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ABSTRACT

Study Objectives
This study had six principal objectives.

1.  To provide background information on the history, characteristics and direction of industrialized
building; ..

2.  To measure and document the present capabilities of the industrialized building;

3. To identify industrialized building systems suitable for employment in the Army’s military con-
struction program;

4. To suggest locations where industrialized building is likely to be most economical;

5.  To identify and discuss possible procurement and implementation procedures; and

6. To provide comparisons between conventional and industrialized construction costs and construc-
tion durations.
The primary sources of industrialized building data were mail surveys conducted during the period March 15 to
May 15 inclusive.
Six hundred and sixty-four individual industrialized building manufacturer/supplier firms were identified and
queried. Forty-seven percent responded.
Each firm was judged on its ability to provide a feasible alternative to conventional building. That is, the concern’s
product had to be:

1.  Design compatible (capable of meeting the DOD construction criteria);
2.  Production compatible (capable of successfully competing against conventional building); and

3. Procurement compatible (capable of being procured under existing Armed Services Procurement
Regulations).

Design compatibility was determined by comparing the DOD construction standards with the building character-
istics of a firm's product.

Production compatibility was determined by: Firstly, aggregating the Army’s building program into 82, spatially
distributed, planned construction zones of 50 mile radius; secondly, locating each firm geographically and estab-
lishing its radius of maximum economic product shipp.ng distance, or market area; thirdly, identifying the planned
construction zones falling within each firm’s economi~al shipping radius; and fourthly, comparing a firm's mini-
mum acceptable production volume with the programined military construction volume in that the firm’s market

area.
Procurement compatibility was determined by comparing a firm's contracting procedures to ASPR.

Several important findings emerged from this study. Only 24 firms within the continental United States evidenced
the requisite design, procurement policies, and production capabilities to meet immediate military construction
needs. An additional 25 firm products were suitable for use in selected building types in particular geographical
regions. Secondly, joint purchasing consortiums with some civilian agencies proximate to military installations are
possible during the intermediate range MCA Program. Thirdly, cost comparisons with conventional construction
proved inconclusive. Finally, substantial construction time savings will accompany the introduction of industrial-
ized methods in military building programs.
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PURPOSE

The portent for the future of this Nation's construction industry is one of rapidly increasing construction costs
combined with rigid or slowly rising construction budgets. As a consequence of these foreboding trends, building
buyers are consiaering several alternatives to current construction methods. Industrialized building is one such
alternative and, judging from the publicity it has received, the most promising. The U. S. Army’: Construction
Engineering Rescarch Laboratory (CERL) was directed by the Cffice of the Chief of Engineers (OCE), to study

the use of industrialized building as a feasible alternative to conventional building on Army installations in the
continental United States (CONUS). This document describes the resuits of that investigation.

STUDY GOALS

" The study had six principal goals:

1.  To provide background information on the history, characteristics and direction of industrialized

building;
2. To measure the present capabilities of the industrialized building industry and assess its probable

response to programmed military construction;
3. To identify industrialized building systems suitable for employment in the Army’s military con-

struction program;
4.  To suggest locations most amenable to industrialized building;
5. To identify and discuss possible procurement and implementation procedures; and
6. To provide comparisons between conventional and industrialized construction costs and construc-

tion durations.

APPROACH

Each principal goal implied numerous subordinate work objectives.

The first goal, ““The provision of background information on the history, characteristics, and direction of industri-
alized building’’ necessitated:

1. The collection and review of all known pertinent publications, articles, and documents; and
2.  The development of a summary narrative of the voluminous literature.

Similarly, the second goal, ‘‘the measurement of the present capabilities of the industrialized building industry,”
required:

1. The identification of all industrialized building system manufacturers in the continental United

States;
2. The development of a detailed questionnaire soliciting information on the design, production, and

procurement characteristics of each firm's product;
3. The organization, compilation, «1d summary tabulation of questionnaire responses; and
4.  The analysis of market conditions preferred by industrialized builders.

Thirdly, “the identification of feasible industrialized building systems suitable for employment in the Army’s
Military Construction Program’’ demanded:

1. The creation of a detailed description of programmed military construction over the next five

years;
2, The development of criteria for ascertaining the acceptability of industrialized building systems for
military construction projects; anc
3.  The application of this criteria to each industrialized building system.



The fourth goal, ‘to suggest locations most amenable to industrialized building” implied

1. The establishment of a criterion defining ‘amenability’’ to industrialized construction; and
2.  The application of that criterion to all 82 military construction zones to generate a rank-ordering
of promising building projects.

Next, *’A discussion of possible procurement and implementation procedures’’ entailed an analysis of

1. Procurement methods currently utilized by industrialized builders and procedures now permitted
under Armed Services Procurement Regulations; and

2. Procurement methods facilitating the incorporation of industrialized buildings into the MCA pro-
gram.

Finally, ‘comparisons between conventional and ir. {ustrialized construction costs and construction durations’
precipitated

1. The collection of actual industrialized building construction cost data;

2. The collection of historical cost data pertaining to conventional military buildings;

3. The synthesis of statistical formulae from industrialized building cost data to permit comparisons
with conventional construction costs; and

4, The determination of relative cor.;truction costs and construction times for selected building types.

SCOPE

The study was mainly concerned with building construction planned for fiscal years 1973 through 1977 (FY 73-
77) on Class |, U. S. Army installations in the continental United States. Construction planned for this same
period by other public and private groups was considered only to the extent that it affected the purpose of the
study.

All Army building types, with the exception of family housing, were considered; however, the study concentrated
on six frequently occurring, relatively homogenous building types:

Enlisted Men's Barracks

Bachelor Officer’s Quarters

Administrative Buildings

Covered Storage Facilities (Warehouses)

Tank and Automotive Maintenance Facilities and
Classroom Type Training Facilities.

SoswN~

Family housing was not included in view of the current work in industrialized housing being carried on by the De-
partment of Housing and Urban Development (HUD).

All forms of industrialized building were considered to be within the purview of the study. Although architect/en-
gineer firms, construction management firms, and subcontractor firms were queried, primary emphasis was placed
on supplier/manufacturers.

Although determination of the overall state of the industry was supplemented by numerous sources of informa-
tion (see selected Bibliography), the conclusions made regarding the compatibility of each firm’s product were
based wholly on the information provided by each firm through the questionnaire. In nearly all cases, persons
answering the questionnaire represented responsible positions in the companies, ranging from the presidert to the
director of marketing. While the accuracy of the data so obtained has not as of yet been subjected to independent
verificrtion, confirm'ng evidence of the veracity of manufacturer-supplier survey data exists in the form of various
Naval Civil Engineering Laboratory studies and the large percentage of firms disqualified from consideration on
the basis of their questionnaire responses.
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TERMINOLOGY

Owing to the difficulty of providing precise meanings for certain industrialized building concepts, semantic dis-
tinctions peculiar to the Corps of Engineers, and the numerous connotations of construction terminology in
everyday usage, the information presented in this study is highly susceptible to misinterpretation.

To minimize subsequent confusion and misunderstanding, the following glossary of terms is provided:

BUILDING: 1. the planning, designing and constructing of structures to house specified activities; 2. a structure
so planned, designed and constructed.

Determining building requirements, designing the building and preparing plans, specifications and procurement
documents are not generally thought of as being a part of the process called building. Instead, they are thought of
as activities which precede building. From the viewpoint of an owner or ciient, however, the building process be-

gins with these activities. It is from the owner/user’s viewpoint that building is considered in this study, hence
the expansion, for many, of the term “building” to include these activities (indicated by the words “planning’

and “designing’’ in the glossary definiticn).

BUILDING PROJECT: any collection of the building types planned for construction during fiscal years 1973
through 1977.

A building project is currently understood to be a collection of one or more buildings, along with the necessary
support facilities (i.e., paving, utility lines, etc.), specified as a line-item in the military budget and designated for
construction in a particular fiscal year. The Army prepares a plan of its needed building projects for five years
ahead. Since the feasibility of industrialized building for a particular building type is a function of the number of
buildings involved and their locations, it was necessary to aggregate buildings of the same type into different
groupings defined, for the purpose of this study, as “projects.”

BUILDING PERFORMANCE: A measure of the aggregate benefits derived from the operation and utilization of
a building.

The concept of building performance includes three refated but distinct areas of concern: functional performance;
product performance; and cost performance.

In this study the functional performance of buildings is defined as the user’s satisfaction with the physical en-
vironment, the spatial environment and the flexibility of the building.

Product performance, in turn, shall refer to the satisfaction of standard performance measures of the physical
components in a building: its structural shell, services and contents (e.g., lumens of light, acoustic repressions,
etc.).

Finally, cost performance shall pertain to the satisfaction of criteria for cost control in building operation, main-
tenance, and repair (Where operation costs are defined as the cost of energy consumed by energy-conversion
systems. For example, expenditures of fuel oil, coal or electrical power are operation costs.).

It follows from these definitions that the evaluation of overall “’Building Performance’” entails three separate
measurements of the deviation of functional, product and cost performance from normative functional, product
and cost standards.

BUILDING SYSTEM: A scheme for building which is distinguished by certain characteristics of the process and
of the product remaining essentially unchanged for each new building constructed.

BUILDING TYPE: a category of buildings constructed to house a specific activity{ies).

INDUSTRIALIZED BUILDING: 1. building accomplished primarily in the manner of an industrialized process;
2. a structure built in this way. '



Admittedly, the meaning of this term varies with each person’s interpretation of “primarily” and of "’in the man-
ner of an industrialized process.” Since virtually all building in the United States is to some extent industrialized,
the possible variation in interpretation is quite large. No doubt this accounts for the fact that “industrialized
building” is redefined in nearly every study or article in which it appears. Nevertheless, the above defirition should
provide a level of meaning, though imprecise, sufficient to understand the content in those portions of the textin
which the term appears. Further insight into the nature of industrialized building is provided in Chapter 2.

INDUSTRIALIZED BUILDING SYSTEM: the services and products required in a building system utilizing in-
dustrialized building.

SYSTEMS APPROACH: A strategy for applying systems building which considers building to be divisible into
a set of interrelated elements that can be individually shaped and then connected together to provide the best
building system, within existing constraints, for a given purpose.

These definitions shall be adhered to throughout the succeeding narrative.
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CHAPTER 2 - BACKGROUND

CONDITIONS FOR INDUSTRIALIZATION

Current Conditions

Modern history has scen great technological advances taking place during periods of national crisis. Times of
stress and unusual need have mothered many inventions, causing men to break tradition to seek methods of ac-
complishing desired ends in less time, at lower cost or in a superior way. This is particularly true in building.
Following the two major international wars in our century, for example, the dire need for construction engen-
derea and fostered the modern movement in architecture, paralleled by unprecedented development of new ma-
terials and methods of fabrication and erection.

Today’s counterpart to those periods of history is seen in the critical needs of the urban society where building
activities inust increase many-fold to meet the demands for community facilities. This urban crisis has a variety of
causes, all of which cannot be simply identified, however, certain problems do immediately reveal themselves:

1. In both North America and Europe, there is an immediate and increasing need for buildings to

house man’s activities.
2.  Construction costs have risen beyond the reach of many potential customers.
3. Building codes impose contradictory and overlapping standards throughout the country.
4. Governmental financial support of construction has decreased as tax-based sources resist.
5. Shortages of labor in specific trades are becoming more frequent.

It is this climate of great necessity that has spawned a recasting of roles for designers, clients, fabricators and
builders, along with a reordering of building processes, to bring into being today’s industrializea building.

Historical Conditions

E.phasis is made on today’s industrialized building, as the basic concepts used in industrialized building are not
new and have been used for centuries. For example, componentized housing, field erection of shop-produced
parts, the transporting of prefabricated buildings to distant sites, and the development of industrial capacity to
manufacture great numbers of similar units all have early prototypes.

The demountable tabernacle of the Jews is probably without equal as an ancient precursor
to prefabricated construction. Some thirty-three centuries have passed since Moses received
specifications from Jehova directing the assembly of the wood, bronze, silver, goid, linen
and leather components of the portable sanctuary. Though Phoenician, Egyptian and Roman
tent-shrines are known from antiquity, this 76' x 150’ x 20’ high structure was so devised
that when camp was broken, all its sacred pieces could be transported by hand and in six

covered wagons. It was reassembled on innumerable sites during the forty years of Sinaitic
wanderings

In the early 17th century a panetlized wood house was iniroduced to Massachusetts by the
English for use by a fishing fleet. Initially located in Cape Ann, it was disassembled and re-
focated many times.

One of the earliest componentized houses was developed in Moscow, and was well underway
by 1636.

