetary policieé. Such an assurance (from the part of
the government) has not yet been given.

1.3 Prefabrication iE.Construction

The feasibility of systems construction has not been proven
‘as yet. On the other hand, prefabrication*——a necessary (but not
sufficient) step in systems construction--seems to be a less ambi-
tious but feasible solution, as evidenced by the continuous and
rapid growth of this activity during the last decade. The major
advantages of prefabrication in construction--qualitatively the
same as those argued for systems construction but less far-reach-

ing--are the following:

a. Alleviation of instability caused by weather conditions. This

results from the fact that the structural members can be pro-

duced in a factory thereby making the process independent of

For the purposes of this thesis, prefabrication is taken to mean
fabrication of construction members in a factory.. The factory is
built and equipped particularly for this purpose. After being
fabricated, the members are shipped to the place where they are
to be used. There, they are hoisted, set into their final places,
and assembled to form the complete structure--be it a bridge or a
building. In the case of building construction, prefabrication
might, besides the factory production and assembly of structural
systems, also include the factory assembly of mechanical and
electrical components to form complete and fully equipped parts
of a building.
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weather conditions. The members can then be installed on site
to form a closéd space in which the workers can continue with
the required on-site operations without interruptions from a
change in weather conditions. |

Increased‘capaéity of the construction industry. As explained

in Section 1.1, the lack of capacity in the construction indus-
try is the result of a serious shortaée of skilled labor. Pre-
fabrication can solve this problem by replacing labor with
machines as weil as reducing the requirements for skill.

Cost'savings, which can accrue as a result of:

- Continuity in employment. The latter would eliminate
inefficiency arising from perpetually forming new working
relationships.

- The ability of firms to make much more intensive use of
managerial talent which is so rarely encountered in conven-
tional* construction.

- The ability to ihcrease substantially as well as maintain
an R & D effort.

- The'ability‘to make quantity purchases of materials with
resulting savings arising from discounts and the elimination

*%
of middlemen.

*
The term “conventional construction" in this thesis is used to

mean non-prefabricated construction.

*

.
According to Reference 24 these savings would be realized for
plant production of more than one million square feet of con-
struction per year.
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- Savings in the cost of labor. These would result from
‘increased efficiency in the factory, which would bring
about a decrease in the amount of required manhours per
square foot of construction, as well as from transfer
of part of the labor from the construction site to the
factory, where wages are much lower._

- Shortened construction time. This would lead to savings
in administrative and financial costs during construction,
as well as savings in real estate taxes.

d. ‘Better quality of construction. Such quality features can be

included at the factory (at least if it is operating at suffi-
cient volume) that the builder in the field simply cannot
afford.

1.4 Timeliness of Prefabrication in Construction

Several conditions in the Uf S. economy of the early 1970's

are quite favorable to prefabrication of construction. These condi-

tions ‘are:

a. The technological requirements for large-scale. mass production
in construction can easily be met in the U. S. today. To quote
from Reference 36, "The technical knowledge needed to effeciively
industrialize housing and achieve iarge-séale méss production
exists now or can be readily supplied when a market is clearly
identified."

b. Rather than start from a bare beginning, prefabrication in con-

struction has a history. Therefore, it possesses an experience
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base from which it could take off with a measure of
*
confidence.

c. The U. S. Govermment is interested in promoting advanced
technologies in the housing industry--for the purpose mainly
of increasing its capacity--as well as in augmenting--by
price-cutting--the effective demand for low-cost housing.**

The result of this interest is a concentration of money and
manpower in the housing construction area. However, the
entire construétion industry would benefit even if such
efforts were directed towards only one of its sectors.

Not every condition in the U. S. economy favors prefabrication in

construction, however. Cbnsumer acceptance of prefabricated build-

ings has yet to come. The basic mistrust derives from memories of
the postwar prefabricated homes that were, with few exceptions,
cheaply built and aesthetically diépleasing. The "new" industry has
to prove that its product is versatile and flexible, of superior
quality, and that it can offer this product at a competitive price.

Another problem is that prefabricated construction is‘abcapital

intensive industry; therefore, a possible failure would necessarily

. k%%
be connected with very substantial losses of invested capital.

*
Several European countries_have had experiences with prefabri-
_cated construction which can be utilized in the U. S. as well.

*%

Example: The Operation Breakthrough program.

Kkk ‘ '
Just the opposite is true of conventional construction which is
labor intensive requiring little in terms of capital investment,
thereby making a possible entry in the industry relatively easy. {20)
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This problem coupled with the facts that (a) the market is yet untested,
(b) there is a fluctuating demand for construction, and (c) prefabri-
cated construction can only be economically competitive-under high
volume continuous production of standardized products makes many inves-
tors unwilling to take the risk of investing in prefabricated construction.
In summary, the construction industry is of primary importance
to the economy of the U. S., and every solution which promises to
alleviatebsome of the problemg the industry faces and to increase its
efficiency and effectiveness merits a thorough investigation. Systems
construction and prefabrication are among the proposed solutions. Of
those, the feasibility of systems cénstruction has not been proved as
yet while prefabficatibn is known to be feasible, as evidenced by the
continuous and rapid growth of this activity during the last decade.
Even if ihdustrialized construction ultimateiy proves to be feaéible
as well as being the optimal solution, prefabrication is the necessary
first step towards this end.
The line of reasoning presented above provides a justification
for a thorough étudy of the current status and future potential of
prefabrication.

1.5 Justification for Study of Prefabrication Based on Concrete as

a Material of Construction

The prefabrication technology employed as well as the appropri-
ate market both vary greatly from use of one basic material of con-

struction to another. To pursue our goal of an indepth study, we
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have, therefore, limited ourselves to a study of prefabrication

based on a single material of construction.

Concrete was chosen in the light of its several advantages
as well as after consideration of the characteristics of the
market in which this material isAmost competitive. Specifically,
concrete as a building material offers the following advantages:

- On a cost/unit volume basis, it is one of the cheapest materials
available anywhere.

- It is highly fire resistant.

~ It can be molded into any shape.

- It can provide adequate sound and thermal insulation.

Concrete dominates prefabricated construction of middle- and
high-rise buildings (see Fig. 2). This market is of partiéular
importance because:

- The share of the total building output that middle- and high-
rise buildings occupy continuously expands. One reason for this
'is the high cost of land. 1In the particular case of housing,
the rapid éxpansion of apartment buildings (see Fig. 3) is mainly
attributable to the age structure of the population.*

- Middle- and high-rise buildings seem to be the natural market for
prefabricated construction, since'a single building often pro-

vides enough volume to justify economically the production of mem-—

bers in factories. (In the case of, say, a single-family dwelling,

* .
The subject is discussed in detail in Chapter 4.
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a number of orders demanding similar houses must be aggregated
before prefabricated construction becomes economically justified.)

