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Board of the National Research Council, whose members are drawn from the councils of the 
National Academy of Sciences, the National Academy of Enginee�ing, and the tnstitute of 
Medicine. The members of the committee responsible for the report were chosen for.their 
special competencies and with regard for appropriate balance. 

This report has been reviewed by a group other than the authors according to 
procedures approved by a Report Review Committee consisting of members of the National 
Academy of Sciences, the National Academy of Engineering, and the Institute of Medicine. 

The National Academy of Sciences is a private, nonprofit, self-perpetuating society 
of distinguished scholars engaged in scientific and engineering research, dedicated to 
the furtherance of science and technology and to their use for the general welfare. 
Upon the authority of the charter granted to it by the Congress in 1863, the Academy has 
a mandate that requires it to advise the federal government on scientific and technical 
matters. Dr. Frank Press is president of the National Academy of Sciences. 

The National Academy of Engineerin& was established in 1964, under the charter of 
the National Academy of Sciences, as a parallel organization of outstanding engineers. 
It is autonomous in its administration and in the selection of its members, sharing with 
the National Academy of Sciences the responsibility for advising the federal 
government. The National Academy of Engineering also sponsors engineering programs 
aimed at meeting national needs, encourages education and research, and recognizes the 
superior achievements of engineers. Dr. Robert M. White is president of the National 
Academy of Engineering. 

The Institute of Medicine was established in 1970 by the National Academy of 
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Thier is president of the Institute of Medicine. 
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PREFACE 

The United States has produced the world ' s  greatest built environment , 
yet as  we look toward the 21st century we see substant ial challenge s  for 
our buildings and our infrastructure. If our future buildings are to 
contribute most effectively to a product ive economy and enhanced qual ity 
of l ife of our c it izens , we must strive to as sure that our future des ign 
and construct ion act ions serve wel l  the changing needs of building users 
in the United States. 

The Building Re search Board is mindful of the important role that 
construct ion and buildings play in our economy and in our daily lives , and 
of how poorly this role is perc e ived by many of our fel low c itizens and 
our leaders. Neverthe less we are heartened by the s igns that change may 
be occurring , that people are becoming increas ingly aware of the ir built 
environment and of the costs and consequences when that environment fails 
to meet the demands of our evolving society. While building research is 
only one of many elements that influence the capabilit ies of our building 
industry to meet our demands , it is an important one that needs greater 
nat ional support . 

This report presents the recommendat ions of a workshop that may be an 
early step toward building that support and as suring that the building 
research community responds effect ively to that support. 

Ross B. Corotis 
Chairman , Committee on 
A Nat ional Building Re search Agenda 

vii 
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EXECUTIVE SUMMARY 

Soc ial , economic , and technological trends in the United States are 
l ikely to have profound impact on the nature of the services that 
buildings in the 21st century are called upon to provide. Wel l - directed 
research , effect ively implemented , can make important contribut ions to the 
abi lity of the nat ion ' s  construct ion industry to meet future demands for 
buildings , but mutual understanding is needed , among researchers and users 
of research results ,  regarding the opportunities and l imitat ions of this 
contribut ion. Needed also is a substant ial ly enhanced nat ional commitment 
to conduct research in those areas most l ikely to yield pos it ive results. 
A nat ional building research agenda can help to meet those needs. 
However , a s ingle agenda document can only temporarily reflect the diverse 
interests within the communities of building producers and users , and the 
consensus among those interests that is achieved in determining what 
spec ific research is to be undertaken. 

Hence , in December 1 9 8 7 , 5 1  senior dec is ion makers represent ing 
government , private sector , and profess ional organizat ions concerned with 
the future of the des ign construct ion and operat ion of buildings in the 
United States were invited by the Building Reserch Board to discuss the 
state of building research and its contribution to the goal of achieving 
better buildings for the 21st century ( chapter 1 ) .  Workshop part ic ipants 
gathered in Washington , D.C. to addres s  themse lves to the proces s  that can 
produce an agenda and maintain the agenda ' s  currency and relevance. 

Workshop attendees agreed that the proce s s  should embrace broad 
part ic ipat ion by building users and producers , represent ing both the 
myriad of spe c ia l  intere sts that characterize the nat ion ' s  building 
industry and the common public interest ( chapter 2 ) .  There was consensus 
that a permanent organizat ional focus is needed- - a  secretariat - -within an 
exist ing inst itut ion or a new independent unit , to support and coordinate 
the proces s. Formal involvement of the building industry would as sure 
that funds provided by research sponsors are directed to promis ing 
re search areas. Experienced res earchers would oversee the implementation 
of research proj ects to be undertaken by qualified private academic or 
government research organizations ( chapter 3). 

Workshop attendee s  recognized the challenges of establ ishing such an 
organizat ional focus and that a number of questions remain to be 
answered . The attendees proposed that the process should start with a 
national sympo s ium to continue the workshop ' s  discus sions ( chapter 4 ) . 
This symposium would be the forum for deve loping goals for a nat ional 

l 
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building research program and the means for attract ing broad nat ional 
support for this program. The workshop attendees agreed that the 
symposium and the process for agenda building will yield valuable results 
for the nat ion. 

2 
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1 

INtRODUCTION 

In December 1 9 8 7 , 5 1  senior dec is ion makers represent ing government , 
private sector , and profes s ional organizat ions concerned with the future 
of building and buildings in the United States gathered in Washington , 
D.C. , to discus s the state of building research and its contribut ion to 
the goal of achieving better buildings for the 2 1 s t  century . Hosted by 
the Nat ional Research Counc il ' s  Building Research Board ( BRB ) , the se 
decis ion makers in the course of a two - day workshop part ic ipated in a 
wide - ranging discus s ion of the future of buildings and construct ion1 in 
the United States , the contribut ion research can make toward achieving the 
greatest  pos s ible benefits from the nat ion ' s  future building , and how 
building research may be directed toward assuring that this contribut ion 
is mos t  effect ively made. This document is a report of that workshop. 

WORKSHOP OBJECTIVES 

The workshop was a culminat ion of act ivity s tarted e leven months 
earl ier by the BRB. In sponsoring this activity , the primary obj ective of 
the BRB ' s  Federal Construct ion Counc il (FCC) - - a group of 14 federal 
government agenc ies with substant ial re spons ibilities for construct ion and 
fac ilit ie s  management - - was to gain understanding of how future changes 
in B&C may influence how these agenc ies pursue the ir bas ic miss ions , and 
how building res earch should be directed to help the agenc ies to capture 
the benefits of these changes .  

Re sponding to the FCC sponsors ' request , the BRB in January 1 9 8 7  
appointed a committee o f  1 9  expert s , represent ing a broad cross sect ion of 
the building industry , to init iate a forum for establishing a building 
research agenda . The committee ' s  discus s ions focused on the idea of 

I
The term "buildings and construct ion" in this context refers broadly to 

the processes  of building planning , des ign ,  construct ion , operat ion , 
ma intenance , and reconstruct ion , and to the products of the se processes , 
that serve society as she lter and fac il it ies for a broad range of social 
and economic activit ies. Building research is undertaken to gain better 
understanding of the performance expected of buildings and of how sc ience 
and technology may be appl ied to meet the se needs effic iently within the 
context of complex nat ional priorit ies . 

3 
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developing a definite agenda for building research , an agenda that could 
be used to direct agenc ies ' research spending. Over an eleven-month 
period the committee reviewed more than 30 independently -prepared analyses 
of building research needs and lists of research topics ( see Appendix A) , 
assessed the current status of building re search in the United State s , and 
planned the workshop to involve a greater range of researchers and 
research users in the agenda -building proce s s. 

During the course of the ir discus s ions , the committee cons idered not 
only the form and content of a building research agenda , but also the 
des irable characteristics of inst itut ional arrangements for effect ing the 
agenda. Exist ing organizat ions in other f ields , such as the Gas Research 
Ins t itute and the Electric Power Re search Inst itute , were cons idered as 
models to fill  what the committee perce ived as a void in the U.S . 
government - industry framework within which building research is directed 
and conducted and its results used. 

The committee also cons idered the problem of defining the scope of an 
agenda respons ive to the facts that B&C result in modificat ion , repa ir ,  
and removal of exist ing fac ilities as wel l  as product ion of new ones; that 
the fac ilities comprise a broad range of infras tructure , administrat ive , 
commerc ial , res ident ial , and other systems; and that materials , equipment , 
profe ss ionals and craftsmen , regulatory mechanisms , and financ ial 
arrangements all influence how fac ilities perform. Building re search thus 
encompas s e s  a potent ially vast array of topics and appl icat ions. The 
committee concluded that no s ingle agenda document can more than 
temporarily reflect the diverse intere sts within the communit ies of 
building producers and users or the consensus among those intere sts that 
is achieved in determining what specific work is to be undertaken An 

effect ive proce s s  of agenda development is therefore the most important 
e lement in directing research , rather than the agenda document. Thus , the 
committee viewed the workshop as an opportunity for part ic ipants to 
addres s  themselve s to de scribing a process that can direct research and 
maintain the currency and relevance of research to new concerns of 
building technology as they emerge. 

The committee discussed several alternat ive themes to be adopted for 
the workshop , cons idering how research can improve the built environment , 
he lp to meet market - driven needs for this improvement , speed the rate of 
innovat ion in U.S. building , enhance the role of building in the U.S. 
economy as a whole , and set appropriate goals for the U.S. building 
re search establ ishment. " Better Buildings in the 21st Century" was 
adopted as a forward - looking theme with appropriate appeal to both pr ivate 
and public interests and to both product ive use or reuse of existing 
buildings and new construct ion. 

THE WORKSHOP 

The workshop was then planned to focus attention and discus s ion on two 
aspects of this theme : first , ident ifying the soc ial , economic ,  and 
technological demands that may be placed on the buildings of the future , 
and second , devis ing and implement ing a research agenda to as sure the 
nat ion's abil ity to produce buildings to meet these future demands. 
Working groups of the workshop partic ipants explored these two aspects 

4 
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during several working and plenary s e s s ions. (Key element s of the 
del iberat ions are summarized in chapters 2 and 3.) 

Three keynote speakers addressed the partic ipants at the opening of 
the two - day workshop : Mark Haynes , staff member of the U.S. Senate 
Committee on Environment and Publ ic Works , Richard Wright , Director of the 
Center for Building Technology , Nat ional Bureau of Standards , and David 
Dibner , vice pres ident of Bernard Johnson , Inc. , and chairman of the BRB ' s  
FCC. ( The se keynote remarks are summarized in Appendix B )  

The 5 1  workshop attendees together represented 3 5  private and 8 public 
organizat ions ( see Appendix C). Meet ing in Washington on December 3 and 
4 ,  1 9 8 7  at the offices of the Nat ional Research Counc il , this group drew 
strongly- felt conclus ions , pre sented in Chapter 4 ,  that a nat ional 
building res earch planning process is needed and would yield substant ial 
benefits to the nat ion , that there should be a clearly de s ignated center 
of respons ibil ity for implement ing and maintaining this proces s , and that 
the workshop should be seen as an important first s tep toward establishing 
both the proce s s  and the center of respons ibil ity for ma intenance of the 
proce s s . 

5 
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2 

IDENTIFYING DEMANDS FOR BUILDINGS OF THE FUTURE 

Current trends of soc ial , economic , and technological development in 
the United States are likely to have profound impact on the nature of the 
services buildings in the 21st  century are called upon to provide. Public 
demands for safe l iving and working environments ,  combined with our 
improving ability to detect the presence of potent ially damaging materials 
in the built environment , may require new capabilities for the materials 
and mechanical equipment in buildings . New technologies in such fields as 
medical research and treatment , electronics manufacturing , and 
biotechnology will demand greatly improved control of climate and 
vibrat ion within buildings and safe and effic ient handl ing of exotic 
wastes and by -products. Continuing change in communicat ions technologies 
and trans it ion of the U.S . economy to a pos t - industrial age will alter the 
patterns of space ut ilization and service acces s  in offices and homes . 