One on-the-scene observer, Archdeacon Coxe, described the process: ‘‘The purchaser . . .
mentions the numbsr of rooms he requires, examines the different timbers, which are regu-
tarly numbered, and bargains for what suit his purpose. The house is sometimes paid for on
the spot, and removed by the purchaser; or the vendor contracts to transport and erect it
upon the place where it is designed to stand. It may seem incredible that a building may be
thus bought, removed, raised and inhabited, within the space of a week.''2

‘Tabcrnacle, Pictorasl Bible Dictionary; Zondervan, Grand Rapids, 1967, pp. 821-823.

2Geor9¢ Hamilton. The Art and Architecture of Russia, Harmondsworth {Engl.}, 1954, p. 107.



Two notable 19th century structures had large portions of their components shop-fabricated.

in London in 1850, the iron-and-glass Crystal Palace of Joseph Paxton solved many prob-
lems in assembling precast and tooled parts into a complex building. The erection of this
immense greanhouse-like structure proved
the validity of industrialization as an answer
for fast, economical spacs, as it was erected
in four months.3 In Paris, the 984’ cast iron
tower for the exposition of 1689, designed
and built by bridge-builder Gustave Eiffel
developed many building techniques utilized
today. Componentized stairs, greenhouse
guttering, curtain walls and exposed iron
structure all have in their ancestry these
two structures, designed and built in record
time.

These historic predecessors show manufacturing from the
periods of the Renaissance and the Industrial Revolution
which embodied principles of modular dimensioning,
mass production, and prefabrication, all basic concepts
of industrialized building which were later developed to
higher degrees. Beyond the maturation of the basic con-
cepts, the changes that have occurred have been with:

the sources of energy used for manufacture
the materials

the machinery

the mode of application and assembly

WM~

THE NATURE OF INDUSTRIALIZED BUILDING

Manufacturing Concepts Basic to
Industrialized Building

Modular dimensioning: The adoption of a standard
module «f 10 cm in Europe and 4'' in non-metric coun-
tries 7ius larger grids based on multiples of those bases,
has been another positive contribution to the develop-
ment of industrialized building. Obvious as it now seems,
the adoption of governing principles for joints, graphic
conventions and building-within-a-module required in-
ternational conferences and a slow evolution of think-
ing in the industry.4

Mass production: The following requisites for mass-
production may promote efficiency and economy when
applied to housing as well as to industry in general.5

1.  Standardized components. Since ‘‘carbon copy”
housing has met with buyer resistance, and retool-
ing and customizing is costly, a reasonable alterna-
tiv2 s standardized, but interchangeable parts of
houses.

3Christor:her Hobhouse, 1851 and the Crystal Palace, London, 1950.

4‘I’hree sources review the reasoning and wsefuiness of a grid: Bemis, Rational Design, 1937, Modular Coordination in Building,
European Productivity Agency of the Organization for European Economic Cooperation, 1956, and Darlington (ed.), Modular
Practice, Modular Buiiding Standards Association, 1962,

5These requisites form a part of the 1960 Encyclopedia Britannica article on Mass Production, with comments adced which relate
specifically to indus*-ialized building. A similar list is given by Lewicki, Building with Large Prafabricates, 9.



2. Long production runs. Producers of industrialized
housing have given estimates for the number of
units required for investment amortization varying
from 500 to 5000, but there is no disagreement
that the investment-to-income relationship is bet-

tered with continued outpui. . - T——-o
3.  Continuous plant operation. Round-the-clock work SHIFT BHIFT ! SHIET

and the elimination of seasonality—a serious con-

struction problem—can maximize a plant’s avail- ﬂ 2 5

able time, space and machinery to provide a re- ‘

turn on its large initial cost. Increased production,
though requiring additional manpower, has often
decreased unit costs.

4,  The use of specialized handling equipment. Pallet- — i . b= —
ing, fork lifts and cranes for large component L TerNdpue |ﬁ -
handling have increased output, as has the adop- = R S G
tion of industrial fasteners such as button-punch- —— —
ing, stapling, automated nailing and contact ce-
menting for shop and field assembly.

5. Optimized operations sequences. In some systems
building, optimization has eliminated some trades,
such as plasterers and painters. |t has also brought
into being multifunctional products, such as wall
units that are not only a visual, thermal, acoustical
and security screen, but which contain integrated
mechanical and electrical components for plug-in
installation during the erection.

6. Simplified, repeated work procedures. The maxi- (‘
mum specialization of labor is a logical extension
of a process that has been taking place since early /\/\/\JW
man began to develop trades in primitive settle-
ments. This isolation of operating steps has also
laid groundwork for automation, the performance
of work by machines without human intervention
or direction.

7. Systematic planning, direction and control. In design and construction, scheduling often airf!s to involve
the planner, fabricator and erector simultaneously, and has been given acronyms such as PERT:and CPM.6

A
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Prefabrication: Building components, factory-fabricated and transported to ti.e site for permanent installation,
are the products of industrialized building. The size, number and complexity of those components has continued
to increase, beginning with the common brick and progressing tc the “20th Century brick’” (Paul Rudolph’s name
for the prefabricated residential module). The use of compatible parts, panels and components has generally been
more tinancially feasible, however, than has the piofabrication of whole living modules, a process sometimes called
“’building with a box.”’

Processes: New Ways and Means

Because traditional means have failed to provide the needed buildings, the relaticnships of people in the building
trades have changed and are changing radically. Collectively, the effort represents a vast redeployment of re-
sources—of methods and materials as well as men—but some of the most significant changes have to do with
management and with the roles that various participants play in building within the systems concepts.

6PEF!'I‘ (Program Evaluation and Review Technique) and CPM (Critical Path Method) are scheduling devices which graphically
chart a project’s development in a linear form, usually showing concurrent operations. See David Stires and Maurice Murphy,
PERT-CPM.

7Battolle Mamorial Institute, The State of the Art of Prefabrication in the Construction Industry, Columbus, Ohio, 1967, pp. 201f,
138.



Management functions: Industrialized building is far more than “package building.” The organization of clients,
financiers, manufacturers, government, consultants, designers, and labor into a cooperating team to provide input
from the beginning is an important development of the 1960’s. (The term ‘‘consortium” has been popularized to
apply to such clustering of contributors.) Many projects, not having the advantage of such combined resources,

have floundered in conception.8

The American Institute of Architects now recognizes the necessity of teamwork from concept to completion,
which is a revision of the architect’s former professional stance as a “‘disinterested’’ mediator between builder and
owner. In fact, national AlA President Robert Hastings noted that the collaborative approach has much potential
for cost-cutting, providing, through earlier occupancy, an additional monetary advantage to the owner.

ARCHITECT

OWNER

CONTRACTOR

Gropus’
WERKSUND
BUILDING

Changing roles: The architect/owner/builder reistion-
ship, formerly a well-defined triad, is increasingly ex-
periencing overlapping and diffusion, and in some cases
obliteration.'® More than ever before, responsibilities
are being shared in programming, design, fabrication and
project management,

A pioneering German architect advanced artist-tech-
nician teamwork and project scheduling. Walter Gro-
pius’ Fagus Factory (1911) and Werkbund Building
{1914) contained ideas for industrialized products
which helped to make machine age designs palatable
to consumers at large.

Gropius’ post-World War | school of design, the Bau-
haus, proposed to integrate art and technology, and
this aim was realized in the school’s own buildings,
which featured curtain-wall construction and prefab-
ricated furniture. The Bauhaus’' faculty integrated in-
dustrial materials and operations into architecture and
furnishings, responding in a critical time to shortages
of men, material and capital, to provide solu‘i ns to
an acute problem of insufficient construction.'< Tub-
ular steel furniture, plastics as a structural material,
and the development of new trades and craftsmen owe
their beginnings to this school, born of necessity in 8
time nf need.

Gropius went much further promote industrialized
building with three precursory prefabricated housing
projects. At Toerten (1826-29), he furthered the on-
site coordination process; at Weissenhof (1927), he
developed dry-wall construction; in his 1931 prefab-
ricated copper houses, the concept of interchangable
parts and many joint problems were solved; in all
three, he1 §srried further the standardization of com-
ponents.

8Bt.nrnham Kelly, The Prefabrication of Houses, New York, 1951, pp. 71ff.

9Speo«:h during Architecture and the College Conference at the University of Hlinois on April 19, 1971, The validity of such
practice is set forth in detail in McCue and Ewald, Creating the Humian Environment, Urbana, 1970, pp. 167ff, 239ff.

10The federal government, recognizing a growing trend, required architect-contractor collaboration in Operation Turnkey.

"S. Giedion, Space, Time and Architecture, Cambridge, Mass., 1954,

12
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Walter Gropius, The New Architecture and the Bauhaus, Boston, n.d., pp. 51-67.
S. Giedion, Walter Gropius, Work and Teamwork, New York, 1954, p. 75.



FORMS AND PHYSICAL COMPONENTS

The Products with Which to Build

As the shop fabrication of “building blocks’ has evolved from a hand-sized brick to larger and more complex
units, the site assembly has also enlarged, requiring specialized teams and machinery. Significant prefabricated
types may be called components, sub-systems or even systems, and may be categorized as:

BOXES, usually with load-bearing walls: A factory-finished (or substantially completed) living unit {or partial liv-
ing unit), requiring little more than positioning, anchorage and connections to utility mains at the site. ““Building
with the box’’ may permit stacking of such units, requiring stronger walls.

PROBLEMS: Leveling, anchorage, utility connections, uneconomic volume to trans-
port,

ADVANTAGES: Complete factory fabrication is possible

EXAMPLES: HABITAT, WATES, PALACIO DEL RIO, STERLING-HOMEX, and
OLIN HEALTH CENTER (Lansing, Mich.), each quite unique.

The “box,” whose early origins included field hospitals and gypsy wagons (ancestors of
today’s mobile homes), has evolved into prefabricated apartments which hold promise, ul-
timately, for use as "‘plug-in” modules for highrise housing construction.

PLANAR (floor and wall slabs): The enclosure of space
with structural planes to provide a shell for site finishing.
A preponderance of European work has been of this na-
ture, utilizing precast concrete, some with integral in-
sulation. Lighter weight slabs—either wooden ballon-
frame or composite ‘‘sandwich’’—have been used, pri-
marily in the U, S.

PROBLEMS: Connections, weatherproof jcints,
heavy weight, and short spans.

ADVANTAGES: Almost by definition, such slabs
could comprise an open system.
More compact for shipment than
a "box.” Some simple units are
site-fabricated.

EXAMPLES: BALCO, BALENCY, BISON, OM-
NIFORM, FOLDCRETE

Some planes have been hinged for shipment, then
folded out for erection, but these have met with limit-
od success.

SKELETAL FRAMES (Steel and pre-stressed concrete): A structure supporting and anchoring all other building
elements. Some structural components form floors, ceilings, roofs and walls.

PROBLEMS: The achievement of precision and quality finish on concrete castings.

ADVANTAGES: With controlied factory conditions, most mass-production advantages
are realized. Lighter than precast, loadbearing concrete slab construc-
tion.

EXAMPLES: COMPONOFORM, DUOTEK, TOWNLAND, TRIPOSITE, BUTLER,
and standard prestressed concrete units. SCSD roofs.

Trusses, including open-web joists, spaceframes and, when warped, geodesic domes, have also been hinged to steel
decking for a foldout application in subsystem for schools.



CONCRETE POST-TENSIONED ASSEMBLIES: Heavy precast components with conduits for receiving tendons
for tightening.

PROBLEMS: Limited knowledge of post-tensioning technology; special machinery re-
quired on site.

ADVANTAGES: A lighter, integral structure.
EXAMPLES: Stone's Commonwealth of Kentucky Office Building, Gulf Life Tower

CONCRETE LIFT-SLAB, TILT-UP, SLIP-FORM, SHEAR WALL: All resulting in planar construction, these
methods require cranes on site, and most have peculiar connecting details.

PROBLEMS: Possible movement with temperature change, attachments of other
systems.

ADVANTAGES: Other trades’ work may be decreased.

EXAMPLES: Knights of Columbus Building, Balencv MBM.

INFILLING COMPONENTS: Non-structural planes, designed and fabricated to provide a building envelope, and
attaching to the building’s structural frame.

PROBLEMS: Condensation, moisture seals, the ‘mechanized” appearance.

ADVANTAGES: Thin, lightweight, speedily installed in any weather, with no scaffold-
ing, thermally supirior to concrete.

EXAMPLES: RELBEC, SYSTEM IIl, AMERICAN WOOD SYSTEMS, FEAL.

Sheet materials of composite construction {plywood, gypsum board «nd insulated sandwich
oanels), and metal framed fenestration developed for more conventional construction adapt
well to industrialized needs.