1.6 Purpose of the Thesis

The purpose of this work is to develop an understanding of the
nature and the dynamics of the precast concrete industry. In order
to accomplish this goal, the major variables determining‘the state
of the industry have been studied individually and in detail. 1In
addition,a model of the industry has been built the purpose of which
is: |
a. Té étudy the dynamic structure of the éredast concrete industry,

thaf is, to study how the main variables interact as functions
of time.

b. To serve as a véhicle for present and future testing of policy
alternatives in the expectation that this will facilitate the
forﬁulation of theée particular policies and decisions which
will benefit the industry most. This vehicle will be subject
to continuous refinemenf as additional data on the precast con-
crete industry become available.

1.7 Scope of the Thesis

This thesis limits itself to the study of prefabrication which
is based on the use of concrete as a material of coﬁstruction.

‘InAaddition, the thesis will be concerned only with off-site .
prefabrication, that is, prefabrication of construction elements and

members in plants built and equipped specifically for this purpose.



-33~

The model of the industrxy presented in this work was designed
to study the'effecf that several specific, well-defined governmental,
labor, and industry policies as well as economic conditions will
have on the future of the precast concrete industry.

1.8 Plan of the Thesis

In Chapter 2, the state of the art in each of the main sectors
of the precast concrete industry is studiéd separately,and indentifica-
tion is made of the major problems which bedevil the industry.

The principles and methodology of the approach used in this>work
are diééussed in Chapter 3. It is argued that a mathematical model
would prove to be a useful tool for assessing the impact of specific
policies and conditions oh the precast concrete industry. Then,
following a discussion of the various categories of mathematical
models, the reasons are developed for the choice of an industrial
dynanics appro;ch, a computér simulation modeling technique developed
at M.I.T. by J. Forrester and‘co-workers, as the preferrea method for
attacking the problem. The nature of fesults to be expected by use
of the industrial dynamics approach is also briefly discussed.

In Chapter 4, a computer simulation model of the precast con-
crete industry is developed. The model aims to attack the problems
identified in Chapter 2.

Finally, the results of the model are interpreted in Chapter .5,

“and the conclusions are stated in Chapter 6.
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CHAPTER 2

" THE STATE OF THE ART IN THE PRECAST CONCRETE INDUSTRY. THE U. S.

2.1 The Industry - The Market

Members of the precast concrete industry are all plants that fabri-
cate components either prestressed or not. The most common types of
prqducts are listed in Table 1. These are the products that manufac-
turers are equipped to produce on a day-to-day basis. In addition, most
ppecasters are equipped to make any product if a given situation warrants.*

The precastvconcrete'producﬁs can either be sold as separate compo-
nents (for example, as bridge beams or floor slabs), or they can be com-
bined to form a building system (see section 2.2). Building systems
fabricated in the precast concrete plants range from merely providing the
structure and skin of a building-—as ié today usually the case--to pro-
viding in addition the finishings; and tﬁe concept can even include "total
systems" that incorporate compatiblé mechanical and electrical equipment.

As of February, 1971, there were 557 plants producing precast con-
crete components in the U. S. (57). Most of these plants were new in the
field (see Fig. 4) and probably have not yet reached volume production.

In addition, the plants were (and still are) moderate in size servicing
an area of at most 200 miles radially around them (44).

The rather recent interest in prefabrication (from 1967 on, as

shown in Fig. 4) is nationwide, and generally follows the distribution

In fact, a major problem troubling the industry is the sacrifice of
benefits derived from standardization to a flexibility granted by the
will to accept orders for custom-made components (56,34). The absence
of standardization is more severe in the case of building components
and less so in the case of bridge components (42).
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of population (see.(fig. 55. Precast'concrete producers,.however,
have notkdeveloéed faetories throughout the country to supply a
national market, as some mobile home ﬁanufacturers have done.*

About 20 per cent of the 557 plants in existence in 1971 were
owned by large corporations (58). The trend seems to be that more
“and more of the industry will be so owned. According to reference
58 bj 1982, 30 to 50 per cent of the precast concrete plants will
be owned by large corporations. ‘

Anether observed tendency in precast concrete firms is the tendency
towards vertical integrationr(SS). Precast concrete firms are being
forced into it as a natural evolution. The dynamics of the marketplace
involve producere in.real estate and property development, and involve
materials suppliers in construction and project financing. The progno-

sis is (58) that this tendency will continue and intensify in the next

ten years as companies will find that vertical integration has advantages

The closest cempanies have gone towards a nationwide distribution was
the formation of a consortium of forty-one precast concrete producers
having sixty-seven plants throughout the country. This consor tium
was formed to provide a program capable of delivering nationwide
‘standardized building components (a complete package of floors, roofs,
exterior and interior walls, and structural systems) for multi—unit

housing and commercial and institutional facilities (3).
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in evening out production cycles, as a mechanism for introducing new
products and developments and as an opportunity for broader capital
utilization in the same market area.

The main actors of the precast concrete building construction,
as well as their mutual interactions are illustrated in Fig. 6. The
architect has the major role in the constfuction of the building
because he designs the facility and then acts as an agent for the
ownér.during constxuction. It is the architect who, basing himself
on qﬁality and cost considerations, generally chooses the structural
material and the structural system to be used in any given building.

The rolé df the precast concrete producer varies from case to
case, rénging from that of a simple component supplier to that of a
general contractor or developer.

The most common distribution systems for producers of modular
boxes are shown in Table 2. The same types of distribution systems
can be traced not only 'in the particular case of modular boxes but in
any type of precast concrete production except that the emphasis is
placed somewhat differently in each case: Modular boxes are generally
total systems (having entered into their design as mucﬁ architectural
expertise as ever is likely to enter), incorporating compatible mechani-
cal and electrical systems and comprising close to 907§er cent of cost
of the total building. On the other hand, precast concreté components,
or merely structural systems form a small part of the total building
and need to be compatible with the rest of the building as perceived by
the architect. It follows that, in the case of modular boxes, the pre-

caster most often sells to a builder-developer, while in the case of
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bPrecast concrete components or structural systems, the precaster
usually sells to the afchitect.* Discussions with Mr. T. McKeever (48)
of the San-Vel Concrete Corporation, Littleton, Massachusetts, indicate
that the precast producer must have extensive contacts with architects
and must attempt to keep them informed of his capabilities and of the
attributes of his products.

Table 3 shows the number of precast concrete plants which produce

each major product category. The findings reported in the table are

the results of a PCI survey in 1969 (56). The following points are of

interest:

- Less than one-third 6f the plants are involved in marketing all
products.

- A relatively small number of plants specialize in only one product.

- The industry proves to be less diversified than it is generally

assumed to be: The majority of producers are not involved in the
production and marketing of allied products such as concrete
blocks, ¢oncrete pipes, or ready-mix concrete.

- As of 1969, only 40 per cent of manufacturers produced bridge ele-
ments. This finding is particularly interesting in view of the
fact that the industry first made its start in the bridge market.
Clearly, the main market currently is the buildiﬁg market.