There may be a very large number of factors that will influence such 
trends . The workshop part ic ipants identified the

.
following examples as  

particularly important : 

Emerging art ificial intell igence technology that may be applied to 
building des ign and management 

Evolving technological effic iency of building construct ion , 
reconstruct ion , and retrofit activities 

Cont inuing deprec iat ion and upgrading of the building inventory 
Commerc ial izat ion of new building technology in materials , energy 

supply ( such as photovoltaic s ) , and telecommunications and controls 
( such as f iber opt ics )  

Change s  in needs and demands building must fulfil , based on growth and 
aging of populat ion , and shift ing employment and social patterns of 
living and working 

Shifts in nat ional prior ities that lead to new energy. environmental , 
and conservat ion pol icies that influence building des ign and 
management 

Influence of concerns regarding crime and publ ic safety on building 
des ign and operat ions 

Introduct ion of new technologies in such areas as health care and 
manufacturing that place new demands on building performance 

Shortage s of urban land as soc iated with increas ing land values , 
development restrict ions , and munic ipal infrastructure capac ity 

7 
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Workshop part ic ipants rea l ized that we cannot know the future , and we 
cannot foresee with cont inuity the demands that will be placed on the 
buildings of the future. The working groups felt it is therefore 
essent ial that the research steering mechanism should be s ens it ive to 
emerging needs and technological trends. The working groups adopted the 
following premise as a guide to the ir deliberations and recommendat ions : 

" To ident ify the soc iological and technological demands for 
buildings in the 21st  century , the involvement of as many people as 
pos s ible is needed to improve the accuracy of the ident ification and 
to promote awarenes s  among these people , as users of buildings , that 
improved buildings are pos s ible . "  

Involving a diverse group of building users , owners , and producers in the 
proces s  of forecasting future needs will also help to build a const ituency 
for building innovat ion and for support of private and public programs 
aimed at encouraging innovat ion. 

Workshop part ic ipants noted that these people involved in ident ifying 
l ikely demands on future buildings are most l ikely to view trends in terms 
of maj or is sues that begin to define areas warrant ing research. Working 
groups ident ified the following examples of such is sues that are currently 
important : 

• Improving exist ing buildings. A large portion of the country ' s  
existing building stock is in need of repair , remode ling , and renovat ion . 
A maj or effort is needed to make retrof it and modernizat ion equally as 
attract ive as demolit ion and re -building. 

• Environments for the aged. With an aging U.S . populat ion , there is 
a need for re search into what may be the most appropriate hous ing and 
other environment s to meet the specialized needs of an older populat ion. 
This area could be expanded to cover the needs of other populat ion groups 
that have special building requirements. 

• Affordable hous ing. Hous ing problems affect all populat ion types 
and income groups. There is a need to define the hous ing requirements of 
each dist inct group , including the lowes t  income groups , and to develop 
appropriate hous ing forms and construct ion technologies to meet the 
current and proj ected hous ing needs. This must be done while maintaining 
the compet it iveness of the U.S. hous ing industry. 

• Rebuilding the infrastructure. The cost of rebuilding the nat ion ' s  
infrastructure with current methods and technologies is clearly 
prohibit ive , and innovat ive approaches wil l  be needed to sat isfy the 
current and proj ected needs. This topic also is essent ial for maintaining 
U . S .  competit ivenes s  in global markets. 

• Product ivity and the work environment. There is strong evidence 
that improvements in the work environment , part icularly in offices , can 
lead to s ignif icant increases in product ivity . This will reduce costs and 
enhance the compet it ive pos it ion of U.S. products and services re lat ive to 
fore ign suppliers . Research is needed to determine the mos t  appropr iate 
forms for such environments and the most economical means of produc ing the 
components that are needed. 

• Human hea lth and the built environment. Evidence demonstrates that 
various elements in the built environment can have s ignificant impacts on 
human health. At a t ime when much of the focus of medical activity has 
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shifted to prevent ion of health problems , it is important to insure that 
our environments are as safe and as health-promoting as pos s ible. 
Addit ional research is needed to establish the extent of the relat ionships 
between human health and building components and to determine how to 
des ign and produce environments that are as healthy1 as pos s ible . 

• Construction tecbnology. products. and materials .  While spec ific 
technologies , products , and materials will be needed to addres s  the key 
areas of concern ment ioned above , other more general research is needed to 
cover the broad spectrum of building concerns . Although cost reduction is 
always a maj or concern , improvements in performance and quality control 
are also important . 

The workshop part ic ipants concluded that the process for developing 
and implement ing a building research agenda should incorporate mechanisms 
for exp l ic itly ident ifying such is sues. Thes e  mechanisms are likely to 
depend on active part ic ipation of representative users and producers of 
building . Part ic ipants noted that building users are often poorly 
represented in current building re search programs , and should be brought 
into the new agenda -building proces s. Workshop part ic ipants noted that 
the direct partic ipat ion of the building research community will also be 
important to as sure that research undertaken is directed toward is sues of 
users ' needs and nat ional priorit ies , and that research result s  are put 
into practice . 

1
Building profes s ionals have adopted the term " s ick buildings " to refer 

to the problems assoc iated with poor indoor air quality and s imilar health 
hazards. 
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3 

DEVELOPING AND IMPI.EMENTING A NATIONAL 
BUILDING RESEARCH AGENDA 

The purpose of a nat ional building research agenda should be twofold : 
First , the agenda should aid the community of researchers and users of 
research results to build mutual understanding of the ir potent ial 
contribut ion to improving the qual ity , effic iency , and value of the 
nat ion ' s  buildings to our product ivity and we ll be ing Second , it should 
s erve to attract and direct resources to research in areas that have 
greater potent ial for making pos it ive contribut ions to the quality of 
buildings in the 2 1 s t  century . 

The BRB committee ' s  review of previous research agendas revealed a 
general tendency to focus on particular segments of the building industry , 
and on specific topics of building process and technology rather than on 
improvements in the abilities of buildings to meet soc iety ' s  demands . The 
committee viewed this tendency as an understandable consequence of the 
research e s tabl ishment ' s  dependence on support that is limited and drawn 
primarily from s trongly mis s ion - or iented private and publ ic 
organizat ions . The great fragmentat ion and divers ity that characterize 
the U . S .  building sector make it difficult for any exist ing s ingle 
organizat ion to allocate resource s  sufficient to undertake broad programs 
of research , or to gain substant ial benefits from pool ing resources with 
other organizat ions . This s ituat ion also s lows the adopt ion of innovat ion 
that may occur when research yields useful result s . 

The s tart ing point for deve loping a nat ional building research agenda 
must then be assembly of the relevant interests within an institut ional 
framework capable of mobiliz ing resources and focus ing those resources on 
high prior ity issue s . The workshop part ic ipants were unanimous in the ir 
recommendat ion that a permanent organizat ional body - - a secretariat 
should be e stablished . This organizat ional body might include the 
following funct ional components : 

Constituents Representation would include both users and producers 
of buildings . Users have a myriad of special intere sts and needs , many 
represented by the 100 or more nat ional organizat ions that take an active 
role in discus s ing building , such as the Urban League , the American 
As soc iat ion of Ret ired Persons , and the Nat ional Organizat ion of Women . 
Such organizat ions should be asked to formulate statements for needs they 
foresee for the ir const ituenc ies in the 2 1st century . 

Producers include labor , trade and profes s ional organizations of those 
who plan , des ign , manufacture , build , and assemble buildings and 
components and systems for buildings. These groups also should be asked 
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to formulate s tatements of future needs and of technologie s which they 
foresee may become standards in the 2 1 s t  century . 

In addit ion to the ir spec ial interests , thes e  two groups of 
organizat ions collectively represent the maj ority of the publ ic , all of 
whom use buildings. 

A Building Industry Panel within the secretariat would include 
members of those assoc iat ions , societies , inst itutes , trade groups , etc. , 
who represent the building industry ( i . e. ,  producers ) .  It would be the ir 
respons ibility to re - state the "needs , "  voiced by the const ituents '  group , 
in terms of pos s ible technical solut ions , that is to trans late building 
needs to research proj ects . 

Sponsors are those who control the sources of funds needed to make 
the program funct ion. The secretariat should be establ ished with ability 
to draw on pr ivate and public sponsorship , but to allocate funds without 
requiring direct l inks between sources and uses of funds . 

A Research Steering Committee would include only a small group of 
experienced building research profe s s ionals whose task is to priorit ize 
the proj ects generated by the Building Industry Pane l , to seek funding 
approval from the sponsors and to let and monitor research contracts . 

Researchers include colleges , univers it ies , research f irms , and 
private and government laboratories . Through compet it ive proposal 
preparat ion and bidding , researchers would be awarded research contract s , 
conduct the work , and report the results. 

Existing Funded Research Organizations include thes e  as soc iated 
with manufacturing companie s or with groups such as the National 
As soc iat ion of Home Builders , who have the ir own research agendas that 
might contain proj ects which would sat isfy proj ect needs ident ified by the 
Building Industry Pane l . C lose involvement of the se organizations in the 
nat ional program is needed to avoid duplicat ion of work and to encourage 
that the results of the ir internal ly - funded work is reported in a manner 
so as to benefit the publ ic . Other organizations which fall within this 
group are the Gas Res earch Ins titute , Electric Power Research Ins t itute , 
and the American Soc iety of Heating , Refrigerat ing and Air - Conditioning 
Engineers . 

The secretar iat might have a small full - t ime paid s taff to maintain 
communications and support the work of the building industry pane l and 
research steering committee. One of the staff ' s  funct ions would be the 
publ icat ion of a news letter or other suitable periodical to keep the 
const ituents abreast of progres s  be ing made . 

Recogniz ing the challenges that might be faced in e stabl ishing such a 
new organizat ion , workshop part ic ipants discussed the steps required and 
deve loped the recommendat ions pre sented in Chapter 4 .  Some workshop 
partic ipants suggested that the ir agenc ies might be willing to support 
this new organizat ion . Moreover , the workshop part ic ipants noted that the 
process for preparing a nat ional building research agenda , regardles s  of 
the organizat ions that might be involved in the task , should inc lude the 
following element s : 

Review of background data on building-related research in the United 
States. This review would include informat ion on which individuals and 
organizat ions part ic ipate in research , the types of proj ects they do , how 
we ll they are funded , how the re search effort is organized , impact of 
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research on pract ice , etc. An examinat ion should be conducted on 
organizat ions ' previous efforts to deve lop research agendas for spec ific 
areas or sectors of the construct ion industry. Leaders of industry , 
profe s s ional organizations , and the public should be surveyed to ident ify 
soc ietal and technological problems , solut ions , and benefits. Some 
attempt should also be made to collect intelligence on like ly 
technological change s  that will affect the de s ign and product ion of the 
built environment , and on the impact that demographic , soc ial , and 
pol it ical change s  are likely to have on the act ivit ies and performance 
requirements for buildings. 

Symposium. A planning committee should be establ ished to work 
toward a nat ional sympo s ium ,  with representat ives of the building 
industry , users , and clients , inc luding representat ive s from organizat ions 
sponsoring the planning committee ' s  effort. The committee should addres s  
the commis s ioning o f  papers which ident ify nat ional obj ectives and vis ions 
to s erve as focal points for the nat ional sympos ium; provide coordination 
of the broad input previous ly submitted so it can be trans lated into 
technical research is sues; identify key national f igures to part ic ipate in 
the sympos ium program; deve lop a list of industry , government , and 
academic person invitees ; develop a method of invit ing the publ ic at large 
to participate ; and make log istic arrangements for the sympos ium. 

The se efforts should yie ld several re sults : 

• A highly vis ible event that gains the support of the public at 
large , and , through that , the attention of the Congres s  and the Pres ident. 

• An indicat ion of benefits to the nat ion re sulting from publ ic and 
private support for research on the built environment , inc luding the 
internat ional compet it ive advantage to the building industry itse lf. 