— —T»_ ceeem ram o e B - .
————i-_- - — r MECHANICAL SYSTEMS (open): The complex of heat-
—r R : L ing, cooling, humidifying, dehumidifying, moving and
i c b ebock % cleansing of air; of electric and electronic sound, lighting,
' ' | i visual, power and control systems, permitting rearrange-
T [N EIR—— ments to service a dynamic and changing set of interior
Ed | spaces.
(3] Thirmostats F
! PROBLEMS: Servicing roof top HVAC units
_ | b . {which were designed for mild
I+ I <723 r)u.:lu, climates) is difficult.
f !
s baatn’ & ADVANTAGES: New flexible ductwork adapts to
tasing 443 pilas id \ changing interior spaces.
zAg 3 ‘W “&“‘“eﬁ‘ EXAMPLES: Lennox, SEF's “control column.”

MECHANICAL CORES: The grouping of fixtures and fittings (usually plumbing and HVAC), factory-assembled
to the degree that only connections to supply and waste are required in the field. In housing, back-to-back arrange-

ments for kitchen-bath assemblies are a logical cluster, and in some arrangements, the addition of HVAC ana
laundry components have provided a compact and economic package.

PROBLEMS: Leveling, labor union domains

ADVANTAGES: Shorter utility runs

EXAMPLES: NYC’s brownstone rehabilitation “’plug-in,” B. Fuller’s Dymaxion utility
core.
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PARTITIONING: Vertical planar assemblies to provide
avisual screen, an acoustic barrier and security. Addition-
al systems requirements include interfacing with an inte-
grated ceiling (see below), a curtain wall, and the floor,
optional facings (chalk- and tack-boards, movie screens,
laminated plastic), as well as quick and easy movability.

PROBLEMS: Electric controls (light switches,

power outlets, and thermostats),
security, fire ratings.

ADVANTAGES: A flexible changing of spaces is

permitted.
bdin
EXAMPLES: Mills, Hauserman. ; PR el
SCSDs juse partitioning

INTEGRATED CEILINGS: The upper horizontal plane
over an interior space which in many constructions now
provides a visual barrier, fireproofing for steel construc-
tion, acoustical absorbency, the incorporation of lighting
fixtures, sprinkler heads, partitioning anchorage (with
closures), HVAC supply and return, and speakers for
electronic sound.

PROBLEMS: Labor domains; the most visible

design elements becoming '‘ma-
chined'’ in appearance.

ADVANTAGES: Light weight, relatively easy to

change.
EXAMPLES: Armstrong, Commonwealth of
Kentucky Building {(post-tension- i
ed concrete).
FURNITURE: Seating, shelving, display, study carrels, 2
and simifar components useful for tailoring an interior
space for a afti::)ular 'occupanc ’ tatoad b il pogg
R P %: I-"":Imtk fnsh ponel  Pantition choices
PROBLEMS: Multiplicity of fittings, attach-

ments, panels
ADVANTAGES®  Convertibility, lightness
EXAMPLES: URBS, SEF.

EUROPE: 1945-1970

Europe Rebeilds—In Different Ways

A study of the causational factors, successes and failures of European industrialization in the two postwar dec

ades, provides some guidance for current work.

The accumulated effects of the economic extremes of the 1930’s and the destruction of the war, with its enforc.
migrations and rapacious gobbling of materials, left much of Europe with shortages of buildings of every type.
Not only had there been two decades of stinted const-iction, but the postwar exhaustion prolonged and increased
those shortages on into the 1950°s. The lack of labor and materials called for extraordinary means to rebuild fast-
er than conventional construction would permit. Changed circumstances demanded different ‘‘satisfiers.”

The most obvious needs were for schools and for housing. Both building types seemed to be especially samenable
to prefabrication, and lent themselves, because cf room sizes, quite well to the use of concrete.

Extensive activity in industrialized building in Europe was the result of several factors: 1) y.vernment .ub
sidies were provided in much of Europe, 2) Denmark established a national law requiring building -egulations 1o
include provisions for modular coordination, 3) the United Kingdom, although purported to be 1 comp!ishi- -
the changes through close cooperation between the government and industry without imposing & aw, throu

2-1n



the Ministry of Housing and Local Government, required that by the end of 1971, all housing schemes sub-
mitted for loan sanction approval have to take account of metric British Standards for new products and
components, 4) the U. S. S. R. with a centrally planned economy and a social housing policy appeared to be fully
committed to industrialized building in the urban area, 5) France embarked on a long term industrialized housing
program, again, with government support comprising about 60% of residential construction, and 6) Sweden, also
primarily financing from the public sector, encouraged industrialization to the extent of allocating a fixed quota
for its accomplishment.

As several European systems seek licensees in the U. S., the standardization and policies by which they have de-
veloped will be reflected in those systems. Due to the wide availability of building systems throughout Europe,
several international organizations have been established to facilitate this inter-country marketing and promote
the further use of industrialized methods. Several of these are: The International Organization for Standardization,
British Standards Institute, Permanent Committee on
Building of the Council for Mutual Economic Aid, and
Committee on Housing, Building and Planning of the
U. N. Economic Commission for Europe. There are
numerous other conferences and committees of the U. N.
such as Dimensional Co-ordination in Building: Current
0 Trends in ECE Countries (Geneva, 1966).

Current European Enterprises: East and West

U. S. S. R.: Russian Statistics indicate that their na-
tionalized industrialized housing program is the world’s
largest.19 Recent Russian claims are that man-days/sq.
meter of floor space have been reduced from 2.5 (for
conventional construction) to 1.5 (with industrializa-
tion), counting both plant and site labor.20 A primary
problem has been unattainable goals set by management
(government)., About 24 million apartments were built

LAR o8 wedd V%0l TY T, 00

from 1959-1969,21 about 80% of which were almost completely prefabricated.22 Prefabricated concrete rooms
are considered too cumbarsome to warrant continued development, so panel construction is favored, but even so,
most are closed systems.

MAJOR SYSTEMS: Massive Box, Lightweight, Wafflesla'?, Large Panel.23

POLAND: Poland’s industry, also nationalized, is considered by HUD to be Europe’s most advanced.24 A Warsaw
expert called large precast concrete units the "‘basis of the industrialized building industry,”’ and noted an inter-
esting forerunner of box construction in ‘ready-made sanitary cubicles’’ (toitets), which, when stacked, formed a
structurally independent tower within an otherwise traditional building.25 Most of their housing, however, is
panelized, and largely of closed systems.

MAJOR SYSTEMS: Kask | and N

18R. E. Platts, System Production of Housing in Northern Europe, Ottawa, 1969, and R. M. E. Diamant, Industrialized Building
(1 and 1), are prime sources for statistics and coverage of systems.

19yngustrialized Building (HUD), op: cit.

20A. Vilar, (Editorial), Building Construction, Oct. 1968, p. 7.

21J. Winkler, Architectural Record, Oct. 1969, p. 169.

22Walter Meyer-éohe, speaking at the Swiss Manufacturers Concrete Prefabricated Elements Conference, Berne, 19 March 1968.
23These are component types (rather than trade names), since Russian building is nationalized; comparisons, therefore, cannot
be made with free market/private enterprise programs.

24, dustrialized Buiictiiig (HUD), op. cit.

25 ewicki, op. cit., . 9, 54.
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CZECHOSLOVAKIA: Heavy precase systems combine loadbearing walls with skeletal structures, some with
“beamless skeleton” (capped columns and a two-way slab), and some which utilize precast spread footin.gs and
grade beams. The complexity of problems are due to dimensional coordination and standardization (in(;lydnng tol-
erances), proliferation of components, and intricate castings.26 Long range production planning, requiring 10-20
years, concentrates on a single ciosed system model, relating all development and automation to it.

MAJOR SYSTEM: Vum (Nationalized)

UNITED KINGDOM: Around 440 private systems endeavors emerged in less than a decade, though.|ess than a
dozen remained solvent beyond withdrawal of governmer:t subsidies. Cost saving factors are due primarily to speed
of construction, and include the contractor’s shortened overhead time, the client’s earlier occupancy, a decrease
of construction insurance and interest, and an earlier scheduling of road and sewer construction.28 The programs

have had a wide variety of building types (though a ma-
jority have been for schools and housing), as well as
varying degrees of open-to-closed systems.

MAJOR SYSTEMS:22 Thamesmead, Wates (0B),3C
Bison (0B),3! Cebus (OB}, Interbuild, Ter-

rapin, 5M SF1, Belfrey, Clader, Nenk, Wil- 1\ _/
:w?c, "l;rug:'on, 9rubitts g—Storey,kBakglci,tr:’- PRECASTING Fo_i( % - )

plastic), Clasp, Terson, Spacemaker, - & 'tt’ g
dor, and most recently Cosmos, claimed to Sussex bbd,vuut ] - d}

be their _first completely open system 10r
housing.

SWEDEN: Without subsidies, private enterprise prefabri-
cation has fiuctuated, though its adoption as a total pro-
cess by the housing industry will increase 15% by
1975.33 One Source says that 60% of the total buildin
volume—including wood systems—is prefabricated.3
Schemes vary, using mechanical cores {a box), slabs and
other components for comparatively open system possi-
bilities.
MAJOR SYSTEMS: Heart-Skansa, Skarne, All Con-
crete, Sundh, Corpus, Hjartat, Erbest, Mal-

mo, Linkbping, Sipores-Salemstaden, Ele- | '
menthus.

DENMARK: As of 1969, some 60% of the 50,000 hous-
ing unit/year output was industrialized,35 up from 20%
in 1965.36 With Britain and France, the Danes lead in in-
dustrialized building in western Europe.37 A large por-
tion of housing is panelized and multistory, and only
partly open.

MAJOR SYSTEMS: Larsen and Nielsen, Jesperson
{OB) or 12M (also licensed in Britain with
John Laing and in the U. S. as Jespersen- A "HEART" UNIT
Kay), Conbox, Relbec (0B).

26y4,id., pp. 47, 59 and 74.
270,
National Monograph of Czechoslovakia, Prague Seminar, Vol. I, pp. 287-297.

28 R g A cali HVH ot
David Brett (O Co dor '“tel“atlollal, Ltd.), Speaklllg at the l"dustllallled Buildin Exposltloll and co" ress, 'n 4
f n 9 gress, I C.. Novem

29!n Interbuild, London, 1965, some fifty manufacturers are listed. Those named here are fairly representative of major opera-
tions, See also British Prefabricated School Construction, SCSD Report No. 2, (EFL), New York, 1968 n.d.

30Concmte Ltd. = Britain's largest {P. Schryver, in Forum, Oct. 1969, pp. 12ff).

31 . . el
{OB) = firms whose systems were submitted as parts of entries in HUD's Operation Breakthrough. Not all those were selected as
finalists, howeever.

32Architectura| and Engineering News, May 1969, p. 37.

33 . . -
Monograph of Sweden, International Federation of Building and Public Works, The Social Aspects of Prefabrication in the Con-
struction Industry (Paris, 1967), p. 1.

34,'Vleyer-Bohe, op. cit.
35

36
37

A, Vilar, op. cit.
Kjeldsen and Simonsen, Industrialized Building in Denmark, Copenhagen, 1965, p. 18.

Industrialized Building (HUD), op. cit., p. 8.
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Italy: Private producers have developed considerable “open system'’ capability, especially using steel framing.
The Balency System developed movakle concrete precasting plants whose special machinery cost $200,000, plus
up to $300,000 for batching plants, tower cranes and tractors.38 Designed to produce 500 dwellings/year (using
two in-plant shifts and one for assembly), the equipment would, if depreciated over five years, bring costs attrib-
utable to that machinery down to $200/dwelling, or only $.20 sf.39

MAJOR SYSTEMS: Feal, Balency (Impresa Generale Construcione MBM-ticensed in several
countries).

FRANCE: The private development of a steel-framed sys-
tem, Project Experimental de la Grande Mare, won the
R. S. Reynolds Memorial Award of 1970 for its use in
an apartment complex at Rouen.

Its open planning capability permits a personalization,
indicating a maturing of industrialized building. This
system is being marketed in the U, S. as System il by
Component Building Systems, Ltd. Twenty-two per-
cent of total French building is prefabricated.40

INDUSTRIALIZED BUILDING 16 NI T
FREEFOKM AND INDIVIDUALISTIL o .. MAJOR SYSTEMS: Balency (OB), Coignet (OB), Tracoba (OB),

Sectra (OB), Costamagna, Fioria.

NETHERLANDS:
MAJOR SYSTEMS: Concrete Building Systems, Schockbeton.