Table 4 breaks down the market for precast concrete building sys=-

tems acéording to building height. Figure 2 as well as references 44,

72, 64, and 4 seem to agree that concrete building systems are most

* ‘ :
The precaster often undertakes the erection of his products on-site.
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competitive in bgildings that are in the middle and high-rise
categories. More specifically, reference 72 states that, in
England, concrete building systems are most competitive in build-
ings that are more than four stories high. San-Vel Corporation,
a New England producer of precast concrete products, states the
volume requirements in terms of units: According to reference 23,
San-Vel can be competitive in orders for more than eighty-eight
dwelling units; orders of that magnitude are almost always placed
for middle~- and high-rise buildings. In terms of type of building,
the same reference reveals that two-thirds of the output of San-Vel
goes to housing.

| The discussion above leads to two conclusions: One, since
precast concrete building systems are most coﬁpetitive in high-
and middle-rise construction, their main competitor is conventional
concrete (3)f This is so because the market of middle- and high-
rise building is where conventional concrete is most competitive
(wooa dominates the single-family housing market and steel dominates
the siﬁgle—storey industrial buildings market (35)). Two, since
housing is one of the markets of the industry, the latﬁer has to
face the problem of oscillating housing demand (see Fig. 7).
Oscillation in demand is a seriousbproblem for a capifal intensive
industfy. To quote from the statement of Mr. Rosen (President of
Urban Systems, Inc., Boston, Massachusetts) (64):

?I think that the cyclical variability which affects construc-

tion in general, and housing in particular, causes such a high
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level of instability in the industry that it makes it almost

impossible for ény kind of managerial overhead to bé developed

sensibly.“b

"The prime lack of willingness on the part of companies or

firms to adopt‘ﬂew technology (in construction)* is that there

is a high level of ﬁncertainty associated with it (due to

~oscilliation in demand),* and managers of large-scale institu-
tions are risk averse." |
We should add here that another factor (besides oscillation in demand)
that also contributes to increasing the risk of precast concrete indus-
try is the fragmentation of the construction market. This is mainly
the result of:
- The bulkiness an@ high weight of its products that put high pre-
mium, in terms of transportation cost, to nationwide distribution.
- Consumer tastes: People resist buildings that look alike even
though they accept identical looking automobiles. The result is

a limited demand per given type of structural component.

- Building codés that may vary from one locality to another (the

sﬁbject is discussed in more détail in section 2.6).

The need for market aggregation has been realized by the iniﬁiators
of operation breakthrough one of the expressed purposes of which was to
act as a center for collection and dissemination of information on the
existing demand for various types of.buildings in an attempt to pool demand

and create substantial local, regional, and perhaps national markets (77).

*
Explanations in parentheses are the author's.
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Since investing'in the precast concrete industry is considered
risky, investors (be it individual lenders, lending institutions, or
equity holders*) require a high return.** This high return causes
the cost of capital for the industry to be high (84) and leads it
towards more labor-intensive operations.

Several proposals have been made to assist in alleviating the
resu}ts of high risk. One of them (64) is to have the government
guarantee to the industry low interest loans. This polipy would
cause a decrease in the cost of capital used by the industry which
would lead the latter to more éapital intensive operations; such
activity would, in turn, hopefully increase the industry's compeﬁi-
tiveness. A c;reful study is required at this point to assess the
effects of such a policy on the precast concrete industry.

In spite of the adverse effects of an oscillating housing
market, the record of the preéast concrete industry in terms of
sales volume still shows an uninterrupted rapid increase from a
mere $150 million in 1960 to one biliioh in 1972 (see Fig. 8).

The sales volume of érecast concrete does not fqllow the oscilla-
tions of the housing market mainly because: {(a) the multi-unit

housing market by virtue of being based on income-producing

There is no data available on the capital structure of firms in the
construction industry (i.e., on the leverage ratio = Jobt iegtult ).
As regards the kind of equity, Table 5 shows the types or orggnlzg-
tions that participated in Operation Breakthrough (Type A proposals).
It can be seen that 40 per cent were publicly owned corporations and

16 per cent were private companies.

* %
Data on required rates of return on capital and amortization times is

provided in Chapter 4, section 4.5.
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property, oscillates less severely in response to monetary policies
than does the market for single-family dwellings; (b) The different
markets* in which the industry sellé its products reach their peaks
and valleys of demand at different points in time (that is, the delay
time for résponée to monetary policy differs in each case); and (c)
The precast concrete industry has become more competitive and thus
has increased its share of the market in the 1960-1972 period. The
increased share of the market gained by the industry has‘possibly
attracted revenue greater than could be deprived éf the industry by
the valley in demand.

The significant increase in the sales volume of the precast con-
crete industry, while partly attributed to increased competitiveness
from the part of the industry as first mentioned, can also be.attributed
to the fact that one of the main market fdr precast concrete--namely,
multi—unit housing--has significantly expanded. As Fig. 3 shows, the
ﬁulti—unit housing market has shown a significant increase in its share
of the total housing market, reaching a level of 40 per cent in 1970.

Given the importénce of the multi-unit housing market to the pre-
cast concrete industry, an important question that merits investigation
is what would be the effect on the industry if multi-unit housing stops
expanding and instead starts oscillating grpund the level of output it

has reached in 1970.

. % .
These markets are: multi-unit housing, non-housing buildings in the
middle and high-rise categories, and bridge construction.
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2.2 The Product

A large fraction of the literature on precast concrete.is devoted
to a description of the product of ﬁhe industry (%6, 57, 4, 37, 25, 41)
In summary, as mentioned in section 2.1, the most common components
produced by the industry are listed in Table'l. In addition, the
industry is equipped to produce almost any custom order. Combinations
of components form the various building systems.' These generally fall
into the following three categories in ascending degree of sophistication.

1. Post and Beam (frame) Systems (see Fig. 9)

Most frame systems consist of prefabricated columns and beams with
panels, including windows and éoors, that may or may not have a
structural function. Such systems can be easily installed by
uhskilled workers. Systems of this kind are not morek"inaustrial—
ized" than is building with sﬁeel beams that come from the factory.
So, the next step in this category of systems was the invention of
portal frames: Column heights Were,ektended beyond single-storey
height,énd whole frames were manufactured in the factory (Fig. 10).
However, poftal ffames present serious problems in transportation,
handling, and erection and, therefore, are not widely used.

2. Panel and Slab Systems (Fig. 11)

This systgm consists of reinforced concrete elements that can be
assembled in various arrangemeﬁts; In terms of size,.they are

distinguished into small panel systems, permitting a high degtee
of architectural flexibility and into large panel systems allow-

ing for cost savings due to the smaller number of joints.
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In terms of configuration the panel and slab systems are divided

into three categories: |

a) Longitudinal systems (Fig. iz).
In this configuration, bearing walls are only the exterior
wails which lie parallel to the long face of the building.
In cases where building width exceeds certéin limits, a new
line of bearing walls or maybe a line of.portal frames is
used iﬁ the interior.

b) Both-ways systems (Fig. 13).
In this configuration, panels in either direction play the
same role in the'étructure. This résults in a building which
haé equal :igidity in both directions and in the advantage of
haviné two-waybslabs. On the other hand, these systems offer
a limited flexibility.

c) Tranéversé systemék(Fig. 14).

