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PREFACE

In the years ahead, construction will be challenged by increasingly
difficult and conpl ex problens in both engineering and managenent. This
report and the workshop upon which it is based offers the industry a
chal | enge of another sort: to establish and devel op basic research in
construction, and particularly in the managenent of construction, as one way
to overcone what otherw se m ght becone insurnountable obstacles to the
i ndustry’s continued prosperity.

The author’s role in this report was nerely to wite down the findings
and conclusions of the participants in a workshop held at Stanford University
in April, 1975, Although he was very proud to be associated with this group
he can lay no claimto the thinking and i deas herein. He does accept
responsi bility, however, for any biases, msrepresentations or distortions
that may have inadvertently crept into the witing.

The ideas that are reported here reflect the collective thinking of a
uni quel y di stingui shed and exceptionally capable group of |eaders in and
associated with the construction industry. Specific research topics
identified in Chapters Ill and IV should therefore be carefully scrutinized
by anyone interested in doing basic research in construction. The
recommendations in Chapter VI deserve careful consideration by any individua
or organi zation with responsibility for |eadership in helping to solve the
i ndustry’s probl ens.

The sponsors of the workshop and the author of this report gratefully
acknow edge the U. S. National Science Foundation, G ant No. ENG 74-23l1]

for providing funds that nmade this venture possible. The author as principa



i nvestigator under this grant expresses sincere appreciation to his

col l eagues at Stanford and to the nembers of the Steering Committee for their
generous help in preparing for the workshop. We are especially grateful to
the many | eaders in industry, governnent and education who contributed their

own tinme and personal expenses to participate.

Boyd C Paul son, Jr.
Stanford, California

July, 1975
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CHAPTER

BASI C RESEARCH AND THE CONSTRUCTI ON | NDUSTRY

This report sunmarizes results of a policy-level workshop attended by a
di stingui shed group of construction people representing owners, designers,
contractors, government agencies, and educators. These industry | eaders spent
two full days in frank, far-reaching discussions in an attenpt to define
basic problens that the industry will face in the years ahead. The April,
| 975 wor kshop was funded by the National Science Foundati on and was sponsored
by the Construction Institute at Stanford University.

More specifically, the workshop was designed to (1) identify basic
research needs in the managenent of construction, and (2) define and
formul ate goals for basic research in this area. The participants’ efforts
were concentrated in four general subject areas, including (I) manpower and
organi zati onal devel opnent, (2) managenent nethodol ogies, (3) innovations in
construction nethods, and (4) construction industry dynam cs.

This chapter describes the nature of basic research and discusses its
relationship to construction. It then qualifies the scope and objectives of

t he wor kshop, and gives an overvi ew of the remai nder of the report.



Basi ¢ Research in Construction

The neani ng of "basic research" is subject to continuing debate. And to
link the ternms "construction" and "basic research” would appear to invite a
paradox. "Construction" inplies designing and building facilities to neet
specific needs. Mdst of the industry’'s research advances cone from sol ving
specific problens when encountered on new projects; often this involves
applied scientific and engi neering research of a very high order

On the other hand, "basic research” inplies investigation of
fundanmental concepts or principles, but with no conscious intent that it |ead
to tools which are expected, much | ess guaranteed, to solve problenms. For
exanpl e, Einstein’s now fanpbus but once obscure basic research led to a
statement of the equation relating mass and energy. 8ui it took a |ong
evol ution through further basic research and then applied research and
devel opnent to the eventual engineering, design and production that we now
see in nucl ear power plants, atom c submarines, and nachi nes that cure
cancer.

In defining "basic research" in construction, one could argue that
since this is a very applied field even within engineering, then research
that m ght not be viewed as basic research in the context of nore theoretica
fields such as physics, chem stry, or even engi neering nmechanics might stil
legitimately be called "basic research” in construction. It is worth noting
that the other fields nentioned have been distinct disciplines for at |east
hal f a century. Nevertheless, certain characteristics of basic research
shoul d still apply to construction

There are many ways to describe basic research. Sone characterize it as
"l ong-range" and "theoretical", as contrasted to short-term applied problem

solving. Others say that it nmeans the problemitself has not been defined



yet. Perhaps nore rel evant than a general definition of basic research would
be an assessnent of its role. Dr. Vannevar Bush, head of the World War 1|1

O fice of Scientific Research and Devel opnent, nmade such a statement in his
1945 report to President Harry S Truman entitled, Science: The Endl ess
Frontier (2)° In explaining the need for Congress to establish an agency to
support basic research, he said:

Such an agency, noreover, should be an independent agency devoted
to the support of scientific research and advanced scientific
education alone. Industry | earned nmany years ago that basic
research cannot often be fruitfully conducted as an adjunct to or
a sub-division of an operating agency or departnent. Operating
agenci es have i nmedi ate operating goals and are under constant
pressure to produce in a tangible way, for that is the test of
their value. None of these conditions is favorable to basic
research. Research is the exploration of the unknown and is
necessarily speculative. It is inhibited by conventiona
approaches, traditions, and standards. It cannot be
satisfactorily conducted in an atnosphere where it is gauged and
tested by operating or production standards. Basic scientific
research should not, therefore, be placed under an operating
agency whose paranount concern is anything other than research
Research will always suffer when put in conpetition with
operations.

Bush's statenent predated by five years the establishnent of the National

Sci ence Foundation. As overseer of much of the World War Il research effort,
including the atomic energy research that led to the Army’s Manhattan

Project, he was intimately familiar with the role of basic research in

breaking new ground in which to plant seeds of applied research and

development. With a few changes of words, most of what he said would apply

directly to construction.

Many would still object that the construction industry simply cannot afford

the "luxury” of basic research while clear and urgent problems go begging for

answers. To some, basic research conjures up images of impractical, "blue

sky", "ivory tower" theoreticians whose seeming unconcern for potential

" Numbers in parentheses refer to the list of references at the end of

this report



econonmi ¢ returns borders on being irresponsible, And yet, this intol erance
for risk and delay is ironic in an industry which itself has its share of
ganbl ers

O hers, however, argue that construction nust invest in basic research
if it is to cope with increasingly large and conplex projects in the future
and reverse its declining productivity conpared to other industries. Taking
this view, the workshop sought to define the role of basic research in

construction and to outline sone prom sing areas of investigation

The Construction Industry

The construction industry itself nmeets another neaning of paradox, that
of "a state of affairs with seemingly contradictory qualities". In its share
of the nation’s gross national product it is the largest industry, but the
vast majority of its hundreds of thousands of participants are snal
busi nesses. Its firns are intensely conpetitive anmong themselves in the best
traditions of the classical free enterprise system yet conpared to other
industries its technol ogi cal advances sonetines appear trivial

Construction is highly fragmented and sonetines divisive, yet in
response to pressing national needs such as a major war effort, few
i ndustries can nobilize resources nore quickly, Each of its elenents --
desi gners, constructors, regulators, consuners, suppliers, crafts -- can be
highly skilled inits own area, yet there is little general perspective on
how all the pieces fit together. There really is no central focus.

Indeed, there is no clear definition as to just what is the construction
industry. Certainly it must include the hundreds of thousands of general and
specialty construction contractors. But to really understand the industry, one
must extend its scope to include designers of facilities, materials suppliers,

and equi pnent manufacturers. Labor organi zations add still another




di mensi on, as do public and private consuners of construction services, many
of whom have consi derabl e construction expertise of their own. Government
regul atory agencies in such areas as safety, health, enploynment practices and
fair trade also play an increasingly inportant role.