WEST GERMANY: Less affected than most of Europe
by large scale industrialized processes—probably because
of the high development of industrialization using smaller
scale units,‘“ Germany’s private industry continues con-
struction using precast concrete plank floors, roofs,
stairs, and reinforced masonry unit walls for all types of
construction. Only 4% of the industry is completely pre-
fabricated, however.42

...BUT IS DISCIPLINED, REGULAR

MAJOR SYSTEMS: Niedersachsen, Balco, Okal Hans.

AMERICA: 1945-1970

BE o e AP Wl e i, = sk

The Chaltenge of Prefabrication

Wartime building, under pressures of time, labor shortages and a need for demountability resulted in quonset huts,
tar-paper barracks and stock plans. While these might have been reasonable answers under wartime conditions,
they gave prefabrication an image of impersonality and cheapness from which it still suffers,43 However, Ameri-
can industrial production for the war was very impressive. The accomplishments in all areas during the conflict
were added to the designs and research of the 1930's to convince many of the potential of industrialized housing.

fndeed, when the depression virtually sh' t down the building industry, a number of pri-
vate and public efforts emerged which ranged from fantasy to responsible research. In the
latter category, the Pierce Foundations’ Housing Research Division was established in
1931, in 1935, the Research Foundation Housing Project at Purdue University began,
and in 1938, the Bemis Foundation embarked on what was to become a significant study
of prefabrication.  Collectively, through research and testing of materials and methods,
these foundations built a profound body of knowledge. And the government, through the
Forest Products Laboratory, the Bureau of Standards, the Farm Security Administration,
and the Tennessee Valley Authority, designed, tested and built up to whole communities,
based on the most advanced thinking of the time. The use of new sheet materials and in-
dustrial techniques were a part of these programs.

38This is 1/10 the reputed cost of one proposed U. S. Plant which would require 800 dwelling units/year to justify the required
investment. Arthur Bohnen, Component Building Systems, Ltd., in a speech at the University of Hlinois, 4 May, 1971.

398. Meregaglia, Engineering News-Record, Oct. 27, 1966.

wMover-Bohe, op. cit.

41An example of German capabilities was the development of a West Beslin community in the late 1950’s. Called INTERBAU, it
involved international teams of architects and builders, and is a model of planning and building coordination.

4:"Meyor-Bohe, op. cit.
43gattelle, op. cit., p. 17.
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By 1950, hundreds of private companies had tried the ‘‘prefab’ route to quicker, less costly housing, but the ma-
jority of them became defunct. In spite of this high mortality rate, the 1948-50 period saw about 15%/year in-
crease in prefabrication volume.44 Some of the more notable of the industrialized houses were an updated DY-
MAXION HOUSE of Buckminster Fuller,45 NATIONAL HOMES,6 LUSTRON,47 and GUNNISON HOMES, 48!
a subsidiary of U. S. Steel. Most of these had fixed plans, with few “‘customizing’’ possibilities.

In the next dozen years four more were to appear which had been carefully researched and designed, but which
generally were unable to muster the volume necessary for amortization.

The FERRO HOUSE—a new model from an old line manufacturer (from 1932)—featured steel framing and steel-
faced ”sandwic;;'-' wall and roof panels providing low maintenance. Some 20 accessoryand component firms col-
laborated on this project.4

KOPPER’'S DYLITE, utilizing General Homes' experience (Koppers bought half-interest in their company in
1962), developed plywood sandwich panels for cladding which were site-erected by crane in half the time required
by other “’pre-fabbers,”’ and one-fourth that for conventional construction.50

TECHBILT, by architect Carl Koch, an exposed wood-
framed panelized house, began sales in 1953 at $15,000.
An enlarged plan and inflation increased costs to $42,000 e
by 1965. its shipping radius was limited to 250 miles, .
and construction required six weeks.?!

ALSINE, an exposed steel, open-system Miesian* house
promised an unprecedented choice of 22 plans, and |
many accessories and amenities such as double-glazed

sliding doors, air conditioning and aluminum-faced wall ' l‘.
panels, the latter produced by automated presses. Con- | Kochs
struction time varied from two to four weeks, the
“radius of economy’’ was 600 miles, and costs were —_i I
supposed to run from $18,000 to $40,000 (including |

| TECHBILT Housi

Pamte TR

e & soiale
land). After selling 200 homes and suffering an $8 mil-

lion loss from its inception in 1963, the company re- I
turned to producing siding.""2 i

W B
Sl e R s & LY AEOE st

Ll A STE

Prefabricated houses which have been successful keep
hopes up and encourage new research and development,
as well as new entries into the field. Notable ongoing
operations have been made possible through government
help in over-coming constrictive codes (a bane of former
marketing efforts), through a high rate of automation which cuts fabrication time, new erection techniques and
machinery which reduce erection time, and through the use of rail transport to widen the marketing area.

Ll AT

Mass-production requires mass-consumption. As a market phenomenon, it is brought about through social and
geographic mobility, urbanization, widening educational opportunity, and reduction of income inequities. The
resultant consumer equalization is demonstrated by buyers in Albuquerque being more willing to buy products
also marketed in Portland, without a special “'tailoring’’ to their specifications.53

*i.e., in the style of architect Mies van der Rhoe.

Hgelly, op. cit., pp. 71, 87-96, 419ff.

450nly two were produced: market potential was not assured.
46The largest producer in 1950,

47A closed-plan steel house, which declared bankruptcy in 1950 after a $37 million RFC loan (they had needed an estimated
$54 million), and four years of operations, which produced almost 1700 homes.

48Now USS Homes.

4gBetter Homes and Gardens, Sept, 1969, p. 63.

50(The developer’s claims)—House and Home, November 1963, p. 95.
5"Ibid., August 1963, p. 83.

521pig., November 1963, p. 99.

53"Mass Production,’’ op. cit.
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The Systems of the Sixties

Early in the 1960’s the processes and products of indus-
trialized building underwent a comprehensive reanalysis,
which resulted in a new strategy. Teams from the design
professions, the construction industry, from education
and finance, as well as from various product manufactur-
ers, were brought together for a series of studies. Under
the general direction of architect Ezra Ehrenkranz, the
activities were eventually to result in the construction of
buildings for thirteen school districts under the School
Construction Systems Development (SCSD).54

Under initial sponsorship of the Educational Facilities
Laboratories,55 SCSD developed the ““consortium’’ stra-
tegy, which required cooperative involvement from all
parties throughout the course of the project, rather than
the traditional sequential “taking of turns.” The en-
thusiasm of the interdisciplinary mix of consortia gener-
, ated a basic set of counter-supportive physical systems
SCSDY i for construction—structural, heating/ventilating/cooling,
ROOF SYSTEM lighting/ceiling, and interior partitions—all of .+hich were
covered by performance speciﬁcations.56 The required
“interfacing’’ of these product systems—they had to fit
and work together dimensionally and functionally to
provide an open system—spawned a whole set of non-
physical systems, rearranging roles and relationships of
the participants themselves.

National interest in the program is demonstrated by the fact that two school plants {one in Nevada and one in
INinois)®” were bid using the ‘‘systems’’ approach, as well as the components developed in California, even before
the original SCSD schools were completed, the interest went beyond economics {though cost was a criterion),
but the possibility for conversion of spaces to accommodate a dynamic academic program was a timely answer to
emerging educational practices. The concluding consensus was that the buildings were not cheager, but that the
whole product was “more school for the money’’ than could be had with conventional building.5

Based on early ‘‘success’” indicators for SCSD, an exten-
sive program was initiated by the Florida State Depart-

— H:E i— ment of Education which was called Schoolhouse System
e = —— _{l e Project {SSP). In three initial programs, 24 schools were
- R developed and bid, with costs ranging from $12-$17/sf.
il 2 1 A tabulation of Program No. 3 costs revealed that if
”B’l‘t’:\‘ = K subsystems accounted for an increasing portion of the
.. B i total buildings, overall costs decreased accordingly. Dur-
||:_._," "Q:.r ks -__“'I 11* ing the time span of the three first projects—from
Vi ! November 1967 through June 1969—general construc-
! i 'H ‘ \ tion costs increased 19% in Florida, but SSP costs were
it cucHR VS . reduced 10%.59 The program is proceeding with bulk
Ii [i ) | purchasing, aggregating of projects, and continued re-
A | search,

SSP's  smaoforo scHoor

,

54The best single reference on this California program is SCSD: The Project and the Schools, New York, 1967.

55EFL, a subsidiary of the Ford Foundation, was eventually to underwrite additional parts of the SCSD program, as well as
other ‘‘second generation’’ systems.

56The specifications document, issued in July 1963, is in itself something of a milestone.
57The Bertha Ronzoni School for Las Vegas, and the Barrington, IHinois, Middle School.
58The initial budget set at $25 million was to provide 1.4 million square feet of space.
59“Florida's Systems Schools,” CEFP Journal, Jan-Feb. 1970, pp. 14, 15,
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Others finding California’s comprehensive approach promising were two Canadian groups who organized under
the names Study of Educational Facilities (SEF) and Recherches en Ameragements Scholaries {RAS) or Research
in School Facilities, of the Montreal Catholic School Commission.

SEF, undertaken by the Metropolitan Toronto School Board in 1965, developed Educational Specifications and
User Requirements: Elerentary (K-6) Schouls, the first of a series of unique reports.6° Originally scheduled for
use in 32 school buildings, the aim was to devise a completely open system. With the use of computers, some
13,000 components were identified as meeting specifications of the ten major subsystem types, with as many as
five interfaces required for some subsystems. A dual contract procedure permitted selection of the subsystems,
followed by a tailoring of the winning subsystems to individual school projects. Bid in the spring of 1969, the
first 12 schools built cost $20 million, an escalation of some 53% over estimates scheduled five years before.

RAS went farther than SCSD and SSP in that it invited manufacturers to form industrial joint ventures to submit
single bids for the package of five subsystems (for which performance specifications were developed) as well as for
the rest of the work needed to complete the entire project. Initiated in early 1969, the program aimed to reduce
post-bid delays, and received some of the best-developed structural, mechanical and electrical proposals yet to be
produced  With 20 private schools (and a possibility for 75 additional ones over the next decade), the beginning
program is costing $37 miltion. The first group of schools were scheduled to be completed in 1972,

GREAT HIGH SCHOOLS (GHS) of Pittsburg was begun in 1964-65 as an ambitious $250 million program to in-
clude five school plants of about a million square feet each. An integral part of the city’s long range renewal, the
program commissioned academic studies and professional services from Harvard to St. Louis, and solicited fed-
eral, state and municipal funding. The program, one of the most ambitious ever, sought to go far beyond previous
systems projects by including electrenic teaching aids and food service facilities, as well as groupings of social/aca-
demic units into “‘houses” for 1250-1400 students. However, school officials canceled GHS in 1970 because of
financial and other compounding difficulties.63

Others that have come into being are the GEORGIA SCHOOLHOUSE SYSTEMS COUNCIL {(GSSC) and BOSTON
STANDARDIZED COMPONENTS (BOSTCO).64 By mid-1970, 33 states had completed or had under construc-
tion 164 systems schools, with an additional 51 in design or development.65

A tabulation of statistics of school systems projects with rounded figures follows.

SCHOOL SYSTEMS TABULATION

Project Form Size in Sq. Ft. Owner and Facility Type Scheduled Costs
SCSD 4 subsystems®® 1.4 million 13 public school districts $30 million, continu-
ing.
sSSP 6 subsystems 2.2 million 24 public schools in 3 initia! $30.5 million, 7 mil-
programs, now more lion now underway.
SEF 10 open sub- 1.3 million 23 public schools $20 million
systems (reduced from 32)
RAS 5 subsystems 20 private schools with possible $37 million
use in many more
GHS 2 “borrowed" 5 million (est'd) public school board Programmed for
systems, 2 new, $250 million, now
with special stud- defunct
ies for services &
scheduling

GoPublication numbers E.1-E.4 are educational specifications, T.1-T.7 are systems study documents (includiny perfarmsnce
specifications), while A.1-A.2 cover financing and development.

6'”Bt.lilding Systems Get Firm Grip on Construction,”” Engineering News Record, Oct. 22, 1970, p.44.
62Newslemar, Building Systems Information Clearinghouse, {BSIC) I-1, Spring 1969, p. 8-14.

63Ibid., p. 18-21; also “Building . . .”” ENR, op. cit., p. 44.

64Building .. op. cit, p. 44,

65Listing of Schools Constructed with a Building System, BSIC Special Report Number Two, July 22, 1370
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The conditions bringing widespread use of concrete components in Europe are not paralleled on this continent,
but a number of structural systems—some integrating mechanical and electrical into them—appeared in the 1960’s
to show the wide range of possibilities.