N In this category the bearing wal;s lie transvefse to the long
face of the building so that longitudinal exterior walls are
non—bearing. Transverse systems are preferred in this coun?ry
because they excel over both-ways systems in that ﬁhey are more
fiexibié: Betﬁeen two transverée walls, say 36 feet apart,
one canAform wﬁole apartments.*, In addition, transverse
systems excel over longitudinal ones. in that they offer rigidity
‘in the transverse direction as well, (Rigidity in the 1qﬁgitudi—

nal direction is sufficient in any case.)

*
The example is taken from the Techrete system used by San-Vel Corporation.
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Modular Cell‘(Box)’Systems (Fig. 15)

These eliminate the need for framing because the prefabficated
box~like units are self—supporting‘ A unit consists of three

walls, a roof, ;nd a floor; or two walls, a roof, and a floor;
or any'other self-supporting combination:

One can further distinguish building systems into closed sys-

tems where only the components of a given syétem can fit together

" and open systems where different manufacturers can combine their

products into one system.
Among the special problems raised by the precast concrete build-

ing systems is the problem of an overall structural stability (42);

and the problem of joints which is well documented in hundreds of
papers (42, 37, 68).

.In thevaréa of materials and techniques, precast concrete plants

face the necessity of: (a) obtaining high initial strengths in
order to reducé plant iﬁmobilization time; and (b) achieving the
greateét possible reduction in the weight of components. On the
bthéf hand, the precast conc;ete‘industry benefits from the possi-
bilitiesvwﬁich are offered by production carried under factory
conditions. High—gfade materials or advanced techniques are conse-

quently used some of which are, indeed, of an industrial character

and could not be employed except in a factory.

Reference 42 provides a comprehensive study of the materials and

techniques used in the precast concrete industry. In summary, the

industry uses:
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i) vLightweight concretes: These are (a) concretes made with
lightweight mineral aggregates of natural or artificial
origin and (b) cellular concretes. The latter are cement
concretes made without any aggregate and having a fine
cellular interﬁal structure comprising a large number of
small discrete cavities. |

ii) High-strength concretes, allowing for reductions in the
cross section of elements. However, part of this'advanf
tage is offset by increased deflections and greater risk
of buckling. The usual hethods ofrmaking high-strength
concretes include:

- water extraction
- compaction
- autocléve treatment

iii) Expansive concreteé: These are known as (a) shrinkage-
compensaﬁing concretgs when expansion of the material is
Ajﬁsflénough,to offsetishrinkage during curing, or (b)
éeif—stfeséing prestressed concretes, when the material
egpands‘sufficiently to effect prestressing by constrain-
ing free expansion.

" Critisism of Precast Concrete Building Systems

Pdst.and beam systems generally provide only the structure and
_skin of a building. As of today, this statement is also true of most
panel systems. Figure 16 shows the operations that have to be per-

formed on-site after the erection of structure and skin. Table 6 gives
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én estimate of the percentage of construction cost formed by struc-
turé and skin. It can be seen that, through prefabrication of struc-
ture and skin, savingg in only 37 per cent of the total consfruction’
cost can be realized in the case of low-cost housing.

- Box systéms}are generally total systems. Up to 90 per cent by
cost of the total construction is fabricated in the plant. These
systems arrive on-site with all finishings ready and incqrporate com-
patible mechanical and electrical equipment. Sometimes, they even
include furniture. Unfortunately, precast concrete box systems are
the exception rather than'the rule in the industry today.

| Given the right market conditioﬁs, there are obvious advantages

to be derived by moving more and more of the construétion into the plant:
_Fo% one, in- this way, the precast concrete industry would expand to
supply a much highef per cent of a building.‘ In addition, it would
become more competitive as it would replace labor intensive on-site
finishings (seg Table 7) with mechanized préduction_in the plant.
_ Also,‘from'tﬂe point of view of the government, the desire to expand
the,efféctive demana for low-income housing (feasible only through sub-
stanﬁial price deciéases in housing) stands a much better qhance to be
fulfilled if more of the building construction moves in the plant.

The vital question'is: What are the "right" market conditions
under ﬁhich it would be wise for the industry to move to prefabrica-
tion of finishings and, finally, to the production of total systems?

As of today, investment in the precast concrete industry is
regarded as risky--as evidenced by the high required rates of return

(14). These high rates of return raise the cost of capital of the
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industry and leads it towards labor-intensive operations. In addi-
tion, also as a response to the estimated high risk, the industry
adopted- the "watch and see" approach, as evidenced--among other
things--by the size of the plants: As of 1973, there are not many
very large plants of the Lustron size. Thefe is no nationwide copy-
ing of the technologies of Habitat énd‘of the San Antonio Hilton.

Is the industry being too’conservative, losing potential pro-
- fits which might accrue by increasing the percentage of the construc-
tion which is fabricated in the plant? This is one of the vital ques-
tions which the industry as a whole should face.

2.3 Production and Assembly Technology

The production technology employed byvthe precast concrete indus-
‘tr§ is deécribed in detail in the literature (for example, see References
37, 43, 51). Briefly, the employed technolégy ranges from labor to
. capital intensive, depending upon:
"a) The size of the market.
In general, the more highly capifal intensive the technology,
the higher the level of output required to reach the break-
even point (84). Therefore, since an~adequate* market has
not yét been secured in the U. S., the precast concrete indus-
try tends to be labor intensive.
A b) The achieved degree of standardization.
The optimum degree of standardization is a vital problem to

be faced by the industry: Reducing the variety can help to

N A
"adequate" from the point of view of justifying a capital intensive

operation.
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increase the demand for a standard component, but it may

conflict with the user's needs. The greater the reduction

in the variety of components available, the less it is likely

that a particular user's requirements can be completely satis-

fied. Thus, the industry has to try to find the optimum solu-

tion between flexibility and reduction in cost.

Severe standardization was adopted in Eastern Europe, with

an attendant reduction in the number of different components

and in the number of pieces of production equipment; this led

to the introudction of an automated process giving high pro-

ductivity and low cost per item.

On the other hand, in free markets, much greater flexibility

in design was deemed necessary. In an extreme case, the

Balency system in Europe advertizes: "You design a building

and then our engineeré come and fit it with the system"; that

is, they propose to panelize a given building rather than

build it with standardized panels.

c¢) The cost of capital relative to the cost of labor.

As mentioned above, today, the precast concrete industry is

considered a risky investment aﬁd, as a result, the cost of

capital is high. This leads the industry toﬁards the direc-

tion of being labor intensive.

Generally, and in terms of configuration, we can distinguish

between two types of production (86). The first--known as assembly-

point configuration--is an arrangement where the precast components
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remain stationary while the resourceé and materials move to the compo-
nent assembly sites. The second--known as assembly-tree configuration--
is an arrangement where the resources remain stationary while the items
move through a neﬁwork of stations in a predetermined sequence; the
items meet at specified assemblies where they are formed into a single
item.

In many cases a hybrid configuration is employed composed of the
above two. For example, a configuration could employ the assehbly-
point approach for processing some of the items that compose the pre-
cast component and the assembly-tree approach for the remaining items.

The main production systems that fall under the first category
(aséembly—point configuration) are tilting tables, batteries, and
hollow-coré slab extrusion systéms.