The construction industry is very customoriented; there is a strong
feeling that if something is unique, it is better. Yet this al so neans that
the industry has been slow to respond to the benefits of mass production. Its
structure is highly specialized and | ayered, with conplex interlocking
interests and traditions. Its character nmakes it highly effective on
practical or project matters, yet often ineffective on general or program
matters.

Needl ess to say, basic research falls in the latter category of the
| ess practical and nore general and specul ative. Accurate data are not
available, but it is generally assunmed that only a fraction of one percent of
the industry’' s gross revenues are invested even in applied research |et alone
basic research. This is in strong contrast to industries such as el ectronics,
where an estimated 20% of revenues go into research and devel opnent. This, in
turn, at least partially accounts for the quantum | eaps that industry has
taken in recent years.

It has been observed that the construction industry is al nost
conpletely incentive-oriented. If there is little research and al nbst no
basic research, it is likely that there is little incentive for investing in
it. This probably results in part because advances in construction tend to
result frominnovations -- or "better ideas". Mt of these cannot be
protected either by secrecy or patents and thus di ssemi nate rapidly through
the industry. Thus there is little incentive for one firmto invest heavily
in research that can soon be expected to equally benefit its conpetitors. If

there is



to be an increased research effort in construction, and particularly a
del i berate nmove into basic research, incentives will nost |ikely be provided
t hrough non-traditional nmeans. This subject will be examined further in

Chapter V.

Chal | enges in Construction's Future

The nost profound recent devel opnments in construction are seen as the
i ncreasing size of many of its projects and organizations, the increasing
technol ogi cal conplexity of such projects, nore conplex interdependencies and
variations in the relationships between its organi zations and institutions,
and proliferating regulations and denmands from governnent. At the project
| evel , managenent has just begun to integrate design, procurenent and
construction into one total process. There are now and will continue to be
shortages of resources, including materials, equipnment, skilled workers, and
techni cal and supervisory staff. There will be nore and nore gover nnent al
regul ation of (1) the safety of the design and of field construction nethods;
(2) the environnental consequences of projects; and (3) personnel policies at
all levels. Managenent nust al so cope with the new econonic and cul tura
realities resulting frominflation, the energy crisis, changing world
devel op-nment patterns, and new soci etal standards. These trends have been
accelerating and will nost probably continue into the future, Figure
sunmari zes sonme of the elenents that are invol ved.

Clearly econonmic difficulties and increasing shortages of materials and
other resources play a magjor role in the problens now facing the engi neering
and construction of today’'s projects. But this is not to say that engineers

and nanagers nust sit hopel essly by while urgently needed projects run out
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of control or are abandoned altogether, On the contrary, it is all the nore
critical that the skills of project engineers and managers inprove and that
they have better tools with which to work, so that they can optinize the

pl anni ng and control of resources that are available, and better cope with
the challenging realities inposed by new econonic constraints. In spite of
conti nui ng econom c problens, there is an ongoing need for the construction
industry to expand and inprove its capabilities and its scope of operation to
nmeet changing and, in the long run, growi ng demands for its services.

The potential benefits frominproved nethods of acconplishing the
managenent of future projects are worth seeking. For exanple, know edgeable
sources have estinmated that the costs of delay on a mgjor two-unit nuclear
power plant exceed $200, 000 per day. Consider this in view of current 10-to-
11-year design-and-construction tines for such projects, and multiply it by
the 50-plus powerplants in the active concept, design or construction phases
at any one time. The potential savings thus derived are for just one segment
of the industry. Simlar conclusions may be drawn when | ooking at urban rapid
transit systems, refinery and chemcal plants, pipelines, mneral resource
devel opnents, and the design and construction of projects to inplenent the
advanced technologies that will be required if the United States is to
achi eve energy independence.

Ti me; noney; equi prent; technol ogy; people; materials, These are resources.
Organi ze theminto activities, performthe activities in a |ogical sequence,
and one has a project. Wiether it is to construct a cottage at the beach, or
design and construct a billion-dollar rapid transit system the sequence is
the sane. Practice has been to assign total responsibility for all of this to
one person: a project manager. Over the years, this has proven to be a good
system Intelligent, conpetent, experienced project nmanagers have succeeded
in "putting it all together". Can they continue? Wy the past decade’s

failures? Now,



nore than ever, planning and control of the resources required to
successful ly acconplish today's increasingly conplex projects remain anong

the nost difficult and perpl exi ng nanagenent responsibilities.

Scope and Cbj ectives

Bef ore proceeding to discuss the findings of the workshop, it is inportant to
recogni ze the qualifications and limtations that were assunmed in its scope
and obj ectives, and consequently in this report. First, the focus is
primarily on basic research as defined in the context of construction. This
differs frombut is conplementary to earlier efforts (I, 3, 4, 6, 7, 8, 9,
IO I1). The workshop’s purpose was not to assess general and applied
research and devel opnent in construction. The latter, of course, does account
for the vast majority of research carried out in this field. Second, within
construction engi neeri ng and managenent in general, enphasis was primarily
upon nmanagenment, assunming that it is indeed possible to separate the two.
Finally, the basic research topics identified in Chapter IIl are drawn
primarily fromthe above-nmenti oned workshop. For exanple, it was well beyond
the scope of this effort to attenpt a conprehensive survey of construction
organi zati ons.

Since the participants were deliberately selected for their stature and
experience, it is believed that a reasonably accurate and bal anced
under standi ng of the industry’'s nmain problens did evolve. Neverthel ess, one
can by no neans guarantee that the findings of the workshop precisely reflect
the needs of construction as a whole. Indeed, since there was deliberately no
attenpt to reach consensus within the workshop, the reader nust not assune
that this report will necessarily represent the individual position of any
one of the workshop’s participants.

There will be nmany who will criticize both the overall content and the

specific research topics in this report for being inconplete. It is readily



admtted that this is so, and indeed this fact should be enphasi zed, Even it
were possible to produce exhaustive lists of needs, it was felt that the
effort would rapidly reach a point of dimnishing returns as increasingly
mar gi nal additions were made. In fact, past efforts of this type have been
criticized for producing |ong "shopping fists" of topics where reans of m nor
itens distracted fromthose that were really critical. The topics listed in
Chapter Il are the ones that, at |east to some workshop participants, were

i mportant enough that they came readily to mind. In a sense, then, the topics
that will be given are as remarkable for what they do not include as for what
they do. In any case, they are presented at face value. Again, it is

recogni zed that only a small, select, and possibly non-representative sanple

of viewpoints was present at the workshop

Overvi ew of Report

The remai nder of this report is divided into five main parts. Chapter
Il deals with the objectives, structure and content of the workshop upon
which this report is based, Specific problem sources and basic research areas
that the workshop’s participants thought to be inportant are identified in
Chapter IIl. On the basis of the topics in Chapter I1l, Chapter |V attenpts
to evaluate priority guidelines for basic research in construction, and from
this sets priorities for those topics thought to be nost inportant. Chapter V
di scusses inmplenentation, both in terns of where and how such research coul d
be conducted, and in terns of needs and potential sources of funding. Genera

concl usi ons and policy recomendati ons are given in Chapter VI.
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CHAPTER | |