University Residential Building System (URBS), initiated by the University of California in 1965 and contracting
with Building Systems Development (BSD)—headed by Ezra Ehrenkrantz (who headed SCSD), developed a five-
step rnethodology for a relatively open system:

1 Feasibility study
2. User requirement analysis
3. Performance specifications
4 Receiving bids

5

Component testing67

Subsystems included structure/ceiling, bathrooms, HVAC, partitioning, and furnishings. The structure/ceiling
winning bid was the first North American concrete system; called Triposite, it consists of precast columns and
inverted precast double-tee beams, with a cast-in-place topping and perimeter beams, providing an “interstitial’’
mechanical space. Programmed and bid for 4500 student units, URBS was reduced, but now has its first project
under construction on the San Diego campus of the University of California. The project includes 320 units in
two- to six-story buildings and is costing $29.16 per square foot. Seven hundred more units are in the final design

stage.

HABITAT, a government-financed, $13.5 million experimental housing community built for Montreal’s Expo 67,
consists ot 90-ton loadbearing ~oncrete boxes. |Ihese
basic modules were stacked in stairstep fashion to pro-
vide 158 living units with one to four bedrooms, with
outdoor living terraces and i variety of apartments. It is
a closed system with severul available models. Access is
via elevators and enclosed bridges which separate pedes-
trian and vehicular traffic. Largely fabricated off-site and
lifted into position with cranes, the modules provided
a large scale testing of many conceptual schemes, but
the overall project size was cut too small to approach
economic feasibility.68

HABITAT PALACIO DEL RIO, a 17-story hotel for San Antonio’s
- 1968 Hemisfair, was built in 9 months. The “closed
g system” consists largely of two types of precast ver-
Palacio dil ?'." tically-stacked rooms, shimmed with special levelers and
knit together with cast-in-place concrete around protrud-
ing reinforcing bars. Built in record time, the $8.5 mil-
lion hotel's rooms were prefabricated, complete with
carpeting, TV sets and ash trays, trucked to the site and
lifted into position with the aid of a large rotor which
helped to guide the 35-ton modules. The groject was
privately developed and economically sound. 9

COMPONENTS

66&~Jildmg Systems tnformation Clearinghouse’s Manufacturers’ Compatibility Study, Stanford, Cal., 1969 (?), provides date an
structure, lighting/ceiling. HVAC, and partitioning systems—their specifications, manu‘acturers, and compatibility.

67BSIC Newsletter, op. cit., Spring 1969, p. 23.

68Architectural Design X XXVII, Mar, 1967, pp. 111-119.

69,. L . . e
System Building Arrives in America,” Concrete Products, Jan. 1968. The contractor later used the casting yard developed for

the hotel’s construction and experience gained on that job to produce low-cost housing of similar modules.
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COMPARISONS: HABITAT AND PALACIO DEL RI07°

Project Occupancy Sponsor No. Units Cost Cost/unit
Habitat Apartments Government 158 $13.5 million $85,500
Palacio del Rio Hotel Private 496 $8.5 million $17,000

In the CAPITAL PLAZA OFFICE BUILDING for the Commonwealth of Kentucky, architect Edward Stone de-
vised a prestressed, post-tensioned concrete floor/ceiling system which reduced the interstitial plenum depth to
27, accommodating mechanical, while providing HVAC outlets for flexible compartmentalization below.’!
Open planning is possible within each floor.

The MITCHELL FRAMING SYSTEM was one of the more promising open system, precast concrete framed hous-
ing schemes, utilizing foam concrete and permitting owner completion. The system was used for a prototype
Michigan housing project and was tested by HUD, the National Bureau ot Standards, the National Academy of
Sciences and the Army Corps of Engineers. It had minor joining problems and ran into much administrative and
union difficulties.”2

The United States Embassy for Dublin, Ireland, designed by John Johanson, is a unique doughnut-shaped struc-
ture with a precast floor and exterior walls assembled from some of the most complex castings ever designed. It
has limited capacity for “‘open’ systems within the
somewhat restricting plan configuration.

Other notable and recently completed concrete systems
projects include the North Harvard (Boston) Progect of
Sepp Firnkas’? and Luther Towers (Memphis).7

These concrete systems examples are representative of ; | 1

g o q 0 L [
American ventures, and are primarily structural, which |y d = "'L__I
takes them out of industrialized building in its stricter i _“ ' F,___I] l ﬂ.J.I.I.______

sense.
|

Governmental Affairs "";_.JLL‘::

As America’s population growth has intensified the de- 5 CASTING FOR LUTHER TOWERS
mand for family housing, government response at muni-

cipal, state and federal levels has varied from lip service
to legislative commitment and funding. The following
programs are the most noteworthy of current adminis-
trative attempts:

7’oAs with many attempts to give parallel evaluations, it is almost immpossible to judge qual‘tatively some of the atmospheric and
social aspects of individual systems projects or community developments. These tabulations regrettably show only brief quanti-

fiable and categorical notes.

71Architectural and Engineering News, July, 1968, pp. 68, 69.
72“Tinkertov Houses,” Forum, Jan/Feb 1969, pp. 96-99.
73Progressive Architecture, XXXXV 216-219, September, 1964.
78.:rban Heusing,” Architectural Record, April 1971, pp. 120-121.
"Sibid., pp. 122123, 139-144.
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HUD’s OPERATION BREAKTHROUGH, the BRAB/
GSA invastigations, programs of the Department of De-
fense and Federal agencies, plus that of New York State’s
URBAN DEVELOPMENT CORPORATION.

Operation Breakthrough: Momentum gained through
Housing and Urban Development’s Operation Turnkey
helped to mobilize for this well-conceived and federally-
sponsored process which aims to double U. S. housing
production in the 1970’s. Announced in May 1969,
Breakthrough solicited proposals for model community
development demonstrations aimed to facilitate and
stimulate future housing. Public and private response
was gratifying for both Type A (complete housing sys-
tems) and Type B (advanced research and development
contracts). Through a carefully developed evaluation,
the 600 proposals were eventually narrowed in Phase |
to 22.76

Some of the 22 consortiums selected for prototype de-
velopment in Phase I are listed in Table 1.77

768reakthrough has been widely publicized; for one of the best reviews and critiques, see the American Institute of Architects’

Journal, March 1971, pp. 17-22.

77F0I’ photographs and drawings of these and others, see Villecco and Dixon, *’Breakthrough?”* Forum, April 1970, pp. 50-61.
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Table 1
Consortium Type Form Material Remarks
Boise Cascade Townhouses, Boxes, panels Wood and steel Special lease-purchase and other
garden apartments financing arrangements were devel-
“’mid-rise” oped

National Homes

Pemton, Inc.

Rouse-Wates, Inc.
(British}

Module Commun-
ities, Inc. {using
Tracoba, a French
syst)

Henry C. Beck Co.
{using Balency
from Europe)

Republic Steel
Corporation

Shelley

Sterling-Homex

Keene Corp’s:

Townland
system

TRW Systems
Group

Material System
Corp. (MSC)

Highrise, up to
24 stories

Apartments up
to 3 stories

Highrise apart-
ments

Townhouse,
garden & high-
rise

Highrise or de-
tached housing

single-family de-
tached to lowrise
apartments

Highrise checker-
board stacked, up
to 22 stories

Row houses, apart-
ments two-story

Highrise

Variety of apart-
ments and other
occupancies such
as s¢hools & shops

Single-family
detached to high-
rise apartments &
office buildings

Houses

Boxes up to six
stories, then a
conc. frame

Boxes

Floor & walls
with cast-in-
place joints

Planar, similar
to Wates

Planar, similar
to Wates

Panels light-
weight

Boxes

Boxes

Boxes, with
built-in corner
columns

3-story concrete
frame with 3’
deep concrete
channels to con-
tain earth fill &
mechanical,
with loadbear-
ing modules slid
in

Panels, sheli
components

Ranelized,
modular

Light fireproof
materials, spray
& foam walls and
floor on corr’'d
iron

Stress-skin plywood

Concrete, precast

Concrete

Concrete

Steel-faced insul-
ated panels

Concrete

Wood frame

Steelframe & con-
crete floorslabs

Lightweight com-
posite ‘“‘sandwich”
of resin, gypsum
board & paper
honeycomb

Resin-filled fiber
composite material

Vacuum sewage disposal, reducing
water supply

Like most European large-panel sys-
tems, much site finishing is re-
quired

Suitable for high-density, large mar-
ket areas

Kitchen and bath cubicles to b
factory assembled :

Loadbearing walled boxes lap to
avoid duplication of chases, provide
living decks

Labor agreements were negotiated
for factory/site work

A unique .jacking up process, lift
ing the whole building as floors are
inserted from the bottom

Stacked mechanical cores and
schemes for building over and in oc-
cupied neighborhoods without dis-
placing tenants. Could accommo-
date more flexibility and open plan-
ning than the other submissiors

The unique fabrication process re-
quires a winding of fiber around
an adjustable mandrel to produce a
variety of shapes and sizes (dis-
continued)

The company was assigned to seven
out of nine sites—more than any
other submission



T 1 1
BUILDING COST INCREASES

Analytically, eleven winning companies proposed to use
a box system, ten proposed a panel system, and one
a column/beam frame, combined with panels and boxes.
The economics of these choices will be interesting to
watch through Phase 11, especially in light of two recent
failures to make the box pay off by two large organiza-
tions—National Homes and Ford Motor Company. National Homes, in the panelized nouse business since 1940,
was not able in an 18-month trial to get a box operation into the black. Ford, after investing $1 million in
Concept Environment, Inc., rejected the box as an economically feasible answer to housing.-’8

e ! 1970

The physical systems selected represent no radical departures, but the development of Breakthrough’s processss,
organization, cost information and retrieval, testing and evaluation, and its “instruments of cooperation’’—may be
of more import. In addition to these procedures the combination of all these was planned to aggregate the neces-
sary markets for volume construction, which composes Phase |1l of the Breakthrough plari.

However well-conceived the HUD aims and strategies may be, the enabling funding is still extremely limited;
many knowledgeable observers feel that the program cannot achieve its noble goals with the comparatively low
priority financing with which it is operating.

THE BUILDING RESEARCH ADVISORY BOARD (BRAB) FEDERAL CONSTRUCTION COUNCIL (FCC) has
a number of federal construction agencies in a pilot program "For promotion of the development and use of pre-
coordinated standardized subsystems for buildings."79 A look at the operations of these cooperating agencies
shows a heighteried interest in the systams approach as a cost- and time-saving process: The Veteran's Administra-
tion (hospitals), the U. S. Postal Service, the General Services Administration,80 the Department of Health, Edu-
cation and Welfare {(HEW), the Corps of Engineers, Naval Facilities Engineering Command, the Air Force Office
of the Directorate of Civil Engineering, and the National Aeronautics and Space Administration.8! The Under-
writer's Laboratories and the U. S. Bureau of Labor are also deeply affected. BRAB/FCC conclusions from their
preliminary studies were that:
1. Msjor precoordinated subsystems must supplant individual parts and materials as the

“basic blocks” in building construction,

The time lapss between development of need and building occupancy—a critical cost

factor—may be shortened through the use of precoordinated subsystems.

3 The owners/consumers (feder.nl a'gencies) must aggregate th.air program.megzneeds,

coordinate performance specifications and subsystems for optimum benefits.
THE URBAN DEVELOPMENT CORPORATION (UDC). Officials of UDC racognize that “‘most of the roadblocks
to adequate housing for our urban populations are not technological; far from it. They are financial and political,
and they affect the practice of architecture and engineering every day by blocking needed housing before it can
even get so far as the first sketch.””83 UDC was created in April 1968, with something of a preamble stating that
“the mechanisms of direct land purchase, private property condemnation, the overriding of local codes, and the
power to issue independ:nt bonds, are techniques that could be applied nationwide to provide housing for those
who need it.”"84 Six actual and two exploratory UDC schemes show the integration of European and U. S. indus-
trialized systems, with good architectural design, to provide some large scale examples of housing groups.85 Three
new communities—at Amherst, Lysander and on Welfare Island—are also included in UDC undertakings, with
commercial, recreational and industrial developments.

78"8uildino Systems . ..”” ENR, op. cit.

798RAB/FCC progress was presented in cooperation with the Producers Council, on March 30, 1971, in a Washington, D. C
conference.

8o!-‘lobort Blake, “The Language of Performance . . . An NBS Project,” Materials Research and Standards, 1X 3, March 1969.

81Individutll programs of these agencies and branches are reviewed in Appendix B, Industrialized Building and Building Tech-
nology of , pp. B-14-B-19, B-23-B-25.

82‘l’htn» conclusions, given on 21 April 1971, Washington, D.C., are quoted with the parmission of HUD.
8:”‘Urban Housing,” AR, op. cit., p. 124,

&4)bid,

85bid., pp. 124-138.