In the case of tilting tables all operations are peiformed at the
site of the table by different beams of workers_in a predetermined
sequential order. After the casting and curing is completed, the
table can be tilted up by about 85 degrees to facilitate the handling
of the component. Tilting may, for instance, be effected by means of
suitable hydraulic jacking equipment. Alternatively, fhe table can be
equipped with suspension devices which are engaged by the lifting gear
of‘the overhead travelling crane; by such means, the_ﬁable can be
swung to the nearly vertical position. The tilting table method is
labor intensive and requires skilled manpower if high quality and speed
are to be aéhieved. It is mainly used for small-scale production or

for casting of special types of elements (like facade elements with
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special architectural requirements). It is also used for the produc-
tion of sandwich elements containing plumbing and heating fixtures or
materials for insulation.

In the battery method (Fig. 17, 18) the mold consists of a series
of vertical steel plates; these plates form usually six to ten cells
into which concrete is being poured from their open top. It is possi-
ble to adjust these cells within wide limits with respect to the thick-
ness, width, and height of the slabs to be made. Often molds are
instélled below the factory floor level so that concrete can be placed
iﬁ them with the least possible expense. Among the advantages of the
method is that lifting the individual components can be done quite
easily by equipping each panel with lifting eyes; furthermore, the
éurfaée finish.of the panels produced is perfectly smooth.and does not
require any further grinding or polishing; finally, in the case of
walls, since the latterrare poured in a vertical position, an economy
of 10 - 20 per cent on $teel reinforcement is realized.

Relative to tilting fables, batteries require a higher initial
investment. On the other hand, productivity is higher aﬁd the cost
per panel is, for this reason, lower. |

An operation with even higher productivity, which also is more
capital intensive than the above, is the extrusion of hollow-core
slabs (37). Here, the casting operation is performed by sophisti-

- cated extXuders in a continuous sequence. The extruder advances on
a long casting bed, leaving behind hollow-core slabs made of concrete

which have been vibrated and compacted and which have sufficient strength
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that a worker can step on it (without causing any damage) immediately
*
after casting.

In the area of assembly-tree configurations, important categories
are the pallet-line method and the continuous-moving conveyor method.

In the pallef—line methéd, éoncrete panels are cast on individual
pallets which move from station to station for each set of operations;
that is, the teams of workers are assigned fixed positions while the
pallets aré moved along the assembly line by an overhead crane or, rarely,
by roller-mounted carts. After casting the concrete, the palléts are
removed from the assembly line éﬁd stacked in a curing chamber. The
latter phase often proves to be the bottleneck of the iine, as curing
time is at least three hours (37).

The continuous moving-con&eyor method today is considered to be
the ultimafe in automation of precast concrete production. One of the
beét examples is the vibro-rolling mill of Kozlov (U.S.S.R.) still con-
sidered to be in the experimental stage. This is the most capital inten-
sive as well as the most efficient and highly productive method today.

Of special importance to the precast concrete industry are the availa-
bie curing techniques which enable the industry to shorten curing time
thereby reducing plant immobilization time. To reduce curing time, wide
use is made in the industry of the rule that increased temperature speeds

up chemical reactions (such as the hydration of concrete). According to

Tilting tables, batteries, and slab extrusions are the main methods

uséd by the industry for panel and slab production. Precast concrete
components such as columns, beams, puzlins, etc. are preferably manu-
factured in wooden, steel or plastic individual, stationary molds.

If prestressing is employed, the components may either be made by the
"long-line" process, in which a number of components are cast one

behind the other on a prestressing bed, or by the individual mold method.
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the levels of temperature and pressure used in curing concrete, we
can distinguish:
1. Atmospheric Curing
After casting, the concrete elements are allowed to set for fifteen -
twenty minutee. Then, the temperature-is gradually raised to a con-
stant level and kept there until the strength of the elements reaches
the desired level. The elements are then gradually cooled to ambient
temperature. High temperatures are achieved through the use of hot.
steam, hot water, hot oil, or by electric resistance heating.
2. Autoclave Curing
Here concrete elements are placed in a speciél hermetically closed
chamber, in which the steam pressure rises to 150 psig. As of today,
‘this method is mainly restricted to small size elementsvlike con-
crete blocks. However, the trend is to use the method for larger
and larger elements.
3; Vacuum Curing
In this methbd, concrete is mixed with sufficient water to £ill com-~
pletely the form after being vibrated. Vacuum is then applied, which
squeezes out all excess water not required for the hydration of cement.
Although not yet widely used, .the method has yielded very good results
and is cbnsidered to be very promising.
After production, the precast elements have to be transported and
erected on site. Many workers in the field believe (79) that the most
‘promising opportunities for cost reduction in precast concrete construc-
tion are through reduction of the time and amount of eperations done on

site. To this end, designers of precast concrete systems have currently
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developed plans for work programming and organization that complement
the efficiency of factory production.

The first major innovation has been the development of the "flow- .
line" method. 1In this method, construction is divided into a series
of operations, each of which is ﬁndertaken~by a separate team at a
specific work station. Insofar as possible, the required time at
each work station is made as nearly as possible the same for all teams.
In the simplest case, therefore, after the first team has completed
its job at the first work station; the second team‘begins at the first
work station, and the first team moves on to begin’work at the second
work station.

A second majorychange,has resulted from‘the greatly increased use
of mechanical power on the work site. A good index for this is the
utilization of cranes.. The tendency here is not only to make more
use of cranes but élso to make use of cranes able to carry greater and
greater.loads. In this way, larger e;eménts can be used requiring
fewer joints on site. |
2.4 Manpower

2.4.1 Managerial Talent

As discussed in Chaétér 1, good quality managerial talent is a
scarcity in conventional construgtion. In the precast concrete indus-
try, the quality of managerial talent employed is, in general, propor-
tional to the size of the plant. Large plants are able to derive
ecopomies of scale from two sources: one, advancéd production technology
and two, managerial efficiency. Some authors in the field argue that

the economies derived in large plants, as a result of the availability of



-54-

good management, are even more significant than those derived from the
technologically more efficient operations (64).

2.4.2 Labor Unions (66)

Reference 50 identifies four aspects of technological changes
which are involved in prefabrication of construction. These are:
1l. - increasing mechanization of the construction processes;
2. increasing standardization of components;
3. transferring of work traditionally done on-site to an off-site
location; and
4. recombining of job tasks at the job site
The unions' perceptions of the impact of such change on their future
job security, jurisdictional control, and health and safety determine
their reaction to the change; namely whether they>will try to encour-
age, cémpete with, control, or obstruct its introduction and use.

Job security is of utmost importance to the unions, especially in

an industry which i§ as insecure as the construction industry. Reference

11 ciﬁes thrée goals which, if achieved, could provide job security:

1. obtaining full employment for the union's members;

2. secﬁring a satisfactory wage for its members; and

3. preserving skillsktraditionally performed by its members.

- Ihcreasing mechanization of the cqnstruction processes might be
seen by some unions és a threat to the first and third of these
gdals.