• An ongoing cooperat ive proce s s  for maintaining nat ional interes t  in 
the deve lopment of a building research agenda , and the establ ishment of a 
permanent s ecretariat. 

• Guidance to research directors for programs and proj ects that would 
s erve the needs of the ir organizat ion. All material from the sympos ium 
should be assembled in a publ icat ion and widely disseminated. 

The sympos ium should be a regular event , coordinated by the 
secretariat. The proce s s  overal l  would be a catalyst for change in the 
research culture of the building industry , to bring about improvements in 
the qual ity and performance of the nat ion ' s  buildings and support the 
rebuilding of the nat ion ' s  infrastructure. 
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4 

TAKING THE NEXT STEPS 

There was s trong common understanding among workshop partic ipants of 
the process  they described and the organizational framework proposed for 
effect ing the process and produc ing a research agenda. However , the 
part ic ipants agreed that quest ions remain to be answered :  

Definition of "Building Research". It is important at an early 
stage in the proce s s  to define precisely "building research." Does it 
inc lude only buildings , or does it include all construct ion , structures ,  
infrastructure , etc.? 

Source of funding. S ince the source s  of research funds inevitably 
will have a strong influence on how the money will be spent , it is 
crit ical to ident ify the source s early in order to evaluate how that 
influence might be felt. 

Utilization of past studies. The building research programs of 
the past should be s tudied and evaluated , part icularly those deve loped by 
the federal government; i.e. , Operation Breakthrough , Douglas Commiss ion 
Report , PBS Systems Buildings Program. 

Additional academic research. Should more building research be 
conducted within colleges and universities , to enhance the educat ional 
experience of young engineers , sc ient ists , and teachers by demonstrat ing 
the pract ical value of good research? 

Using other countries' research results. Much important research 
in areas s imilar to U.S. areas of interes t  has been and is be ing 
conducted. A means to eas ily access the results needs to be deve loped. 

Technological advances. Re search , without implementat ion of the 
result s , is a sunk cost earning no return on the funds invested. A s tudy 
is needed to determine how bes t  to enhance the incentives and reduce the 
barr iers to early implementat ion of research re sults. 

The se que s t ions should be answered as the next s teps are taken to 
implement the proce ss  proposed by workshop part ic ipants for e s tabl ishing a 
nat ional building research agenda. The part ic ipants proposed that these 
next s teps should include establ ishing the institut ional focus - - the 
secretariat - - for creat ing and ma intaining the agenda , and convening a 
nat ional sympos ium to formally initiate the process. 

There was consensus that this new organizat ional focal point would be 
be st placed within an exis t ing organizat ion , taking advantage of ongoing 
support act ivit ies and established profes s ional networks. The BRB was 
felt by many partic ipants to be a logical hos t  for this new activity , 
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although there now exist s  yo government agency or program to s t imulate 
init iat ion of the proce s s . It was recognized that such an act ivity 
might better match the inst itut ional obj ectives of one of the several 
profess ional organizat ions that have intere st in buildings and the 
building industry. Partic ipants requested BRB to cont inue its efforts 
that led to the workshop and he lp to resolve the is sue of locat ion of the 
secretariat. 

Preparat ion for a nat ional symposium would include making inquiries of 
a broad range of public and private organizat ions to ident ify the content 
of the ir current building research programs and the methods they use to 
priorit ize and select the ir research act ivit ies. The result ing 
comprehens ive review of the building research establishment ' s  research 
planning act ivit ies would be discus sed at an early s tage of the sympos ium .  

The primary purpose of the sympos ium would be to develop and promote 
the goals and obj ectives of a nat ional building research program , and in 
so doing enl ist the support of industry , government , and labor , trade , and 
profes s ional groups. While workshop partic ipants expressed the hope that 
maj or funding for a nat ional program would be forthcoming , they concluded 
that s tart ing the process of agenda deve lopment will , in any case , build 
better communicat ion and unity of purpose within the building community , 
and that this in turn will enhance our nation ' s  ability to achieve better 
buildings for the 21st  century . 

1
BRB is a unit of the Nat ional Research Council , which serves as an 

independent advisor to government on sc ient if ic and technical ques t ions of 
nat ional importance. 
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'lhe followin;J documents were reviewed by the study c:cmnittaa to 
dat:amina what elements past research agerxias cxmtained. 'lbese s"""Bries 
ant generally grouped. by themes: oonstJ:uction research, ardlitectural and 
envircnment:al research, energy related, ard others , e.q., aqin;J, HDD, and 
NBS . 

CXI§l'RUC'l'Iai R&D m CANAil\ - � ani Potential 
By Rsvay and Associates Limited 
!b'ltraal��qary, 1983 

canada's oonstJ:uction program is over $55 billion � for 16t 
of its qross national products. construction R&D anomts to 0 . 1-t to 0 .2-t 
of the value of anmJal construction program. constructiat R&D is 
uncoordinated; there are delays and short:cx:lnin;s in the transfer of 
existin; technology to practitioners en;aqed in the design, l::W.ldin;J ard 
operatiat of construction facilities. 

OXttractors lack the resources to executa research work and C}llmally 
''l:uild to specification" .  Architects and ErY;Jinears are nat affotda:l 
sufficient tima or l:uigets to en;age in :research activities. 'lhe balance 
of R&D carriacl a.rt: in the privata sector has been mainly OCI'ductad by 
manufacturers. 

'lhe lack of ''market p.lll" is cited for the relatively law lewl of 
participatiat in R&D by tha oonstructiat sector and toby half or mere of 
tha tat:a1 constructiat R&D in industrializacl camtries is perfcm.d by 
gcvelTJIDBnts. 

'lhe Utpcnt noted that the c::han;in;J nature of the industey hall nat been 
aCD i'i"OOated in areas as educaticm and t.rainin;J, codas and staJxJatds and 
technology transfer. Mora tqlhasis is needed at l::W.ldin;J syat.aDs rath£ 
than at in:U.vidual products, with a view to adlievin;J an ilzp:aYm ovarall 
l::W.ldin;J perf0l:'lllan:8. 

'lhe Federal gcvEl'IDIInt ' a proqram of research CXI'ltracts and qranta to 
univarsiti•, to research ccuncils ard to the privata sector oculd be used 
as an etfac::tM medium for enocuragin;J incraased attentiat to l::W.ldin;J 
is-185. P\Jndinq CCIIIIdt2181ta for such activities and for special canters 
at universities davated to constructiat stuiies shculd be sufficiently 
lcn;-t.cm to � the as......,ly of persamel. and the deval.CJPi*lt of 
wrth-.trl.le �ts. Additicnll support for the operatiat of oonstructiat 
standrds and ,.,_ CCIIIIdttaes and establishment of a naticnal. systa for 
the avaluatiat of new materials wcul.d be desirable with a view to 
avarc:x:mi.n; the delays rt:N encamtaracl in the acx:ept:alXle of new technology. 

ExparxJed construction te::hnology transfer p%ogtana ant l"8tdad by means 
of seminars , wor�, dem:mstrations, manuals and other PJ}::IlicatiCDI, 
a\Xliojvisuals and teletext. 'lhe canadian Minister of Finance said ''wa 
DJSt p%cmXa mere actively the dispeninatiat and applicatiat of 
technoloqical advances in all sectors of the eccn::my." New res·-•n:h 
centers 1 in canada W\:lUld influen::e ''market p.lll II • 
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"' . 

'lh8 zwpart, CXII!Ii•iawd by the CDwb:ucticm SCiencM Rlalleal:d1 
Fcundaticm (CSRF) , was cx:n::.ivad to help aptimiza ettarta in Mttinq the 
tut:ure dil:acti.CDI ot CSRF' s tcuniin;J organizaticm, tha CDwb:ucticm 
�iticatiCDI Institute. HcwaYar, it was � the stmy was net 
identityin) unique ar clear-cut iSSI- lllh.ich oculd be dealt with by a 
sin)le arganizaticm ar in iaolaticm u separate prcbl... An C1tire 
iipW:UUIIl ot interrelated iSSI- � whicn, w1wt taken as a gmup, 
MZ'V8I1 as an actiCI'1 aganda by datininq the dial.ogu. within tha tragmented 
CXI'Wt%Uctia'l industry CNer the nat ,..,.,. . 

A reviw ot cx:n.::mns ccntm. the nMd tar a joint ettort by the 
CXI'Wt%Uctia'l industry: 

e Inc::rusin) ragulatory call:LOls 
• Poor � ani suparvisia'l 
• Risin) costa 
e Daclinin) natural raaources 
• IDw productivity 
• Inlquitable risk allocaticm 
e Irdust%y t%&'.ijdWUtatia'l 

<XI§'lBlCI'Iaf 'lmH)UXjY Hf:fT§ AND PRitiWIJ?i 
By Richard L. '1'Uckar 
'lh8 university ot Texas at Austin 
'lh8 a.U.. Rcundtable, Februaey 1982 

Aa a part ot the o:n.tzucticm Technology stuSy ArM ot tha CICE 
project, a .urwy � azMS of tachnolo;ical nMd ani advancamnt 
potmtial . '1ba thwt phaae was a quMtiamaira .urwy dMignld to 
datemi.na azMS ot pots1tial � within projecta. '1ba 
�amaira mailed to .elected own£8, ccntractora ani dMi.gnara, . 

prcwi.ded data cm project size ani c:haract:eristiC8, ani intozmaticm abalt 
c::ratt 1lllk8-up ot tlw wrk torca ani �a'l ot costa aJIIClnl 17 
OCIWb:\1ct:.icm azMS. '1ba MCCid phaM invol.vad jcb-tlite .intezviews to 
idmtity apecitic activitiea tar priarity within tha more praldsin) 
azMS . Fifty-ale craft superint.enjent ani tiel.d arqinaers at tourtean 
jcb sites provided quantifiable, alt:l'loul#l .mjectiva, data abalt 
inettici�cm activities ani q:port:urdti• tar �. 

'1ba .urwy r.ul.ta � that potential savin;s ot more than $2 
billicm are �ible thra.J;Ib technological � ot t:m:. 
ccnstz'uct.icn araa; pipin1, -=.hanical �, ani electrical , ani 
illp:'ovinrJ thlm cN.y to the same 1.-...1 ot etticiancy ar ditticulty u the 
%'8llllinSer ot tlw projecta. 
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ISH CXI§'lBX:l'Iaf !tR '!HE HBY 
SUliiDa%y Rllport ot the o:nstl'UCtion Industey 

Qlat Ettectiwrwu Project 
By Reger Blough 
'lhe a.U.. �le, Jarmary , 1983 

'lhis z8p0rt 111mmariz• ptoqtess ot the Cl:nlb:\lctiem Industey o:.t 
Ettectiwrwu Project. 'Iha project's aim was to advance the market 
Pli!oaqily ot productiem arx:l distributiem: to illprcYa work methods to the 
end ot cratirq more tor more people. 

'lhe rationale tor this ettort is: 

1. o:nstructiem ia �to the ea:n::ztrt u a whole am therefore 
to�· It attacts costa, prices , am our i.nt:.cnational 
c:x:aptitiwrwu both in eur own am toreign markets. 

2 .  o:nstructiem dollars ars not bein; used ettectivaly. 
3 .  Dacl.inin;J cx.t ettectivan������ is not the tault ot aey CX18 C)I"alp. 

owners, �, ccntractara , unia'1S, workers , suppliers, am 
�all llhara the raspawibility. 

4 .  Qlat-ettectivanesa in cc:nlt:ructiem can be iDp:'ovad to the 
aclvar1t.aqe ot all withalt inaquity to aey group, it w recognize 
it as a naticnll preble am SMk cxql8rativa instaad ot 
adv8rsal:y solutia'1S. 