The $112 million aggregated market of the six projects accounts tor almost 4000 living units. It is only a part of
the $250 million bond issue passed arly in 1971 which is atloc~ted as follows:

Project name or location Living Units Other Occupancies Cost {millions of dollars} Indusirialized Aspects

Rome, N.Y. 200 ? $4.2 Stacked, prefabricated
apartment ‘‘boxes’’
ithaca, N.Y. 300 ? $6 Use of Swiss prefab non-
vented plumbing system
Twin Parks NE 523 Day-care centers $18.3
shops, a small park Market aggregation, modu-
: : ’ lar dimensioning, common
Twin Parks NW 315 Children’s center $12.4 prefabricated stairs, win
Harlem River Park 1650 School, community $75 dows & plumbing walls on
facilities, a park groups of projects.
Coney Island 1000 Day-care centers, $14.3

commercial

Department of Defense industrialized Experience

The military construction agencies of the Army, Navy and Air Force have been pursuing industrialized building to
a limited extent in the past, but recently have been increasing their activities in an effort to find new approaches
to construction and procurement. Reductions in budgets, frequent changes in spatial requirements, sudden person-
nel changes through consolidation and expansion of bases, all have contributed to a concentrated program to es-
tablish the feasibility of using industrialized systems in their building activities.

ARMY—Most recent attempts by the Army to utilize industrialized systems have been with family housing and
the temporary lodging quarters or ‘guesthouse’ projects. Along with a BOQ project at Fort Benjamin Harrison,
Indiana, housing projects at Fort Meade, Maryland, Fort Leavenworth, Kansas, Rock Island Arsenal, lllinois and
Grand Forks AFB, North Dakota have been initiated through two-step procurement methods. Although each so-
licitation encouraged the use of industrialized building, in each instance cited, the low bidder utilized conven-
tional construction techniques. To these is added a housing project at Fort Carson procured by the one-step
method. (See Chapter 5 for a discussion of one and two-step procurement.) Pre-engineered or metal buildings
have had wide use for many years by the Army, with approximately $30,000,000 worth being erected in the past
10 years. These have beei: primarily constructed as warehouse facilities.

One of the projects currently being conducted by the Corps of Engineers is the Air Force's FY-72 industrialized
building package. Planned to include Administrative, Bachelor Officer’s and enlisted men’s housing, and warehouse
facilities, the program wil! provide an opportunity for all three services to benefit from the experience gained.
AIR FORCE—The Air Force’s industrialized building program began in the early 1960's when autnorization tor
220 units allowed the construction of prefabricated units that folded for transport and units that were in two
sections to be boited together,



A more recent 200 unit family housing project at George AFB utilizes panels and wet walls that are prefabricated
in a moveable factory 18 miles from the site.

The currert program of the Air Force involves a 2-step procurement of temporary lodging quarters at 23 bases
throughout the country. Arranged in 4 geographic groupings, award of the 4 contracts is scheduled for September,
1971.

NAVY—The Naval Facilities Engineering Command has pursued the applicability of building systems to Navy fa-
cilities by study and actual construction. Recent activities include: 1) concrete modules which were completely
finished and shipped by barge from Seattle to Alaska for erection as barracks facilities, 2) family housing units
moved from an Air Force base to a Navy base and, 3) construction of several housing projects using one-step pro-
curement,

The more significant approach the Navy has been taking, though, is more closely associated with the SCSD and
URBS systems programs. After having identified systems, subsystems, and components that could potentially be
used to provide EM Barracks, Bachelor Officer Quarters and Administrative facilities, it was decided to select
total buildir.g systems for bidding. Unfortunately, the project bids for a pilot project were 25% over the budget
of $4,000,009 for the 1680-unit barracks and the projzct is now being built conventionally.

PROBLEMS AND PROSPECTS

The Problems of Industrialized Building

Even a cursory look at the state of industrialized building today reveals many problems: a lack of consumer
acceptance, fragmentation of efforts, high costs, labor disputes, legalities, and problems dealing with product de-
velopment, use and misuse, and obsolescence.

THE MANY FORCES OF BUILDING: The fragmented and sometimes autonomous forces shaping building
today comprise one of the industry’s major problem areas. Within the industry, these forces range from labor to
management and from the ‘brokerage’ practices of some contractors to changing tastes in design. External fortfes
include the reluctance of builders and buyers to invest in prefabricated buiilings, higher insurance rates and main-
tenance costs, and restrictive codes and zoning regulations. All of these a1. influences which tend to work inde-
pendently to shape architecture, rather than as coordinated parts of a smooth-running industry.

Some solutions to fragmentation may be found in project management. The organization of comprehensive teams
for planning and negotiation, product development, coordination and financing, provides a strategy for realiza-
tion of a workable end product, since the organization appropriately draws on all sources for the needed inputs.

DECISION-MAKING BASED ON INADEQUATE INFORMATION: Poor information access and retrieval meth-
ods may result in erroneous cost comparisons and spotty data. Many of the early prefabrication failures may be
attributed to a lack of scheduling techniques (such as today’s CPM/PERT), incomplete market surveys or simply
incomplete analyses. With data computerization and operations simulation now being more highly developed, pro-
jects may be unified and more feasibly programmed. However, the gathering of facts on which decisions must be
based continues to be a difficulty.

EXCESSIVELY HIGH COSTS: Thc building industry’s lack of accord, its seasonality and the difficulty in sched-
uling a smooth, on-going transition from one project to the next: all contribute to costs of labor which are accel-
erating faster than the general inflationary trend. The price of land which is up to 20% of some total project costs,
continues as a major « 2st factor. Interest and taxes are items that may be abated through government assistance,
and product costs ma/ be somewhat lowered through larger operations, since the aggregating of projects may
save through mass-purchasing capability. However, costs are direct derivatives from many of the industry’s other
problems which are alsc examined here. If some solutions are found for those problems, costs may accordingly be
lowered.

LABOR: The Battelle Report,86 which was commissionied by the AFL-CIO in 1966 to study prefabrication’s ef-

fects within the building industry, indicates the depth of concern by labor relative to the reallocation of man-

power and skills. The concern is warranted, because the dynamic situation in building affects labor in many ways.

Labor’s worries about job security, working conditions and fringe benefits represent a large force indeed as con-
struction becomes more industrialized.

86Battelle, op. cit.



A former Associate General Counsel of the National La-

! $:
bor Relatior.s Board (NLRB) wrote that confrontations WORKER'S HOURLY INCREASE
between uniuns, contractors, ewners and manufacturers

often ‘“center arouna a ‘work restriction’ clause in the ‘ﬂ@@?s ﬂ@@g& 49¢

MEAT PACKING AUTOMOTIVE CONSTRUCTION

labor agreement between the union and the contractor. 35
or a 'product boycott’ by the union at the construction -
site. Under current law, particularly in the application 20¢

of the NLRB's ‘right of control’ doctrine, the role of i ue 104 ‘
the architect in_avoiding or resolving such conflicts is %j E =

all important."87

A prime example of one union’s blocking product installation is the well-known dispute in Philadelphia, in which
prehung doors had to be dismounted from their frames and reassembled by on-site union labor. Another example
is the installation of shop-assembled plumbing trees in Chicago which had met with union resistance until assur-
ance was given that like labor could be used in the factory. Such actions often are not resistance to change per se,
but are protective in nature; relating pointedly to job security in a shifting industry.

Since one oft-made point of industrialized building is that costs may be reduced through the use of unskilled fac-
tory labor {which could well pose a threat to skilled labor on the site), such a movement may be expected to
cause problems. However, negotiation may resolve such problems to advantage. At National Homes in Lafayette,
Indiana, carpenters now install prefabricated plumbing and electrical conduit with only a supervisor from each

union present for that work.

Another example of current construction labor problems is in the erection of modern ceilings. Ceilings have form-
erly been a visual, acoustic and fireproofing baffle which required singleminded manufacture and installation.
Today, with the need for convertibility and open plan-
ning, a ceiling may have to accommodate movabie (and
removable) partitioning, sprinklers, electronic speakers gt
and power sources, as well as relocatable lighting and air b
conditioning vents which have to accommodate to chang-
ing compartments below. Preliminary agreement between

trades would seem to be a solution for jurisdictional i
disputes arising over which union installs portions of the '
ceiling complex, but sucn is not always the case. Sched-

uting and bidding of different installers continues as a }

source of trouble. .
" . . SC3D's
Finally, a problem may arise with boredom of plant "SANDWICH"
1 111 URAL, & tCAL,
workers when they are assigned the repetlt.we tasks - (Y::‘:.:u:.::-c::m.)
which are a necessary part of mass production. Both
quality of work and output declines. One obvious solu-
tion, automation, may in itself present a threat to the workers’ job security. Some producers have found a solu-

tion in that after a few months, the worker may be reassigned new tasks or trained for higher skills for continued
productivity.

LEGALITIES: Traditional contract documents have proven inadequate to encompass the consortium approach to
industrialized building. The modification of contractual means by performance specifications is one strategy to
provide legally for a sharing of responsibilities. Instead of describing a process or verbalizing what a tinal product
has to be, performance specifications transfer much responsibility to the bidder in reviewing what the installed
assembly has to do.

This transter requires the architect to relinguish some control on design. In return, he requires the suppliers to
get together to coordinate their products dimensionally and functionally, Thus, the waste and expense of cutting
and fitting the different components, as well as the architect’s attention to product coordination is minimized.
Sub-system interfaces are additional design requirements for the supplier, spetled out in performance specifica-
tions.

Since there are many new legal ramifications and areas for litigation in industrialized building, the American In-
stitute of Architects has cooperated with the Associated General Contractors and others in reworking their
standard contract forms. These professional documents have undergone comprehensive reworking toc accom-
modate consortia and other significant developments relating to systems.

a

87Konnoth McGuiness, writing in the AlA Governmsnta! Affairs Reviaw (Oct., 1969).



Another legal document being instituted is performance codes, which are vital to eliminate peculiarities of local
codes which may thwart systems brought in from other locales. The automotive industry has only lately experi-
enced localized constrictions of the kind which have long plagued the construction industry; cars would be
much more expensive if they, like construction, had to be tailored to hundreds of different regional govern-
mental requirements. Table 2 presents the status of state building code legislation.

Table 2

STATUS OF STATE BUILDING LAWS - 1971

Factory Housing
. Law , State Code Legislation
State  Under Study ' Inactive Existing]Pending  Has State Code  State Code Pending Failed

Ala. X
Alas. X
Ariz. X
Ark. X
Cal. X X
Colo. X
Conn. X
Del. X
Fla. X X
Ga. X X
Hawaii X
ldaho X
1. X
ind. X
lowa X
Kansas X
Ky. X
La. X
Maine X
Md.
Mass.
Mich. X
Minn. X
Miss. X
Mo. X
Mont.
Neb. X
Nev. plbg.
N. Hamp X
N. Jer. X (m.fam)
N. Mex. X

N.Y. X X
No.C. X X

N. Dak. X
Ohio X X
Okla. X
Oreg. X X
Penn. X

xX X X

So.C. X
S.Dak. X
Tenn X
Tex. test
Utah X

Va. X
Wash X X
W.Va. X
Wisc. X
Wyo. X
D.C. X {city)
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Even with the presence of four nationally-used model building codes, the lack of uniformity of standards and in-
consistency of local codes has two major effects. it increases the cost of construction and inhibits innovation in
construction materials and technigues. The creation of a National Institute for Building Sciences is pending in
Congress. This proposed institute, which would be a non-governmental corporation, would propose nationally
acceptable standards for local building codes, would provide research and technical services for new building prod-
ucts and techniques, and would provide standards required for use by all Federal agencies.

ATTITUDE MODIFICATION: Living habits and domes-
tic mores are deepset, difficult to define and change, in-
volving individual and collective preferences which tend
to resist the density of highrise and row-house living (as
opposed to detached single-family dwellings) and joint
ownership in condominiums. These preferences affect the : - d
marketability of housing far more than other building P s

types. In eastern Europe, some traditional housing atti- SR i 2 ' e r il
tudes have been overridden by government but such ' h:l“l I;.-la-# 1.{" T
strong control cannot be legislated in the West. In some e [ o

of Moscow’s public housing, for example, tenants are not ol . 'r e ,155'-[:1_

ai; (5

provided individual kitchens or toilets; they use com-
munal facilities, an arrangement which would, at best,
be acceptable in the West as only an interim or emer-
gency situation.

GOVERNMENT INVOLVEMENT: At all levels—from township to international—governmental assistance is need-
ed by the building industry for cutting red tape, for code and ordinance standardization (or circumvention), and
for incentives for developers and buyers through tax reduction and subsidization of many parts of the package.