- Increasing standardization of components might seem to threaten

the third goal.
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- Transferring of work off—site might seem threatening to all three
goals, and finally,
- Recombining of job tasks might threaten the first and third goals. -
On the other hand, technological change might be perceived by
other unions as improving their job security by creating new jobs, pro-
viding more employment during winter, and so on. The diversity of
effects on various unions is well demonstrated by the results of an
analysis of impact on various unions given in reference 1ll. Accord-
ing to fhese results,/prefabrication offers to the ope;ating engineers
and electrical workers the greatest opportunity for growth; and to the
painters and bricklayers the least (a decrease is, in fact, predicted).
Furthermore, operating engineer; will have the greatest need for new
skills, gnd’the plumbers, carpenters, and electrical workers will be
affected most’by relocation from the job site to the factory.

Jurisdictional control is another item of considerable importance

to unions. The recombination of job tasks on-site, as often occurs
Qhen.a prefabricated product, manufactured by combining the skills of
sevéral trades, is brought onto the site to be installed, is seen by
the uﬁions to be a serious threat to their jurisdictional control.
The result is a series of disputes.

In the controlled environment of a precast concrete plant, workers

enjoy, on the average, better health and safety than in conventional
construction.

The main policies adopted by these unions which decided to resist
prefabrication in Qonstruction are (19):' (1) a policy bf obstruction;

for example, the carpenters have refused to install prehung doors on
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the basis of a work preservation clause in their contract; and

(2) a policy of coptrol; for example, the tri-grade agreement, made

by the electricians, plumbers, and éarpenters with Prestige Struc-

tures, Inc., of Charlétte, Michigan, gave the three unions some con-

trol over work iﬁ the plant and on the job site (50).

Both of the above policies force the industry to use labor over
and above its needs: This is the practice of featherbedding. Specifi—
cally:

Obsfructing the use of prefabricated pfoducﬁs may be done by:

1. requiring certain types of work to be done on the joh site and
refusiﬁg to handle or install such items which do not require the
performance of traditional craft duties on the job site.

To achiéve the above, the unions seek to ihcorporate workApreserva-

tion clauées in their contracts and to include contractual clauses

which limit the subcontracting of work to be performed at the job
site (‘9).

2. requiring excessive manpower or pay or performance of unnecessary
tasks for the installation of the prefabricated items, or

3. ’refusing to use certain tools required for the installation of
precast components. A policy of control of prefabrication by

unions leads to similar results in terms of featherbedding (70).

Seriousness of the Unions' Constraint

There have not really been any comprehensive studies done on the
impact of unions' resistance to the use of precast concrete systems.

There are a number of reasons for this,‘émqng which are that the
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various unions react differently, that the industry and its unions
are so fragmented that it is hard to make generalizations, and that
apparent restrictive practices are sometimes the results not only of
the efforts and interests of unions but also of contractors and
suppliers. About tﬁe only conclusion that can be reached is that
unions to date have not used all their potential (which is considera—
ble) to resist prefabricafion. For example, iﬁ studies done by
Haber and Levinson (31),and by Maisel (46), it has been concluded
that resfrictive practices of unions might increase the total costs
to a house buyer by 3 to 8 per cent.

But what if the unions in tﬁe future exert the full magnitude of
their potential to create more jobs for their members and to increase
the wages in the plant? For example, in England, workers get'equal
pay whether for on-site construction or off-site precasting. A study
~ of the influence of such a iabor policy on the future of the industry
is greatly needed.

2.5 Costs of Precast Concrete Construction

The viability of the precast concrete industry highly depends
upon the competitiveness of its products in terms of cost. An assess-
meﬁt of the economic performance of precast concrete products should
include an estimate of the life of the products and of the necessary
maintenance and repairs throughout their lifetime. On the other hand,
in fhe short run, economic performance includés only the initial cost.

Precasters sometimes claim that their products are relatively

free of maintenance. The fact remains that the precast industry is a
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relatively new industry, and there is little data available on the

long-run. performance of its products. References 14, 13, 37, 24, 33

provide useful data as well as methods of breaking down the initial

costs of building systems. 1In addition, extensive data are provided

in Chapter 4 of this work where also the initial cost performance of

precast concrete is analysed in detail. Therefore, it would suffice

to state here that the cost of precast systems (a) is determined by

a wealth of variables, the most important of which are:

the size of the market

The larger the size of the market, the larger the size of plants;
the more the economies to be realized through employment of
advanced technolégy, managerial efficiency, and discounts on
materials.

factory utilization

perceived riskiness of £he industry.

This affects the cost of capital through the chosen depreciation
times (tﬁe less confident management is on the market, the sooner
and on fewer projects it tries to depreciate fixed assets) and
through the required interest rates.

the lével of technology

The higher the level of technology, the more is output per units

of input.

labor productivity.

(b) The cost of precast systems highly depends upon the interactions

of the above variables. Many of these interactions form closed



~59-

cause~and-effect relationships. Fox ezample, the size of the market
has an effect on the product cost; the latter, in turn, effects the
size of the market. (c¢) It’depénds upon dynamic variables; that is,
time must be taken into account. For example, the level of technology
and labor productivity are functions of time;

Given the complexity of the interrelationships that determine
the cost of precast.components, it is difficult to estimate how vari-
ous policies Qould affect it. Among the problems that merit investiga-
tion is how would guaranteedloans with low interest affect the cost;
how would increases in labor wages affect the cost; and how would an
expansion of the market (by prefabricating a higher percentage of the
buildiﬁg in the factory)affect the industry's cost competitiveness.

2.6 Federal and Local Government Rules and Regulations in Construction

(Building Codes)

Building codes are barriers to building systems in three ways:

1. Theré are too many of them. There are over five thousand codes in
use in the U. S. and as many as one hundred in a single metropoli-
tan area. This multiplicity of different codes in a small area is
an obstacle to the high-volume production of standard parts which
‘industrial methods demand.

2. Building codes are obsolete, one of the reasons being the cost of
updating them.

3. They tend to discriminate against new methods and materials by
specifying not the desired performance of the building but some

specific, well-established means of attaiﬁing this end. To
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~alleviate this last shortcoming, a movement is lately underway
to promote performance specifications as a means of pﬁomoting
innovation. Another advantagé of performance specifications
would be that by specifying the requirement in functional terms,
the‘éocial purpose of the standard would be clear. Among the
disadvantages of performance specifications are serious problems
of implementation. What are the objective>tests by which the
buildér can prove that he has met the requirement? To answer
this and other similar questions, the creation of an Institute
of Building Sciences has been’proposed. The proponents of this
solution argue that this institute could be part of a National
Council for the Development of Standards. With initial government
funding, this organization could become self-supporting through
collection of fees and subscriptions. Its activities would
" include the development and updating of building codes, evalua-
tion and certification of building products, equipment, and
 techniques, the promotion and coordination of research, and the
dissemination of information (87). Such an institute while
advocated by both the Kaiser Committee and the Douglas Commission
is’not as yet a reality.
However, the seriousness of the constraint posed by the building
codes has been alleviated by certain governmental steps as well as
by the efforts of private citizens. For example, after testing.of
the~0pération Breaktﬁrough prototypes, a certificate is provided by

H.U.D. to the system. It is hoped that this certificate will override
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local building codes and will be considered adequate evidence

of the safety and soundness of the systems. In addition, during
the past two years (1970-72), California, Ohio, Washington, and
Virginia have passed legislation under which the state evaluates
and certifies industrialized éystems, which are then freed from
having to meet local requirements (Ohio's law concerning indus-
trialized systems will probably be challenged by a city and its
'constitutionality will be judged by the courts) (87).