THE WORKSHOP ON BASI C RESEARCH | N CONSTRUCTI ON

This chapter has two main functions. First it provides an overvi ew of
t he objectives, organization, structure, and content of the workshop on basic
research into the nanagenment of construction that was held at Stanford
University on April 3 and 4, 1975. Second, it outlines the rationale used in
the remai ning chapters for distilling areas appropriate for basic research

fromthe general problem areas considered in the workshop

Pur pose

The wor kshop was designed to bring together a select group of
know edge- abl e, experienced and well respected | eaders fromthe construction
i ndustry, fromon-going users of construction services, from government
agenci es involved in construction, and fromuniversities. Its purpose was to
define and fornulate goals and priorities for basic research In construction
in areas that have potential for significantly contributing to the future
devel opnent of the industry. The focus was on manpower and organi zationa
devel opnent, nmanagenent met hodol ogi es, innovations in construction nethods,
and construction industry dynam cs, but the format was designed to encourage

a full spectrumof input fromeach participant.
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Organi zati on

The wor kshop was sponsored by the Construction Institute at Stanford
University. Stanford coordinators were Professors John W Fondahl, d arkson
H gl esby, Henry W Parker, and Boyd C. Paul son, Jr. A substantial portion
of the organizational effort was attributable to the workshop Steering
Conmittee, including M. Chandra K Jha, Vice President of Tishnman
Construction Conpany, M. Alden P. Yates, Vice President of Bechtel Power
Corporation, and Professors Keith C. Crandall of the University of California
at Berkeley, Daniel W Halpin of the Georgia Institute of Technol ogy, and
WIlliam A Litle of the Massachusetts Institute of Technol ogy. The Steering
Conmittee nmet at Stanford in Decenber, 1974 for initial planning, gave
val uabl e i nput as plans were further refined, and held a foll ow up neeting

soon after the workshop.

Partici pants
Because this was a policy-level workshop, participants were drawn from
the upper levels of their respective organizations. They were experienced and
conmpetent in both technical and managerial aspects of their fields, and were
respected for their acconplishments. Appendix A lists the participants by
name, position, and organi zati on. Representatives fromthe follow ng sectors
participated in the workshop
1) The construction industry itself, with a cross section from
progressive firns involved in design and/or construction in the
heavy, building, and industrial branches. This group al so
i ncluded top officials fromfour inportant construction industry
associ ati ons.
2) Users, primarily fromindustry, that have devel oped their own
hi gh | evel of expertise in the on-going procurenent of

constructi on services.
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3) Gover nnment agencies, including those involved in design
buil di ng, funding or procurenent in construction
4) Faculty nenbers from university prograns in construction
engi neeri ng and managenent that not only are active in
constructi on education, but also have a denonstrated or potential
capability in construction research.
In addition to representatives fromthese areas, other individuals were
i nvol ved who could | end a special perspective on sone of the probl enms under
di scussi on. These included two representatives fromthe construction press
who each have had broad exposure to construction projects.
It is recognized that two inportant sectors of the construction
i ndustry were not directly represented. These included, first, suppliers of
mat eri al s, equi prent and services that support construction operations; and
second, representatives fromconstruction |abor organizations. These
omi ssions were nade to keep the nunber of attendees to a nanageabl e workshop
size, and to sonmewhat narrow the focus of the workshop. Although these are
i mportant sectors that certainly could have nade val uable contributions, it
was felt that a nore limted workshop woul d have a greater chance of
successfully formulating sone initial basic research goals. Another inportant
sector, designers, was represented through the dual roles of severa

partici pants.

Structure

The wor kshop was subdi vided into four hal f-day sessions, each focusing on a
separate subject area. Rather than try to second guess the areas in the
managenent of construction that the participants mght think would have the
hi ghest priorities, the planners deliberately tried to provide a structure in
whi ch many ideas could cone out in the two days available, The linmited

structure that was given to both format and subject matter was intended to

13



make sure that a wide variety of areas could be exanined and that each
partici pant would have anple opportunity to inject his thinking. Cdearly
there was not nuch time for detail ed discussions of the state of the art or
for trying to obtain consensus. Rather, the thrust was on defining concepts,

i deas, goals and priorities that reflect critical needs for basic research in
t he managenent of construction in the decades ahead. Details of this
structure are reflected in the agenda reproduced in Appendi x B

Each hal f-day session began with the whole group neeting for brief
keynote statenents fromtwo or three individuals who in turn | ed a discussion
involving all participants. Apart fromthe keynote openers, there were no
prepared papers or speeches. The keynote openers were prinmarily intended to
stimul ate thinking and get a spectrum of ideas before the participants for
the small group sessions described next.

Four chai rman were appointed for the subgroup neetings in each hal f-day
session. The duties of the chairman fell into two main areas. First, during
the keynote di scussion precedi ng subgroup neetings, the four chairnen had to
be particularly attentive to note key ideas and problem areas that were
identified. They could al so supplenment these with ideas that they thought of
in preparing for the workshop. Then, in the break between the keynote
di scussion and t he subgroup neetings, the four chairnen nmet for about 10
mnutes to briefly conpare notes and make a | ogical allocation anong the
areas so that each subgroup neeting would not concentrate on exactly the sane
set of topics. This clearly was a crucial step, and it was a lot to ask in
such a short period of tine. Neverthel ess, although the process was not
expected to be perfect, it was nuch better than having the planners try to
antici pate and "preprograni what the participants would think to be nost

i mport ant.
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The second duty of each chairman was chairing his subgroup’s neeting.
Inthis it was inportant to try to keep the group on the subject and to try
to draw out discussion on several of the points that were identified rather
than try to reach consensus or any one of them In keeping with the purpose
of the workshop, the groups were trying to identify problens rather than
solve them to generate ideas, and get sone feeling for priorities. Insofar
as the subgroup neetings yielded good, w de-rangi ng di scussions focusing on
several specific points, the purpose was well served.

Most of the time in each half-day session was allocated to these snal
subgroup neetings. Each subgroup focused on separate sets of topics within
the broad subject area of the overall session. Assignnents of individuals to
subgroups were designed to achieve the foll owing objectives: (1) Provide a
bal ance between participants fromthe construction industry and rel ated
associ ations, industry users of construction services, governnment agencies,
and universities. 2) Renmi x the subgroups for each of the four sessions to
periodically recatal yze the discussion process, 3) Keep the subgroups
approxi mately equal in size.

In each of the subgroup neetings a summarizer was assigned to
critically abstract, evaluate and docunent the ideas and concepts that were
di scussed. One or two non-participating post-nmaster’s degree students were
al so present to nore thoroughly record the full content of each subgroup
nmeeting. At the end of the subgroup neetings for each hal f-day session, al
participants reconvened to hear the sunmmarizers briefly review the major
probl ens, ideas and priorities their subgroups di scussed and found nost
i mportant, and to enable the group as a whole to conpare and eval uate the

subgroups’ concl usi ons.

15



Pl anned Cont ent

The overall content planned for the workshop was subdivided into four
general subject areas. These were deliberately defined in broad terms in
order to encourage a full spectrumof input fromthe participants. It was
left to the participants thenselves to identify specific topics nost in need
of research and devel opnent.

Before outlining the general areas, it is inmportant to again enphasize
that the workshop was to focus on identifying and defining problens, not on
solving them Also, each subject area was to recognize the interplay of
design and construction in the overall process of engineering and nmanagenent
fromconcept to conpletion. Wiere appropriate, each was al so to consider both
proj ect and hi gher |evels of organization

Wth this background, the proposed subject areas were as follows:

1) Manpower and Organi zational Devel opnent

Two maj or categories were to be included here. First was
traini ng, devel opnent and eval uati on of skilled technical and
manageri al talent for construction. Second was understandi ng and
i mprovenent of organi zational structures and team buil ding for
construction projects.

2) Managenent Met hodol ogi es

This area included inproving analytical and adnministrative
tools for cost engineering, planning and scheduling, quality
assurance, materials procurement, estinmating, etc., and nore
effective utilization of conputer-based information systens.