The British response to the need for housing following the great London fire of 1666 was
primarily legislative, rather than industrial, in nature. Although Charles It charged Christoph-
er Wren with the responsibility of rebuilding, few of the architect’s recommendations were
executed due to red tape, graft, and the strong direction of the ruler himseif. However, the
London Building Act of 1667 had far more effect. Prior to the fire, jurisdictional controls
were fragmented and contradictory, and the Act in unifying their standards and authorities,
removed those localized barriers and aided in the construction of about four types of
brick houses—from “‘stock” plans—throughout the metropolitan area. {This is one beginning
of a unified code, a critical need today.) The Act also broke the monopolizing grip of the
trade guilds {the unions of today), giving the “right to work" to migrant workers. There,
certain skilled-vs.-unskilled and shop-vs.-field labor disputes were resolved 300 years ago to
overcome housing shortages.88

TRANSPORTATION, a cost and logistics consideration: Maximum component sizes for shipment will vary de-
pending on local regulations. Only a few states now permit 14’ wide loads on major highways, though all dimen-
sions may be increased for shipments via rail or water.

The “radius of economy” (or feasible shipping distance) has varied from as little as 12 miles (for some trucked
concrete components) to 250 miles (for trucked wood-framed “boxes’’) to 950 miles (for ’boxes” sent in quan-
tity via rail).

PRODUCT DEVELOPMENT AND USE: Strong domestic tradition in home-building tends to limit the adoption
of industrial techniques and materials, even in the construction of building types other than houses. For example,
attempts to change from conventional wood-framed panels to other materials such as fiber-wound modules have
had limited success. Also, some prototype uses of foamed concrete which could lighten foundation and structural
needs indicate unresolved technical troubles. Continued research is needed in these and many other areas for prod-
uct improvement.

Problems of product obsolescence include parts replacement, already a source of trouble with some California
schools. For example, SCSD's plastic light diffusers which have yellowed and been broken have had to be ordered
in excessive quantities (a complaint which, it might be noted, could be directed toward any material no longer
manufactured but needed for a traditionally-constructed building}.

A legitimate argument with systems may also occur with the misuse of a component. HVAC roof-top units, for
example, are troublesome to service in severe climates while some of the more recent orthotropic roof structures
have been found to deflect excessively under heavy snow. Both of these problems have been experienced by early

systems installations, but the blame may possibly be placed on the specifiers choice of components.

8B\yalter Bell, The Great Fire of London, 1666, London, 1923, pp. 154-194.
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Finally, there is the problem of the thousands of uncaordinated products being independently marketed, A com-
parison with the automobile industry can show by contrast the inefficiency and waste of building product supply
and distribution brought about by a decentralized and undirected set of operations. Today's automobile eost
volume effectiveness could never have been achieved had separate suppliers attempted to provide small indepen-
dent assemblers all over the country with individual parts and components.

PROSPECTS

The gathering into consortia that is now occurring appears to be a favorable trend. The first decade of this unified
approach has provided time for the development of some techniques and patterns to guide future work and has
shown that there are advantages to increasing the scope of operations. While bigger cannot always be equated with
better, an expansion of operations can provide access to an enlarged reservoir of resources to provide more and
better buildings for more people. Like small grocers, small contractors may continue to serve local, specialized
needs; but the machinery and methods needed to produce efficiently in volume in the shartest period of time
would seem to be in the province of the consortia.

OPTIMIZATION OF PRODUCTS: New building materials are making further industrialization possible. An in-
creasing use of plastics, composite materials, architectural metals and precase concrete companents have all con-
tributed to improved building techniques.

Product design, fabrication and site assembly move toward enlarged, more complex, but better coordinated com-
ponents, as basic building blocks. Efforts to provide flexibility and individuality in buildings have resulted in com-
puterized matching processes for subsystems, with a corresponding decrease in wasted materials and completion
time.

DESIGN: While a majority of successful prefabricated projects have utilized panelized components, an increasing
number of producers are trying “'building with the box.” Most “boxes” are designed for almost complete pre-
fabrication, minimizing site work.

Only a limited amount of attention has besn given to
techniques for reducing the physical volume of a mod-
ular box during transportation. Some answers may be
found in 1) canted walls of boxes for stacking and an-
choring capability; 2) hinged panels, permitting flatten-
ing for hauling; and 3) telescoping or stesved rooms, pro-
viding a compaction for storage and shipment.

Some designers feel systems may develop next in the
direction of lighter-weight structures, including suspen-
sion, tent and pneumatic enclosures. It is possible o
utilize the efficient ““software” of thin-skinned buliding
envelopes in future shelters for campuses, supsrblocks
and other large scale developments. A kind of “stressed
skin’* enclosure utilizing compressed air for total or pas-
tial support, “balloon” structures hold great promiss o5
enclosing a maximum volume with a minimum of stuo-
ture. Several types have been constructed with plastic
fabric membranes, with double-layered “skins,” and
with various combinations of reinfcreing ribs and struts,

Examples of inflated structures are the DEWS radomes developed for DOD by Walter Bird,
who pioneered work in infiatable structures. These ‘balloons’ have withstood extreme arc-
tic temperatures and windstorms over a period of several years. They fostered research
which has culminated in the three different types of air structures of the Osaka World's
Fair, the largest of which (the U. S. pavilion) spaaned an area far larger than two football
fields.



Construction’s Seasonality is Reduced

The capacity to work protected from rain and the cold, either in a factory or in a project gotten under cover in
minimal time, can effect savings for the owner and more continuous schedules for labor. Minimizing seasonal
fluctuations is a cardinal rule of mass-production.

Mechanical developments (except for automated manufacturing processes) have shown little change in some years,
and since mechanical/HVAC/electrical/plumbing costs comprise an increasing percentage of building costs, some
basic research is in order. Further development of the heat pump and of solar radiation concepts may prove bene-
ficial. Laser transmission of electric power might one day simplify traditional wiring practices, while the recycling
of wastes could help to eliminate (or at least decrease) the “umbilical’’ type of disposal systems now common.

CONCLUSION

Despite its many problems, industrialized building continues to expand and, some feel, offers one

of the best approaches for solving the critical building needs of today. The extent ta which these needs includs
facilities on U. S. military installations is the subject of the remainder of this volume.
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INTRODUCTION

Thg study procedures followed during the course of this investigation paralleled the sequence of work objectives
defined in Chapter 1. This chapter provides a detailed description of the approach followed in 10 of the 17 objec-
tives cited."

DESCRIPTION OF STUDY PROCEDURES

Objective 3: The identification of all industrialized building system manufacturers in the continental United States.
industrialized building firms were classified according to the following service-product categories:

1.  ARCHITECT/ENGINEER: a firm which designhs, and/or describes for procurement, projects which
utilize industrialized building. -

2.  CONSTRUCTION MANAGER: a firm which plans, coordinates and manages the constructing of
projects which utilize industrialized building.

3. SUBCONTRACTOR: afirm constructing conventional portions of projects which utilize induétrial
1zed building, and/or a firm which assembles and erects industrialized building subsystems on projects which util
1ze industrialized building.

4. SUPPLIER'MANUFACTURER: a firm providing one or more industrialized building subsystems
on projects which utilize ‘ndustrialized building.

The services and products in each categoty are necessary to the provision of a complete building and are proc »
able independently in the marketplace. Since firms providing the services and products necessary for portions
of a building are identified sepaiately in the latter two categories, more than one firm may be required from each
in orde! to provide a complete building.

A listing of the firms belonging to each of the aforementioned categories, along with: information about then
associated services and products, was necessary in order to generate a listing of available industrialized building
systems. A tabulation of 1200 such firms, with addresses, was obtained from industry consultants* *and used as
a mailing list to solicit additional product information.

Objective 4: The development of a detailed questionnaire soliciting information on the design, production, and
piocurement characteristics of each firm’s product

Separate questionnaires were developed for each of the aforementioned service-product categories.

Special emphasis was given to the preparation of the manufacturer/supplier questionnaire since extremeiy detailed
information on industry’s available systems had to be obtained for subsequent evaluatior. purposes. This ques-
tionnaite {found in Appendix G) included questions relating to production capability, production volume require-
ments, procur.mént preferences, physical and performance characteristics of each tirm’s product, and specific
projects in which the product was utilized.

The surveys were mailed to 665 manufacturer/suppliers, 250 architect/engineers, 100 subcontractor/erectors,
and 30 construction management firms. The survey was conducted during the period March 15 to May 15, in-
clusive. An overall response rate in excess of 47 percent was obtained in the supplier-manufacturer category.

Objective 7: The creation of a detailed description of programmed military construction over the next 5 years.

As a matter of policy, the Aimy maintains long range and intermediate range building plans. In the long range
plan, building needs are projected over the next 20 years, while in the intermediate range plan, requirements are
projected over 5 years. In view of the fact that plans are continually changing {(Army pians are revised on a quart-
erly basis), the intermediate range pian (hereinafter referred to as the five-year building program) was chosen as
the description of the forthcoming Army building program for the purposes of this study.

*The remaining seven objectives were ancillary to the central purpose of the study and are fully described in a supplementary
portion of the text.

**The ipitial listing of firms was compiled by Building Systems Development Inc. under Contract No. DACAB88-71-0004. See
Appendix for a listing of the firms. .



Objective 8: The development of criteria for ascertaining the acceptability of industrialized building systeins for
military construction projects.

A feasible industrialized building system was defined as one embodying the following characteristics:

1. DESIGN COMPATIBILITY: the industrialized building system’s characteristics match the design
requirements for the Army’s building project.

2. PRODUCTION COMFATIBILITY: the industrialized building system’s requirements for success-
ful competition with conventional building match the characteristics of the Army’s building project.

3. PROCUREMENT COMPATIBILITY: the industrialized building system’s contracting procedures
match at least one acceptable procurement method in existing Army regulations.

DESIGN COMPATIBILITY

Since a building project is a collection of building typec, the design requirements were developed by building type
instead of building project. Furthermore, only those building types constituting a sizeable percentage of the
five-year dollar value of planned building construction were considered to be of major interest. The specific types
considered were:

Enlisted Men's Barracks

Bachelor Officer’s Quarters

Administrative Buildings

Covered Storage Facilities (Warehouses)
Tank and Automotive Maintenance Facilities
Classroom Type Training Facilities,

SUhON~

The design requirements for these building types were extracted from the Department of Defense Manual of
Construction Criteria, DOD No. 4270.1-M, March 1, 1968 Edition (hereinafter termed “DOD criteria’”’) in the
following manner:

1.  the six major building types were divided into parts corresponding to the subsystems presently
available in industrialized building systems: then these subsystems were subdivided into elements and character-
istics for which design requirements were considered necessary;

2. the elements and characteristics presently governed by the DOD criteria were identified along with
their DOD design requirements, when these existed.

Realizing that the DOD criteria would not specifically cover every element and characteristic considered necessary
and that the Corps’ Guide Specifications were too detailed to be workable, performance standards for each of
the elements and characteristics were developed. These standards were predicated upon:

1. DOD criteria;

2. requirements of nationally-recognized code authorities, trade associations and professional socie-
ties;

3. results of similar private and public studies, conducted for similar purposes for similar building
types;

4, minimum standards for Federally-financed housing;

5t current technological and production capability of private industry;

6. professiona! judament of industry consultants.”

These performance standards served as a suppiement to the DOD criteria in determining design compatibility.
The characteristics of industrialized building systems were solicited trom industry, by questionnaire, as follows:

1. the questionnaire was divided into parts corresponding to the same subsystems used in developing
the Army'’s design requirements;

2. for each firm's subsystem, information about its physical and performance characteristics was re-
quested in a form suitable for direct comparison with the DOD criteria and the performance standards.

*The performance standard: were developed for CERL by the Engineers Collaborative, Ltd. under Contract DACA88-71-CUU03.
A copy of their report, showing the performance standards and the assumptions governing their development, s in Appendix A.
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PRODUCTION COMPATIBILITY

The important parameters for production compatibility were considered to be:

1.  the size of building project.
2. the transportation distance,

The size of project was defined as either the doilar value or the square footage of construction, and the transpor-
tation distance was defined as the distance between the project location and the source(s) of the industrialized
building.

The information obtained with respect to the Army’s building program was:

1.  the location of the building projects.
2. the dollar value of construction, on a fiscal year basis, with respect to each of the six major build-
ing types previously identified.

The information source was the Army’s five-year building program.

Realizing that projects in the Army’s building program might not be of sufficient size and that the possibility
existed of combining projects with those of other Armed Services, the same information was obtained from the
Navy’s and the Air Force's five-year programs. In addition, estimates of non-military building programs* ‘were
made in the vicinity of four selected Army bases in order to get some idea of the total potential market in those
areas.