Even though the constraint imposed by building éodes still
exists, the steps described above, as well as other steps which
are being taken in the same direction, seem to lend support to a
concensus (44,1D that codes of this kind are not any more deter-
minant factors in the success of building systems.

2.7 Research and Development (R & D)

Funds for R & D come from three sources: the industry, the
government, and the consumer. According to reference 58, the
industry must make sure that at no time are funds allocatea for
R & D less than 1 per cent of total industry revenue.

Thé R & D effort canvbe channelled into two directions. 1In
the'first, R & D is used aiming to raise the level of production
and assembly technology--thereby decreasing the product cost; and,
secondly, R & D effort is expended aimed at raising the level of
the technical performance and marketability (i.e., responsiveness
to user's needs) of the product. There is criticism (73) that too

large an amount. of Federal funds is spent to promote design rather
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than production methods. However, by no means has a concensus

been reached on what is the optimal way to allocate R & D funds.

This is a serious question facihg the industry today.

On the other hand, there seems to be a concensus that evolu-
tidnaiy rather than revolutionary changes are to be expected in
both directions of R & D effort mentioned above (1l1l). 1In the case
of research on product performance and markétability, the Loﬁg—
Range élanning Committee of PCI (58)suggests that specific emphasis
should be directed towards:

a. Improvement in the strength-weight ratio of concrete. The design
advantages of such an improvement are considered by the committee
to be the most important single factor in promoting precast con-
crete construétion.

b. Improvement in the design efficiency of structural concrete
shapes.

c. Seismic desigﬂs and the development of product and connections
to meet seismic requirements.

d. Reduction and eventual elimination of volumetric changes in
concrete.

e. Achievement of optimum fire ratings for all precast conciete

. building products.

f. Development of adequate and timely statistics on markets,
production, and business, in order to understand better the
precast concrete industry and thus be able to improve its
competitive position and to meaéure-progress iﬁ achieving

its goals.
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g. Development of efficient information systems for the speedy
distribution of R & D results.

In order to enhance produét quality, the committee recom-
mends, in addition, the creation of certification programs that
will embrace the plants and products of all industry members.

In order to prométe standardization of products, the com-
mittee recommends the development of a catalog ofvtotally stan-
dardizéd products which would be available throughout the country.
2.8 Summary

Market characteristics, type of product, technology employed,
the.manpower required, resistanée of unions, all interact to deter—
mine the competitiveness oflthe precast concrete industry in terms
of cost and quality. R & D is directed to enhance the competitive-
ness of the industry,and the problems faced by R & D change as the
needs of the industry change.

Our knowledgé on aspects of the industry varies from being
non-existent to being well documented. For example, there is no
published data available on the capital structure of the industry.

- On the dther hand, fecent surveys list the major and minor con-
crete producers by plant location and type of product they manu-
facture. Although we know much about the product categories and
production technology, we know considerably less about the costs
associated with the production of the various products at differ-
ent volumes of output. |

Some of the constraints on the.growth of the industry seem

more binding than others. For example, labor resistance or
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market oscillation appear to be potentially moréklimiting than
building codes.

As evidenced by its sales'volume, the precast concrete
industry has recently started to experience a significant growth.
Decisions taken at this stage will crucially affect its future
development. The goais of this work are to study the effect of
various anticipated policy decisions and economic conditions on
thé industry. The peculiar characteristics of the industry have
strongly influenced the choice of the approach ﬁsed in this work.

This choice is discussed in detail in Chapter 3.
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CHAPTER 3

PRINCIPLES AND METHODOLOGY OF_APPROACH

The rapid growth of the precast concrete industry, which has been

documented in the previous chapter, has generated aneed for a systema-

tic evaluation of specific governmental, labor, and industrial policies,

as well as market conditions on its future growth. In order to choose

the appropriate methodology for such an evaluation, detailed considera-

tion was given to the major characteristics of the precast concrete

industry. These characteristics are summarized below:

1.

Only recently has attention been focused on prefabrication. The
result is that data on some aspects of the industry are scarce or
uﬁavailable,

The state of the industry is infiuenced by a very large number of
variables. In Chapter 2, it has been shown that among the major
variables are market characteristics, type of product, technology
employed, manpower requirements, ahd the resistance of unions.
These major variables can be decomposed into lower level variables.
The market, fcr example, has been decomposed* into building and
non-building construction market sectors. Furthermore, the build-
ing market has been decomposed into housing and non-housing build-
inés. The nature of the goals puréued in this work determined the
level at which further decomposition of variables become unnecessary

for the purpose of the desired analysis.

*
See Chapter 2
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3. The interactions of variables which influence the precast con-
crete industry are of primary importance in determining the effect
of various policies and economic conditions on the industry. For
example, it has been shown (Chapter 2) that the market characteris-
tics,'i.e., size, type, and risk, determine the type of production
technology that may bé optimally employed.

- Many of the interactions among variables form a closed chain of
cause and effect: For example, market characteristics are among
the factors that determine the competitiveness of the products
of the industry. Such competitivenéss in turn affects the pre-
cast market characteristics (size, risk, etc.)

- Many of fhe interactions among variables are of a form which is
more complicated than a simple linear one: Fpr example, the
capital required for fixed assets per plant is d;e to economies
of scale, a non-linear function of the size of the plant.

Given that the performance of the industry is determined by a
large number of variables interconnected in a complex way, we need a
systematic means for tracing the effeét that variohs policies and
conditions will have on the industry. In addition, given the scarcity
of data in the industry, we need a quantitative framework which places
the fewest restrictions possible to prqblem representation. Such a
quantitative framework or mathematical model which could be used to
study the precast concrete industry can basically belong to one of the

following three categories (38):
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l. Econometric Models

Econometrﬂ:techniques have been developed by statistical economists
engaged in deriving and testing the principles and predictions of economic
theory.

These workers eﬁploy such well-known techniques as regression,
input-output, and Markov proéesses, all of which are particularly use-
ful where large amounts of data are available. Furthermore, the latter
are rather rigid mathematical formulatiqns with no a priori judgement
of the goals. It follows éreciéely from the above characteristics-—-
mathematiéal rigidity and requirement of masses of data--that the use
of econometric methods to construct a model of the precast concrete
industry for policy testing ought not to be considered.

2. Linear, Quadratic or Dynamic Programming Models

Linear programming models are closed analytical systems with one
objective funetion. A soiution to-ﬁhe problem is one that optimizes
the objective function subject to linear constraints. Such a meﬁhod
would be appropriate in cases where there is need to optimize the per-
formance of a well-known system but would be unsuitable if the purpose
of the study is (aS'precise;y happens to be the case with'this work)
to enhance the’understanding of a system.

Additional limitations of linear programming that preclude it
from being our choice are that we cannot introduce the element of
time and that constraints have to be linear.