3) Innovations in Construction Mthods

Both design and field construction were to be considered
here for inproving actual technology and procedures, Exanples
include application of standardization, prefabrication, and

aut ommat i on.
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Also to be considered were human and organi zational factors in
encour agi ng i nnovati on.

4) Construction Industry Dynam cs

The | ast session was to be devoted to the construction
i ndustry as a whole, including its interrelationships with the
econony, governnent, |abor and the public, Included were
possibilities for nodeling and anal yzing the prilmary interactions
bet ween t hese forces.
The subjects that were suggested were not intended to set bounds on the
di scussions. Rather, they were intended to give a | oose structure that woul d
serve as a point of departure for wide-ranging creative input and criticism
ainmed at identifying construction’s nmost critical |long-termresearch needs.
Chapter |1l gives details on the findings and thus nore specifically defines

the subj ect areas thensel ves.

Distilling Research Topics From Wrkshop Di scussi ons

As woul d be expected, discussions within the workshop ranged wi dely.
Sonetinmes they digressed fromwhat mght be considered directly related to
basi ¢ research. For exanple, because of its dom nance in the managenent of
construction, labor relations was deliberately not explicitly included in the
pl anned subj ect areas so that other subjects could be given nore exposure.
Labor is an enotional issue that could easily have excluded all other
di scussion. Nevertheless, this inmportant subject was strongly interwoven into
each of the four main subject areas. This, of course, was inevitable because
of the strong relationship of |abor to alnpst all aspects of construction
But nmany aspects of |abor relations are nore anmenable to political or

i nstitutional changes, such as legislation or collective bargaining, than to
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basi ¢ research, or even applied research, Even here, ii is recognized that
politics and institutions thensel ves may at tinmes be appropriate subjects for
research. Neverthel ess, for purposes of this report, judgnment distinctions
had to be nade between what appeared related to research and what was nore
political or institutional in nature.

O her discussions ranged into problens with anti-trust laws, and to
governnent regul ation in enpl oynent, environnmental inpact, and safety. Here,
al so, sone aspects of these issues are relevant for research, and sonme are
nore appropriate for political or institutional consideration. Again judgnent
was applied to extract topics for research

Al t hough the participants did occasionally digress into problem areas
that were inportant but not directly related to basic research, by and | arge
they did consciously pursue the research objectives of the workshop. The
qual ity and thoroughness of discussions was excellent. This is evident in the
fact that alnost all topics identified in Chapter 11l are drawn from notes

taken while the workshop was in progress.
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CHAPTER 1| |

BASI C RESEARCH NEEDS | N CONSTRUCTI ON

This chapter sunmarizes potential areas in need of basic research in
construction. The research topics identified by the participants are
organi zed into four tables corresponding to the four main sessions in the
wor kshop: 1) manpower and organi zational devel opnent; 2) managenent
nmet hodol ogi es; 3) innovations in construction methods; and 4) construction
i ndustry dynami cs. Each table is organized into categories; within these
there are "problem sources" and related "research areas”. A short narrative
introducing each table amplifies Chapter IlI's broad descriptions of the four
main sessions. Chapter IV will consider priorities for the topics given in
the four tables.

To some it will appear that several topics as stated are more "applied"
than "basic" research, In a sense this is inevitable in an objective-oriented
field like construction, Others will quite correctly point out that much work
has already been done or is in progress in many of these areas. Nevertheless,
it is felt that new aspects of basic research can be found in almost any of

the areas described here.

Manpower and Organizational Development

This present economy not withstanding, it appears certain that some of

the critical problems in many sectors of construction are, first,
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a future shortage of skilled technical and managerial talent, and second,

ef fective enpl oynment of the hunman resources that are available. Especially on
| arge projects, many conpani es are finding that existing organizationa
structures cannot adequately cope with grow ng needs. |ncreasing governnenta
requi renents are further conplicating this situation. One full session was
therefore devoted to topics within this field. General areas exani ned

i ncl uded means for accel erated and continui ng educati on and training, human
and organi zati onal devel opnent, administration and contracts, the interplay
of design and construction, the eval uation of managenent productivity, and

t he speci al managenent characteristics needed on "super projects". Specific
research needs that were identified or inplied within the context of the

wor kshop are summarized in Table I.

Managenent Met hodol ogi es

Much of the acadenic research in construction to date has been devoted
to new and i nproved anal ytical tools and adnministrative aids for nanagenent,
but the results have often been subject to question and controversy. Subjects
of interest here include cost engineering, planning and scheduling, quality
assurance, resource analysis, managenent information systens, productivity
anal ysis, sinulation, estimating, etc. Also inportant is the effective
utilization of computers in many of these applications.

The wor kshop’s session in this area served to identify fundanental
problenms in need of work and to suggest ways in which the related research
could be made nore neani ngful. Sone of the major basic research needs that
were either explicitly or inplicitly stated in the workshop are sumari zed in

Table I1.
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I nnovations in Constructi on Methods

Most new construction nmet hods have been devel oped to sol ve i medi ate
and pressing problems. This session in the workshop expl ored whether it would
be appropriate to carry out basic research in anticipation of problens that
may still be well into the future. A possible exanple night be prefabrication
and standardi zation to accelerate construction of projects designed to
i mpl ement new energy technol ogi es. The session focused not so nuch on the
identification of all the nyriad technical problenms that need solving, as on
identifying broad areas and on exploring the relationship of universities and
i ndustry in carrying out such research. The results are summarized in Table

Construction I ndustry Dynanics

The final session was devoted to exam ning the construction industry
froma national perspective. Questions here included: Wat are the underlying
rel ati onshi ps of construction to the U S. econony? Wat are the prinary
i nteracti ons? What secondary inmpacts do major construction policy decisions -
or individual project decisions — have on other areas of the economy? How can
the resources of construction best be used? Is there a need for a coordinated
national construction policy?

It has been sai d that the construction industry, as a whole, cannot
significantly influence the demand for its services, or control the supply.

In contrast to industries such as automobiles and railroads, construction is
not in a position to accumulate capital. It is largely a service industry.
How, then, could the industry be more effective in controlling, or it least
influencing, its own supply and demand?

As an example, in early 1974 there seemed to be an insatiable need for
more nuclear projects, and he industry was hard-pressed to fill it. Six month

later, largely as a result of short-run financial problems
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inthe utilities industries, there were postponenents and cancel |l ati ons of
projects, and pending layoffs of the skilled people the industry was so
recently struggling to find. Wat are the |ong-run consequences of these
decisions for the construction industry and for the U S. econony?

Topi cs discussed in this session may |lead to research in econom ¢ nodeling,
| ong-range forecasting, environnental inpact policies, |ong-term goa
definition, devel opment of an industry profile, etc. Table IV gives an

overvi ew of sone of the |long-termresearch needs in these areas.
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CHAPTER |V

FORMULATI ON AND ASSESSMENT OF PRI ORI Tl ES

This chapter suggests guidelines for fornmulating priorities for basic
research in construction, discusses funding, then nakes a prelimnary
assessnent of priorities for topics given in Chapter IIl. Inevitably it wll
the nost specul ative and perhaps the nost controversial part of this report.
In a sense, even the attenpt to assign priorities is contrary to the nature
of basic research as described in Chapter |I. The process inplies that there
are clear problenms to be solved and that one can therefore nake a conparative
anal ysis to determ ne which should rank highest. Nevertheless, certain topics
did seemnore inportant than others in the workshop, and this report would be

remiss if it did not enphasize them

Gui del i ne

The topics discussed in Chapter Ill indicate the types of things that
are being done or that are inadequately being done. Those areas that are
identified, either explicitly or by inplication, focus attention in the Kkinds
of research on which decisions for funding should be nade.