'lha rapcnt addraaed its tind.in:PJ u two thaDes: lrllat's � am 
lrllat Needa to be Dena. For tha tomar tiva subjects tOOJSed em the theme; 
'lha Myriad cau.. ot Dacl.i.nin; Ettactivanesa, A Bizana tack ot Accurate 
Infcmuatiem , Sbcrt.c::x:min; of Management, Prcbl_. Involvirg � 
tabor, am 'lha stultifyirg Role ot Govemmant. For the latter six 
subjecta tOOJMd em the thaDa: ShazpcUn:; � ·· Tools am 
TectmiquM, Plugqinq the c;ap. in 'l'rainirg arx:l �tiem , Hamasairg 
Rasaarch arx:l Tectmclogy, Maximi zirg Woz:kar Productivity, Liftirq the 
Cl.UDJY Han! ot GaYm:1'11B1t, arx:l Highlights ot an Actiem Plan. 

'1HE lMPACl' Of '11m JQK !WIBIII!N1' elf PRDlCl'IVlTX 
By Mazy E. JJol.dm, and � ward, Jr. 
Muaad1uaetts Dwtituta ot Tedmology, 1985 

'lha pi:IBI 'i � ia a two day warJalhcp em "'1ba Ilpct Ot tha Work 
Envi.rc::rDmt em Productivity. " 'Iha warJalhcp was ozganize:i by the 
Archltctural. Rasaarch oantara ODiartium, Inc . (ARCX:), 1'8pr8S8I1tirg 30 
universit:y-buad al'dU.tect:ural research canters, in collaboratiem with an 
i.ntemisciplinary group ot reaearch and practice enviramlental. 
professicnal.a actively ccncatnad with � ot the work 
anvuaJD8flt. Parfomance arx:1 productivity in the d1an:;Jin; workplace were 
identitied as klly isiAJeS tor anvira'1mental. reaearch in a wide-� agerxla 
tor blildin;J zeaearch recantl.y CXJ1Pilad by a syJII)OSium ot resaarchers 
braJ#lt together by ARCX:, under a gzant tran the Natia"1al SCieraa 
F'our'datiem . 
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nBNCnG a:t§lBX;I'Iat '1!IQDI STAT£'1lr=tm;-w RESFAlQJ 
By David B. lahl.y am Richard L. '1\lckE' 
'lha univarsity of 'IWxu at Austin, Oct.c:bar, 1984 

'!his report IIUIIIIIarlz• tha � of a worXshcp held in Austin , 
Texas a1 February 2o-21, 1984 . 'lha \ICr1alhcp was turx1ad by tha National 
SCierDa Fc::lurmtia1 . 

'lha worXshcp was designed to provide insight into tha state-of-the-art 
of OCI'lStructia1 raseardl am to identity topics of naaded additional 
rasearcn .  It also was� to explore rasearcn met:hcdolo;i• and 
approadlaa and tneir particular applicaticna to oanstn1ctia1 .  

'lha wcrkshcp featurai five topic arau. 

• Indust%y wide raseardl needs 
• Design and procuraDBnt rasearch needs 
• Project managaD8'1t raseardl needs 
• Site activit!• raseardl needs 
• cawtructial tadmology reaearch needs 

JtQWS�PP ai a:t§IB1Cl'Iai JiBjl'NgB1'l!j ENIC RESEARQI 
By Rebert I, . carr am William F. Malawy 
'lha university of Midligan, Septeabar, 1982 

'!his 'WCrJcshcp was llpCI'180r8d by tha American SOCiety of Civil 
ED;Jinaars, Natia.l. SCierDa P'c::lurmtial, and tha cawtructial Raaeardl 
council . Ita five sesaicna �: 

1 .  Datinitia1 of Basic Raaeardl in cawtructia1 ED;Jinaerinq and 
ManagaD81t 

2 .  Basic RMeardl in CCnltructia1 ED;Jinaering ManagaD81t 
3 .  Basic RMearch in CCnltructia1 ED;Jinaering Analysis and Design 
4 .  Basic RMeardl in Q:awtruct:J.cz ED;Jinaering t1ncertainty 
5 .  Basic RMeardl in CCnltructial ED;Jinaering 9.mlan ResQlrce 

Managemant 

RESEARal Pat flmpnJj a:t§1B1Cl'IQf iBXXlC'l'IVIT'l-m::t®' Qf '1liE .nJNE 2 « 
1981 cxtmm:fCE 
By Natia.l. !lJrea\1 of stardards, August ,  1981 

'lha cx:ntc•IOI ida1tified major reaearch needs to iDprcva CX'JIIDATCial 
c:x:natruct.icm productivity. '1\Mnt:y-six participants, frail all sectors of 
the cx:rwtzuctia1 indust:ey, mat as a ran:!tabla group. Five prepared 
papers stillul.atad wide-ran;i.rJJ di .., .. icl'l. 

By tha � of tha day a � emerged aroun1 six prilllaey research 
topics: 

1. Ollvalc:p a "familY" of micro maasuras of CXI1Structia1 productivity 
to assist inclividual firms in dacisia"HIIald.rq . 

2 .  Ilip:tl:JYe macro JII8UU%'eS of productivity to assist in understancling 
reqia.l. am iiJtNLeg&ta industry t.rarxJs . 
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3. O..W.cp t:M � naadad to taet.nd CCIIp1tar applicatiaw to all 
pt.- ot CCIWtl'uctial <*:!a�. 

4 .  � and cs.v.J.cp .thcda to axped.ite t:M regulatory pxocess. 
5 .  Ma'WR tM za1.atiawhip8 � OCCilpant-user productivity arr:i 

tW.ldin;r design. 
6. Produce t:M lcncwleri;Ja of physical prcp8Lti• of tW.lclirJgs needed 

to rav:. ris1al of tW.ldin;r tail� and lower costs ot dasignirq 
tor tW.l.din;r atety. 

01:11t.._ turthar a;xeed that t:M private actar, not govammant, lliJSt 
taka t:M initiative to famtl ate ani cx:n::Juct r.aarc:n. Hcwaver, 
� m:w.c1 .upp;rt and cx:n::Juct 8CIII8 rasearcn. 

oo e:e:• ,llljS or A �P fat 'lH! DMVOPtJ!NI' or NEH RfSEARQi DIRECtla§ 
IN <XMPUI!mZID APPLIC.\TI® 'ro <XI§lBlCl'Ictf mmm:;pp!j AND JWWjfMM 
sruom 
By c. william na, Jr. 
'lha univarsity of Illinois at Utbana�, JUly, 1985 

A u.s. NatiC2W. Science Foun:SatiCil RMaarch Workllhcp wu held in 
U'J:bana, Illinois em May 19-21, 1985 to prcwida a forum tor intom&tiCil 
IIXCharJ)e and a review of rMeard1 IJL091- ani naeds. 'lhia 1IICrblhcp 
suggMtad hew this C'XIIIIImity .tx:luld cx:n::Juct ita rasearcn, with att.ltion 
� to 1D8Chanisma of m::r.u.:t coordinatiCil t.twMn reaea%dl units. 

P8nti di..,..iCI'W addz:Maecl: 

oatiniticm of I<ncwledge-BaMcl � 
Appl.icatiat ArMs tor lCBS 
'n:x)la tor adl.din;r lCBS Appl.icatiaw 
'lba Art of adldin;r lCBS (I<ncwleri;Ja Acqd•itiCil) 
stanr::Jarda tor � and V&lidatial of lCBS 
Hlilc.cpty tor Qlid.in) RMaarch em lCBS 

Iarga group � and aur1.iAr1ce � �= 

cr:.tin) and Enhancin; Data Oollect:.icz '1'oola and Analysis 'IW:hnoloqies 
lblan and ()rganizati.cnL � ot Mc:dtiil'1q and Si:allaticn 
Intc:face Allen) '1'oola � Appl.icatiaw 

MPMiQliiHHl' m;aprg;x rat BliQIATictf m CXI§lBlC'l'Ictf ANP :wg: sew; 
M§RPITY 
By Jchn M. BYII1w 
Tranaitiaw -.rctl cmparatic:n, February, 1985 

Fifty technical experta t%ta blsineu, in:mstey ,  univarsities and 
� m.t in Wuhin)tcn, oc em February 5 and 6, 1985 , to ccnsidar 
t:M 1 .. - of applyil'1q autclllatiCil to cxrwtn1ctiCil and large acala 
us ''•ly. 'lhia waz:kahcp, whic:h ,.. 8pCI1SOr&l by t:M NatiC2W. Jllreau of 
stanr::Jarda and TrarwitiCI'W RMaarch cmparaticn, ccncl.udm that: 

2 3  

Copyr igh t  © Nat iona l  Academy o f  Sc iences.  A l l  r igh ts  reserved.

A Nat iona l  Bu i ld ing  Research Agenda:   S tar t ing  the  Process :  Repor t  o f  a  Workshop
ht tp : / /www.nap.edu/ca ta log .php?record_ id=19134

http://www.nap.edu/catalog.php?record_id=19134


• Nw t.::bnology adU.avabla in tn. near tam would haw a llllljor 
�it in tn. CCIWtructicn and large scale aspenbly industries. 

• '1ba laly to this benefit is the �licaticn ot CXIIp1tars to data 
� and prooeu CXIltrol lxJt:h ott-site tor cJeaign and 
pl.am.jn) and en-site tor inventory managemant, producticn CX1'1trol 
and c::reticm of an as-built data base . 

• '1ba ac:hifMIIB'It ot this naw technology requizas rMeartb carried 
alt en tn. integraticn ot systems tor meaSUiemant and autaDated 
oa&tlol ot en-site oa'1Sb:ucticn and aspenbly taslal. 

Representatives of oa'1Sb:uction t!J:ml, heavy .;ui� DIIU'I1tacturars, 
shipbuilders, and related industri• idantitiad laly t:ecbnical barriers to 
the introc:luction of autaaated DIIU'I1tacturirq technology to tn. blil.dirq and 
as"f'!!bly sites. 

Specific J:1lg *'"Endatia. tor .acticn in:lu:Sad: 

• Intamaticn transt£: a source ot intcmaaticn en 'NUIJl&IEut 
t.::bnology that ccul.d be �iacl in cxnstJ:ucticn and a llllljor 
ccntez•IOII en this topic naxt yaar. 

e A daDa'•t:Laticn project to cs.v.lcp and dalawtrate an as-l:W.lt 
data bue en a rMl. CCIWtructicn project. 

qmx;tX';tCIU\L f!MJJT'f IJ§Ieii AND a::t§'lBlCI'ICti !WDtjfJfM 
By Dale x. "«:brest am Shelley J. Price 
u.s. Dapartment ot JUstice, October, 1984 

'1ba objective of tn. project was to document, based Cl'1 a aw-yur 
stucly of 1WI facility CCIWtructicn in l5 states, a� to plan, cJeaign 
and CCIIWb:uct oca:tectiaml ilwtitutiaw in envixamants that ... iza 
dittiiZ8'1t cbjectiws at cll.ttcmt tiaa. '1ba urport foa.wed en an 
audi.-1011 ot COD:ectiaml adllli.ni..t:tators and 1lllml!lgarll respawible tor 
!:luilcli.rl) 1WI tacilitaa, and architac:ta, bd ldera and othez's who c:r-.te 
oca:tectiaml institutiaw. R8o a;a••datia. are: 

1. '1ba dittuaiCI'l ot autharity and %'MpCIWibility aJP1C119 � 
agan::W. f in::l.u5.in; CXII'Ipl.ex � \JblOMMS 1 � in 
l&J&� "*'*"*al and failure to establim and -.i.ntain effective 
CXJmlmicaticm betwan ct.cisiaHaking authoriti•..,. identified 
u a prilmy tactar in project delays and ditficulti•. 

2 .  it!. lack of ccntimity in project plamin;J and dacisicm-malcinq 
8t:aJDI alt as a. ot tn. meat critical prcbl .. in oca:tectiaml 
facility CCI'18tl:Uct:iC. 

3. A critical J..a. duril'1q project plamin;J and pzogtam cs.v.lq:ment 
is tn. r.m tor involwmant ot facility statt ,.,..,_.. and 
practitialers to �ty critical opetatiaml and practical 
naads of tn. ilwtituticn. 