-Dynamic and quadratic programming both have the potential for

handling discrete as well as non-linear objective functions; they
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also have the potential for introducing the dimension of time. How-
ever, these too, can be very valuable tools in optimizing the per-
formance of well-known systems rather than being tools which aid in
understanding systems. In addition, as of today, these methods can
handle only quite limited number of variables (see Table 8).

3. Simulation Models

Of the three categories of mathematicai models described in
this chapter, simulation places the weakest restrictions on problem
representation. Practically the only requiremeﬁt is that variables
should be quantified and their interrelationships defined. Then, if
the state of the system is known at one point in time, the egquations
that describe the variable interrelationships can be used to compute
the state of the system at the next point in time. By repeating this
process in step-by-step fashion, it is possible to calculate the
course of variables over any aesired time interval and produce various
patterns of industry adjustment corresponding to various assumptions
about the nature of dynamic change.

A simulation model can be used to enhance our understanding of
a system in the following way: Various well-defined assumptions
(inputs) are introduced in(the model, and the corresponding behavior
of the model (output) is observed; this process is :épeated as long
as is necessary to observe model behavior which is self-consistent as
well as conforming as best as possible to the few known characteristics

of the actual system,
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Once we have confidence on such a model, it can be used to trace
the effect on the system of various policies. |

To obtain quantitative resulté, one assigns specific values to
all parameters. Then, if it is desired to try different parameter
values, the whole set of calculations has to be repeated once more
("rerun" of the model). There are several significant advantages
to simulation (32).

1. The model can contain many variables.

2, It is not restricted to linear formulatiogs.

3. It has considerable tolerance for unverified assumptions and
unexplained relationships.

4, It is dynamic, i.e., it contains time as a variable.

5. Minor changes (e.g., leading to investigations of alternative
formulations or use of different parameter values) can be
easily made.

6. It can be inexpensively used.

The above advantages of simulation, considered together with the
shortcomings of the other modeling techniques with respect to our
particular problem, have led to a choice of simulation modeling in
this work.

There are basically two types of simulation:

A. Discrete or Event Simulation

Discrete simulation is concerned with the discrete events produc-
ing changes in the state of the system. For example, when simulat-

ing a company, individual orders are traced through each step of
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production. However, in the hroadex case of simulating the whole
industry, such detall may obscure the momentum and continuity
exhibited by the industrial systems with which we are concerned.

B. Continuous Simulation

The system is described on the basis of continuous flows and
interactions of variables. We feel that this is the most appro-
priate approach for our problem‘since a continuous flow model
would help to concentrate atténtion on the central framework of

the system. Diversion of attention toward separate isolated

events at this stage of our knowledge of the industry would tend

to obscure the centrai structure of the system that we are trying

to define.

Generally, a description of a continuous flow system is made by
means of a set of simultaneous differential equations. If a digital
. computer is used, as iswsually the case, the set of simultaneous
differential equations is épproximated'by a set of non-simultanecus
difference equations.

Of special interest is the industrial dynamics approach--a continu-
ous simulation approach--developed at M.I.T. by J. Forrester and co-workers
(28,290 . The advantages of the industrial dynamics approach are:
~ It is basically a philosophy of structure in systems. Its basic

procedure is to follow cause and effect so that one will have
representational rather than phenomenological hypotheées. Iﬁ our
case, where it is the structure of the industry itself (rather

than, say, technology alone or labor alone) that determines the
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failure or success of the various policies, an approach emphasiz-
ing structure would be most appropriate,

- In addition, the industrial dyﬁamics approach, for all practical
purposes, poses no limits to the number of variables that can be
used and poses no restrictions to the form of their interactions.

- The approach has been extensively used to model the structure of
various industries with very good success (for example, see
References 67, 61, 49, 85).

- .Together with convenient conventions to represent the model, the
Industrial Dynamics group’at M.I.T. has developéd a special-pur-
pose compiler for digital computers which is called DYNAMO (60).
The use of bYNAMO is optional; one can use a general-purpose
program compiler like FORTRAN instead. However, DYNAMO ﬁas been
preferred in this wo:k because it offers the following advantages
(28).

- More easily understood model statements--which is.not a trivial
advantage if the model is to be understood by policy makers who
may not be familiar with computer programming languages.

- Easily specified outputs in both tabular and plot formats.

- Autématic ordering of equations for computation of results.

- Thorough error checking ("debugging") and easily understood
error remarks.

-~ Paster compilation and faster simulation operations.

-Having decided to use an industrial dyﬁamics type model in our

work, our specific methodology consists of three steps:
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Problem Conceptualization

This is by far thé’most important step in meodel building. It
includes problem définition, a clear statement of objectives, the
time horizon of the study, variables to be included, level of
aggregation of vdriables, and system structure.

Model Representation

In this step explicit assumptions are made about the interrela-

tionships of variables, measurements of constants are made and

initial values of variables are obtained, and finally, equations

are written in DYNAMO notation.

Model Validation

This is an area of modeling in which much research needs to be
done. At the present stage of development, we feel that "ade-
quate" is a more appropriate word than fvalid" for a model, since
"valid" is a rather inflexible word implying that a model is either
entirely sound or else is not valid. However, there is no such
thing as an entirely sound model in the sense that it is a per-
fect repfesentation of the real world. As an abstraction from
reality, the model leaves some of the reality behind. Therefore,
the question of the model validation is one of degree and sub-
jective judgement, and we feel that the real issue now is: "Is
the model adequate fdr the purposes for which it has been built?"
Before one can answer this question, a clear statement of what

the model builder expects from the model should be made:



-73-

-  In building the/model of the precast concrete industry, we expect
to enhance our uﬂderstanding and to clerify our thinking about
the industry in its current state.

- In addition, we are interested in predicting the direction and
approximate exteﬁt of the major changes in the perforﬁance of the
industry occurring as the result of various alternative policies'
which may be implemented in the future.

At this stage'of our understanding of the precast concrete industry
We.cannot expect the model to predict the exact state of the industry
at specific future times (28). This is so because exact predictions
require perfect knowledge. If, for example, the frequencies and growth
rates of the model variables and their real world counterparts are not
exactly the same, or if they are excited into changing phase owing to
different noise in the model and the real industry, the variable of
the real industry will not have the same value with the corresponding
variable of the model. This does not imply that modeling is not worth
our efforts. It still helps us to understand the industry and derive
predictions of the directions and exteht of the major changes in the
industry as a result of the tested policies.

But how do we'know that we have actually achieved these goals?

An actual test is possible only after a specific desired change has

been actually brought about and there is some measurement or observa-

tion of the performed change in the real system. In the absence of
such an actual, definitive test, there are several alternative tést—
ing procedures that can be followed to study the validity or "adequacy"

of the model.
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1. Model Structure

Have the appropriate variables been included and are they properly
interrelated? By the word ‘appropriatej we mean those variables
that are necessary and sufficient to meet our goals. By "properly
interrelated," we mean that the dependency of the variables on
other variables is sensible; its form is reaéonable, and its direc-
Fion follqws cause and effect. |

2, Sensitivity Testing

Have we performed sensitivity tests to isolate the parameters tb
which the model is sensitive? Afe we con