The actual fornulation of specific proposals and the devel oprment of

research prograns will be an ongoing process. Evaluation and budgeti ng
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shoul d consi der what types of things will be needed in the years ahead, and
what is feasible in view of the resources of noney, people and equi prent
avail able, in setting priorities within the overall spectrum of research and
devel opnent, it will be inportant to keep the long-run need for basic
research in perspective, and not let it be |ost anmong urgent calls for
appl i ed research and devel opnent to solve what are only the current npst
critical problens. Research must look to the future as well as the present.

In an industry as diverse as construction, opinions on priorities wll
depend | argely on perspective, Mney-short honebuil ders will probably not be
greatly concerned about the nassive |ogistics problens on the Al aska
Pipeline. Pipeliners, in turn, pay little attention to the glut of high-rise
of fice buildings in New York City. Priorities for |abor organizations are
often dianetrically opposed to those of construction contractors. Perhaps the
nost i nportant question that construction in all its parts nust address is
therefore the following: Gven the finite linmts on funds and resources that
may becone avail able for basic research in construction, what criteria should
determne their nost effective allocation?

Clearly econonmic criteria, such as those derived through benefit/cost
or rate-of-return anal yses, are one possibility. But to whom should benefits
accrue? Contractors? Oaners? Labor? Governnment? The public? How does one
measure the benefits or costs in sonething as nebul ous as basic research?

O her criteria could relate to probabilities for successful utilization of
research results. Wuld it be better to concentrate research efforts toward
|l arge, high-visibility, billion-dollar-plus projects? Advantages here are 1)

even small inprovenments could add up to | arge sums, and
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2) a single organization offers nmore control for inplenentation, On a
cunul ati ve basis, however, benefits might be even greater if research were

ai ned nore at the hundreds of thousands of small projects and organizations.
The corollaries, however, are 1) benefits mght be harder to identify, and 2)
i mpl enentation is far nore difficult to control

Resources avail able to conduct research should figure into the priority
m x. These include people, institutions and equi pnent with the necessary
capabilities and experience. Currently there are only a handful of small,
graduat e-research-1evel university prograns ai ned specifically at
construction. |Independent contract research institutions are equally scarce,
Even governnent | aboratories operated by agencies such as the Arny Corps of
Engi neers are small conpared to areas of endeavor like military hardware,
Assumi ng | arge suns of noney did becone avail able for basic research in
construction, could the resources now avail able efficiently absorb and
effectively apply those funds? O would it sinply be a great "boondoggle"?
Chapter V will exam ne this subject further

O her inportant criteria include the actual need for basic research in
construction as conmpared to other industries, Conpared to electronics, for
exanpl e, construction is considered a fairly mature industry. Sources of
funding will determine still other criteria. For exanple, priorities attached
to funds provided by governnent would nost likely differ frompriorities for
research funded by industry or by |abor organizations.

It is well beyond the scope of this report to provide anything
approaching a priority-assessnent fornula. The qualitative review of priority
gui del i nes given above will have to suffice for purposes here. A group
organi zation or institution qualified to act on behalf of the industry in al
its conmponents, and on behalf of the public, will have to devel op specific

policies for actual allocation of funds and resources.

41



Fundi ng

What | evel s of funding are needed or potentially available in
construction? The nmost recent U S. Department of Conmerce "Census of
Construction Industries" reports that in 1972, construction receipts were
over $150 billion (5) That year the industry also enployed over 4 million
wor kers. Typically, construction’s 12-to-15 percent accounts for the | argest
share of the nation’s gross national product.

Assume, for a round nunber, that 1% of the 1972 annual receipts could
go into research and devel opnment as a whole. This would be $1,5 billion. O
this, assune that 10% or $150 mllion per year, mght be allocated
specifically to basic research. These nunbers are not intended as recomended
figures. but sinply as order-of-magnitude reference points for further

di scussion, Potential sources of funds will be discussed in Chapter V.

Priorities

The priorities given below apply solely to the topics given in the
tables in Chapter ill, They are based on intuition and judgnent regarding the
percei ved i nmportance of, and enphasis placed upon, topics discussed by the
participants in the workshop, There have been no conparative econonic
anal yses, nor were there carefully-constructed and pre-tested surveys.
Certainly these assessnents are subject to dispute.
The priorities given here are grouped in the sanme four categories used in
Tables | through IV. No particular significance should be attached to the
nunerical order within categories, or to the sequence of the four categories
t hemsel ves, Few enough itens are given that the reader can quickly draw his

own concl usi ons.

42



Manpower and Organi zati onal Devel opnment. O the topics shown in Table I,

there was a general inpression that sone of the nost difficult problens are:
1. | mprove sel ection and devel opnent of nanagers who can be both
confortabl e and capable in running "super-projects”
2. Devel op organi zational structures that can nore effectively cope
wi th such projects.
These views, of course, were sonmewhat influenced by the | arge-project
backgrounds of several participants. Nevertheless, in terns of both needs and
potential inpact, this area deserves high priority for basic research
efforts. Eventual applications mght include |arge pipelines, nuclear
power pl ants, urban rapid transit systems, mneral resource devel opnents, and

many ot hers.

Managenent Met hodol ogi es. Topics in Table Il that m ght be considered for

hi ghest priority include;

1. Bring analytical nethods, information systenms and control tools closer
to managers who need them for decision-making, That is, adapt
technology to fit nanagenent, not the other way around.

2. Reduce the "care and feeding” required to implement and operate such
systems, while making the models themselves more realistic and
adaptable to actual project conditions.

3. Develop better methods for "problem forecasting”, with provisions for
analyzing risk and uncertainty.

4. Improve means for communications at the design-construction interface.
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Al t hough the need for research in these topic is especially acute on
| arger, nore conplex projects, snaller project and organi zations woul d al so
benefit if effective neans for dissem nation and inplenentation of results

coul d be found.

I nnovations in Construction Methods. Subjects within Table Il viewed as

havi ng higher priority include the follow ng;
1. Develop nore integrated approaches to design and construction, wth
i ncreased use of multi-purpose conponents and subsystens, reduced
inconpatibility, and less field |abor.
2. Develop rational, efficient, function-oriented standards that will aid
aut omati on, nass production and instrialization in construction
3. Reduce seasonality via inmproved methods and | ess on-site work
Research of this type could contribute to | ong-range changes in the structure
and operation of the construction industry that would be required to receive
full benefits fromthe results. Nunerous short-run returns could cone as

wel | .



Construction Industry Dynam cs. Table IV broadly exam ned the construction

industry as a whole. OF its topics, the followi ng may be viewed as havi ng
hi gher priority:

1. Develop a better understanding of the relationships of construction to
society, to government and to the economny.

2. Explore ways to noderate instability of demand for construction
services, and tenper the consequent adverse effects on the industry and
its workers.

3. Inprove cooperation for research within the industry, and between the
i ndustry, governnent and universities.

Regardl ess of their inportance, and whether or not there is genera

agreement, assessnent of priorities is a hollow exercise if there is no neans

for inplenentation, Chapter V will now exam ne this subject.
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CHAPTER V

DEVELOPMENT OF BASI C RESEARCH | N CONSTRUCTI ON

Two maj or requirenents for devel opment and i npl enentation of basic research
efforts in the managenent of construction are: (1) individuals and
institutions with the resources, experience, interest and capabilities to
carry out such research; and (2) incentives and nmeans to provide funding.