4 .  Many of tn. prcbl.. in facility opetaticn can be trac.i to 
.institutiaml use am opetaticn dittcmt traa tn. pmposa tor 
llhlc:h it was ariqinally cJeaignact. 

5.  'lhare is a 1Wacl to evaluate ..mat has been dale in an attazpt to 
!:luild en put expari.-1011 rather than ccntirue to repeat past 
6L101S . 

24 

Copyright © National Academy of Sciences. All rights reserved.

A National Building Research Agenda:  Starting the Process: Report of a Workshop
http://www.nap.edu/catalog.php?record_id=19134

http://www.nap.edu/catalog.php?record_id=19134


AR04'XliCltlRAL AND QMlQiMENtAL RESDRQi 
DISCUiSICii IJW'l' lW !Q5M§F MEETm; 
By Dian Ricbarc1 Bm:iar 
univarsity of california, Ftmuary, 1977 

s.n:iar pr• mt:m ideas en arautect:ural and anvircnDental research . 
He said tba puzp::ae of reaearc:h is to syst:aalltize tne knowlect;a ot a field 
tlm:u;h tba di.acxNary ot order in se=irqly randaD intonaatien. For an 

architect, it is aaaantial that \IOrlt davalopa trail knowlect;a rather than 
specnlatien. 'lha activity of r.aarc:h fonaalizes this record and remers 
mcpl.icit thcae m:au � ._ da;lree of certainty may be achi.evacl . 
Raaearc:t1, in ita mcpl.oratoey tunctien, extends ptasent knowlect;a into new 

m:au .  'lha field of reaearc:h is the scuroa of tne professional's mst 
reliable intonaatien, and provides a f0%UID tor tba JIIC8t advanced thinJdn;J . 

It is difficult to draw wall 'dcx::umantecl cxn:lusicns. 5everal 
ccncJ.usiaw can be drawn: 

1. Most prcbl- in anvi..rcnllantal. design require an 

intardisciplinaey approach to be truittul . MJl tidisciplina:ty 
reaearc:h provides ... insights, but interdisciplinaey research 
� tba field with tne breadth it calls for. 

2. I.an;thy projects in C'lV'ira1aa1tal design, based en specific 
hypotheaea , haw not yield8::1 satisfactory results. A search for 
balaJ'ICM rather than c::ur. may be more truittul . 'lha 
xelaticnship � cc:rDamll of tba designer and tba criteria of 
tba evaluator has to be clear. 

3. A .-rc:h for an abeoluta "�" basis for anvircnDantal design 
has been l&rglaly untruittul . '1ba dynamic relaticnship between an 

in::lividual •s perceptien of the anvira'DDent , the repertoire of his 
anvi.rcnDantal experiences, and c:::han:J8S in his expectations for 
tba envil:a'mB1t has bec1 recognize. In::reas�ly, the 
�will be calla:! en to shape the individual's 
perceptiaw and to be reapcxwive to tba in::lividual in 
precipitatinq growth and c:Mn:Je. 

FUture pJ.ann.in1 can �it traa this experience. '1ba professions ard 
iJII)Ortant naticnal r..- will be 8CV8d by a pro;tam t.hi.c:h is focused on 
this field and wuc:h reoognize. tba pat:a1tial. value of systematic 
envira'Jmantal rMMreh. 

ARC:HX'J#'lURAL 8'§ENRf mwrm;c; 1984 
By tba A1IIEican Institute of Arc:hitcta Faundatien, 1984 

'lha Arcbitectural a..rc::t1 o:.mcil of tba American Institute of 
Arcbitct:a �cpd pricrity reaearc:h r..- as guidance to tbcae 
respawible tor plannin) and .uppartinq architectural rMMreh . Each 
CXIIIIIi.ttae en the CXJUnCil � a list of tba JIIC8t iJrp)rtant research 
Jwa:1a in ita cJrwin. a..rc:::h prioriti• includes: 
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. ' 

Q:llp1tm 
validity of OOd8a 
w.t SDic1ca 
Fire safety EValuatiCI'l Syatallll 
Fire Effects of Interior Finishea and Fumi.ahin;la 
Earthqualcas and Nawtzuctural ll1il.ciing 0 11i<X'8'1ts 
Imoor Air ()lal.ity 
Etfact:a of Dasi;n Cl'l Operatinq o.ta 
cost *""''• for PrograDIDin:J and Preliminlu:y Dasi;n 
ll1il.ciing Diagn::latica 
Int..;rat:ad adlciing Syatallll 
!mrg'il'IJ '1'1'wm in 'lWchnology and PUbic POlicy 
Bdld.in) Cblol� and a.-
Maint:enllnce and Rlllplac-w it o(. Deterioratin; 8'1 'din) Mat.rial.s 
tllole-adlc:lirr;r Enlr9Y PEfcm11111'1Ca 
Delllln:1-Biuled 81ilciing 'l'edmol.ocp.. 
Enaz9Y crisis � 
wat.r o::r..rvatiCI'l 
()lantityil'IJ Good Qwlmity and ad 'di.riJ o.i;n and '1!wir s.natits 
Dasign for Sp.:ial Uaers 
Intill Hcusil'IJ 
Proj-=t Dal.ivaey Pl\:IOMs• 
adlciing Prcxb:t and Materials Pc'fanano. 

� JlllSt be ..tabl.ishad by �ch azddt.:::ta and � can 
collaborate in tha transfer prooass . Racellt �q:ualts in 
I'X'IIWmicatiaw t..c:.bnclogy offer tha pa�.ibility of gratly illp:oviriJ the 
way !WII infozatiCI'l is di•=inat:ad to archit.:::ta. Interactive VU.O 
disc., taleccnfm:w1Cil'IJ, CXIIp1t8r CX11teranciriJ, �, in-ccntiiXt 
raferanciriJ, ard :raacte datahe• int:8racticn ay al.law archit.:::ta to 
expand tz:.....m..ly their &CCMS to infm:aticn of all Jcinds. 'lba uae of 
theaa t..c:.bnclocp.. in diss=i natin; !WII infODBtic:rl wrrant:s active 
invastigaticn. 

AN !GQ1D\ Pta ARQU'DCltliW. !'§!Hal. 1982 
By Mic:Mel L. Jor:off, � IJWtituta of �logy 
and Jchn Talpler, Georgia IJWtituta of 'l'edmol.ogy, 1982 
A proj-=t of: 
'lba Arctlitectural RMMrc:h c.nters CDan.tium, Inc. 

'lhis npart idmtities an agllnda for � � 1 .. ,. and 
rasearc:h tcpb in Eddt.::ture. It is an earlier versiCI'l to tha agama 
atx:Na. It � five �= tha PfOC.S of dasign and ccnstz:uction: 
tuilciing babitability7 human security and safety7 cxnlel'VatiCI'l of 
:z:aaourcas7 st.ructur., mt.rials, and equipaatt systems . 
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�P'§!'!RQI 
By J- c. SrJydar 
� tl'U.wrsity of Mic:hi.gan 

'lha r!llpOrt is dividm il'1to two parts IIIII 18 chapters . Part 1 is the 
ccntat of arc:bitectural l"M811%'Cb, six c:t1aptars SJR)Ort this part; they 
are: 

A PI• � Ft•n a atk for � Emrgil'IJ Fial.d of Architectural Rasaardl 
RallaaJ:'c::t1 in Practice: GenaratiCI'l, UM, IIIII OCIIIIIJnicatiCI'l 
An ov.rview of Spawoxed a..arch in Sc:hool.a of ArctUt.::ture 
� o.-tiCI'l of style in RMMrc:h 
O:.tivity in � Architectural RMeazdl Plw 
Histary of 'l'ec:tmoloc;y 

Part 2 is � .w:.t:anc. of arc:bitectural rasearc:t1 IIIII 12 c:Mpt:ara � 
ita belldi.nJ; thay are: 

Nai Dil:acticns for �-Behavior RMeazdl in ArctUt.ctura 
EValuatiCI'l a..arch in ArctUt.::ture 
Ralearch for Ul:ban Dasign 
Ul:ban Pl.anniJIJ within Architectural Dasign a..arch 
Imcar PollutiCI'l: Lightin;J, Energy, IIIII HMlth 
'lba ArctUt.::ture of Nanal.izatiCI'l: An Azd1Mological D� 
Architectural RMMrc:b IIIII Life-Span � 
OJada IIIII ()lal.ity: Architectural I1'quiry abcut En1r9Y 
� Narrow st.J.f: Architectural RMeazdl Cl'l S..iaic Hazuds 
� Architecture 
Ralearch in Architectural Ociiiii.Jn.icatiCI'l 
auldinq Ea:n:lli.cs: A Rwiw of value En;izweririJ Ralearch 

m;pa:H NIP mtQf - SXMEWitiS 
Amarican Institute of ArctUt.:::ta !'aml:!atiCI'l, 1985 

� A1llarican Institute of Arcbit.:::ta pr••Ited a fiw day �ium on 
reaearc:b IIIII �ign to rocu. em t..c:.bncloc;y for � pract:.icinq arc:tdtact . 
ovar 130 spealalrll in 29 -1cns ackh:M..S cu:tr•at IIIII pata1tial. � of 
s.r reaearc:b f� in .-qy, life atety, CCides ,  redMign, design and 
facility uw- . 

RESFARQI AND 'lHE INCl'ICE Ol ARa4'Xl!ClVRE 
By Ric:::hazd Bll'1d£ 1 Marcb 1976 

A lltuc!y was a::nb::ted to clarify � interrelated rol• of reaearch 
an:l � practice of Arcbitecture . It � to aplore � nature of 
reaearc:b in Arcbitecture, to .,..1,. abjectiw., mthoda an:l tool.a , and to 
DBlca specific � "i'•daticns for � �opa&at of a 1"M88I%'Cb c:li.nction 
in �  practice of an architectural fim, Mc0.1a Bocna 'l'claBic:k, Architects . 

27 

Copyright © National Academy of Sciences. All rights reserved.

A National Building Research Agenda:  Starting the Process: Report of a Workshop
http://www.nap.edu/catalog.php?record_id=19134

http://www.nap.edu/catalog.php?record_id=19134


EYNP!'I1af OF !NVIIQIINtAl, miCif BI§E!BQf PIYISia! ego> of em' 
By Ric:Mrd s.n:s.r, Marct1 1979 

'lhis � by s.n:s.r di..,,... i.JialM to CXI1Sidar � davel.opinq 
a � agenda. '1m cue .oldy in point is the c.ntar for 8.1il.clin; 
Tectmology (CBl') of tha Natia.l. !llrM\1 of standards. An !-. surfaced 
as a reeult of c:reatirq a naw cll.viaia\ in csr is relate to a five yaar 
policy stat.-.nt, aw millie�\ dol.lare a yaar would be Jllllde available to 
NBS cll.visia\ blild up a "eci.ntific capability for lcn;-tem � 
efforts." 1blt was at !-. was hew � was bein; dafinm by the 
leadership of NBS ,  a dafinitiCI\ that had clear iq)licatiaw==111011t of them 
nagative-for these 1liho wre .-,qinaars, behavioral ecia1tist:s, i . e. , 
psycholoqists, archit.cta, planners, �, am still othcs. ltlile 
net IIXpl.icitly statad, it was evident that "eci.ntitic CXIIptenca" or 
"capability" was to be 1IIMSUred ih tc. of clasaical � in  
PtY'Sica� calla:! buic �-in tmich wll articulated ani 
cs.v.lcped tl.aey � a lcn;-tem systematic � prcxjLam. At most , 
.-,qinaars and otlwra--unl- they ocul.d c:Dlfcma to this JIICdel�d be 
CCII'JCE1Wd with applia:i � Cl\ highly epecific i .. ,. that would be 
required � tundamental. questiaw wre an8WE'8d and tbare wa a need for 
"taat.in;" and tadmi.cal �1811181'1tatiCil in tha "Leal world. "  

If this policy tar planninq hew to bd J d eci.,utic CXIIptenca for the 
fUture prevails, tt.t a goodly part of tha effort of CBl' am otbar 
cll.visiaw will be rcdaLw! eeccni-rate am auxiliuy in natura. It is 
�tive that NBS be aware of tha fact that what is bein; 
p1q:JC=-d-iq)licit1y or explicitly-is Ul'MZ'Jcable it aw Wu:1 lltill 
seaka to usa .-,qinMrs, experiJDantal �loqifta, �, planners, 
aa:ial �loqists, and oth£s to aolve a variety of probl .. in 
buildil'l; eafety, blildinq ecxmardca, --.rqy CX1'188I'VatiCI\ and 80 Cl\o 

'lhis project involwd an IIXpl.araticl'l of tha tutuLe of � in 
� design u.iD) tha 0011� of Envirc:nDantal. O.ign as a 
c:ue-st:ur::!y. '1m 0011� has a brold � of prof-ia.l. and � 
ocnoe:ma in tha field of � design includin;J � 
pl.anninq,. � dMign, U%bm design, land-u. planninq, architectural 
dMign, bnildinq IICimce, ..-gy analysis, CXIIplt:.er-ai. dMign, and 
viaJal CXIIIII.micat.i. 