The pertinent information obtained from industry was:

1.  size of project required to justify a production run (or submittal of a competitive bid);

2. location of plant(s);

3. distance over which the product could be transported and still be competitive with conventional
building;

4, list of industrialized building projects completed or underway.

A questionnaire was used to obtain this information.
An industrialized building system waus considered production compatible if:

1. the size of the building project was at least as large as the size of a project required to justify a
production run:

2.  the transportation distance was no greater than the distance over which the product could be trans-
ported and still be competitive with conventional building.

In determining production compatibility, only two classes of comparison were considered to be important for
the study:

1. the immediate prospects (FY 73 groupings);

2.  the aggregated prospects (five-year groupings).

The comparisons of FY-73 projects provided a basis for selecting pilot projects for immediate implementation,
while the comparisons of five-year groupings suggested possible modifications to the Army’s five-year building
program to increase the opportunities for advantageous use of industrialized building systems.

In the information obtained from industry, there were estimates made by the firms of the conditions under which
they could compete with conventional builders. In an effort to obtain some idea of their ability to compete on an
initial cost basis, a follow-up questionnaire was sent to selected industrialized building firms in order to obtain
cost data.

“The estimates were prepared for CERL by McKee-Berger-Mansueto, Inc. under Contract DACA88-71-C-0012.
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PROCUREMENT COMPATIBILITY

An industrialized building firm was considered to be procurement compatible it it would offer its service(s) and/or
product(s) directly to the Army and if at least one of the ways it would cffer them was permitted by Army regula-

tions,

The methods of procurement permitted by the Army regulations were taken from the Armed Services Procure-
ment Regulations (ASPR).

The methods by which firms were willing to offer their services and/or products for procurement wsre obtained
by questionnaire. The firms were questioned about their willingness to accept Army-permitted methods as well
as other known methods.

Objective 9: The application of acceptability criteria to industrialized building systems

The determination of the feasibility of each firm was nade by three consecutive comparisons: namely;

1. DESIGN Compare the characteristics of an with the design requirements of a
COMPATIBILITY industrialized building particular Army building pro-
system ject
2. PRODUCTION Compare the requirements of an with the characteristics of a partic-
COMPATIBILITY industrialized building cular Army building project

system in order to suc-
cessfully compete with
a conventional building

system
3. PROCUREMENT Compare the methods by which with the Army procurement regula-
COMPATIBILITY an industrialized build- tions
ing system can be pro-
cured

A graphical presentation of the application of the criterion to identify a feasible industrialized building system is
given in Figure 1.

Objective 10: The establishment of a criterion defining the amenability of projects to industrialized construction.,

It is generally accepted in conventional building that increasing ccmpetition engenders proportionate reductions
in total construction costs. Analogously, this study assumed that the greater the number of feasible industrialized
building systems available for a given building project, the greater the likelihood that industrialized building
could successfully compete with conventional building.

Objective 11: The application of the project amenability criterion to all 82 construction zones to generate a rank-
ordering of promising building projects.

Selecting the most promising projects required the identification of all feasible industrialized building systems
available for each Army building project. Consequently, the criteria defining the production compatibility of
industrialized building systems also served to generate a list of Army building projects having at least one feasible
system. The amenability criterion (Objective 10) consisted of counting the number of feasible systems for each
building project. The rank-ordering was then generated by arranging the projects in order from those having the
highest to those having the lowest number of feasible systems.

Objective 12: The analysis of procurement methods currently utilized by industrialized building.

The methods by which a firm wnuld offer its product for procurement were obtained by questionnaire. The list-
ing was obtained from the replies given by firms having feasible systems for the most promising projects. There
were six different procurement methods on the questionnaire sent to industry. For each feasible system on each
project, each acceptahl¢ procurement method was recorded. In this way, a listing of alternative procurement
methods for ea:h project was generated.
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Ohjective 13: The analysis of procurement methods facilitating the incorporation of industrialized building into
the MCA program.

The best procurement method was considered to be the one that enabled, for a given project, all feasible indus-
trialized building systems to be procured. Consequently, the greater the percentage of feasible systems which
could be procured on a project with a particular method, the more promising the method. This was the criterion
used in the study. Applying the criterion consisted of counting, for each project, the number of feasible systems
procurable by each of the procurement methods. Generating the listing required recording, for each project, the
procurement method(s) associated with the iargest number of feasible industrialized building systems.

Objective 14: The collection of actual industrialized building cost data.

Projects having buildings considered to be similar to the six major Army types were selected from the

lists of projects (completed or underway) provided in response to the initial questionnaire. By selecting
projects at random, it was possible to obtain representative data unbiased by the tendency to disclose only low
cost examples of firm perforinance. Over 90 percent of the firms solicited responded, providing detailed cost data

on 84 projects built within the past 3 years.
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CHAPTEK 4 — DESIGN COMPATIBILITY

CONCEPT

In order to determine if a particular industrialized building will satisfy the design requirements for any of the six
selected building types, both the ‘off the shelf’ characteristics of the industrialized building and the design require-
ments for the Army building type were identified. When a matching of those standard product characteristics and
their equivalent design requirements occurred, that industrialized building was classified as Design Compatible.
When design compatibility was not achieved, those building characteristics which were most frequently in non-
compliance with DOD Criteria were studied to ascertain if the corresponding design criteria were generally more
stringent than those to which industry’s ‘off the shelf’ products were produced. Where these criteria are main-
tained at present levels, this will permit industry to be informed of inadequacies in their products, enabling it to
bring them into compliance with DOD Criteria.

MEASURES OF DESIGN COMPATIBILITY

Building Characteristics—To obtain a list of building characteristics for each firm's industrialized product, sub-
system or system, the survey technique of a mail questionnaire was used. Besides containing information from
each firm about it’s production and procurement capabilities and procedures, the questionnaire extensively sur-
veyed the firm's product’s physical and performance characteristics. It was divided into sections corresponding to
design considerations and the subsystems used in developing the Army’s design requirements. Included within
these building characteristics were: '

Number of stories—Due to general military policy limiting construction to 3 stories or less for reasons of
economy, aviation obstacle and land availability, only systems suitable for 3 stories or less were
compatible.

Roof loads—adjusted for climate (see Fig. 2)

Floor loads—for each building type

Wind load—not including coastal hurricane force

Construction classification— as used in model building codes

Clear span—suitable for building types

Mechanicai penetration—ducts, piping, conduit-horizontally

Stairway requirements—Iloads, exit widths

Fire ratings—walls, partitions, ceilings

Insulation value—walls, roof

Roofing guarantees—

Electrical standards—

Design Requirements—Comparison of the industrialized building with the project requirements requires a com-
monality of the measurement characteristics. Since the Department of Defense Construction Criteria Manual,
4270.1M, and its attendant technical references prescribes technical criteria for the Military Construction Program,
uniform acceptable building characteristics for all Defense Components are therefore available. The desirability
of a basis common to all Defense Components or Armed Services comes from the potential application of these
design classifications (compatibilities) to the other Armed Services through individual project use or by inter-
service aggregation of projects.

MCA PROGRAM

Selected Building Types ,
To obtain doltar value and area of planned building construction for FY 73-77, reference was made to applicable

. reports issued by the Army, Navy and Air Force. Groupings of similar buildings were then made utilizing the

Army facility classes given in AR 415-28, ’Department of the Army Facility Classes and Construction Categories.’
For example, catégory number 724 is Bachelor Officers Quarters and number 310 is R&D and Test Buildings.
Category number 740 is community facilities—morale, welfare and recreational—interior. Because of the diversity
of types of buildings in category 740 (banks, chapels, gymnasiums, open messes, etc.) subgroupings were made
within the category. Table 3 contains the category numbers and descriptions for each grouping of buildings. These
30 groups are sufficiently different in function/design to warrant separate evaluations.
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Several categories of buildings, such as hospitals, were not included in this study because of their uniqueness.
Certain other categories, such as banks, museums and bowling centers, were so few in number as to have no im-
pact and hence were not included. Stil! others peculiar to the Navy or Air Force, such as ship component repair
shops were not included.

Of these 30 groups {types), 6 were considered to be of major interest in this study and are discussed in detail be-
low.

Table 3

Category Numbers and Descriptions for Each Building Group

131 — Commwnications Buildings
141 — Operational Buildings, Fire Stations
141 — Operational Buildings
171 — Training Facilities, Classroom Type
171 — Training Facilities, Other than Classroom Type
211 — Maintenance Facilities, Aircraft
214 — Maintenance, Tank, Automotive Shop
217 — Maintenance Facilities, Electronic Equipment
218 — Maintenance Facilities, Miscellaneous
219 — Maintenance Facilities, Base Engineer
310 — R&D and Test Buildings
432 — Cold Storage, Installation
441/2— Storage, Covered; Depot and Arsenal; Installation and Organizational; i.e., Warehouses
540 — Dental Clinics
550 — Dispensaries or Dispensaries/Dental Clinics
610 — Administrative Buildings
721/2— EM Barracks with Mess and without Mess
723 — EM Mess Buildings
723 — Troop Housing, Detached Facilities; Administration and Supply and Battalion Storage
724 — Bachelor Officers Quarters
730 — Community Facilities, Personnel; Fire Stations
730 — Community Facilities, Personnel; Police Operations
740 — Community Facilities, Morale, Welfare and Recreational, Interior (CFMWR:); Chapel Facilities
740— CFMWRI; Commissaries and Exchanges
740— CFMWRI; Crafts, Hobbies and Work Shops
740— CFMWRI; Community Centers and Youth Centers
740— CFMWRI; Gymnasiums and Fieldhouses
740— CFMWRI; Libraries
740— CFMWRI; EM Service Clubs, NCO and Officers Messes and Clubs
740— CFMWRI; Post Offices

Although the originat intention was to analyze the building program by fiscal year, there subsequently proved to
be insufficient planned construction in each fiscal year for a particular building type in a specific geographical
area to warrant such detailed analysis. FY-73 is an exception to this as it provided a basis for selecting pilot pro-
jects for immediate implementation. FY-72 planned construction was not considered since the construction docu-
ments for projects in that year are either complete or will be well underway before any industrialized procedures
could be implemented as a result of this studv.

Planned Construction—Army

Table 1, Appendix A (FOUO), lists the dollar value, percent of total dollar value, area and percent of total area
for each of the 30 building types for the Army. The first 8 types listed account for 79 percent of the total value
and 80 percent of the total area. However, 2 of these types, ‘310-R&D and Test Buildings’’ and ‘*171-Training,
Other than Classroom Type'” are very diversified and will not be further analyzed. The other 6 types will be
studied in detail—indeed these are the only types with sufficient value and frequency within geographical zones
to warrant consideration of industrialized construction methods. These 6 types are:
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171 — Training Facilities, Classroom type (CLR)
214 — Maintenance, Tank, Automotive Shop (TAM)
441/2— Installation Storage Facilities (STO)
610 — Administrative Buildings (ADM)
721/2— EM Barracks (EMB)
724 — Bachelor Officer Quarters (BOQ)

Even though these already represent over one-half of the total programmed construction, other building types are
of similar character to the 6 selected and could be considered as potential supplement to the Army’s nearly
$560,000,000 worth of planned construction anticipated in the 6 types. Examples of similar facilities with the
selected types are:

Training Facilities (171): aircraft trainer building, reserve center
. Maintenance, Tank and Auto (214): aircraft maintenance, weapons maintenance, machine shop, some
R & D Test Facilities
Installation Storage (441): gymnasia, National Guard armory, garages, commissaries, exchanges
Administrative (610): headquarters facilities, flight operations
Bachelor Officer Quarters (724): temporary lodging quarters, dispensaries, clinics

Total Armed Services Needs

Tables 2 and 3, Appendix A (FOUO) list for the Navy and Air Force respectively the dollar value, percent of total
dollar value, area and percent of total area for cach of the building types that were listed in Table 1 for the Army.
Of the 6 major types selected from the Army table for further study, 4 apoear in the first 8 of the Navy
table and 3 appear in the first 8 of the Air Force table.

Table 4, Appendix A (FOUO)} shows all of these data plus combined totals for the 3 services. For the 3
services combined, the 6 selected major types represent 54 percent of the total dollar value and 62 percent of
the total area for all 30 types. Only planned permanent construction in the 48 contiguous states was considered.

FIRM CLASSIFICATION RESULTS

Through the use of computer-aided data sorting, a list was generatad providing the following information:

1. Name of Firm

2. Those DOD Criteria with which the firm’s product complies.

3.  Those DOD Criteria with which the firm’s product does not comply.

4, Those DOD Criteria on which a judgment could not be made due to partial completion of the
particular questionnaire.

5. Those DOD Criteria which do not apply to the firm's product.

Because a significant number of firms partially complet<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>