This chapter will discuss each of these in turn

Resources for Basic Research

In the broad sense, research is an everyday activity in construction
Contractors are renowned for their ingenuity in devel oping solutions to
specific problens. They nodify or build new equi pnent, devel op new
expl oratory nethods, think up new construction procedures, and try out new
applications for existing technol ogy. The sophistication of this analysis,
design and devel opnment is frequently very high. In such innovation they often
work closely with specialized consultants. designers, equipnent manufacturers
and materials suppliers. Indeed, in contrast to many industries, there is a
remarkably free interchange of ideas and infornmation between all these
parties when problens arise. Very seldom however, could these efforts be

classified as basic research. Reasons for this were described in Chapter |
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Traditionally, basic research is conducted in universities and in
private and governnent research | aboratories operated primarily for this
purpose. It is generally assumed that because these institutions are severa
steps renoved fromthe "firing-line", they are in a better position to dea
with long-termresearch. However, many people nisinterpret this to nean that
basi ¢ research conducted by such organizations is therefore | ess relevant.
Once again it should be enphasized that the nature and purpose of basic
research is quite different fromapplied research and devel opnent. Each is
i nportant and each has its appropriate role.

Wiere, then, shoul d basic research be conducted? As nentioned,
universities are one inportant source. OMng to their special significance in
this report, they will be discussed in a separate section bel ow. For many
reasons that have been given, construction contractors generally are neither
notivated nor in a position to carry out basic research. Nor are nost
architectural and engi neering design firms. Neverthel ess, these organizations
shoul d be deeply involved in advising and eval uating basic research efforts
conduct ed el sewhere, Sone |arger manufacturers of materials and equi pment
have excellent |aboratories that already do basic research related to
construction, The Caterpillar Tractor Conpany’'s facility in Mssville,
I1linois is one exanple, Such |aboratories, of course, are oriented primarily
to the manufacturers’ products, but they have broader potential. Governnent
research | aboratories include those operated by the National Bureau of
St andar ds near Washington, D.C., the Navy Civil Engineering Corps at Port
Huenene, California, and the Arnmy Corps of Engi neers’ Construction
Engi neeri ng Research Laboratory in Champaign, Illinois, The latter, in
particul ar, has placed consi derabl e enphasi s upon research in the nmanagenent

of construction. Independent private sources
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i ncl ude organi zations such as the Battelle Menorial Institute, the M dwest
Research Institute, and the Stanford Research Institute. Al have
capabilities for basic research in construction

The deternination of where particular research topics should be
i nvesti gated depends on, the nature of the research and on the capabilities
of the organi zations proposed to conduct it. Sone research and sone
organi zati ons are hardware-oriented and depend upon | arge sophi sticated
testing laboratories. Qther research requires advanced conputer facilities.
Some may need the expertise of particular individuals in economcs, the
behavi oral sciences, engineering, mathematics, business managenent and so
forth. It is beyond the scope of this report, however, to attenpt to classify
whi ch types of research should be done where. One inportant source, however,
does need further consideration. Its role goes well beyond the actual quality

and applications of its research output.

Uni versity Education and Research in Construction

Since Wrld War |Il, and especially in the | ast decade, nunerous coll ege
and university progranms have evolved that are aimed primarily at the
construction industry. Suddenly, the construction process and its nmanagenent
-- the logical culmnation of the conceptual and design phases -- has been
recogni zed for what it is: an integral part of the total engineering and
managenment process required to provide new facilities. There are now dozens
of four-year undergraduate prograns; nmany are divisions within architecture,
civil engineering or architectural engineering, There are al so a handful of
graduat e educati on and research prograns; nost are small, having anywhere
fromone to five full-tine faculty. O these, nost are identified with
engi neering departments in some of the nost distinguished universities in the

United States and abroad.
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Research in graduate-|evel construction engineering and nanagenent
programs is worth at least a brief review since this in turn may beconme an
i mportant source of basic research to construction. Initially such prograns
met consi derable resistance fromthe traditional academ c comunity in the
engi neering disciplines ¢ Construction sonehow did not fit into the well -
defined cl assical specialties into which engineering had evol ved. |ndeed, it
is true that at one tinme or another construction cuts across al nost all
fields of engineering and science, Qthers dism ssed construction as havi ng
little or nothing to do with "real” engineering. To them, the engineering
process left off once the designer completed his plans and specifications.

Some professed that constructors should not only have nothing to say about
design, but be considered untrustworthy and be strictly monitored and
inspected to keep them from short-changing the owner in quality and
performance.

In view of this situation, it is worth noting that several of the
oldest and most distinguished graduate construction engineering and
management programs were established in the most prestigious engineering
departments. But since these departments maintain their positions through
leadership and innovation, perhaps this is not so surprising after all. For
example, each of the four top-rated civil engineering departments in the
United States now have well-established graduate programs in this field. With
the ground thus broken, many other schools have been or are attempting to
follow suit. In the academic community, one of the major problems now is an
acute shortage of qualified faculty to fill the rapidly proliferating
positions in construction education.

Although most are still fairly new, established graduate programs have
already made significant progress in both research and education, Until a few

decades ago there was very little university research and no coherent
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body of college-level coursework ained specifically at construction. Many

i nnovations that increasingly are taken for granted In the industry today
either originated in or were considerably advanced through research efforts
of these prograns, Exanples include tine-|apse photography for operations
anal ysis, conputer simulation of field operations, behavioral science
research into the workings of project nmanagenent teans, conputer based

i nformation systems, studies of l[abor and industrial relations, and new

nmet hods and techni ques for the planning, scheduling and control of resources
on projects. In the latter category, for exanple, one research report funded
by an unconstrained grant fromthe U, S. Navy Bureau of Yards and Docks has
since sold over 20,000 copies and is widely recognized as a pioneering effort
inits field.

On the education side, there are now many w dely accepted courses that
make up the core curricula of today' s graduate and undergraduate prograns.
New courses continue to be introduced, and many of these will becone standard
subject matter In the future. There have by now been literally thousands of
graduates fromthe established construction programs. Many have gone on to
become managers on sone of today’'s nost chall engi ng and successful projects.
O hers have advanced to top executive ranks in sone of the |argest and nost
reput abl e conpani es, and in many snaller but innovative conpanies as well.
Still others are found in government construction agencies, |large private
consuners of construction services, and as faculty in construction prograns
in other universities.

It is especially inportant to recognize the indirect inpact that
uni versity research has by its close relationship to the educational process.
O course, it is good when a given university research effort directly
contributes to solving an existing problem But in the long run, university

research can have a greater inpact through two influences it has on students.
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First, while research is in progress, student assistants have the opportunity
to sharpen their nminds and i medi ately apply their learning in doing
research, Second, results of successful research efforts often find their way
into courses that will be taken by other students, perhaps a decade or nore
in the future, who in turn will apply this new body of know edge in their own
careers, Universities are thus not only charged with devel opi ng new know edge
t hrough research, but of passing that know edge on to succeedi ng generations
t hrough education, It is in this interplay between research and education
that universities can have their greatest inpact. This should apply equally

well to basic research in construction.