01t of di.,_iaw with faculty and task groups , a listin;J of research 
tcp� wyed: 

A. ca.-Analysis Apprcach to tha study of Forcas Shapin:.J the 
�ical ErlVi.ra'..nt 

B. IntegratiCI\ of HMlth and Safety criteria into Envirc:nDantal 
O.ign 

c. '1m Growth and Oeclins of Areas of llmlan settlaaant 
o. '1'axcn:llly of s.ttiniPI 
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E.  '1'8ctmology 'l'rlllwfer 
F. ad ldin;r �amanca EValuaticm 
G. � MBWin:J  
H. C.ign of RllgUlatory Syat.aa for Design 
I . Prof-icnll. Madia - Oefiniticm of Research Area 
J.  Research for Design Participaticm 

CENl'EB Fa\ OOiliHINrA1, 'DIGN R!SFARQi 
ANNUAL REfCR[' , Fiscal Year 1985-86 
By uniwrsity of caJ.ifcmU.a, 1986 

Broadar faculty invol.WID8lat in c::EI:R rM8I!lrCh activity has resulted in 
a substantial inc::raue in extmDural. turxli.rl) and IRJAX)rt of graduate 
studanta in tha 0011� of &wi..rcnDant:al. Design' s  prof .. ic:nll and 
dcct:aral ptOjiW durirrJ tha 1985-86 acwJemic yaar . '1tJa canter' s research 
progtam ccntinues to focus en daaign and plannin;J of tha l:W.l.t 
envircrla8nt . Research CNer tha naxt few years will l:W.l.d up:m put 
research aJ:M.S � c::EI:R ..tabl.ishad a positicm of natic:nll leadership, 
an:l 811181'qin) aJ:M.S in daaign research. '1tJa four •jor research areas 
identified in tha 1985-86 plan for CErR research include: 

• Infcmaaticm 'l'eclmology in tha &tvi..rcnDant:al. Design Precess 
e Blildin;r and Site Diagnoatias 
• &tvi..rcnDant:al. Hazards-Blildin) and City Design 
• Design of HMlth Faciliti• and &tviraDDBnts for tha Eldar1y 

'IW zw.r research ..mars wre initiated, gtMtar faculty 
participatien in ..mars en Plannin; and Blildin;r for Sai ai c Hazards and 
em tha role of Infcmaaticm '1'-=tmology in tha &wircnaantal Design Plw . 

Dlm§ICI§ OF tsER B007lT 
An OV.Z:Vi• of u� Envi.rcrllantal Design criteria 
By o. Mic:baal HJrtha, August , 1976 

'1M author lWW. tha litarat:ura to daval.c:p sixty-eight user banefits 
applicable to ...vircnaantal daaign. 'Dale t.lwfita include: ' functia'1al. , 
physioloqical, �oqical., and 110eia1 aspects , in EMS :related to the 
etfici.a1cy _lid etfectiwn••• of user perfamanca, and user wall-bein;, 
caatart, ard afety. In.ti.vidual. t.lwfita are aperatic:nllly dafirat to 
zwpraatnt � en  Wdch gtMt.r or l....r da;l: na of banefit can be 
�. '1M t.lwfita are arganized to tetl.ect loqical ayatema of 
:relatiawhip ard applicaticn. SUppl1111811ta1y •tarial ccvars aspects 
mlated to blmfit �ticn and applicatien in ratic:nll daaign 
pt«"W••, incl\ISi.n): tha dafinitien of user requirlmenta , tha 
farn,l atien of daaign llolutiaw, tha CXJIP'rative eval.uaticm of design 
soluticns , ard tha � of 1-..1.• of banefit in post-cxnlt.tuction 
avaluaticns. l'q)licaticns are prasmtm for turther resaarc:::h and 
�op•ut in tha fielcJs of anvircnaantal da&ign and an-envitaiii61'lt 
mlatic:nl . 
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ASHER INf(IRl'ICii !O'D$ � 
S<DfE or m PJPBtfM: REVISED r.xmm 
By D. Mic:tJaal Mlrtha, JUne, 1978 

'1ba xeport prasmit:a li.stin; ot intozmatia'l, detiniticna ot major 
subject catagori• and subcategories, ani specific itama associated with 
each � disciplins categczy tor human behavioral amu and t:uil.t 
anviza11uant. '!he listin;a helped dafins the acc:pe ot intozmaticn acoess 
problem by idantityin; tha types ot intozmatia'l which are relevant to 
human health and wall-bein; in the t:uil.t anvh:awatt and daacr:i.be the 
various uses ani users ot this intozmaticn in d8Yelopin; supportive 
physical .-wiramatta. 

'DIE RESEARCH Nif?IDa OF '1HE AMERICAN SCI 0 I fU OF HF.Al'Im· REf'RIGERAl'Im. 
AND AIR CXH)IT!am«; mmm:;a:;; 
By ASHRAE 

ASHRAE's � agenda in:ludas: 

• .oldy irDx:' air quality: ventilatia'l raquiremants and filtration 
• energy OCI'l881'V&ticn: siq)litiecl mat:hcda to esti:mate energy use, 

thanDal storage systalll, avaluatinq and d8tazmi.nin; ocat 
ettectivanasa ot erwarqy CX1111C'Vatia'l products and cablpta 

• c:hlarotluorocazt:x:na : altamativ. to CFC's and reclamatia'l 
methods 

• smoka and tire cattrol : design criteria tor usinq HVAC as part of 
soluticn 

• lagiamai.res di••nM: op&ratia'l modes of H\1AC equipuant 
• cx:mplt:er applicatiaw tor HVAC & R 
• zatrica-raticn aystalll 
• thmwl and moisture ptc:pai.ti• ot t:uil.� materials 
• variable-air-Yol� aystalll 
• c-..J.c::pa&t ot design data and design methods 
• � to support lltari:Sarda davelopi&tt 

A SURVEY OF RESFARQI 1m( lN 'DIE UNl'l'!D STAT§ Cli '1HE 'lH!21AL 
ASP!X$ OF JWIPOO mvf±Pf!S AND MAT!mAIS 
By P.E. MdfaH and P.R. � 
ali.lc:li.n;r 'lhfmnaJ ErlY8lcpe Q)ordinatinq Q:xmcil 1 May 1984 

'1ba ad 1 dirq '!Mnna' ErlY8lcpe Q)ordinatinq o:xmcil (Bl'EXX!) cxn:lucted a 
surwtt ot R&D wrk, put, praamtt, and tutura. �tely 525 
questiamairea ware sent to aalected irxlividuals trail a number ot mailing 
lists ot pariiCDI closely related to the t:uil.c:li.n;r industry. '!he use of a 
surwrt to idantity � ahcwad that tha inst:%ucticna ware interpreted 
cti.tterant.ly by IICID8 resp::ndents resul.tinq in ncn-unitonn answers . '!he 
surwrt tedmique provides an inticaticn ot tha technical tas1cs that are 
bein; applied, indicates relative levels ot ettozt and resources , oculd 
help deta1mine what other �  OCIIIIli.ttees shcW.d be established. 
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A msFARQi NiQD: ENBjl �CN IN lWJQTW§ AND CXM1JNI'IY 
5YSI'EMS FOB '!HE omg; OF Jm!pmj EN:8il RESEARQ{ AND OEVELOFMEm' 
'lHE u Is I l"f:PARR'MWW' OF Em3iY 
By the AdVisory Board a\ the B.1il t EnvircraDel'Tt 
Naticnal Rllleud1 CDmcil 
�' DC, 1982 

'lhis Iepatt pr•art:a an aganda en � �  in tha field ot 
..r:qy ccnsat'Vaticn in b.lilc:lingll and CX!!I!Imiti• to be supportacl by the 
tedm:al. � � '1ba aganda is d�Bvtic::lpC in a � parspactive, 
� mtarial rti.vant tar � and davel.CJl'll*lt tive or 1lm'e 
yura traa tha PI •••nt. A ..t ot l:xu'1cJaiy CCI'1ditic:cw was created to help 
c:t.tcmina 8Ubject areas that mcul.d be a part ot thia agarm . '1\lanty­
...v.n 8Ubject:a are � as appz:q4iata tar areas ot � � 'lhey 
are arganized into •ix ca�;. Occupant and User Int:aracticnl in the 
alil� and Qwmmity; Intaracticn � tha alilt and Natural 
�� Basic Energy Plocess• ; Enaigy U.. and o:rttrol in alilc:lin;s 
and Qwmmit.a.; Qwmmity Intrut:ructura and Energy cawervaticn; and 
a..m::.h Intcmaaticn Di••=i naticn and Tec:.tmclogy 'l'ranstc. A d88cription 
ot each c:ategory and ana is provided, with � topics ot specific 
� projecta . 

Appt:tm scnNCE DIVISIC!f 
ANNUAL REfQRI' 
mEBG'i EFFicmfi' BJII.DnG? m::x;RAM F'i 1983 
By El tal J I caiJ:ns ani .Artlulr H I  Rosenfeld 
t.awzwx:. BEkal.y laboratory, 1983 

'lhis dna111Wlt pr•••nt. six :t_.,arta and a publicatic:cw list. 'Iha 
... xepat-�;ta are: 

JlliTPllG IXXHJmS P"8PPQQ !GfEl\ 
By DIIVid L. Hawk 
Sc::tlOOl ot Arcbit:.ectura 
N.w Je:r.y Irwtituta ot TectJnology 
-:run., 1986 

'1ba 1� PI •• alta ocnclusic:cw ot a WorkBhcp 8lpcn80r8d by tha 
Naticnal Science Fc:a.1n:Saticn to clarity ad.ldin;J Ecr:n:lllics and stiDW.ata 
bllwticial and excitirq � in tha ana . '1ba tm:-. traditic:ml 
� CCIIC811� of tllat, � and Hew prcvidm an arganizin:J saucture 
tar tha warJalhcp and �  hal.ptul r.pca• to: 1) tllat are tha 
I.eqitimta CCIIC811W ot ad.ldin;J Eca'1clllics? 2) 1b:> is/mcul.d be cxn:mned 
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A IWQ¢ Qf=A R!.VIDf AND S'IVDY OF 'lHE PSmCrS OF HUD' S TmiNICAL 
51Y')1'1§ HIXjEW(, FY 1956 - FY 1972 
By J- R. S1Dp1CZ1 an:! Maey S o  Sinpvn 
s1� AMociat., NoYIIItler 1975 

'1ba ztpa:Lt cxwn1•iawcl by the u o s o  Dapartmant of Hcusin; and Uzban 
o.v.lopsait a bued Cl'l r.idual. fil• of HUD ' a  'l'dmical studi• 
PLogza. A brief hi.staty of the pxogza is c;iwn, includinq MYaral. 
a=iniatratiw prcbl .. which pc"Sistedo A list of 228 significant 
� zwpcnta produced by the pxogza is incl'Udmo otbar lists include 
ztlparta � ""*did far �it at Nl'IS, an:! far publicatiCI'lo A 
di..,_iCI'l of azeu reo ""«dai far fUrther � is pzavidad with a 
lt.t.in; of .valuatiCI'l an:! inapectiCI'l aida davel.cpad by the Pl:ogtamo 

JIITTQilG 'l'mU)UXjY R!SFARCH Nif'iOP. 
A '1'echnical Raport 
Nat.i.c:nal Institute of Blil.din) SCienc:.s , May 31, 1985 

'1ba NatiCI'lal. Institute of Blil.din) SCienc:.s (NIBS) davel.cpad 
reo ""*  ldatiaw far n.ar tam � based Cl'l CXJII)ilatiCI'l of buil.dirq 
cxmnmity � ncc:IIID8ndatiawo '1ba 16 reoc ""endatiaw wra davel.cp!d 
far the NatiCI'lal. a.u:.u of standards o.ntar far Blildin) �logy and 
far Fire Raaearttlo NIBS � that tq:Mais be placad at csr Cl'l 
� ral.atin; to buil.din) C'JYelope ayst.aa with apecial attantiCI'l to 
roof in; perfaDBnee an:! futanin; davioM o Far CFR, tqbuis is rwe:Jed on 
� ral.atin; to r.i.dential. sprinklers an:! other fire suppressiCI'l 
ayst.aa , am to �CI'l taxicity of buil.din) materials an:! �. 
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APPENDIX B :  KEYNOTE PRESENTATIONS 
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PERFORMANCE REQUIREMENTS FOR BETTER BUILDINGS IN THE 2 1ST CENTURY 

Remarks by 
David D ibner 

Senior Vice Pre s ident 
Bernard Johnson Architect/Engineers 

Much of what I have to say today I was able to glean from the l ibrary 
of the World Future Soc iety in Bethe sda , Maryland . It is intere s t ing to 
note that another person who was us ing the ir l ibrary at the same t ime , and 
whos e  subj ect was future occupat ions , was able to get f ive t ime s as much 
material as I was able to get on future buildings . It was also 
intere s t ing to note that the ir office building and office spaces were far 
from any architectural image I might have had of an appropriate setting 
for a World Future Soc iety . 

My a s s ignment for this meet ing was to speculate on what the future of 
buildings will be in the 2 1 s t  c entury , and what will be the requirements 
of those who use buildings at that t ime . 

People in the 2 1 s t  century are most l ikely on the average to be older 
and healthier . There will be 3 5  mill ion people over 65 with 5 mill ion of 
them be ing over 8 5 . This implies a concern for l iving space s  that serve 
the needs of this large sector of the populat ion , such a congregate 
l iving , automated monitoring of l ife s igns of the occupants ,  and 
communicat ions l inks with health care centers . 

Hospitals will change with change s  in medic ine and medical pract ice . 
For example , there will no longer be by- pass surgery needed , but more 
transplant ing of human and animal organs . 

The maj ority of people will be computer - l iterate and will have acc e s s  
to computers in the ir home s . Mos t  people s '  work l ife will also be 
organized around computers . Computer-based communicat ions systems will 
reduce the need for mobil ity . . . .  e . g . , it is e s t imated that one out of 
every four tr ips currently made will be replaced by computer systems . 

The movement towards the Sun - Belt will cont inue , as will the number of 
s ingle parent s . The s e  new l ife styles will affect our des ign of hous e s . 

Some of the maj or trends that will affect the built environment are : 
New materials resulting from change s in s c ient ific knowledge such as 

b io - engineering , phys ics , superconduct ivity , photovolta ic s , etc . I 
recently heard about a new polymer glass  that change s  color as you change 
the e lectrical charge to the polymer . enabl ing l ight transmis s ion to be 
changed or color of room to be modified . New product ion methods will 
increase the kinds of materials ava ilable ,  as well as the ir performance 
characteri s t ic s . Industry will become more internat ional in character . 
The aging of our public works infrastructure will force the deve lopment of 
new technolog ies . 
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What then is l ikely to be the shape of this 21st  century? 
Here are some predict ions : 
Transportat ion distance will l ikely double in the next 30 years , and 

the demand for public transportat ion will double as well . Oppos it ion to 
the building of freeways will increas e  3 t imes . Moving s idewalks will be 
more common . Automated highways will come into common use by 2010 . 

Buildings will be constructed with more plastic materials , structural 
shapes made from filament wound systems will become more popular . 
Sprayed - on plastic s  will be used more commonly . Extrus ion proces s e s  for 
whole building components could emerge . New kinds of systems that include 
such ideas as : plug- in structures , tens ile structure s ,  aero - structures ( a  
big balloon which contains an ent ire building and allows the s un  t o  
provide heat by pa·s s ive means ) ,  agricultural structures ( created out of 
green plants growing and shaped by net s , and then carefully pruned) , 
chemi - structures ( formed by l iquid materials which grow l ike crystals into 
rigid structures ) , video - structures ( laser-proj ected images of space s ) , 
media - structures ( spaces completely covered with televis ion screens ) ,  
cryo - atructures (water or other l iquid sprays on a form) , and the creat ion 
of space s  of proj ect ing holographic forms into which one can walk . 

The forms of such units will include ideas such as Budky Fuller ' s  
domed c it ie s , or an overground network of megastructures , or megal iths 
(very tall s tructure s ) , underground network s tructures ,  float ing 
structures ,  underseas s tructures ,  and apace structures ( the concept of 
l iving out in space seemed to be the one mos t  often ment ioned in 
art icle s ) . There have even been attempt s  to evaluate the shape of spaces 
on the soc ial s tructure of the group that use s  them . 

Much has been written about the home in the 2 1 s t  century . There is an 
as sumpt ion that more work will be done in the home , so that homes can be 
located in more remote areas and connected to urban centers via 
communicat ions networks . Homes will have media - rooms . Computers will 
provide a variety of controls and protect ion devices for homes . House s  
are called by new names such as the " cybernetic hous e " , or " the computer 
hous e " , or " the s culptech house "  ( formed from plast ic domes foamed in 
place) , or "tele- text hous e s " , and even " terratecture " (house s  built into 
the s ides of sand dune s ) . 

I would l ike f inally to return to telling you about my vis it to the 
World Future Soc iety . While I was there the woman who worked in the ir 
l ibrary admired a one -hundred-year - old locket be ing worn by the younger 
woman doing res earch on future occupat ions . When she discovered that 
there was no picture in the locket she suggested getting an anc ient , brown 
photograph of some past re lat ive . So , even those who look to the future , 
hark back to the past when the ir personal values are at stake . People 
have a s trong need to ident ify with the past . Therefore as you move into 
the development of future concepts ,  I would ask that you always keep in 
mind human ins ights and intuit ions and experiences . No matter what we do 
about the phys ical setting , people will still be l iving and working in 
the se places . People will s t ill be expres s ing the ir wishes , de s ires and 
hopes . So , that the one thing that we carry into the future is this 
important commodity called the "human preference" . 
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THE ADMINISTRATION ' S  EFFORTS IN LEGISLATION 
AFFECTING BUILDING TECHNOLOGY 

Summary of Remarks by 
Mark Haynes , Staff Kember 

Senate Committee on the Environment 
and Public Works 

Mark Haynes made it clear at the outset that he was speaking as an 
observer of the proce s s  rather than on behalf of any member of Congres s  or 
any Congres s ional committee . 

Haynes bel ieves that as far as the future is concerned , there are few 
things as important as laying the groundwork for improved technological 
innovat ion and that there is hardly an area more in need of improved 
technology than publ ic works infrastructure and buildings . He cont inued ,  
it would seem that , from the s tandpoint of Congres s , the idea of an 
accelerated program of research and development to improve the effic iency 
and technology of buildings and public works infras tructure should be very 
popular . It has all the earmarks of something very exc it ing and something 
members of Congres s  would want to get behind : 

• It has compet it ivenes s  aspects because it directly relates to the 
compet it ivenes s  of the b iggest industry in the U . S .  construct ion industry ; 

• It has effic iency and budget savings aspects because about $ 100 
billion is spent annual ly in the United States  on infras tructure ; 

• It has obvious impl icat ions for both the economy at large and for 
the educat ion community and future generat ions of engineers , architects , 
and so on ; and 

• F ina l ly , a new program for research and development is a " c lean" 
is sue in that it doe s not have the class ic symptoms of "pork barrel" 
legis lat ion (although it could of course become "pork barre l "  if not 
watched closely) . 

G iven a l l  of this appeal one would as sume that legis lat ion would be 
eagerly pressed forward , to be followed by hear ing sand pres s  conference s  
and speedy introduct ion into law . But this hasn ' t  happened .  There have 
been a few hearings and a lot of hints dropped to the Congre s s  by OTA , the 
NRC and others inc luding the Building Re search Board . A lot of good 
quest ions have been asked by members of Congre s s  during the se hearings and 
a lot of intere s t  expre s s e d , but so far there is no act ion . Some sort of 
legislat ion might be introduced next year , but what that might look l ike 
or even if it will happen is far from certa in . 

Why is there so l ittle act ion , not only by this Congres s  but by 
previous ones ?  Hayne s suggested several reasons . 
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• This is sue of construct ion and public works is just not a very 
exc iting one for Congres s  because there is not much pol it ical payoff for 
members . . .  except , of course , for spec ific proj ects done by federal 
agenc ies . 

• There is also not a clear understanding by members of the Congres s  
or the ir staff about the advantages o f  research and development in this 
field . . .  "what ' s  wrong with the way we are doing this now? " 

• There is a good deal of uncertainty about what Congres s  can do 
about this problem , and consequently a tendency to lapse into more studies 
of the problem . 

• S ince many key members of Congres s  are up for reelection , they will 
tend to shy away from any new program that involves increases in the 
nat ional budget .  

• There does not seem to be a very vocal const ituency for improved 
research and development in this field . To the extent there is , it ia 
divided and uncoordinated . Further , the interest groups that are active 
in Congres s  have other is sues bes ides R&D that are press ing . 

• There ia an att itude that suggests that Congres s  let the private 
sector fund such research , s ince they are the ones that are going to 
benefit . The Office of Management and Budget may be a part icularly strong 
proponent of this pos it ion . 

• There is , f inally , the pol it ical quest ion by members of Congress of 
"what ' s  in it for me ? " ,  espec ially among those who are up for reelection . 

None of these problema negate the fact that a new emphas is on R&D for 
construction and publ ic works infrastructure ia needed , nor is there any 
indicat ion that all of these problems cannot be overcome . 

If there is to be a maj or new nat ional program of public works 
infrastructure research and development , there will need to be a maj or 
effort made to overcome the cons iderable inert ia in the political system . 
It would seem that the potential results are well worth any effort it 
might take . 

Because there is no public const ituency for an improved research and 
development program , the burden is on the shoulders of those in the 
industry . Workshop attendees and the ir colleagues in industry and 
academia need to make enough of a showing to get some member of Congress 
to introduce legis lat ion ,  and will need to keep the pres sure on such 
members to see the legis lat ive process through to the end . 
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IMPROVING U . S .  COMPETITIVENESS IN THE CONTEXT OF BUILDING RESEARCH 

Summary of Remarks by 
Richard Wright 

Director Center for Building Technology 
Nat ional Bureau of Standards 

Richard Wright said , at the beginning of his talk , that it was not 
about the pol it ical i s sues (which Mark Haynes had covered) , but about 
technologies for the 2 1 s t  century going beyond an earl ier s tudy of the 
1 9 9 0 s . Wright cont inued ,  the CIB Congres s , which will occur in Paris in 
1 9 8 9 , will include a study of evolut ionary trends in building construct ion 
worldwide that will emerge in the 1 9 9 0 s . 