I ncentives for Funding

As mentioned earlier, the fragnented, intensely-conpetitive nature of
construction nmakes it difficult to undertake industry-w de progranmatic
efforts such as a significant venture into basic research. Furthernore,
construction is primarily a service industry and thus does not accunul ate
significant anmounts of capital when conpared to industries such as steel
transportation, and mnerals. One sees this in conparative financial surveys
such as the "Fortune 500", where, although several of construction' s |argest
firms are listed each year on the basis of sales (cunulative annual contract
awards or revenues in construction), and sonetinmes on the basis of profits,
fewif any are anywhere near the "Top 500" on the basis of assets. Hence if a
firmcannot preserve the fruits of its research innovations in the form of
new processes or nore efficient capital facilities, it has less incentive to
invest in research. For these and other reasons, it is unlikely that the
construction industry itself, whether as individual firns or inits trade
associ ations, could invest in basic research on the scale found in capital-

and-technol ogy-intensive industries. A possible, but as yet
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| argely untapped exception in this picture, is the wage-based industry
advancenent funds available in sonme areas.

Nevert hel ess, there are nmmjor financial incentives for investing not
only in applied research in construction, but in basic research, These days
one too often hears of large projects with cost escal ati ons nmeasured not just
inmllions of dollars, but in billions. The cumul ative effect of cost
escal ations on smaller projects is undoubtedly even greater
Anerican ingenuity and knowhow is still effectively coping wth nost
technol ogi cal problens in construction, but managenent and administration is
too frequently inadequate in the face of |larger, nore conplex projects, and
growi ng demands for accountability to external organizations. If investnents
in research could overcome sone of these difficulties and begin to pare down
these billion-dollar cost increases, soneone ought to benefit. In the
wor kshop, the participants fromthe consuners of construction services, in
bot h governnent and private industry, were generally the first to point out
that it is their organizations that ultimtely should be willing to nmake such
i nvestnments, since they and their custoners will be the primary
beneficiaries, Once recognized, however, there is still a quantumleap to be
taken to devel op effective institutions to support such research in a
coordi nated and productive fashion.

When t hi nki ng of governnent funding, it is interesting to note
simlarities between construction and agriculture, Both account for a very
| arge segment of the gross national product, and both are conposed primarily
of small businesses, Gven free rein, the conpetitors in each are inclined
to drive one another down to a marginal subsistence level, Each has also
becone increasingly subject to direct and indirect governnental intervention,
whet her through fiscal policy, regulatory agencies , special-purpose
| egi slation, or whatever. In agriculture, however, it is worth recogni zing

the far-
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reaching effects of one aspect of governnental influence, the Land G ant
Col  ege Act of 1852. This, of course, is the legislation behind the nunerous
uni versity-based state agricultural experinment stations. These have admirably
served the cause of doing research on a very high level, yet have renmained
consci ous of the main purpose of their research: transfer to and application
by farnmers in their respective states and communities. For better or worse,
the so-called "green revolution" is in a very great way the product of the
| egislation that led to agricultural experinent stations in the United
States. Although times have changed and the industries certainly do have
fundanental differences, simlar approaches night provide correspondi ng
advances in construction.

G ven that construction is often considered the "backbone" of the
Anerican free-enterprise system it would seemappropriate that it avoid
over dependence on and control by government, even in the support of basic
research, In the private sector, several participants suggested that an
organi zati on such as the Busi ness Roundtabl e could provide | eadership in
est abl i shing a coordinated program for funding basic research in
construction. Already this organization and its predecessor, the Construction
Users Anti-Inflation Roundtable, are believed to have perforned a highly
visible and beneficial role in construction, It was pointed out, however,
that efforts involving nutual cooperation of Anerican businesses nust
carefully heed restrictions inposed by anti-trust |egislation. Neverthel ess,
there is considerable potential for basic construction research in private
industry if it can seize the initiative for its establishnent and gui dance.
Since little exists at present, specific efforts nust be nade to devel op both
the sources of funds and the organi zations for eval uating proposals and

admi ni stering basic research in construction. This report,
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however, must stop short at sinply suggesting general possibilities such as
t hose given above. It would be worthwhile for organi zati ons such as the

Busi ness Roundtabl e, the National Construction |Industry Council, the National
Institute of Building Sciences, the Associated General Contractors of
Anerica, the National Constructors Association, and others to pursue this

subj ect further.



CHAPTER VI

CONCLUSI ONS AND RECOMVENDATI ONS

This report and the workshop upon which it was based were designed to
identify, set priorities for, and focus high-level attention on the need for
basi ¢ research in construction engi neering and nmanagenent. There is now and
will increasingly be a need to bring research talents and capabilities both
wi t hin and beyond the academ ¢ community to bear on perform ng basic research
| eading to neans to solve problens in construction

A second i nportant purpose of the workshop was to bring about closer
wor ki ng rel ati onshi ps between the construction industry, private and
governnent consuners of construction services, and university progranms in
construction engi neering and nmanagenent. This was perhaps the workshop’s nost
evi dent i mredi ate success. Mst participants seened to feel that their tine
was well spent and that they |l earned a great deal about each others
probl ens.

Specific topical recommendations can be read or inferred fromthe
tables in Chapter I1l. They reflect the collective thinking of a

di stingui shed and exceptionally capable group of |eaders in and associ ated
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with the construction industry. These topics should be scrutinized carefully
by anyone interested in doing basic research in construction and especially
in the managenent of construction. Again, they are significant for what they
do not include as well as for what they do.

Chapter |1V extracted from Chapter Il those topics that were felt to
have hi ghest priority. These should be considered not only by those
interested in doing research, but by any person or organi zation thinking of
hinself or itself as being able or responsible to provide | eadership to help
solve problens in the construction industry.

Chapter V began by exam ning potential resources for carrying out basic
research in construction. Institutions and organi zati ons naned therein were
for exanple purposes only, Inclusion or omssion of any particular
organi zation was not intended to reflect on its qualifications. The chapter
then discussed the special role of universities. The purpose was not to be
sel f-serving, but to enphasize the inportance of the interplay between
research and education. Finally, Chapter V exam ned potential sources of
fundi ng. Trenmendous | eadership will be needed in this area if basic research
in construction is to becone nore than a discontinuous series of small

uni que, haphazard, and often acci dental happeni ngs.
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This report began by exam ning chal | engi ng problens facing construction

in the years ahead. It wilt conclude with recomendati ons designed to

further challenge the industry and its constituents to take action

1

Universities and related research institutions should recognize
construction and the managenment of construction projects as

i nportant areas of endeavor in which basic research can nake nmj or
contributions. Researchers should seek to understand construction
and its problens, and | ook for opportunities for advice and
cooperation fromthis industry.

The construction industry should focus attention upon the inportance
of basic research for its own long-run well-being and that of its
clients. It should thus support and encourage the establishment of
organi zed research prograns, and play an active role in such
prograns once established.

As the primary econonic beneficiaries of inproved nethods and
managenent in construction, and as the organizations with the
necessary capital and resources, both public and private consuners
of construction services should actively encourage the devel opnent
of basic research prograns in construct/on, and should provide the
maj or funding to enable such efforts to grow

As a point of departure for discussion purposes, within five years
annual investments for basic research in construction should
approach 0.1% of the industry’'s annual gross receipts, |In 1972,
this would have been about $I50 mllion, 1t is recomended that
this anpbunt be built up over a five-year span since resources
avai | abl e now for basic research nost probably could not efficiently

utilize such a sum

57



5. Any group or organization that is in a position for |leadership in
construction should schedul e the subject of "basic research” on its
agenda for a nmeeting within the com ng year. Several such
organi zations were naned at the end of Chapter V. Governnent
agenci es involved in construction should al so recogni ze thensel ves
here.

The purpose of such neetings should not at first be to support
basi ¢ research, but to understand it, It is recormmended that one or
nore individuals be invited who are respected for their know | edge
of the subject. A person with the stature of Dr. Vannevar Bush woul d
be an excellent choice, Contenporary experts can be found on the
Nati onal Science Board, the overseer of the National Science

Foundat i on.