The demands for building performance in the 2 1 s t  century are not 
likely to be dominated by mega -proj ects . There will be large proj ects , 
such as the propos e d  c leanup of the Boston Harbor , but the important 
technologies are l ike ly to arise for ordinary proj ects . We will have to 
compete in an international arena , which means we will need to be 
compet it ive in terms of qual ity and costs . We will have to be at the 
state of the art technologically if we want to play effectively in this 
larger international game , and cont inue to dominate our dome s t ic market . 

The pres sures on us from the demand s ide will include : 

• The problems of building and rebuilding our infrastructure , the 
whole system of public works that support s  our style of l ife . 

• New styles  of l iving and new kinds of industries that will require 
change s  in our buildings and infrastructure . 

• Steady pres sure to improve safety and health aspects of our built 
environment .  

• Needs to f ind better ways to conserve energy and pre serve a l ivable 
environment . 

We have substantial opportunit ies to make such improvements because of 
advance s  in our s c ient ific and engineering skills , inc luding advance s  in 
computer technologies . Advances in soc ial , phys ical and engineering 
s c ience s  will be available to be explo ite d  in construct ion , including 
those ideas which flow from the internat ional community . 

The first sub - set of demand is the us efulnes s  of constructed 
fac i l it ie s : 

Because the construct ion industry repre sents nearly 10 percent of the 
GNP it is  a large factor in the economy , but the infrastructure built by 
our industry is the base for all other American industry . We have a large 
leverage on the balance of the economy depending on how we ll we perform , 
so that we affect the ent ire GNP . Our role is to he lp the users and 
owners of the fac il ities which we construct to be internat ionally 
compet it ive in the ir market s ectors . 
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Wright noted that his own t ime at NBS has included the unfortunate 
demise of programs on architectural research and behavioral sc iences that 
supported the creat ion of a built environment oriented to serving human 
needs . NBS was required to drop these programs in the face of economic 
constraints of the 80s , but this work seems l ikely , ult imately , to be the 
most important area of research to help us rema in compet itive in the 
world , to al low us to adapt the built environment to its human purposes , 
and to provide the users of buildings with substant ial control of the ir 
own environments . 

More intell igent fac ilit ies should become an important tool for a more 
product ive built environment , providing we leave the control s in the hands 
of the users . S ince any systems we develop will break down , we need 
always to keep in mind fail- safe procedure s .  Adapt ive systems in 
intell igent buildings which can s ense the ir own s tate , learn about the ir 
own parameters , and init iate action will be helpful . 

We also will need new funct ions and new forms to provide for the new 
needs of organizat ions , which will emerge and evolve over t ime . We should 
be developing the knowledge base and skilled persons needed to respond to 
these changing s ituat ions . 

We will need to keep our hardware and software systems as " open" as 
pos s ible , in order to be conduc ive to innovat ions . Large s cale , c losed 
systems tend to discourage new concepts and incremental improvements . 

The technologies that will be useful to keeping systems open include : 
public doma in performance predict ion techniques ,  interface standards that 
allow eas ier f it of novel components into larger systems , and test methods 
for evaluat ing the performance of the innovat ion . 

The s econd impact of demand is the safety of constructed fac ilit ies : 
Research is needed to give us a better understanding of human values 

as they relate to safety . We know people are much more concerned with an 
acc ident that takes ten l ives , than with ten acc ident s that take only one 
l ife . But we ought to get a good quant itat ive understanding of values and 
respond to them in our des igns . 

We should be better able to predict the interact ion of natural force s  
and re sponse s  o f  the phys ical systems . This area still needs much more 
work even though we have made much progres s . We would understand how 
human occupants respond in an emergency , and des ign to encourage effective 
respons e .  

The third subj ect of demand i s  the economy of constructed fac ilitie s . 
We need better methods and data to enable us to discus s l ife - cycle 
performance .  Value engineering is a useful technique to avoid wast ing 
money , but it is not always s ens it ive to costs and benefits over the whole 
l ife cycle . 

Computer- integrated construct ion will provide technologies for an 
open , automated mode of de s ign and cons truct ion which will have much more 
progre s s  made in the 90s , but will still have much left to do in the 2 1 s t  
century . We l ike ly s t ill will have a construct ion enterprise that is made 
up of a large number of smaller sub - contractors who need to have the ir own 
software and hardware , but who need to be able to integrate the ir data 
base s  across the board . Even by the 22nd century we are not l ike ly to 
have a completely automated construct ion proce s s . This means that we need 
to have part ial automat ion (where it is cost effective ) , but allow 
automated exchange of informat ion where needed . As in the other areas , we 
will need fai l - safe technologies . 
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A research area where there is much going on now , but will s t ill need 
much more work in the 21st century , is informing the early des ign 
dec is ions with intelligence about constructabil ity and effect s  of 
alternatives on l ife cycle benefits and costs . Some eminent architects 
tell me that they rarely find an engineer who is helpful at the early 
des ign s tages . For instance an engineer who is able to pre sent the 
advantages and disadvantages of alternat ive structural systems or 
mechanical systems . 

Summing up the technologies that will make us more compet it ive : 

Performance modeling and s tmulat ion 
Art ificial intelligence and cognat ive sc iences 
Integrat ion technologies that provide for open systems 
Automated devices for measurement , des ign , and construct ion 
High performance materials 

We should be sens itive to the way that we respond to these new 
technologies , e . g . , not just subst itute the technology for the way we do 
things at the moment , but find ways to exploit the new techniques . We 
also need new organizat ional responses . For ezample , in maj or bridge 
construct ion today hardly anyone bids the original des ign . It is put out 
as a "bogey" for the creat ive f irm to redes ign a solut ion that is 
respons ive to the same requirements but more effic iently constructable . 
More integrat ion of des ign for end use and planning for construct ion is 
l ikely to be needed for effective automat ion in construc t ion . Educational 
programs also will have to respond to new challenges ,  i . e . , when every 
profes s ional has a computer available , what is really necessary to 
understand in order to use such tools well?  This educat ional rethinking 
seems equally important at elementary and secondary s chool levels . 

Wright expressed his hope that in the 2 1 s t  century we would see the 
user as an important component of the building des ign challenge , look to 
integrat ion of our systems and methods ,  explore better knowledge systems , 
and constantly s earch for better ways of des igning and construct ing the 
built environment . 
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APPENDIX C :  WORKSHOP PARTICIPANTS 
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WOJKSBOP PARTICIPANTS 
December 2 - 3 , 1987  

G ifford Albright 
Program D irector 
Structures and Building Systems 
Nat ional Sc ience Foundation 

George E .  Baer 
Pol icy Management D ivis ion 04MlB 
Naval Fac ilities Engineering Command 

Lynn S .  Beedle 
High-Rise Inst itute 
Lehigh Univers ity 

Richard Bender , Dean 
College of Environmental Des ign 
Univers ity of California , Berkeley 

John K .  Bowersox 
Consult ing Service 
Construct ion Industry Affairs -

Government Relat ions 

Liza K .  Bowle s  
NAHB Res earch Foundat ion 

Boward Brandston 
Boward Brandston Des ign 

Light ing , Inc . 

Les l ie Breden 
Chemist 
Department of Hous ing & Urban 

Development 

Doyle D .  Carrington 
Research Staff ( 088D) 
Office of Fac i l it ies 
Veterans Administration 

Louis C irceo 
Director 
Construct ion Research Center 
College of Architecture 
Georgia Inst itute of Technology 
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Ros s  Corot is , Chairman 
Department of C ivil Engineering 
Johns Hopkins Univers ity 

K. Dean DeVine 
General Engineer 
U . S .  Department of Energy 

Charles Eastman 
Pres ident 
Format ive Technologies , Inc . 

John P .  Eberhard 
Executive D irector 
Building Res earch Board 
Nat ional Res earch Council 

Milon Essoglou 
Naval Facilities Engineering 

Command , Code 0 3  

Deane Evans , Principal 
Steven Winter As sociates ,  Inc . 

Charles Field 
Nat ional As soc iat ion of Home Builders 

Geoffrey Frohnsdorff 
Chief , Building Materials Divis ion 
Center for Building Technology 
Nat ional Bureau of Standards 

Dennis Gale 
As soc iate Profes sor 
Urban and Regional Planning 
George Washington Univers ity 

Michael Gaus 
Program D irector 
Structural Mechanics 
Nat ional Sc ience Foundat ion 
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Albert A .  Grant , Pres ident , ASCE 
c/o Metropol itan Washington 

Counc il of Government s 

Douglas A .  Greenaway 
Vice Pres ident for Government 

Affa irs 
Building Owners and Managers 

As soc iat ion Internat ional 

John Hanson 
Pres ident 
Wis s . Janney . Elstner & As soc iates 

George T .  Jacobi 
Vice Pres ident , Technology 
Johnson Controls , Inc . 

Rolf Jensen 
Rolf Jensen & As soc iates ,  Inc . 

Joseph E .  Johnson 
Cha irman of the Board 
Nat ional F ire Protect ion As soc iat ion 
Fire Protect ion Consultant 

Richard L .  Johnson 
Manager , Corp . Propert ies 
Caterpil lar , Inc . 

Tony Karwoski 
Director of Technical Act ivit ies 
Manufactured Hous ing Inst itute 

Kenneth C .  Kazmer 
Manager Building Systems 
Gas Res earch Inst itute 

Arvo Lannus 
Electric Power Research Inst itute 

Will iam B .  Ledbetter 
Department of C ivil Engineering 
Clemson Univers ity 

Edward J .  Lis ee 
Pre s ident 
ACEC/RMF 

David MacFadyen 
Pres ident 
NAHB Res earch Foundat ion 
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Charles D .  Markert 
Deputy As s istant for Engineering 

and Des ign 
Naval Fac ilities Engineering Command 

Ronald Harony 
D irector , Divis ion of Innovat ive 

Technology and Spe c ial Proj ects 
U . S .  Department of Hous ing & Urban 

Development 

Charles McGinnis 
Construction Industry Inst itute 

Dennis E .  Hiller 
Manager , Control s  Research 
Johnson Controls , Inc . 

John Hillhone 
Director 
Office of Buildings and Community 

Systems 
Department of Energy 

D .  Michael Murtha 
Director of Research , As soc iat ion 

for the Study of Han­
Environmental Relat ions (ASHER) 

Joseph P .  Murtha 
Dept . of C ivil Engineering 
Univers ity of Illinois 

John H .  Hyers 
As s istant Dean for Re search Admin . 
College of Architecture 
Georgia Inst itute of Technology 

James H .  Ne il 
D irector of Cost Effectivenes s  
Morr ison Knuds en 

John E .  Rasmus sen 
Vice Pre s ident 
Potomac Electric Power Co . 

Arthur H .  Ros enfeld 
D irector , Center for Building Sc ience s  
Lawrenc e Berkeley Laboratory 

Will iam Seaton 
Re s earch Manager 
ASHRAE 
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L . R .  Shaffer 
Deputy D irector 
U . S .  Army Construction Engineering 

Re search Laboratory 

Maurice Sharp 
Alcoa Laboratories 

John S layter 
The Ryland Group , Inc 

Alan J .  Van Den Berg 
Edison Electric Inst itute 

Bruce Vogels inger 
National Institute of Building Sci 

Jack Warner 
ACEC Research Foundat ion 

Forrest Wilson 
American Inst itute of Architects 

James Winger 
Manager , Technology Transfer 
Center for Fire Res earch 
Nat ional Bureau of Standards 

Leo Young 
D irector , Re search and Laboratory 

Management 
The Pentagon 

Cra ig Z imring , Ph . D .  
Vis it ing Scholar 
Mas sachusetts Inst itute of Tech . 

Keynote Speakers 

Mr . David D ibner 
Senior Vice Pre s ident 
Bernard Johnson , Inc . 

Mr . Mark Haynes 
The Committee on Environment 
United States Senate 

Dr . Richard Wright 
D irector 
Center for Building Technology 
Nat ional Bureau of Standards 
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