It is inevitable that many readers will take issue with both nmajor and
mnor points in this report. Indeed, the report will have failed if it does
not bring forth other points of view Its underlying purpose has been to
provide "raw material" that can serve as a focal point for analysis,
criticismand suggestions that, in turn, will provide a useful background for

di scussi on and deci si on- maki ng.
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Partici pants

M. Donald S. Barrie, Manager M. David G Ellingson
Constructi on Managenment Dept. Regi onal Editor

Kai ser Engi neers ENG NEERI NG NEWS- RECORD

Prof. Neal B. H Benjamn M. Paul A Elsner

Dept. of Civil Engineering University Executive Vice President

of M ssouri at Col unbia Swi nerton & Wal berg Co,

Prof. Edwi n Bi dwel | M. Donald G anpaol i

Dept. of Civil Engineering Assi stant Conmi ssi oner, Resource
Univ. of Illinois at Urbana-Chanpagne Devel opnent

U S. Bureau of Reclanmation
M. W F. Brusher

Chi ef Engi neer, General Engr. Dept. M. Lyman R, Gllis

Standard G| Conpany of California Assi stant Director for
Oper ations

M. James A. Bruton California Dept. of

Vi ce President Transportation

Uni on Car bi de Corporation

"Prof. Daniel W Halpin
M. WIlliamF. Burkart Dept. of Civil Engineering
Techni cal Director CGeorgia Institute of Technol ogy
U. S. Navy Civil Engineering Lab.

M. Edward E, Hershberger
M. Robert Byrne Proj ect Manager/ Dwor shak Dam
Executive Editor Dravo Corporation
VESTERN CONSTRUCTI ON

M. Chandra K. Jha
"Prof. Keith C. Crandall Vi ce President
Dept. of Civil Engineering Ti shman Constructi on Conpany
Univ. of California at Berkeley

"Prof. WiliamA Litle, Head

M. A R Crosby Construction Facilities Division
Engi neeri ng Advi sor Dept. of Civil Engineering
Exxon Research and Massachusetts institute of Technol ogy

Engi neeri ng Conpany
M. Robert Lyness

M. Joseph Debro Vice President & Division Manager
Executive Director Ret ai | Engi neering Division
Nati onal Association of Mnority Saf eway Stores, Inc.

Contractors

Prof. George E. Mason
Prof. Janes Dougl as Dept. of Civil Engineering
Dept. of Civil Engineering The Ohio State University
Stanford University

M. Ceorge T. McCoy, Jr.

Vi ce President

Quy F. Atkinson Conpany

“Indicates Steering Committee Menber.
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M. Robert W Medearis, President
Hur d- Medeari s and Associ at es

M. Walter A Meisen
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Public Building Service

General Services Adm nistration
Prof. John Melin

Dept. of Civil Engineering
University of Illinois at Urbana-
Chanpai gn

M. Boyd C. Paul son

Vice President, Construction
U ah International, Inc.

M. Al Scol ni k

Director of Educati on and Research
Associ ated General Contractors of
Ameri ca

M. C H Sedam
Vice President, General Construction
Pacific Gas and El ectric Conpany

Dr. L. R Shaffer

Deputy Director

Construction Engi neering Research
Laboratory

U S. Arny Corps of Engineers

Col. WIliam K. Stockdal e
Dept. of Engi neering
U S Mlitary Acadeny

Dr. Paul Teichol z, Manager
El ectronic Data Processing and
Systenms Guy F. Atkinson Conpany

Dr, Richard Tucker
Vi ce President
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Prof. Ben C. Gerw ck, Jr.
Dept. of Civil Engineering
Univ. of California, Berkeley
M. David L. Narver, Jr.

Pr esi dent

Homes and Narver, |nc.

St anf ord Coordi nators

"Prof, John W Fondahl
Dept, of Civil Engineering
Stanford University

"Prof. Clarkson H. Qgl esby
Dept. of Civil Engineering

Stanford University
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Dept. of Civil Engineering
Stanford University
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Dept. of Civil Engineering
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APPENDI X B

FORMULATI ON OF GOALS FOR BASI C RESEARCH | NTO
THE MANAGEMENT OF ENG NEERED CONSTRUCTI ON

Stanford University
April 3 and 4, 1975

AGENDA

Thur sday, April 3, 1975
8:00 - 8:30 AM - Registration
8:30 - 9:00 AM - Wlconme and Introduction

Dean Wlliam M Kays
Prof essor Soyd C. Paul son, Jr.

Session 1: Manpower and Organi zati onal Devel opnent

9:00 — 9:45 A.M. - Keynote Introduction to Session (Room 450)

- Mr. William McKay
- Mr. Robert Lyness

10:00 - 11:4 - Group Discussions (See assignment sheet)
Group Chairman Room
A Mr. Don Barrie 450
B Mr. Robert Medearis 301
C Mr. Robert Lyness 260
D Mr. Alden Yates 153
11:50 - 12:20 - Summaries of Group Discusslons (Room 450)
Group Summarizer
A Prof. Ed Bidwell
B Prof. Dan Halpin
C Mr. Al Scolnlk
D Mr. David Ellingson

12:30 - 1:30 P.M. Lunch at Stanford Faculty Club
Session 2: Management Methodologies

1:30 - 2:15 P.M. - Keynote Introduction to Session (Room 450)

- Mr. Chandra K. Jha
- Dr. Paul Teicholz
- M. H J. Waks

2:30 - 4:15 - Group Discussions (See assignment sheet)
Group Chairman Room
E Mr. James Bruton 450
F Mr. Al Crosby 301
G Mr. Paul Elsner 260
H Mr. Boyd Paulson 153
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AGENDA
4:30 - 5:00 P.M. — Summaries of Group Discusslons (Room 450)
Group Summarizer
E Prof. William Litle
F Prof. John Melin
G Prof. Neal Benjamin
H Prof. Keith Crandall

6:30 P. M. + Cocktail Hour and Dinner . . . .......
will be held at the home of
Professor & Mrs. Henry W. Parker
430 Kingsley Avenue
Palo Alto, California
Informal ... Please see map for directions.

* % k% % %

Friday, April 4, 1975

Session 3: Innovations in Construction Methods

8:30 - 9:15 A.M. - Keynote Introduction to Session (Room 450)

- Mr. Ed Hershberger
- Dr. L. R. Shaffer

9:30 - 11:00 - Group Discussions (See assignment sheet)
Group Chairman
I Mr. W. F. Brusher
J Mr. William Burkart
K Mr. George McCoy, Jr.
L Dr, Richard Tucker
11:10 - II:40 - Summaries of Group Discussions (Room
Group Summarizer
I Col. William Stockdale
J Mr. Robert Byrne
K Prof. George Mason
L Nr. Don Giampaoll

11:45 - 1:30 P. M. Lunch at Stanford Faculty Club
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AGENDA
Session 4: Construction Industry Dynamnics
1:30 - 2:15 P.M - Keynote Introduction to Session (Room 450)

- M. Joseph Debro
- M. Walter Meisen

2:30 - 4:15 - Goup Discussions (See assignnent sheet)
G oup Chai r man Room
M M. Lyman Gllis 450
N M. Robert Medearis 301
0 M. C H Sedam 260
P M. Charl es Yoder 153
4:30 - 5:00 - Summaries of Group Discussions (Room 450)
Group Summarizer

M Prof. Keith Crandall
N Prof. Neal Benjamin
0 Prof. Dan Halpin
P Prof. Ed Bidwell

5:00 - Closure

* k k k%
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